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Abstract

:

Postembolization syndrome (PES) is the most common side effect of vascular embolization of solid organs. The aim of this review was to determine the incidence of PES and its individual components after prostatic artery embolization (PAE). A systematic review with a pre-specified search strategy for PubMed, Embase, Web of Science and Cochrane Library was performed according to PRISMA guidelines. Studies in English regarding PAE in humans with 10 or more participants were eligible for inclusion. No restrictions on participant demographics or PAE technique were imposed. The search returned 378 references, of which 32 studies with a total of 2116 patients met the inclusion criteria. The results for overall PES frequency and individual PES components were presented as median (interquartile range, (IQR)). Overall median PES frequency was 25.5% (12.5–45.8). The two most frequent individual PES components were dysuria/urethral burning and local pain, with a median frequency of 21.7% (13.8–33.3) and 20% (5.4–29.4), respectively. Most outcome measures were characterized by a marked lack of uniformity and inconsistency in reporting across studies. Development of a uniform reporting system would help the clinicians recognize and treat PES accordingly.
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1. Introduction


Benign prostatic hyperplasia (BPH) is a frequent cause of lower urinary tract symptoms (LUTS) in men [1,2], with one fourth of men older than 70 years having moderate to severe LUTS that impair their quality of life (QOL) [3]. Prostatic artery embolization (PAE) is a new minimally invasive technique proven effective in reducing LUTS in BPH comparable to the preferred surgical treatment—the transurethral resection of the prostate (TURP) [4,5,6,7]. The most common side effect of vascular embolization of solid organs is a collection of inflammation- and tissue necrosis-related symptoms known as the postembolization syndrome (PES) [8,9,10]. The syndrome is characterized by influenza-like symptoms, pain and nausea and, in the case of PAE, dysuria and transient worsening of LUTS. Leukocytosis, leukopenia and/or elevation of C-reactive protein are also commonly seen [11]. The symptoms vary in their severity and duration and can, if pronounced, be mistaken for urosepsis. Consequently, a subset of patients may need admission to hospital for observation and symptomatic treatment, increasing the overall procedural costs. No uniform system for reporting PES exists, making its incidence fluctuate widely between studies. Moreover, trials investigating postoperative management plans or drugs to reduce PES do not exist, and PES is currently treated symptomatically with a combination of analgesics, antipyretics and antiemetics. No dedicated systematic reviews examining all components of PES after PAE have been published to date. Thus, there is a lack of deeper insight into incidence, grade and future management of PES after PAE. The aim of this study was to determine the incidence of PES and its components after PAE and subsequently assist the clinicians in correctly recognizing and treating the syndrome.




2. Materials and Methods


2.1. Protocol and Registration


This systematic review was conducted in accordance to the Preferred Reporting Items for Systematic Review and Metanalysis (PRISMA) guidelines [12], and a published protocol with pre-specified inclusion criteria, outcomes and search strategy can be found in the PROSPERO database (PROSPERO ID: CRD42020164472) [13].




2.2. Information Sources and Search Strategy


PubMed, Embase, Web of Science and Cochrane Library were searched. The following search terms were applied: benign AND prostat* AND (hyperplasia OR hypertrophy OR enlargement OR obstruction) AND emboli?ation AND ALL= (side?effect* OR complication* OR adverse effect*). MeSH terms used were “Embolization, Therapeutic” and “Prostatic Hyperplasia”. The search terms were combined and conducted in appropriate combinations on 16 January 2020. A new search conducted on 1 June 2020 returned no new studies eligible for inclusion.




2.3. Eligibility Criteria and Study Selection


Studies regarding PAE in humans with 10 or more subjects were eligible for inclusion. Reviews, case reports, abstracts, supplements and conference papers as well as articles not published in English were excluded. No restrictions on publication dates were imposed. Two authors (P.S. and M.T.) reviewed abstracts. Full text of all included articles was obtained and read by the same two authors. Agreement was reached through consensus using Covidence Systematic Review software (Veritas Health Innovation, Melbourne, Australia) [14]. First author, publication year, study location, data collection period, study design, number of patients and outcome measures for all included articles were collected. Outcome measures were extracted in duplicate in a piloted data-extraction form.




2.4. Outcome Measures


The primary outcome measure was the overall percentage of PES in studies selected for the review. The secondary outcome measures were the overall percentages of each individual PES component. In the context of this review, PES was defined as one or more of the following components: fever, local (perineal, retroperitoneal, pelvic, perianal, urethral or retropubic) pain, nausea with or without vomiting, dysuria/urethral burning and transient worsening of LUTS. If an article reported separately more than one of the above PES components, and it was unclear if a single patient experienced more than one symptom, the component with the highest reported percentage was taken to represent the overall PES percentage in the study. In articles not reporting one or more of the above outcomes, that outcome is presumed not to have been recorded and not as having not occurred.




2.5. Risk of Bias


Risk of bias in randomized trials (RCTs) was assessed using the Cochrane Risk of Bias tool (RoB 2.0) [15]. Non-randomized trials were assessed for risk of bias using the Risk of Bias In Non-randomized Studies-of Interventions (ROBINS-I) tool [16]. Robvis online visualization tool was used to graphically present the risk of bias data [17].




2.6. Statistical Considerations


Due to study heterogeneity meta-analysis was not possible. The outcomes are presented as median (interquartile range, (IQR)).





3. Results


3.1. Study Selection and Overview


The database search returned 378 references with duplicates removed. A total of 263 articles were removed after reading the abstract. Of the remaining 115 studies assessed for full-text eligibility, 32 studies with a total of 2116 patients (ranging from 11–199) were selected for data extraction [5,6,7,18,19,20,21,22,23,24,25,26,27,28,29,30,31,32,33,34,35,36,37,38,39,40,41,42,43,44,45,46]. A PRISMA flow diagram depicts the process of study selection (Figure 1).



Seven of the included studies were RCTs [5,6,7,22,23,24,25], as presented in Table 1. Study characteristics of prospective and retrospective studies are presented in Table 2 and Table 3, respectively.




3.2. Outcome Measures


The most frequently reported symptom was dysuria or urethral burning, appearing in 20 of the 32 included studies. Local pain and fever were the second and third-most reported symptoms, present in 16 and 13 studies, respectively. The most infrequently mentioned symptom was nausea, appearing in just 2 studies. Four studies mentioned PES but did not provide their definition of the syndrome. Four studies had PES explicitly defined and recorded as a collection of symptoms, but no studies mentioned all the PES components as defined in outcome measures. Overlap between symptoms and patients was difficult to determine in studies where several PES components were mentioned independently. The overall median PES percentage was 25.5% (12.5–45.8), and median percentages of the individual PES components were as follows: 33.3% (16.5–38.5) for LUTS worsening, 21.7% (13.8–33.3) for dysuria/urethral burning, 20% (5.4–29.4) for local pain, 6.5% (2–11.6) for fever and 1.6% (1.3–18) for nausea and/or vomiting. The data with outliers is presented as a box plot in Figure 2.



Two studies [6,20] reported the overall PES frequency to be 100%. The highest reported percentages for individual PES components were 93% for dysuria and/or urethral burning [33], 56% for local pain [7], 54% for LUTS worsening [30], 45% for fever [25] and 2% for nausea [30]. Symptoms with the most pronounced lack of uniformity in reporting were overall PES (ranging from 0% to 100%), urethral burning and/or dysuria (ranging from 1.35% to 93.3%) and fever (ranging from 0% to 45%). Remaining outcome measures had a more uniform distribution, with all data points within the 1.5× IQR from the first and third quartiles.




3.3. Risk of Bias


Risk of bias assessments and judgement distribution within each domain for the randomized studies are visualized as “traffic-light” and weighted bar plots using the robvis tool [17] (Figure 3a,b). The most common risk of bias in the RCTs was bias due to randomization process, making all but one study at a high risk of bias. Likewise, most of the non-randomized studies were assessed to be at either moderate or high risk of bias, owing to their retrospective design and lack of control groups (Figure A1).





4. Discussion


This systematic review is the first dedicated review investigating the overall incidence and individual components of PES after PAE. From the data of 32 studies with a total of 2116 patients, we have demonstrated an overall median PES incidence of 25.5% with a pronounced lack of uniformity in reporting between studies.



PAE is a procedure that can reduce LUTS in men with BPH, demonstrated to be safe and rarely associated with severe complications, such as non-target embolization. PES is a well-known side effect of endovascular arterial embolization in other organs or tumors. However, PES is often overlooked when reporting the possible side effects to PAE, and no consensus exists on whether it is an expected side effect to PAE or a complication to the procedure, even though PES may temporarily impair quality of life and lead to secondary hospital admissions for pain and/or fever management. This review has underlined that PES is indeed very common. Surprisingly, no uniform reporting of PES exists, which raises concerns about its true frequency following PAE.



Several studies have addressed the pathogenesis and incidence of PES in other organs [10,11]. In PAE, Moreira et al. [8] were one of the first to describe PES as the most common side-effect of PAE. The symptoms of PES are typically followed by leucopenia, leukocytosis and/or elevation of C-reactive protein (CRP) [9,10,11], which suggests that systemic manifestations of PES (fever, nausea, malaise) could be regarded as components of the systemic inflammatory response syndrome (SIRS) [47]. This is most likely caused by prostate tissue hypoxia and cell death mediated release of tissue breakdown products, inflammatory mediators (interleukin-6, tumor necrosis factor α, and others) and vasoactive substances [11]. Similarly, periprostatic and prostatic inflammatory response is probably responsible for observed local PES components (local pain, dysuria and LUTS worsening) [8]. The prostate is innervated with an abundant nervous complex that ultimately ends in the corpora cavernosa. Most nerves are noradrenergic fibers that via alfa-1-adrenoreceptors cause smooth muscle contraction. It is likely that ischemia and necrosis activate nervous innervation and lead to frequent urination and urgency. The release of inflammatory mediators may be responsible for the pain observed by men with PES. It is well-known from bacterial and non-bacterial prostatitis that inflammation of the prostate results in diffuse pain in the pelvis area, tip of the penis and dysuria. It is striking that the severity of PES varies widely between patients. Wang et al. [43] showed that large size prostates (>80 cm3) had a statistically significant increase in risk for urethral burning compared to smaller prostates (16.7% vs 10.2% for urethral burning, respectively), suggesting a proportional relationship between prostate size and symptom severity.



Reported incidence of PES in other anatomical sites varies from 40% in uterine artery embolization [11] to 89% in renal angiomyolipoma embolization [10]. Empirical observations from our own group of men undergoing PAE suggest that PES occurs in up to 90% with a varying degree of severity ranging from admission to hospital to only mild discomfort 2–3 days after intervention. In contrast, the median overall PES incidence in this review was only 25.5%. The incidence ranged from 0% in studies by Kurbatov et al. [18] and Yu et al. [45] to a 100% in an RCT conducted by Carnevale et al. [6] and a study by Amouyal et al. [20]. This underreporting of PES symptoms in some studies can partially be explained by a stance held by some authors that PES symptoms are not to be regarded as complications but as expected neglectable side-effects to PAE and are consequently not mentioned in publications [48]. Additionally, the overall PES incidence in this review probably underestimated the true overall figure due to unclear overlap between patients and symptoms in 19 of the 32 studies, resulting in an inability to combine different individual PES components.



PES is a self-limiting condition that is treated symptomatically with a combination of analgesics, antiemetics and antipyretics. However, PES can be so severe that patients experience high fever, shivers, dysuria and urgency mimicking a septicemia from the urinary tract. As shown by Ganguli et al. [11] in uterine artery embolization, leukocytosis is frequent after solid organ embolization, further complicating the discerption of PES from infection. In this review, the incidence of urinary tract infections (UTIs) requiring antibiotic treatment as reported by 20 studies was 2.7% (SD 3.7). Seven studies recorded no UTIs and the highest UTI percentage of 13.8% was reported in a study by Kløw et al. [35]. Currently, antibiotic prophylaxis covering Gram-negative rods is routinely administered prior to PAE in most centers, even though no randomized trials evaluating its efficacy exist to date. A study by Cochran et al. [49] regarding percutaneous nephrostomy tube placement found no significant difference in urosepsis rates in low-risk group with and without antibiotic prophylaxis, though reservations for small sample size had to be made. However, the same trial showed a significant decrease in urosepsis rates (from 50% to 9%) with antibiotic prophylaxis in high-risk group (advanced age, diabetes, bladder dysfunction, indwelling catheter, earlier manipulation, urointestinal anastomosis, bacteriuria and stones). This might suggest a more individual approach is needed in the future, especially in low-risk patients without significant comorbidities.



Following the inflammation hypothesis, prophylactic corticosteroids were used and proven successful in reducing the incidence, severity and duration of PES after renal angiomyolipoma ablation [10], endovascular abdominal aortic repair (EVAR) [50] and transcatheter arterial chemoembolization (TACE) of the liver [51]. The last two studies were conducted as double-blind randomized placebo-controlled trials with a low risk of bias, providing good evidence quality for corticosteroid usage. Administration of a single-dose perioperative corticosteroid was not associated with any significant side-effects in a meta-analysis of RCTs by De Oliveira et al. [52]. No similar studies were conducted concerning PES after PAE, and symptomatic therapy is still the mainstay treatment.



We believe that raised awareness and uniform reporting of incidence and symptoms of PES would help the clinicians recognize the syndrome correctly, avoiding unnecessary antibiotics treatment and hospital admission. Patient information on the symptoms of PES is also crucial to optimize care. We suggest that the presence of dysuria, urgency, frequent urination, nausea, fever, pelvis or prostate pain, urine retention or overall worsening of LUTS during the first 7 days following PAE be regarded and reported as PES no matter if they occur individually or together. This would greatly improve the transparency and uniformity of reporting in future publications. Moreover, we urge the PAE community to address PES in interventional trials in order to reduce the incidence and/or duration of PES following PAE.



This systematic review is limited by heterogeneity in patient inclusion and exclusion criteria across studies as well as the use of different embolization techniques and material. This resulted in a heterogeneous group of studies with no possibility for meta-analysis. Additionally, overall PES frequency was probably underestimated due to underreporting as well as difficulties in calculating overall PES frequency from individual PES components.




5. Conclusions


PES is the most frequent adverse event following PAE. This systematic review showed a lack of uniformity in reporting the symptoms of PES after PAE. We urge the PAE community to define the criteria for PES to improve transparency and help the clinicians recognize and treat the symptoms accordingly. Further studies to reduce PES after PAE are also warranted.
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Figure A1. Risk of bias in non-randomized studies-of interventions (ROBINS-I) assessments of non-RCTs. (a) “Traffic-light” illustration of risk of bias in individual studies. (b) Weighted bar plots depicting risk of bias judgement distributions within each domain. 
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Figure 1. PRISMA flow diagram. 
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Figure 2. Median frequency of PES and its components. Box = 25th and 75th percentiles; bars = minimum and maximum values (1.5× IQR); bold line = median; N = number of studies included; outliers represented as circles. LUTS, lower urinary tract symptoms; PES, postembolization syndrome; NOS, not otherwise specified. 
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Figure 3. RoB2 assessments of RCTs. (a) “Traffic-light” illustration of risk of bias in individual studies. (b) Weighted bar plots depicting risk of bias judgement distributions within each domain. 






Figure 3. RoB2 assessments of RCTs. (a) “Traffic-light” illustration of risk of bias in individual studies. (b) Weighted bar plots depicting risk of bias judgement distributions within each domain.



[image: Diagnostics 10 00659 g003]







[image: Table] 





Table 1. Study characteristics of randomized trials (RCTs).
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	Author and (Year)
	Study Design
	Data Collection Period
	Study Location
	Patients Included in Intervention Group(s) (n)
	Mean Age
	Intervention
	Control/Comparator





	Abt (2018) [7]
	open-label RCT
	Feb 2014–May 2017
	Switzerland
	48
	65.7
	PAE with 250–400 µm Embozene®
	TURP



	Bilhim (2013) [22]
	single-blind RCT
	May 2011–Dec 2011
	Portugal
	80
	63.9
	PAE with 80–180 µm or 180–300 µm particles
	



	Bilhim (2019) [23]
	single-blind RCT
	Nov 2017–Nov 2018
	Portugal
	84
	67.3 cPAE; 65.8 bPAE
	cPAE, bPAE (both with with 300–500 µm Embosphere®)
	



	Carnevale (2016) [6]
	open-label RCT
	Nov 2010–Dec 2012
	Brazil
	15
	60.4
	PAE PErFecTED with 300–500 µm Embosphere®
	original PAE and TURP



	Gao (2014) [5]
	open-label RCT
	Jan 2007–Jan 2012
	China
	54
	67.7
	PAE with 355–500 µm Ivalon®
	TURP



	Torres (2019) [24]
	open-label RCT
	Jul 2015–Dec 2016
	Portugal
	137
	66.1
	PAE (3 groups: 100–300 µm, 300–500 µm, and 100–300 followed by 300–500 µm microspheres)
	



	Wang (2018) [25]
	double-blind RCT
	Jan 2010–Oct 2015
	China
	110
	69.5
	PAE (2 groups: 50 µm followed by 100 µm and 100 µm spheres alone)
	







bPAE, balloon-occlusion prostatic artery embolization; cPAE, conventional microcatheter prostatic artery embolization; PAE, prostatic artery embolization; PErFecTED, proximal embolization first then embolize distant; TURP, transurethral resection of the prostate.
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Table 2. Study characteristics of prospective studies.






Table 2. Study characteristics of prospective studies.















	Author and (Year)
	Study Design
	Data Collection Period
	Study Location
	Patients Included in Intervention Group(s) (n)
	Mean Age
	Intervention
	Control/Comparator





	Bagla (2014) [27]
	prospective
	Jan 2012–Mar 2013
	United States
	19
	66.5
	PAE with 100–400 µm Embozene®
	



	Bilhim (2013) [29]
	prospective
	Mar 2009–Dec 2011
	Portugal
	122
	65.8 bilateral PAE; 71.3 unilateral PAE
	PAE with 100- and 200 µm particle sizes, unilateral vs. bilateral
	



	Brown (2018) [30]
	prospective
	Nov 2015–Feb 2017
	Australia
	51
	67
	PAE with 250 µm Embozene®
	



	Carnevale (2013) [31]
	prospective
	Jun 2008–Nov 2011
	Brazil
	11
	68.5
	PAE with 300–500 µm Embosphere®
	



	Franiel (2018) [32]
	prospective
	Jul 2014–Dec 2015
	Germany
	27
	66
	PAE with 250 µm Embozene®
	



	Goncalves (2016) [33]
	prospective
	Aug 2011–Jun 2013
	Brazil
	30
	not mentioned
	PAE with 100–300 or 300–500 µm Embosphere®
	



	Kenny (2019) [34]
	prospective
	Not mentioned
	France
	20
	75.3
	PAE with 300–500 µm Bead Block® in patients with indwelling catheters
	



	Kløw (2018) [35]
	prospective
	Dec 2015–Mar 2017
	Norway
	29
	69
	PAE with 300–500 µm Embosphere®
	



	Kurbatov (2014) [18]
	prospective
	Jan 2009–Jan 2012
	Russia and Italy
	88
	66.4
	PAE with 300–500 µm Embosphere® in prostates >80 cm3
	



	Lindgren (2019) [36]
	prospective
	Jan 2015–Jun 2018
	Sweden
	37
	73
	PAE with 300–500 µm Embosphere®
	



	Malling (2019) [21]
	prospective
	Jul 2017–Jul 2018
	Denmark
	11
	75.2
	PAE PErFecTED with 300–500 µm Embosphere®
	



	Rampoldi (2017) [19]
	prospective
	Not mentioned
	Italy
	41
	77.9
	PAE PErFecTED with 300–500 µm Embosphere® in patients with indwelling catheters
	Indwelling urinary catheter



	Ray (2018) [39]
	prospective
	Jul 2014–Jan 2016
	United Kingdom
	199
	66
	PAE
	TURP



	Russo (2015) [40]
	prospective matched pair
	Jan 2006–Jan 2014
	Italy
	80
	67
	PAE with 300–500 µm Embosphere®
	open prostatectomy



	Salem (2018) [41]
	prospective
	Dec 2014–Jun 2017
	United States
	45
	67
	PAE with 300–500 µm Embosphere®
	



	Wang (2016) [43]
	prospective
	Apr 2010–Dec 2013
	China
	115
	72.5 (>80 cm3); 66 (50–80 cm3)
	PAE with 100 µm particles in prostates >80 cm3 and 50–80 cm3
	



	Wang (2016) [44]
	prospective
	Feb 2009–Apr 2014
	China
	158
	82.5 (>75 yrs), 67.5 (<75 yrs)
	PAE with 100 µm particles in men >75 years and <75 years
	



	Yu (2016) [45]
	prospective
	Jun 2015–Mar 2016
	Hong Kong SAR
	16
	66
	PAE with 100–300 µm Embosphere® in patients with BPH and acute urinary retention
	PAE with 100–300 µm Embosphere® n patients with BPH without urinary retention



	Yu (2019) [46]
	prospective
	Jun 2015–Dec 2018
	Hong Kong SAR
	82
	66
	PAE with 100–300 µm Embosphere®
	







BPH, benign prostatic hyperplasia; PAE, prostatic artery embolization; PErFecTED, proximal embolization first then embolize distant; TURP, transurethral resection of the prostate.
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Table 3. Study characteristics of retrospective studies.
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	Author and (Year)
	Study Design
	Data Collection Period
	Study Location
	Patients Included in Intervention group(s) (n)
	Mean Age
	Intervention
	Control/Comparator





	Amouyal (2016) [20]
	retrospective
	Dec 2013–Jan 2015
	France
	32
	65
	PAE PErFecTED with 300–500 µm Embosphere®
	



	Ayyagari (2019) [26]
	retrospective
	Apr 2013–Aug 2018
	United States
	93
	76.0 end-hole; 72,8 balloon occlusion
	end-hole vs. balloon occlusion PAE (both with 100–300 µm Embosphere®)
	



	Bhatia (2018) [28]
	retrospective
	Apr 2014–Oct 2017
	United States
	93
	68.5
	PAE with 100–300 or 300–500 µm Embosphere®
	



	Pisco (2016) [37]
	retrospective
	Mar 2009–Sep 2014
	Portugal
	152
	67.4
	PAE 100–200 µm PVA spheres, 300–500 µm Bead Block®, 300–500 µm Embosphere® or 400 µm Embozene®
	



	Qiu (2017) [38]
	retrospective
	Feb 2012–Mar 2015
	China
	17
	75.53
	PAE with 90–180 µm Embosphere®
	TURP



	Tian (2019) [42]
	retrospective
	Feb 2014–Dec 2017
	China
	20
	80.8
	PAE with 90–180 µm or 180–300 µm particles for control of gross haematuria in BPH
	







BPH, benign prostatic hyperplasia; PAE, prostatic artery embolization; PErFecTED, proximal embolization first then embolize distant; TURP, transurethral resection of the prostate.
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