L))

Check for
updat

Original Article

Prostatic artery embolization: magnetic resonance image (MRI)
findings in the early detection of prostate infarction in a canine
spontaneous benign prostatic hyperplasia model
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Background: The purpose was to assess the association between prostate infarction and prostate volume
(PV) reduction after prostatic artery embolization (PAE) and define the best time point in detection of
prostate infarction.

Methods: Ten male beagles (3.5-6.4 years) with spontaneous benign prostatic hyperplasia (BPH)
underwent PAE. Magnetic resonance image (MRI) was conducted immediately before and 1 week, 2 weeks
and 1 month after PAE to document prostate infarcts and measure PV. The sum of infarct areas (SUMIA)
was measured and calculated using OsiriX software. Spearman’s rank correlation was used to estimate the
relationship of PV reduction rate with infarction percentage and SUMIA reduction.

Results: In comparison with baseline data, significant PV reduction (P<0.001) occurred at 2 weeks and
continued to decrease substantially (P=0.004) from 2 weeks to 1 month after PAE. In the same fashion,
significant decrease in both SUMIA and infarction percentage was observed from 1 to 2 weeks (P=0.002), and
subsequently to 1 month (P=0.039 and P=0.016, respectively). Spearman’s rank correlation test demonstrated
infarction percentage at 1 week had a stronger correlation (r=0.880, P=0.001) with PV reduction rate at
1 month than infarction percentage at 2 weeks (r=0.733, P=0.016). PV reduction rate had a significant
correlation with decrease in SUMIA (r=0.854, P=0.002) at 1 month after PAE.

Conclusions: One week after PAE is an ideal time point to evaluate prostate infarction. Prostate infarction
percentage at 1 week is a good predictor for prostate shrinkage at 1 month after PAE.
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Introduction

Prostatic artery embolization (PAE) has been performed
worldwide in the management of symptomatic benign
prostatic hyperplasia (BPH) during the last decade. With
increasing experience in clinical practice, investigation
of predictive factors has gained more interest aiming to
optimize the selection in patients who may benefit from
PAE or individualize treatment plan based on anticipated
prediction in the prognosis after PAE. Prostate infarction
induced with PAE is a potential predictor, which has been
demonstrated to have a strong correlation with prostate
volume (PV) reduction (1), thus relieving lower urinary
tract symptoms (LUTS) and bladder outlet obstruction
(BOO) (2,3). After initial studies on prostate infarction at
1 month after PAE in successful prediction of subsequent
clinical outcomes (4,5), clinicians suggested further studies
in evaluation of the potential predictive role of prostate
ischemia at the first 24 hours or 1-2 weeks after PAE (4).
However, since the infarction progressively decreases in size
and tends to disappear after the first month following PAE
(6,7), several attempts failed to validate its predictive role of
prostate infarction at 24 hours (8,9); and the best time point
to detect the prostate infarction after PAE in evaluation
of its predictive capability remains unclear. To elucidate
the prostate infarct involution after PAE and provide
experimental evidence for the best time point in detection
of prostate infarction, the present study was conducted in
a canine spontaneous BPH model with purpose to observe
the early magnetic resonance image (MRI) findings of
pathological reactions to PAE, evaluate the changes in
prostate infarct size with time, and identify the association
between prostate infarction and PV reduction after PAE.
We present the following article in accordance with the
ARRIVE reporting checklist (available at http://dx.doi.
org/10.21037/tau-20-1320).

Methods
Animals

Experiments were performed under a project license (No.
2018209010001587 and No. 2018209010008108) granted
by Regional Ethic Committee of Junta de Extremadura, in
compliance with Spanish national guidelines for the care and
use of animals. Ten adult male Beagle dogs with a mean body
weight of 16.9+2.7 kg (standard deviation) were enrolled
in this study. The mean age of beagles was 4.9£0.8 years
with a range of 3.5-6.4 years. All dogs suffered from
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spontaneously occurring BPH with PV larger than
18 mL (mean PV 19.69+2.75 mL), which was indicated as
a gravimetric criterion in diagnosis of spontaneous BPH in
beagles whereas the normal prostate size is generally less

than 12 mL (10).

PAE procedure

After fasting for 24 hours, the animals were anesthetized
and maintained with inhalation anesthesia. In a sterile
manner, the right femoral artery access was established
percutaneously. Under fluoroscopy, a 4-Fr angiographic
catheter (Simmons Sidewinder I, Terumo Medical, Somerset,
NJ, USA) was placed into the main trunk of the left and
right internal iliac artery or its anterior branch. A 2.4-
Fr microcatheter (Progreat, Terumo Medical, Somerset,
NJ, USA) with a 0.016" microwire (GT, Terumo Medical,
Somerset, NJ, USA) was inserted into the prostatic artery.
After superselective angiography in the prostatic artery,
embolization was performed in five dogs with HydroPearl®
(400+75 pm, Terumo, Tustin, CA, USA), four dogs with
Embosphere® (300-500 pm, Merit Medical EMEA,
Amerikalaan, The Netherlands), and one dog with LifePear]®
(400+50 pm, Terumo, Tustin, CA, USA). Embolization was
terminated immediately when complete stasis was obtained
or reflux of the mixture of embolic agent and contrast
medium toward the caudal vesical artery, middle rectal artery
or internal pudendal artery was observed. At completion of
the intervention, the animals were recovered from general
anesthesia. Clinical observation after PAE was checked
twice a day for 1 week and then once daily until 1 month for
potential complications associated with PAE.

MRI evaluation

MRI examinations were performed in all dogs with a
1.5T system (Intera; Philips Medical Systems, Best, The
Netherlands) immediately before PAE as baseline data and
1 week, 2 weeks and 1 month after PAE. Under general
anesthesia, the animals were placed in a supine position
with a SENSE-Flex-M coil (Philips Medical Systems,
Best, The Netherlands) on the lower abdomen for image
acquisition. Acquisition was done in axial, coronal and
sagittal T2-weighted turbo spin-echo sequences with major
parameters: repetition time (TR) =5,509 milliseconds, echo
time (TE) =125 milliseconds; echo-train length =17; field
of view =150 mm; slice thickness =3 mm, gap =0.3 mm;
and matrix =224x224. The axial T1-weighted turbo
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spin-echo sequences were performed before and after
gadolinium enhancement. Contrast-enhanced T'1-weighted
imaging was obtained by intravenous administration
of a bolus of 0.1 mmol/kg gadopentetate dimeglumine
(Magnevist®; Schering AG, Berlin, Germany). Image
analysis was performed by a radiologist with more than
15 years of experience in prostate imaging (the last author)
and a junior investigator with 1-year experience (1st author).
The PV was obtained using the standard ellipsoid formula:
length x width x height x n/6. Ischemia/infarct areas were
determined on contrast-enhanced T1-weighted axial images
and defined as new regions that displayed no evidence of
enhancement after gadolinium administration. Measurement
of infarct areas was performed with OsiriX 64-bit software
(Pixmeo, Bernex, Switzerland). In the present study, sum of
infarct areas (SUMIA) was used as a surrogate parameter to
describe the size of prostate infarction, which was defined as
the sum of total prostate infarct areas in all sections of the
prostate. Sum of prostate areas (SUMPA) in all sections was
also calculated. Prostate infarction percentage was defined as
the ratio of SUMIA/SUMPA x100%.

Statistical analysis

The statistical analysis was conducted with statistical
software package SPSS version 24. The descriptive analysis
was performed in all variables and expressed as means =
standard deviation. The statistical differences at various
time points were assessed by the paired sample #-test for the
mean PV and Wilcoxon signed-rank for the mean SUMPA,
the mean SUMIA and prostate infarction percentage.
Spearman’s rank correlation and simple linear regression
models were used to estimate the relationship between PV
reduction rate and prostate infarction. P value <0.05 was
considered to indicate a statistically significant difference.

Results

PAE was performed successfully in the prostatic arteries of
both sides in all dogs. Control angiography immediately
after embolization showed complete occlusion of the
prostatic arterial trunk and its major branches on both
sides in all cases. No major complications due to nontarget
embolization were observed during 1-month follow-up.

MRI morphological findings in canine BPH before PAE

MRI examination in dogs with spontaneous BPH prior to
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PAE revealed the enlarged prostates with diffuse hyperplasia
throughout the gland tissue, rather than the hyperplastic
nodules as like in humans (Figure 1A4,B,C). The canine
prostate has a symmetric two-lobe structure without the
zonal anatomy typically in human prostate (11). On T2-
weighted images, the gland tissue was of heterogeneous
hyperintense signal intensity (SI) in comparison with SI
of the obturator internus muscles. Some glandular tissue
showed striated hyperintense SI in a radial pattern from
the urethra to the capsule. On T1-weighted images, the
prostate gland showed homogeneous and isointense SI. On
contrast-enhanced T1-weighted images, the parenchyma
appeared homogenous and mildly hyperintense SI as well
as isointense striated radial structure corresponding to
the same structure of hyperintense SI on T2-weighted
images. Around the prostatic urethra there was focal area
with SI of high enhancement in all dogs, indicating rich of
microvasculature along the urethral wall.

Early MRI findings of prostate infarction

Prostate infarcts were detected at 1 week after PAE in all ten
dogs, and at 2 weeks and 1 month in nine dogs. In the only
one dog, in which the prostate infarct was not detectable
after 1 week, the prostate showed continued decrease in size
at 2-week and 1-month follow-ups. On contrast-enhanced
T1-weighted images, infarcts exhibited as multiple, round,
oval, or irregular non-enhanced lesions surrounded by rims
of high SI, representing perinecrotic areas of inflammation,
such as hyperemia and edema, and atrophy (12). At
1-week follow-ups, all infarcts showed smooth and sharply
demarcated margin (Figure 1). Subsequently, the size of
infarcts gradually decreased, accompanying with shrinkage
of the prostate gland (Figure 2). The typical findings of MRI
SI and the morphological changes are displayed in Figure 1
and Figure 2.

On T1-weighted images, lesions involved a mixture of SI
with annular or irregular focal areas of faint hyperintense
signal indicative of intraprostatic hemorrhage surrounding
or within ischemic necrosis identified with isointense signal.
The faint hyperintense areas tented to become smaller and
isointense with time. When cavity formation occurred at
1 month after PAE in the initially large infarcts, the local
signal exhibited isointense or hypointense on T'1-weighted
images (Figure 14,D,G,7).

On T2-weighted images, all infarcts were identified
with hyperintense signal with well-defined margin at
1 week after PAE. Since the inflammation rims showed on
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Figure 1 Typical findings of pathological responses to PAE in MRI. MRI includes baseline data (A,B,C) and 1 week (D,E,F), 2 weeks (G,H,I)
and 1 month (J,K,L) after PAE, with T1-weighted (left column), T2-weighted (middle column) and contrast-enhanced T1-weighted (right
column) images. T1-weighted images show annular area of hemorrhage in faint hyperintense SI surrounding the central area of infarction in
isointense SI (D,G). T2-weighted images show infarcts in hyperintense SI with well-defined margin (E,H). Contrast-enhanced T'1-weighted
images clearly delineate in the infarcts with rims of high SI, indicative of perinecrotic areas of inflammation (EJI), which disappeared at 1
month after PAE (L). Note that the lesions on T2-weighted images appear larger in size than the true infarction lesions shown in contrast-
enhanced T1-weighted images. At 1-month follow-up, small cavity formation shows isointense SI on T1-weighted image (J) and highly
increased signal with well-defined margin on T2-weighted image (K). PAE, prostatic artery embolization; MRI, magnetic resonance

imaging; SI, signal intensity.
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Figure 2 Changes of prostate infarction with time. (A) Baseline image; (B) 1 week; (C) 2 weeks; (D) 1 month post-PAE. Note that a mass-

like infarct with smooth and sharply demarcated margin gradually decreases in size with time while the prostate keeps shrinking and a

hyperintense SI rim remains at 1 month after PAE (D). PAE, prostatic artery embolization; SI, signal intensity.

contrast-enhanced T1-weighted images partially exhibited
hyperintense signal on T2-weighted images, the size of the
lesion on T2-weighted images appeared slightly larger when
comparing with contrast-enhanced T1-weighted images.
The hyperintense SI tended to decrease with time and
finally became hypointense signal (Figure 1B,E,H,K). When
cavity formed at 1 month after PAE, the hyperintense SI
became highly increased with well-defined margin.

PV reduction and SUMIA

Compared with the PV at baseline, significant PV reduction
was found at both 2 weeks and 1 month after PAE (P<0.001)
(Table 1). Furthermore, the prostate continued to shrink
substantially between 2 weeks and 1 month after PAE
(P=0.004). However, no significant change in PV was
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observed at 1 week post-PAE in comparison with baseline
data. SUMIA was obtained by calculation of each area of
infarct of all prostate sections on contrast-enhanced T'1-
weighted images (Figure 3). The mean SUMIA significantly
decreased (P=0.002) from 1 to 2 weeks and continued to
decrease substantially (P=0.039) from 2 weeks to 1 month
after PAE (1able 2). Similarly, significant decrease in the
mean prostate infarction percentage (P=0.002) was observed
at both 2 weeks and 1 month when compared to the data
at 1 week. Spearman’s rank correlation test demonstrated
a strong correlation of PV reduction rate at 1month after
PAE with the infarction percentage at 1 week (r=0.880,
P=0.001) and a moderately strong correlation at 2 weeks
(r=0.733, P=0.016). Linear regression analysis showed
coefficient of determination (r’) of 0.775 (P=0.001) at
1 week and 0.538 (P=0.016) at 2 weeks (Tiable 3). In addition,
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Table 1 Summary of MRI measurements (means + standard deviation) and changes in major parameters

Variable Baseline 1 week 2 weeks 1 month
Prostate volume (mL) 19.69+2.75 19.22+4.77 12.23+2.81* 8.75+2.57*
Prostate volume reduction (%) - 2.54+20.05 38.49+7.78" 55.42+11.23*
SUMIA (cm?) - 14.45+16.85 3.75+6.31* 0.68+0.87*
SUMPA (cm?) - 66.44+18.69 45.21+8.98* 36.75+£9.29*
Infarction percentage (%) - 18.16+16.95 7.79+11.30* 2.30+3.42*

*, significant difference (P value <0.05). MRI, magnetic resonance imaging; SUMIA, sum of total infarct area in all sections of the prostate;

SUMPA, sum of prostate areas in all sections.

p.056 Surn: 14548

126588180ev: 38,403 Sum: 11768
Min: 69.000192x: 213.000
Length: 1.374 cm

Figure 3 Measurement of SUMIA with OsiriX software. Contrast-enhanced T'1-weighted images of 4 contiguous sections at 1-week follow-up

(A,B,C,D) show the infarction lesions of complex form in morphology, which consist of multiple separated “sister lesions” (B,C). The infarction

areas are outlined to generate various regions of interest using OsiriX software for calculation of SUMIA. SUMIA, sum of infarct areas.

Spearman’s rank correlation test indicted that PV reduction
rate had a significant correlation with decrease in SUMIA
(r=0.854, P=0.002) at 1 month after PAE, with a coefficient
of determination of r’=0.729 (P=0.002).

© Translational Andrology and Urology. All rights reserved.

Discussion

The technique of contrast enhanced MRI in the present
study involves an intravenous bolus injection of a contrast
medium immediately followed by image acquisition using
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Table 2 Comparison of MRI measurements to baseline data at different time points

P value
Time points Means + SD
vs. baseline 2 weeks vs. 1 month

Prostate volume (mL)

Baseline 19.69+2.75 - -

1 week 19.22+4.77 0.717 -

2 weeks 12.23+2.81 <0.001 -

1 month 8.75+2.57 <0.001 0.004
Infarction percentage (%)

1 week 18.16+16.95" - -

2 weeks 7.79+11.30 0.002 -

1 month 2.30+3.42 0.002 0.016
SUMIA (cm?)

1 week 14.45+16.85" - -

2 weeks 3.75+6.31 0.002 -

1 month 0.68+0.87 0.002 0.039

', baseline data in infarction percentage and SUMIA correspond to 1 week; MRI, magnetic resonance imaging; SD, standard deviation;

SUMIA, sum of total infarct area in all sections of the prostate.

Table 3 Correlation of PV reduction at 1 month after PAE with SUMIA and prostate infarction percentage

Predictor variable Correlation coefficient (r) P value Coefficient of determination (%) P value
Infarction percentage (%)
1 week 0.880 0.001 0.775 0.001
2 weeks 0.733 0.016 0.538 0.016
SUMIA (cm?)
1 week 0.851 0.002 0.724 0.002
2 weeks 0.735 0.015 0.540 0.015

PV, prostate volume; PAE, prostatic artery embolization; SUMIA, sum of total infarct area in all sections of the prostate.

T1-weighted turbo spin echo sequence. After perfusion
of contrast medium into the prostate capillaries, the low
molecular weight agent quickly diffuses into extracellular
space, reducing the relaxation time of water protons and
displaying a local enhancement with slightly high signal
on T1 images. In the ischemic necrotic tissue, perfusion of
the contrast agent fails due to microvascular obstruction,
resulting in the lack of local enhancement. By contrast,
inflammation reaction surrounding the affected tissue,
such as hyperemia and edema, increases the capillary
permeability and enlarges the extravascular space. As a
result, excessive contrast medium diffusing in the local area
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leads to hyperenhancement compared to the unaffected
tissue. Contrast-enhanced MRI has been validated as a
standard technique to detect and assess prostate infarct
not only in clinical practice (5,6,13) but also in canine
studies, in which prostate infarction detected in contrast-
enhanced MRI had been demonstrated with a strong
correlation with pathological findings (12). In the present
study, it clearly delineated the acute infarcts of various sizes
with well-defined margin and demonstrated the changes
in morphology with time, which was consistent with
the findings in the previous animal study (12). Although
T2-weighted images are also sensitive to acute prostate
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infarction displaying homogenous high signal in early
phase, they usually overestimate the size of the infarcts
because the region of high signal includes not only ischemic
necrosis but the surrounding area of inflammation reaction
as well. T1-weighted images, however, provide limited
information, mainly showing the focal area of high signal
indicative of hemorrhage surrounding and/or within the
early ischemic necrosis due to vascular endothelial damage
and accumulation of extravasated erythrocytes in the
extracellular space. Similar findings were also observed in
both dogs and human patients (12,14).

Accurate measurement of infarct volume using contrast-
enhanced T'1 imaging is technically challenging, particularly
in early detection after PAE. Although some well-designed
software, such as OsiriX and DynaCAD Prostate®, have been
reported in human patients (5,15,16), they are commonly
used in segmentation of relative large 3-dimensional lesions,
which extend to at least two contiguous axial sections. Thus,
it is impossible to determine the size of the focal or flat
infarcts distributing in a single section. In addition, in lesions
of complex form in morphology (Figure 3), which consist of
multiple separated “sister lesions” merging at some points, it
is difficult to measure the infarct volume accurately with the
aforementioned software using either automated or manual
segmentation methods (15,17). Herein the authors described
SUMIA as a simple alternative measure to document the
infarct size instead of prostate infarction volume, which has a
higher accuracy and potential in future clinical practice.

In pathology, infarction is defined as tissue necrosis
due to prolonged ischemia and involves a dynamic
process divided into 4 phases: infarction evolving, acute
infarction, healing infarction, and healed infarction (18).
Coagulative necrosis is a typical pathological finding
of infarction, which usually takes at least 6 hours for
microscopic identification, depending on the presence of
collateral circulation into the ischemic region, persistent
or intermittent vascular occlusion and tissue sensitivity of
the tissue (19). Although studies on myocardial infarction
have demonstrated pathological changes at different time
points: acute (6 h-7 days), healing (7-28 days), and healed
(29 days or more) (18); the pathological features with
regard to prostate infarction is unknown. Accordingly, the
authors used 1 week after PAE as the first time point in
early detection of prostate infarction and followed up its
morphological changes through 1 month. The findings
that the mean SUMIA significantly decreased from 1 to
2 weeks after PAE suggested that healing of the prostate
infarction occurred during this period. Furthermore, the
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authors observed that PV reduction rate at 1 month after
PAE had a significant correlation with decrease in SUMIA
(r=0.854, P=0.002), suggesting that the dissolving infarction
characterized by decrease in SUMIA is a main mechanism
behind the shrinkage of prostate after PAE. Given that
there was no obvious change in the mean PV between
baseline and 1 week after PAE, significant reduction in
infarction size during the same period would not be likely.
This observation supported the speculation that 1 week
after PAE was a cut-off time, at which complete prostate
infarction ended and the phase of healing infarction
started. This was in agreement with pathological features
of myocardial infarction as mentioned above. Additionally,
it has been demonstrated that prostate infarction volume
detected at 1 week after treatment by means of contrast-
enhanced T1 imaging was consistent with size of infarction
in pathological examination (12). In this study, canine
prostate ischemic necrosis was induced by vascular-targeted
photodynamic therapy and the volume of ischemic necrosis
at 1 week after treatment was identified to have a strong
correlation volume with pathological infarct size (r=0.87,
’=0.75, with a linear slope of 0.99) (12). Therefore, 1 week
after PAE would be an ideal and reliable time point in
early detection of prostate infarction. However, it should
be emphasized that there exists much difference regarding
tissue tolerance to ischemia between myocardium and
prostate gland, especially in term of the terminal blood
supply pattern in myocardium and the anatomy of the
potential collateral circulation of the prostate. Further
studies are needed to address the tolerance of the prostate
to ischemia in human patients.

The findings in the present study indicated that prostate
infarction percentage at 1 or 2 weeks after PAE may predict
the therapeutic effect (shrinkage of the prostate) after
treatment due to its strong correlation with PV reduction
at 1 month (7able 3). However, the predictability of prostate
infarction percentage at 1 week seemed to be superior to
that at 2 weeks after PAE due to their differences of the
correlation coefficient and coefficient of determination
observed in the present study. Although SUMIA at 1 or
2 weeks in the present study showed the predictability quite
similar to the prostate infarction percentage at the same
time point (Tuable 3), prostate infarction percentage that
was defined as the ratio of SUMIA/SUMPA in this study
is more useful in clinical practice because human patients
undergoing PAE usually have a wide range of prostate size.
By the time of this writing, only one clinical trial by Wang
and colleagues (20) has demonstrated the predictive role
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of prostate infarct size at 1 week after PAE. Most studies
have been evaluating the prostate infarction at 2-4 weeks
through 3 months after PAE. Although the prostate
infarction percentage has been identified to have association
with higher clinical success in removal of the indwelling
catheter (5) and with lower International Prostate Symptom
Score in subsequent follow-ups (4), controversy remains
due to different patient selection criteria and distinct
study design and statistical analysis (6,15). More recently,
detection of prostate ischemia at 24 hours after PAE has
gained interest in clinical prediction by means of contrast-
enhanced ultrasonography or pharmacokinetic analysis
with dynamic contrast-enhanced MRI (8,9); however, the
clinical predictive role failed to be established even if a
close relationship of the prostate infarction percentage at
24 hours post-PAE and subsequent prostate shrinkage (8).
Obviously, further studies are needed to address the best time
point in detection of prostate infarction and its prediction role
in clinical practice. It should be emphasized that although all
dogs used in the present study were with spontaneous BPH,
the canine model has its inherent limitations due to the lack
of LUTS and BOO as like in human patients (10). Thus,
shrinkage of the prostate was the only outcome parameter in
evaluation of therapeutic effects in the present study.

This study had several other limitations. Total number
of ten dogs was a relatively small sample size, partially due
to the limited commercial availability of the older male
beagles. The follow-up period was short, so that observation
of changes in signals on MRI sequences after 1 month
following PAE was not available. Due to the limited number
of animals, we were not able to conduct pathological
evaluation at acute infarction phase, e.g., 1 week after PAE,
in comparison with the MRI findings. Although different
spherical embolic agents with similar size were used in
PAE, which might result in various degrees of inflammation
and infarction; the present study focused more on the
morphological changes of infarction after PAE than the real
size of infarction induced with embolic agents.

Conclusions

Prostate infarction is one of major early pathological
responses to PAE in canine BPH model. SUMIA can be
used as surrogate parameter to measure prostatic ischemia
due to its more accuracy in irregular and multiples infarcts.
One week after PAE is an ideal time point for MRI
evaluation of acute prostate infarction. Prostate infarction at
1 week can be used as an independent variable in prediction
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of prostate shrinkage at 1 month after PAE. More
pathological studies in animal experiments and clinical trials
are needed to further address the predictive role of prostate
infarction in PAE clinical outcomes.
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