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ABSTRACT
Introduction Postembolisation syndrome (PES) is the 
most common side effect of vascular embolisation of 
solid organs. Although prophylactic corticosteroids are 
known to reduce the incidence and severity of PES, no 
trials investigating their efficacy have been conducted 
in men undergoing prostatic artery embolisation (PAE). 
We postulate that steroids can have a similar effect in 
reducing PES after PAE. This paper describes the rationale 
and detailed protocol for a randomised controlled trial 
evaluating the efficacy of dexamethasone (DEXA) in 
reducing PES after PAE.
Methods and analysis In this single- centre, randomised, 
double- blind, placebo- controlled trial, we will enrol 
60 individuals undergoing PAE for benign prostatic 
hyperplasia. Participants will be randomised to receive IV 
DEXA (24 mg) or placebo (saline). The primary outcomes 
will be postprocedural fever, pain and quality of life. The 
secondary outcomes will include postprocedural nausea, 
postprocedural medicine usage, laboratory parameters (C 
reactive protein, prostate- specific antigen) and early PAE 
results.
Ethics and dissemination Ethics approval was obtained 
from the Danish Committee on Health Research Ethics in 
the Capital Region (H- 20025910). The results from this trial 
will be disseminated through publication in peer- reviewed 
journals and national and international presentations.
Trial registration number  Clinicaltrials. gov identifier: 
NCT04588857; EudraCT number: 2020- 000915- 53.

INTRODUCTION
Benign prostatic hyperplasia (BPH) is a 
frequent cause of lower urinary tract symp-
toms (LUTS), with one- fourth of men older 
than 70 years having moderate to severe LUTS 
that impair their quality of life (QOL).1–3 

Prostatic artery embolisation (PAE) is a new 
minimally invasive technique proven effective 
in reducing LUTS comparable to mainstay 
treatment—the transurethral resection of the 
prostate.4–7

The most common side effect of vascular 
embolisation of solid organs is a collection of 
inflammation- related symptoms known as the 
postembolisation syndrome (PES).8 The aeti-
ology of PES is not fully explored; however, 
it is hypothesised that tissue hypoxia and 
cell death lead to the release of tissue break-
down products, inflammatory mediators 
and vasoactive substances.8 9 The syndrome 
is characterised by influenza- like symptoms, 
pain, nausea, fever, and in the case of PAE, 
dysuria and transient worsening of LUTS.8 

Strengths and limitations of this study

 ► First randomised, double- blind, placebo- controlled 
trial to examine the efficacy of dexamethasone in 
reducing symptoms of postembolisation syndrome 
after prostatic artery embolisation (PAE).

 ► A wide range of outcomes will be assessed includ-
ing, but not limited to, postprocedural fever and pain, 
medicine usage, prostate- specific antigen values 
and early PAE outcomes.

 ► The study is powered to show a clinically important 
difference in the primary outcome measurements.

 ► Research staff and statistician analysing the data 
will be blinded to randomisation group.

 ► Potential limitation: good patient compliance is par-
amount for study success, as most outcome mea-
sures will be self- reported by the patients.
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Leucopenia, leucocytosis, elevation of C reactive protein 
(CRP) and other raised inflammatory parameters can 
be observed.9 There is currently no consensus on both 
the definition and classification of PES and its incidence 
varies widely in the literature, from 0 % to 100 %.6 10–13 
Reported incidence in other anatomical sites varies from 
40% in uterine artery embolisation to 89% in renal angi-
omyolipoma embolisation.9 14 Empirical observations 
from our own group of men 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.

PES is a self- limiting condition that is treated symp-
tomatically with a combination of analgesics, antiemetics 
and antipyretics. However, PES can be so severe that 
the patients experience high fever, shivers, dysuria and 
urgency, mimicking septicaemia from the urinary tract. 
As shown by Ganguli et al in uterine artery embolisation, 
leucocytosis is frequent after solid organ embolisation 
further complicating the discerption of PES from infec-
tion.9 It is a clinical challenge to avoid needless antibiotics 
treatment in those situations. A subset of patients may 
need hospital admission for observation, especially those 
with fever. Furthermore, most patients experience PES 
as very uncomfortable and have a temporary decrease in 
QOL. Usually, PES resolves within 5 days after PAE.

Following the inflammation hypothesis, prophylactic 
corticosteroids were used and proven successful in 
reducing the incidence, severity and duration of PES after 
renal angiomyolipoma ablation, endovascular abdominal 
aortic repair and transcatheter arterial chemoembolisa-
tion of the liver.14–16 The last two studies were conducted 
as double- blind randomised placebocontrolled 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 done 
by DeOliveira et al.17 No similar studies were conducted 
concerning PES after PAE, and symptomatic therapy is 
still the mainstay treatment.

In this study, we will evaluate the efficacy of single high- 
dose postprocedural dexamethasone (DEXA) admin-
istration in reducing PES after PAE. PES has several 
manifestations and varies greatly between patients. As 
there is currently no international consensus on an exact 
definition of PES, choosing a suitable primary outcome 
parameter for this study is challenging. To our expe-
rience, fever and severe pelvic floor pain are the symp-
toms most frequently causing patient concern, increased 
medicine usage and contact to our emergency out patient 
clinic. In a small pilot study that the sample size calcu-
lation is based on, almost all patients experienced fever 
following PAE. Thus, the main objective of this study is to 
demonstrate a decrease in postprocedural body tempera-
ture and pain, as well as an increase in QOL, with DEXA 
compared with placebo. Additionally, we aim to demon-
strate that DEXA compared with placebo decreases post-
procedural medication usage, rate of hospital admissions, 

inflammatory parameters and short- term post- PAE LUTS 
worsening. Finally, early PAE outcomes for both groups 
will be collected.

METHODS AND ANALYSIS
Study design and setting
This study is designed as a single- centre, double- blind, 
randomised, placebo- controlled clinical trial comparing 
single postprocedural 24 mg IV dose of DEXA with placebo 
(isotonic solution of sodium chloride). The choice of 
24 mg DEXA is based on the results of several studies and 
meta- analyses exploring the anti- inflammatory effects of 
steroids given perioperatively at various doses.17–21 Addi-
tionally, DEXA is chosen over other steroids due to its 
long biological action and favourable side- effect profile.

The study will be conducted at Rigshospitalet, Copen-
hagen, Denmark, starting in January 2021 with an 
estimated completion date in the first half of 2022. 
Rigshospitalet is currently one of only two centres in 
Denmark offering PAE, with up to 120 cases performed 
annually, which ensures that the number of patients 
needed for this study will be recruited within the allo-
cated time frame.

Study population
Participants will be recruited among patients with LUTS 
due to BPH currently followed at the Department of 
Urology, Rigshospitalet, during one of their regular visits. 
Treatment- responsible physician, a urology consultant, 
will assess whether the patient is eligible for participation 
in the study. The study flow and eligibility criteria are 
seen in figure 1. Inclusion criteria for the study reflect the 
current PAE indications at our institution. On the other 
hand, exclusion criteria consist of current urological 
contraindications to PAE, contraindications for catheter- 
based interventions and contraindications for high- dose 
DEXA administration. The study will not be advertised in 
any way. All study visits will take place at the Department 
of Urology, Rigshospitalet. PAE will be performed at the 
Department of Radiology, Rigshospitalet.

Outcome assessment
All outcome measures during the first month following 
PAE, with the exception of blood tests, will be self- 
reported by the participants in a diary they will receive on 
the day of the intervention. Outcome measures 3 and 6 
months following PAE will be assessed during a follow- up 
visit to the urologist (as part of the standard postproce-
dural protocol for all patients), where the diary will also 
be collected. Study physician will contact the partici-
pants 5 days and 1 month after the intervention, to assess 
compliance and answer any eventual questions. CRP will 
be measured at baseline and 2 days following PAE in an 
outpatient laboratory. Likewise, prostate- specific antigen 
(PSA) will be followed at baseline, 2 days, 1 month, 3 
months and 6 months. All outcome measures collected 
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during the trial at various time points are summarised in 
table 1.

Primary outcome
The primary outcome for the DEXAPAE study is to deter-
mine the efficacy of 24 mg DEXA, compared with placebo 
control, in reducing the symptoms of PES after PAE, as 
indicated by the following: mean rectal body tempera-
ture in degrees Celsius 2 days after PAE compared with 
baseline, mean postprocedural pain and mean QOL for 
the first 5 days post- PAE, the latter two measured as pain 
severity and pain interference scores on Brief Pain Inven-
tory—Short Form (BPI- SF) questionnaire, respectively.22

Secondary outcomes
The effect of DEXA versus placebo will be assessed for 
the following secondary outcomes: postprocedural 
inflammatory response markers (CRP and PSA), need 
for postprocedural medication (analgesics, antipyretics, 

antiemetics), incidence of hospital admission, LUTS 
severity measured on International Prostate Symptom 
Score (IPSS) questionnaire, erectile function measured 
on International Index of Erectile Function (IIEF- 5) 
questionnaire, prostate volume on transrectal ultrasound, 
uroflowmetry, residual urine, incidence of urinary tract 
infections, incidence of acute urinary retention and inci-
dence of side effects of PAE. Laboratory values, IPSS and 
IIEF- 5 scores, prostate volume and urodynamic measure-
ments (uroflowmetry and residual urine) will be assessed 
as a change from baseline to all outcome measurement 
time points.

Screening
Treatment- responsible physician will assess, based on the 
inclusion and exclusion criteria, if the patient is eligible 
for the study. If the patient is qualified and gives verbal 
informed consent, the trial’s advantages, side effects and 

Figure 1 Study flow and eligibility criteria. BPH, benign prostatic hyperplasia; eGFR, estimated glomerular filtration rate; INR, 
international normalised ratio; IPSS, International Prostate Symptom Score; LUTS, lower urinary tract symptoms; PCa, prostate 
cancer; Qmax, maximum flow velocity; TURP, transurethral resection of the prostate; UTI, urinary tract infection.
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disadvantages will be discussed in detail, and the patient 
will be given a patient summary of the protocol, patient 
information and other relevant study material. The 
patient is offered a minimum of 24 hours of decision time 
and will be scheduled for a follow- up visit, where eventual 
questions will be answered, and informed consent will 
be collected. The patient is offered to bring a relevant 
attendant (spouse, family, friend) to the follow- up visit. 
If the patient wishes a prolonged decision period, a new 
appointment will be arranged. After the elapsed period 
of reflection, the patient will sign a written informed 
consent together with the trial physician. The patient 
can withdraw the informed contest at any time without 
explanation.

Sample size
A pilot study conducted at the Department of Urology, 
Rigshospitalet on four patients undergoing PAE (without 
DEXA administration) showed a mean postprocedural 
rectal temperature of 37.8°C (SD 0.38) 2 days post- PAE. 
Day 2 is chosen as study target as it had the highest mean 
temperature of the 5 days in which the temperature was 
measured. The goal reduction is from mean temperature 
on day 2 (subfebrile) to a mean of 37.4°C (afebrile). A 
one- sided two- sample t- test power calculation with 80% 
power and a significance of 0.05 gives a required sample 
size of 28 patients in each group or 56 patients in total.

In the literature, a 3- point decrease (SD 2) on the 
BPI- SF questionnaire is considered clinically relevant.23 24 
With that in mind, a one- sided two- sample t- test power 
calculation with 80% power and a significance of 0.05 

gives a required sample size of 7 patients in each group or 
14 patients in total.

In conclusion, this study will include 30 patients in each 
group (60 in total) to compensate for eventual dropouts. 
Dropouts are defined as patients who, after inclusion, 
either do not receive the allocated trial medication or are 
lost to follow- up for the primary outcomes.

The study has not been powered for the secondary 
outcome measures.

Randomisation and allocation concealment
Participants will be randomised on the day of the inter-
vention. Dropouts will be replaced by the same randomi-
sation number to ensure equal distribution. Allocation of 
randomisation numbers for the dropouts will be blinded.

Randomisation will be performed as permuted block 
randomisation with a block size of 6 and 1:1 allocation 
ratio using a secure online randomisation system to 
ensure allocation concealment.

Participants, care providers (ie, interventional radiolo-
gists performing the procedure, urologists responsible for 
patient selection and follow- up, research nurses involved 
in the trial) and researchers involved in data collection 
and analysis will be blinded to allocation. A physician not 
otherwise involved in the study will prepare the medica-
tion in a private room prior to PAE to ensure blinding 
is preserved. No masking of syringe content is necessary 
as both DEXA and saline are clear, colourless liquids. A 
nurse blinded to the syringe content will administer the 
medication immediately following PAE.

Table 1 Outcome measures at each time point

Screening Day 0 (PAE) Day 1 Day 2 Day 3 Day 4 Day 5 1 month 3 months 6 months

BT   x x x x x x       

BPI- SF   x x x x x x       

Medication usage   x x x x x x       

Nausea and vomiting   x x x x x x       

Dysuria   x x x x x x       

Blood glucose *   x x x x x x       

IPSS x     x     x x x x

IIEF- 5 x             x x x

PSA x     x       x x x

CRP x     x             

Uroflowmetry x               x x

TRUS x               x x

Hospital admission   x x x x x x       

UTI   x x x x x x       

Acute urinary retention   x x x x x x       

*Blood glucose is only collected for participants with diabetes.
BPI- SF, Brief Pain Inventory—Short Form; BT, body temperature; CRP, C reactive protein; IIEF- 5, International Index of Erectile Function- 5; 
IPSS, International Prostate Symptom Score;PAE, prostatic artery embolisation; PSA, prostate- specific antigen; TRUS, transrectal ultrasound; 
UTI, urinary tract infection.
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The treatment allocation will only be unblinded in case 
of a suspected serious adverse reaction to the study medi-
cation, the management of which might be influenced by 
knowledge of the allocation.

The unmasked randomisation list will be kept by a 
physician not involved in the study in a locked drawer and 
will not be given to the principal investigator until all trial 
data are collected.

Statistical analysis
All analyses will be conducted by blinded research staff and 
supervised by a statistician. The normality of distribution will 
be assessed with a q–q plot and the Shapiro- Wilk test. Para-
metric data will be analysed using the independent Student’s 
t- test, and non- parametric data will be analysed using the 
Mann- Whitney U test. Categorical variables will be evaluated 
using the chi- squared test or Fisher’s exact test, when appro-
priate. All values will be expressed as mean±SD, median 
(range) or the number of patients (proportion). p<0.05 will 
be considered to be statistically significant.

The nature of missing data will be examined to consider 
appropriate approaches. For the primary outcomes, data 
from all the participants for whom there is at least one 
temperature measurement on day 2 post- PAE and at least 
four completed BPI- SF questionnaires during the first 
5 days post- PAE will be included in the statistical analysis. 
The area under the curve (AUC) can be calculated from 
available temperature measurements and BPI- SF scores 
even if some are missing, by using linear interpolation.

Statistical analysis will be undertaken in RStudio using 
R V.3.2 or later if available.25

Data management
Study data will be collected and managed using Research 
Electronic Data Capture (REDCap) electronic data capture 
tools hosted at Rigshospitalet, Denmark.26 27 REDCap is a 
secure, web- based software platform designed to support 
data capture for research studies, providing an intuitive 
interface for validated data capture, audit trails for tracking 
data manipulation and export procedures, automated 
export procedures for seamless data downloads to common 
statistical packages and procedures for data integration and 
interoperability with external sources. The database will 
not be unblinded until data collection has been declared 
as complete. The study team will be responsible for all data 
entry and quality control. All data will be archived in REDCap 
for 5 years after the study is ended, in accordance with rele-
vant local and European Union (EU) laws.

Safety monitoring
At both follow- up visits, participants will be asked to report 
any adverse events (AEs) that might have occurred since 
their previous visit. AEs will also be identified and collected 
from patient journals. All AEs judged by either the reporting 
investigator or the sponsor as having a reasonable causal rela-
tionship to the study drug qualify as adverse reactions. All 
serious AEs (SAEs) will be reported to the sponsor by the 
investigator no later than 24 hours after their occurrence 

during the whole length of the study. This immediate report 
will be supplemented by a follow- up report that allows the 
sponsor to determine whether the SAE requires a reassess-
ment of the risk–benefit ratio of the study. The investigator 
will notify the sponsor immediately if a suspected unsus-
pected serious adverse reaction (SUSAR) occurs, to allow 
facilitation of unblinding if necessary. The sponsor or the 
investigator will notify the relevant Ethics Committee and the 
Danish Medicines Agency within 24 hours if during the clin-
ical trial a SUSAR occurs. Once a year throughout the study 
period, the sponsor or the investigator will submit a list of 
all suspected serious adverse reactions (expected and unex-
pected) that occurred in the period to the Ethics Committee 
and the Danish Medicines Agency. The report will include 
an assessment of the safety of the study participant.

The study will be independently monitored by the 
Good Clinical Practice (GCP) Unit at the University of 
Copenhagen. They will periodically assess, following local 
guidelines, if the study is conducted according to the 
protocol and note any eventual protocol deviations that 
may influence patient safety or study outcomes.

Patient and public involvement
Neither the patients nor the public were involved in the 
planning or design of the study.

Ethics and dissemination
This study has been approved by the Danish Committee 
on Health Research Ethics in the Capital Region (Id: 
H- 20025910) on 1 October 2020. The study will be 
conducted in accordance with the protocol, ICH- GCP 
guidelines, the Helsinki Declaration and the applicable 
local guidelines and laws. The established procedures 
for quality control will be followed. All participants will 
provide written informed consent prior to involvement in 
the study. Participants may withdraw their consent at any 
time without explanation. A plain Danish summary of the 
study results will be sent to the study participants once 
data analysis has been completed.

The results will be published in a peer- reviewed journal 
and presented at regional, national and international 
scientific meetings as appropriate.
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