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Abstract 
 
Background: Prostatic artery embolization (PAE) is an emerging treatment for benign prostatic 
hyperplasia (BPH). However, changes in public interest in PAE over time, especially relative to interest in 
alternative BPH treatments, are difficult to assess. The online tool for analysis of the popularity of top 
search queries (Google Trends; Alphabet Inc) provides a relative search volume (RSV) of specified 
keywords and insight about patterns of user searches. 
 
Purpose: The purpose of this study is to assess changes in public interest in PAE over time and compare 
them with changes in public interest in alternative BPH treatments as indicated by search queries. 
 
Material and Methods: Using Google Trends, we identified the RSV of specified keywords within search 
queries submitted between 2010 and 2019 in the United States. The RSVs of keywords with high search 
volume were identified and normalized on a scale of values from 0 to 100. Interest in PAE was assessed 
by comparing RSVs and trends of the keyword PAE as well as of other prostate-treatment-related 
keywords. Prostate embolization was a PAE-related, BPH-treatment-specific keyword with the highest 
average RSV. A linear regression analysis was performed to characterize annual search trends of the use 
of these keywords. Subsequently, the annual search trend of prostate embolization was compared with 
that of keywords related to transurethral resection of the prostate (TURP) and minimally invasive surgical 
treatments (MISTs). 
 
Results: The mean annual RSV of prostate embolization increased by 8.6 fold between 2010 and 2019. 
However, during this period, the mean RSV of the keywords transurethral resection of the prostate and 
TURP were 3.6 and 49.3 times higher, respectively (P<0.0001), than the mean annual RSV of prostate 
embolization. Moreover, the MIST-related keywords rezum and urolift showed respective mean RSVs 3.1 
and 9.0 times higher (P<0.0001) than the mean annual RSV of prostate embolization. 
 
Conclusions: Search query data can elucidate public interest in interventional radiologic (IR) procedures. 
An increase in RSVs of PAE keywords over time suggests increasing public knowledge of and about the 
procedure. However, the RSVs of PAE keywords is far lower than the RSVs of keywords related to urologic 
surgeries, suggesting the need for continued efforts to educate patients and providers about the nature 
and the values of IR procedures. 
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Introduction
ransurethral resection of the prostate (TURP) 
is the most common procedure performed to 
relieve lower urinary tract symptoms (LUTS) 

secondary to benign prostatic hyperplasia 
(BPH).1,2 However, the morbidity associated with 
TURP has prompted the development of less 
invasive procedures.3-5 Minimally invasive surgical 
treatments (MISTs) such as microwave ablation, 
electrovaporization, hydrodissection, and prostatic 
urethral lift have become more common in recent 
years.4,6,7 Prostatic artery embolization (PAE) has 
also emerged as a minimally invasive trans-
arterial treatment for LUTS attributed to BPH. This 
treatment is performed by an interventional 
radiology (IR) physician who employs imaging 
guidance to catheterize and occlude the arteries 
supplying the prostate with the goal to induce 
ischemia and reduce the prostate gland volume.2 
The procedure was first described as a treatment 
for BPH in 2000 and, following rigorous 
investigation, has been determined as safe and 
effective for the treatment of BPH.5 However, the 
changes in public interest in PAE over time and in 
relation to other BPH treatments is difficult to 
assess. 
Internet searches are an important tool to obtain 
medical information. A survey of households in the 
United States of America (USA) revealed that 40% 
of people with internet access used the internet to 
obtain advice or information about health or health 
care, with one third of those reporting that their 
search affected their medical decisions.8 Analysis 
of search query data has been shown to be an 
indirect marker of geographic and temporal 
variability in medical conditions, such as kidney 
stone disease and influenza.9-11 Utilization of this 
data has also been viewed as an efficient way to 
direct resources and marketing.12 The aim of this 
study is to assess interest in PAE and make 
comparisons to interest in TURP and MIST using 
search query data. 
 
 

Materials and Methods 
Google Trends (Alphabet Inc) provides publicly 
available data sets of relative search volume 
(RSV), the ratio between a user-defined keyword 

search volume and the total regional/global search 
volume for the same period. Each RSV is assigned 
a value from 0 to 100, in which 100 represents the 
highest keyword search frequency over the 
specified period. Google Trends does not display 
search terms with low search volume and repeated 
searches from a single internet protocol (IP) 
address to avoid the inclusion of multiple searches 
by the same user.13  
Interest in PAE was evaluated based on the use of 
the following search terms: prostate embolization, 
prostate artery embolization, prostatic artery 
embolization, PAE, and PAE prostate. The RSVs of 
the specified keywords were determined within 
search queries performed in the USA between 
2010 and 2019. Prostate embolization was the 
most common PAE-specific keyword that was 
subsequently used to compare trends of searches 
with the TURP-related and the MIST-related 
keywords. 
Interest in PAE relative to TURP was assessed 
based on the use of the following search terms: 
prostate embolization, transurethral resection of 

T 
Key Points 
 Prostate embolization is the most searched 

keyword specific to PAE; its mean annual 
RSV has increased 8.6 fold between 2010 
and 2019.  

 The TURP-related keywords have RSVs up to 
49.3 times higher than the RSV of prostate 
embolization.  

 The MIST-related keywords have RSVs up to 
9.0 times higher than the RSV of prostate 
embolization. 
 

Abbreviations 
ANOVA: analysis of variance 
BPH: benign prostatic hyperplasia 
IP: internet protocol 
IR: interventional radiology 
LUTS: lower urinary tract symptoms 
MIST: minimally invasive surgical treatment 
PAE: prostatic artery embolization 
RSV: relative search volume 
SD: standard deviation 
SEE: standard error of the estimate  
TURP: transurethral resection of the prostate 
USA: United States of America 
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prostate, transurethral resection prostate, 
transurethral resection of the prostate, and TURP. 
The MIST-related keywords were searched 
independently to determine keywords with the 
highest RSVs. The MIST-related keywords rezum, 
urolift, and aquablation were found to have the 
highest RSVs and were subsequently used to 
compare their annual search trends to the RSV of 
prostate embolization.  
Brown-Forsythe non-parametric analysis of 
variance (ANOVA) was performed because the 
variances were heterogeneous.14 The Games-
Howell multiple comparisons test was used to 
compare mean annual RSVs of the search 
keywords.15 Linear regression analysis was 
performed to characterize annual search trends 
(P<0.05 considered significant). Statistical 
analyses were performed by using commercial 
scientific 2D graphing and statistics 
software (Prism 8.4; GraphPad Software Inc; IBM 
SPSS Statistics 24). 
 
 

Results 
Evaluation of the PAE-related keywords revealed 
that the keyword PAE had the highest RSV (Figure 
1). However, upon investigation of searches made 
with this keyword, it was found that these 
searches were typically associated with a name 
acronym of a defense and government services 
contractor. Therefore, the keyword PAE was 
excluded from the research, and the comparison 
was made between the mean annual RSVs of the 
remaining PAE-related keywords (Figure 2). 
Prostate embolization was the next most 
frequently searched PAE-related keyword. With an 
average RSV of 35.2, this keyword was used for 
subsequent comparisons between the PAE-
related, the TURP-related, and the MIST-related 
keywords. The other PAE-related keywords 
included prostate artery embolization, prostatic 
artery embolization, and PAE prostate with 
average RSVs of 21.9; 19.1; and 16.5, 
respectively. 
The mean annual RSV of prostate embolization 
increased by 8.6 fold, from 4.9 in 2010 to 42.0 in 
2019. This increase was observed during each 
year except 2010, 2015, and 2018 (Figure 3). 

There was a statistically significant linear increase 
in monthly RSV of this keyword over time (Y = 
6.070*X – 4.340; P <0.0001; R2 = 0.9340; SEE = 
2.2484). 
The RSVs of the TURP-related keywords were 
consistently higher than the RSV of prostate 
embolization, with a statistically significant 
difference (P<0.0001) (Figure 4). The two highest 
RSVs of the TURP-related keywords, transurethral 
resection prostate and TURP, were respectively 
3.6 and 39.3 times larger than the RSV of prostate 
embolization. 

The MIST-related keywords showed low RSVs prior 
to 2013, similar to the RSV of prostate 
embolization (Figure 5). However, because of 
increases in RSVs within the last five to six years, 
the mean annual RSVs of rezum and urolift 
between 2010 and 2019 were respectively 3.1 and 
9.0 times larger than the mean annual RSV of 
prostate embolization. The linear increasing trends 
for both rezum and urolift were not significantly 
different (P = 0.954) from 2015 to 2019. The 

Figure 1. Google Trends results of search queries on the use 
of the PAE-related keywords 

Figure 2. Google Trends results of search queries on the use 
of the PAE-related keywords; the keyword PAE is excluded 
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difference between mean RSVs of rezum and 
urolift during 2015-2019 was 27.268; SD = 1.943. 
The mean RSV of aquablation was 5.6 times lower 
relative to that of prostate embolization. The 
difference between the mean annual RSVs of 
prostate embolization and the MIST-related 
keywords was statistically significant (P<0.0001). 

Discussion 
Our study showed an increase in the relative 
number of the PAE-related searches between 2010 
and 2019, which likely reflects a growing public 
interest in PAE as a treatment option for BPH. The 
PAE-related keywords evaluated in this study, in 
particular prostate embolization, displayed an 
annual increase in RSVs with few contractions. 
Online medical resources provided for patients by 
health care agencies and the Society of 
Interventional Radiology are expected to play an 
important role in this trend. However, many 
patients as well as referring healthcare providers 
are still unfamiliar with minimally invasive 
procedures like PAE.16,17 The internet can be an 
important source for patients needing to obtain 
medical information and weighing on different 
treatment options.8 Therefore, providing new, 
interactive internet resources for patients with 
LUTS due to BPH can be an effective way to 
increase public awareness of PAE. 
Despite annual increases in RSVs of the PAE-
related keywords, overall mean RSV of these 
keywords was lower than overall mean RSV of 
most of the keywords related to surgical BPH 
treatments. The most striking difference was 
between mean RSVs of prostate embolization and 
TURP, 49.3 times higher for the latter. Higher 
RSVs of the TURP-related keywords were, 
however, expected as TURP is considered the 
“gold standard” surgical treatment for BPH.1 A 
higher RSV of TURP over RSVs of the other TURP-
related keywords may be attributed to TURP being 
a relatively short and unique acronym without 
other common associations. Consequently, using 
memorable names and acronyms for new or 
existing IR procedures may improve their 
marketability and visibility.16 

The increase in treatments alternative to TURP has 
been stimulated by TURP-related morbidity, 
including risks of erectile dysfunction, urinary 
incontinence, and retrograde ejaculation.3-5 As 
alternative BPH treatments have become more 
popular, there has been a relative decrease in the 
number of TURPs performed.18 Annual increases in 
RSVs of the PAE-related and the MIST-related 
keywords reflect this change in patient and 
provider preferences. Notably, recent increases in 
RSVs of some of the MIST-related keywords have 

 

 
Figure 4. Google Trends results of search queries on the use 
of the keyword prostate embolization and the TURP-related 
keywords 

 
Figure 5. Google Trends results of search queries on the use 
of the keyword prostate embolization and the MIST-related 
keywords 

Figure 3. Mean annual RSVs of the keyword prostate 
embolization 
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exceeded the RSV of prostate embolization, likely 
reflecting higher public awareness of MIST than of 
PAE. Directly targeting the increasing number of 
patients interested in minimally invasive 
treatments of BPH could be an effective way to 
increase visibility of PAE.   
The following limitations should be considered 
when interpreting the results of the present study. 
First, Google Trends provides normalized search 
volume and does not specify the absolute number 
of searches of a given keyword. Although 
normalized search volume allows for comparisons 
of keywords RSVs and the analysis of their trends 
over time, it does not provide the absolute number 
of people interested in PAE and alternative 
treatments. Furthermore, because Google Trends 
uses only a percentage of searches without 
disclosing the sample sizes, there is most likely a 
discrepancy between online search for BPH 
treatment and real BPH-related treatment 
activities, which might make this study liable to a 
sampling error.19 Second, the anonymous nature 
of normalized search volume does not make it 
possible to determine the intent of user searches. 
Information regarding related searches does 
provide some insights for keywords that may have 
multiple usages. However, with the data provided, 
it is uncertain whether the searches were made by 
patients considering these treatment options or by 
casual internet users. One study found online 
consumer information regarding PAE to be overall 
low-to-moderate quality with a high frequency of 
non-evidence-based claims.20 Although we did not 
evaluate the quality of online searches, lower 
quality search results may have affected overall 
patients’ interest and further queries. Third, 
misspelled keywords, even with close spelling 
approximations, were not included in the RSV of a 
given keyword. This possibly caused an 
underestimation of the RSVs of difficult-to-spell 
keywords. 
The rise in RSV of the PAE-related keywords likely 
reflects an increased public interest in these 
procedures for the treatment of BPH. Although 
TURP is the most commonly performed procedure, 
the rising RSVs of alternatives to TURP reflects the 
growing popularity of minimally invasive 
treatment options. The power of the internet to 
disseminate information and influence medical 
decisions make it an effective tool to directly 

inform patients of PAE and evaluate interest in PAE 
as a possible treatment option for BPH. 
 
 

Author Contributions 
Conceptualization, J.P.M; Acquisition, analysis, interpretation 
of data, and writing – original draft preparation, L.R.C. and 
S.M; Statistical analysis, J.W.S.; Review and editing, J.P.M. and 
L.R.C.; Supervision, J.P.M. All authors agree to be accountable 
for all aspects of the work in ensuring that questions related to 
the accuracy or integrity of any part of the work are 
appropriately investigated and resolved. All authors had full 
access to all the data in the study and take responsibility for 
the integrity of the data and the accuracy of the data analysis. 
 
 

Disclosures 
None to report. 
 
 

References 
1. El-Hakim A. TURP in the new century: an analytical 

reappraisal in light of lasers. Can Urol Assoc J. 
2010;4(5):347-349. PMID: 20944810 

2. Pisco J, Campos Pinheiro L, Bilhim T, et al. Prostatic arterial 
embolization for benign prostatic hyperplasia: short- and 
intermediate-term results. Radiology. 2013;266(2):668-
677. DOI: 10.1148/radiol.12111601 

3. Ahyai SA, Gilling P, Kaplan SA, et al. Meta-analysis of 
functional outcomes and complications following 
transurethral procedures for lower urinary tract symptoms 
resulting from benign prostatic enlargement. Eur Urol. 
2010;58(3):384-397. 
DOI: 10.1016/j.eururo.2010.06.005 

4. Sterling J, Farber N, Gupta NK. Comparing outcomes of 
medical management and minimally invasive surgical 
techniques for lower urinary tract symptoms due to BPH. 
Curr Urol Rep. 2019;20(6):29. Published 2019 Apr 15. 
DOI: 10.1007/s11934-019-0896-2 

5. McWilliams JP, Bilhim TA, Carnevale FC, et al. Society of 
Interventional Radiology multisociety consensus position 
statement on prostatic artery embolization for treatment 
of lower urinary tract symptoms attributed to benign 
prostatic hyperplasia: from the Society of Interventional 
Radiology, the Cardiovascular and Interventional 
Radiological Society of Europe, Société Française de 
Radiologie, and the British Society of Interventional 
Radiology: endorsed by the Asia Pacific Society of 
Cardiovascular and Interventional Radiology, Canadian 
Association for Interventional Radiology, Chinese College 
of Interventionalists, Interventional Radiology Society of 
Australasia, Japanese Society of Interventional Radiology, 
and Korean Society of Interventional Radiology. J Vasc 
Interv Radiol. 2019;30(5):627-637.e1. 
DOI: 10.1016/j.jvir.2019.02.013 

6. Christidis D, McGrath S, Perera M, Manning T, Bolton D, 
Lawrentschuk N. Minimally invasive surgical therapies for 
benign prostatic hypertrophy: the rise in minimally 
invasive surgical therapies. Prostate Int. 2017;5(2):41-46. 
DOI: 10.1016/j.prnil.2017.01.007 

https://www.ncbi.nlm.nih.gov/pubmed/20944810
https://doi.org/10.1148/radiol.12111601
https://doi.org/10.1016/j.eururo.2010.06.005
https://doi.org/10.1007/s11934-019-0896-2
https://doi.org/10.1016/j.jvir.2019.02.013
https://doi.org/10.1016/j.prnil.2017.01.007


UCLA Radiol Sci Proc. 2022;2(1):1-6            Cusumano et al 
 

6 
 

7. Foster HE, Barry MJ, Dahm P, et al. Surgical management 
of lower urinary tract symptoms attributed to benign 
prostatic hyperplasia: AUA guideline. J Urol. 
2018;200(3):612-619. DOI: 10.1016/j.juro.2018.05.048 

8. Baker L, Wagner TH, Singer S, Bundorf MK. Use of the 
internet and email for health care information: results from 
a national survey. [published correction appears in JAMA. 
2003 July 16;290(3):334]. JAMA. 2003;289(18):2400-
2406. DOI: 10.1001/jama.289.18.2400 

9. Willard SD, Nguyen MM. Internet search trends analysis 
tools can provide real-time data on kidney stone disease 
in the United States. Urology. 2013;81(1):37-42. 
DOI: 10.1016/j.urology.2011.04.024 

10. Brownstein JS, Freifeld CC, Madoff LC. Digital disease 
detection—harnessing the web for public health 
surveillance. N Engl J Med. 2009;360(21):2153-2157. 
DOI: 10.1056/NEJMp0900702 

11. Kang M, Zhong H, He J, Rutherford S, Yang F. Using Google 
Trends for influenza surveillance in South China. PLoS 
One.2013;8(1):e55205. 
DOI: 10.1371/journal.pone.0055205 

12. Harsha AK, Schmitt JE, Stavropoulos SW. Know your 
market: use of online query tools to quantify trends in 
patient information-seeking behavior for varicose vein 
treatment. J Vasc Interv Radiol. 2014;25(1):53-57. 
DOI: 10.1016/j.jvir.2013.09.015 

13. Trends Help. Google LLC. Accessed April 25, 2020. 
https://support.google.com/trends#topic=6248052  

14. Brown MB, Forsythe AB. Robust Tests for the Equality of 
Variances. J Am Stat Assoc. 1974;69(346):364-367. DOI: 
10.1080/01621459.1974.10482955 

15. Games PA, Howell JF. Pairwise Multiple Comparison 
Procedures with Unequal N’s and/or Variances: A Monte 
Carlo Study. J Educ Behav Stat. 1976;1(2):113-125. 
https://doi.org/10.3102/10769986001002113 

16. Heister D, Jackson S, Doherty-Simor M, Newton I. An 
evaluation of trends in patient and public awareness of IR. 
J Vasc Interv Radiol. 2018;29(5):661-668. 
DOI: 10.1016/j.jvir.2017.11.023 

17. Baerlocher MO, Asch MR, Puri G, Vellahottam A, Myers A, 
Andrews K. Awareness of interventional radiology among 
patients referred to the interventional radiology 
department: a survey of patients in a large Canadian 
community hospital. J Vasc Interv Radiol. 
2007;18(5):633-637. DOI: 10.1016/j.jvir.2007.02.034 

18. Merheb S, Wang N, Weinberg J, Wang DS, Wason SEL. 
Online interest in surgical treatment for benign prostatic 
hyperplasia using Google trends. World J Urol. 
2021;39(7):2655-2659. DOI: 10.1007/s00345-020-
03445-z 

19. Szilagyi I-S, Ullrich T, Lang-Illievich K, et al. Google Trends 
for pain search terms in the world’s most populated 
regions before and after the first recorded COVID-19 case: 
infodemiological study. J Med Internet Res. 
2021;23(4):e27214. Published 2021 Apr 22. 
DOI: 10.2196/27214 

20. Huang MM, Winoker JS, Matlaga BR, Allaf ME, Koo K. 
Evidence-based analysis of online consumer information 
about prostate artery embolization for benign prostatic 
hyperplasia. Prostate Cancer and Prostatic Dis. 
2021;24:106-113. DOI:10.1038/s41391-020-0242-2 

https://doi.org/10.1016/j.juro.2018.05.048
https://doi.org/10.1001/jama.289.18.2400
https://doi.org/10.1016/j.urology.2011.04.024
https://doi.org/10.1056/nejmp0900702
https://doi.org/10.1371/journal.pone.0055205
https://doi.org/10.1016/j.jvir.2013.09.015
https://support.google.com/trends#topic=6248052
https://doi.org/10.1080/01621459.1974.10482955
https://doi.org/10.3102%2F10769986001002113
https://doi.org/10.1016/j.jvir.2017.11.023
https://doi.org/10.1016/j.jvir.2007.02.034
https://doi.org/10.1007/s00345-020-03445-z
https://doi.org/10.1007/s00345-020-03445-z
https://doi.org/10.2196/27214
https://www.nature.com/articles/s41391-020-0242-2



