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Contrast-enhanced ultrasound is one of method for
evaluating renal perfusion. The purpose of this project was
to assess perfusion patterns and dynamics in normal
micropig kidney using ultrasonographic contrast media.
Eight young healthy micropigs were included in this study.
Micropigs were anesthetized with propofol and received an
intravenous bolus of microbubble contrast media through
an ear vein. Time/mean pixel value (MPV) curves were
generated for selected regions in the right renal cortex and
medulla. The parenchyma was enhanced in two phases. The
cortex was first enhanced followed by a more gradual
enhancement of the medulla. A significant difference in
perfusion was detected between the cortex and medulla.
Following the bolus injection, the average upslope was 0.68
± 0.27 MPV/sec, downslope was −0.27 ± 0.13 MPV/sec,
baseline was 73.9 ± 16.5 MPV, peak was 84.6 ± 17.2 MPV,
and time-to-peak (from injection) was 17.5 ± 6.6 sec for the
cortex. For the medulla, the average upslope was 0.50 ± 0.24
MPV/sec, downslope was −0.12 ± 0.06 MPV/sec, baseline
was 52.7 ± 7.0 MPV, peak was 65.2 ± 9.3 MPV, and
time-to-peak (from injection) was 27.5 ± 5.0 sec. These data
can be used as normal reference values for studying young
micropigs.
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Introduction
Contrast-enhanced ultrasonography is an imaging
modality that takes advantage of microbubble technology.
For contrast-enhanced ultrasound, gas microbubbles are
injected intravenously. The microbubble contrast agent,
encapsulated by a shell of sulfur hexafluoride, can be
detected in the circulation for several minutes. Tissue

parenchymal microcirculation is visualized as echoes
returning from contrast-enhanced blood [2,19]. Contrastenhanced ultrasound can be potentially used to assess tissue
perfusion using gas-filled microbubbles as a tracer.
Because the microbubbles remain entirely within the
intravascular space and have a rheology similar to that of
red blood cells [6,7], we hypothesized that their renal tissue
kinetics could be used to quantify the flow of renal arterial
blood and nutrients.
Contrast-enhanced ultrasound has been used to evaluate
renal conditions in humans. Renal parenchymal lesions in
patients with acute pyelonephritis and renal transplant
patients can be detected with this technique [8]. In a recent
study performed in pigs, glomerular capillary hemorrhage
was observed with contrast-enhanced ultrasonography
[11]. Additionally, this method was used to depict global
changes in renal blood flow in pigs [3]. It is possible to
evaluate renal function using contrast-enhanced renal
sonography with a moderate association between
enhancement values and creatinine indices [9]. This
technique also has been used to study the liver and pancreas
in healthy dogs, cats, and human patients [12,13,17].
Administration of contrast ultrasound agent has been
proven to be safe and noninvasive for dogs [18]. The
purpose of the present study was to evaluate the normal
perfusion pattern of kidney in healthy anesthetized
micropigs using contrast-enhanced ultrasonography. The
data obtained could serve as a reference when evaluating
renal diseases that affect kidney perfusion.

Materials and Methods
Animal preparation
The studies were performed with eight healthy mixed-breed,
PWG micropigs (3∼4 months old, body weight, 11 ~ 13 kg),
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which were purchased from Medi Kinetics (Korea). All
animals were raised under microbiologically controlled
conditions. Pig pallet dry food and water were provided ad
libitum. This research strictly followed regulations set forth in
the Guide for the Care and Use of Laboratory Animals of
Seoul National University, Korea.

Time-to-peak intensity (in seconds) is the time when
intensity peaks. Peak intensity (MPV) is the maximal
signal intensity, and average baseline (MPV) was also
determined. Average upslope and downslope (MPV/sec)
along with the standard deviations were calculated using
Excel software (Microsoft, USA).

Methods
All micropigs underwent a physical examination and a
basic blood analysis (measuring serum creatinine, blood
urea nitrogen, and electrolyte levels) was performed. The
kidneys were then evaluated with B-mode ultrasonography.
No evidence of focal or diffuse abnormalities was found.
The micropigs were anesthetized with a mixture of
tiletamine and zolazepam (Zoletil; Virbac, France) at a
dosage of 8 mg/kg; anesthesia was maintained with
propofol (Provive; Claris, India) delivered by intravenous
injection at a constant rate of 0.5 mg/kg/min.
For contrast-enhanced harmonic imaging, a 5 ~ 12 MHz
broadband linear probe and harmonic imaging system
(Sonoace 9900; Medison, Korea) were used. The sagittal
plane of the right kidney was imaged. The right kidney was
selected for analysis because this kidney provided a better
acoustic window in the micropigs. Before imaging, the hair
was clipped and acoustic gel was applied for acoustic
coupling. The transducer was carefully held by hand and
maintained in the location of the kidney at approximately
the same depth. Adjustable parameters such as depth, gain,
and focal zones were optimized during preliminary studies
and used for all imaging procedures. A real-time gray scale
contrast enhanced ultrasound was performed by a single
investigator with 2 years of experience in ultrasonography.
All micropigs received a bolus of microbubble contrast
medium encapsulated by a shell of sulphur hexafluoride
(SonoVue, 0.06 mL; Bracco SpA, Italy) delivered
intravenously through an ear vein. The contrast medium
was administrated via a three-way stopcock; this was
followed by rapid delivery of a 5-mL bolus of saline. At the
beginning of injection, images were captured for
approximately 5 min at a rate of one frame per 5 sec for the
first 120 sec and then at a rate of one frame per 30 sec.
Images were stored as BMP files and then transferred to a
personal computer for analysis with NIH Image software
(ver. 1.43; National Institutes of Health, USA). A region of
interest (ROI) was drawn as large as possible, typically
containing 200∼500 pixels without including any
adjacent tissue such as mesentery or interlobar arteries.
Standardized time intensity curves depicting the signal
intensity plotted against time were created based on
selected ROIs in the renal cortex and medulla. The mean
pixel values (MPVs) for each ROI in each image frame
were then calculated.
The functional perfusion parameters were chosen
according to previously described definitions [15,18].

Statistical analysis
Statistical analyses were performed with Prism (ver. 5.04;
GraphPad Software, USA). Upslope and downslope data
were tested for linearity by assessing significance (p <
0.05) to validate the use of linear regression analysis. A
paired t-test with a two-tailed p was used to compare the
perfusion parameters such as the upslope, downslope,
baseline intensity, peak intensity, and time-to-peak
between the renal cortex and medulla. p-values ＜ 0.05
were considered to be statistically significant.

Results
In general, it was easy to perform the contrast harmonic
imaging examinations. Contrast enhancement of the
normal renal parenchyma showed two phases in every
micropig. After injecting the contrast medium, the cortex
was initially enhanced followed by a more gradual
enhancement of the medulla. The cortex had uniformly fast
enhancement, and concentration of the enhancement was
more intense in the renal cortex than the medulla (Figs. 1
and 2). A significant difference in perfusion was detected
between renal cortex and medulla.
The average baseline intensity was 73.9 ± 16.5 MPV in the
renal cortex and 52.7 ± 6.9 MPV in the renal medulla. The
mean upslope was 0.68 ± 0.27 MPV/sec in the renal cortex
and 0.50 ± 0.24 MPV/sec in the renal medulla. The average
peak intensity in the renal cortex was 84.6 ± 17.2 MPV and
65.2 ± 9.3 MPV in the renal medulla. The mean timeto-peak in the renal cortex was 17.5 ± 6.6 sec and 27.5 ± 5.0
sec in the renal medulla. In the renal cortex, the average
downslope was −0.27 ± 0.13 MPV/sec and −0.12 ± 0.06
MPV/sec in the medulla. The baseline, upslope,
downslope, peak intensity, and time-to-peak values were all
significantly different (p ＜ 0.05) when comparing the renal
cortex and medulla (Table 1).

Discussion
The first ultrasound contrast agents mainly contained air
microbubbles. Their persistence following injection is
brief, and most bubbles are destroyed during the first
passage through the lungs [16]. SonoVue, a stabilized
aqueous suspension of sulphur hexafluoride microbubbles
encapsulated in a phospholipid shell, is a secondgeneration ultrasound contrast medium. This agent is less
fragile than first-generation compounds and its time of
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Fig. 1. (A) Representative longitudinal plane images of the renal cortex captured at the time of peak intensity using contrast-enhanced
ultrasonography. Maximum contrast enhancement of the renal cortex occurred at 17.5 ± 6.6 sec. (B) The renal medulla was also
enhanced (arrow) and had a uniformly hyperechoic appearance.
Table 1. Renal perfusion parameters in healthy micropigs using
contrast-enhanced ultrasonography
Variable

Cortex

Medulla

Upslope (MPV/sec)
Downslope (MPV/sec)
Baseline (MPV)
Peak (MPV)
Time to peak (sec)

0.68 ± 0.27
−0.27 ± 0.13
73.9 ± 16.5
84.6 ± 17.2
17.5 ± 6.6

0.50 ± 0.24
−0.12 ± 0.06
52.7 ± 6.9
65.2 ± 9.3
27.5 ± 5.0

All data are expressed as the mean ± SD. MPV: mean pixel value.

Fig. 2. Representative time-mean pixel value (MPV) curves
obtained by contrast-enhanced ultrasonography in the renal
cortex and medulla of a healthy micropig. The upper curve
represents enhancement of the cortex and the lower curve shows
enhancement of the medulla.

enhancement is longer [1].
Interlobular arteries branch off from arcuate arteries and
radiate throughout through the cortex, ending in networks
of capillaries in regions just inside the capsule. Interlobular
arteries also branch off to afferent arterioles that carry
blood to the glomeruli. Throughout most of the cortex,
efferent arterioles subdivide into a second set of capillaries
that supply blood to renal tubules and Henle’s loop.
Efferent glomerular arterioles in the juxtaglomerular
glomeruli divide into vessels that supply the contiguous
tubules and vessels which enter the bases of the renal
medulla. Normally, blood circulating in the cortex is more
abundant than that in the medulla [4,5,14].
Significant differences between perfusion patterns in the
renal cortex and medulla can be explained by the dual renal

capillary system. In kidneys, blood is supplied to the renal
cortex before the medulla. We found that enhancement in
the renal cortex was early, homogeneous, and intense. This
was followed by gradual heterogeneous enhancement of
the medulla and represented the delayed peak. The renal
medulla seemed to have sparse enhancement first seen at
the periphery followed by gradual enhancement of the
inner portions according to the direction of blood flow.
The dual capillary bed system accounts for the difference
between cortex and medulla perfusion patterns. The fast
early cortex inflow is a reflection of blood flow into the
glomeruli. The delayed peak may represent tubular
perfusion into the second capillary bed concurrent with a
more gradual inflow to the medulla. The overall decreased
intensity of the medulla compared to the cortex at peak
medulla intensity may be due to overall increased vascular
space in the cortex, cortical bubble destruction, or venous
drainage from the cortex tubules directly into the
interlobular veins [18].
Many factors may influence the MPV within the renal
cortex and medulla. First of all, we found a statistically
significant difference in the peak intensity of the ROIs both
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for depth and size. The mean peak intensity decreased with
increasing ROI depth and increasing ROI size [10].
Microbubble destruction can be affected by gain,
mechanical index, and frequency. As these factors increase,
the MPV decreases due to destruction of the contrast
medium. Although these factors influence the MPV, they
do not change with time and so time-to-peak, upslope, and
downslope are rarely affected. However, mechanical
factors such as saline flushing rate, three-way stopcock
utilization, and volume of the saline flush can vary over
time. These factors should be consistent for all studies. In
the present investigation, normal renal perfusion values
were determined for the micropig. However, these values
should only be applied for studies using the same protocol
and ultrasound settings because they are likely to differ with
other protocols and machine settings.
In conclusion, we determined that contrast-enhanced
ultrasonography could be used to evaluate renal perfusion
in the kidney of micropigs. This technique is minimally
invasive and useful for assessing renal perfusion in a
clinical setting. Data from our study can be used as normal
reference values and may be applied to the evaluation of
young micropigs with renal disease.
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