
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Uterine artery embolization: Long term follow-up and implementation

van der Kooij, S.M.

Publication date
2013

Link to publication

Citation for published version (APA):
van der Kooij, S. M. (2013). Uterine artery embolization: Long term follow-up and
implementation. [Thesis, fully internal, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/uterine-artery-embolization-long-term-followup-and-implementation(f229b206-2ddd-4aca-a2e4-d6dddc35140a).html


Cardiovascular Intervention Radiology 2013[Epub 
ahead of print]

Epidural analgesia versus patient 
controlled analgesia for pain relief 
in women undergoing Uterine Artery 
Embolization for uterine fibroids: 
a decision analysis

SM van der Kooij
LM Moolenaar
WM Ankum
JA Reekers
BWJ Mol
WJK Hehenkamp 

15

proefschrift v.d.Kooij.indb   75 5-8-2013   08:08:12



ABSTRACT

PURPOSE

This study was designed to compare the costs and effects of epidural analgesia (EDA) to 

those of patient-controlled intravenous analgesia (PCA) for post-intervention pain relief in 

women having uterine artery embolization (UAE) for symptomatic uterine fibroids.

MATERIALS AND METHODS

Cost-effectiveness analysis (CEA) based on data from the literature by constructing a decision 

tree to model the clinical pathways for estimating the effects and costs of treatment with EDA 

and PCA. Literature on EDA for pain-relief after UAE was missing, and therefore, data on 

EDA for abdominal surgery were used. Outcome measures were compared costs to reduce 

one point in Visual Analogue Score (VAS) or Numeric Rating Scale (NRS) for pain 6 and 24 

hours after UAE and risk for complications. 

RESULTS

Six hours after the intervention, the VAS was 3.56 when using PCA and 2.0 when using EDA. 

The costs for pain relief in women undergoing UAE with PCA and EDA were € 191 and € 

355, respectively. The costs for EDA to reduce the VAS score 6 hours after the intervention 

with one point compared to PCA were €105, and €179 after 24 hours. The risk of having a 

complication was 2.45 times higher when using EDA.

CONCLUSION

The results of this indirect comparison of EDA for abdominal surgery with PCA for UAE show 

that EDA would provide superior analgesia for post UAE pain at 6 and 24 hours, but with 

higher costs and an increased risk of complications. 
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INTRODUCTION
Uterine artery embolization (UAE) is a well-established alternative to surgery for the treatment 

of uterine fibroids (1). Despite the minimal invasive character of UAE, postprocedural pain 

resulting from fibroid ischemia often is severe and may sometimes urge prolonged clinical 

observation of the patient for adequate pain relief. Pain ratings as high as 7.0 - 7.5 (Numeric 

Rating Scale (NRS) or Visual Analogue Scale (VAS) range 1-10) have been reported in 

90% of women from a large cohort study (2). Another study reported that 35% of patients 

experienced pain levels similar to labor pain or even higher (3). 

In the EMMY trial comparing UAE with hysterectomy in a randomized trial, 31% of the UAE 

patients had pain scores > 5.0 (NRS)(4). Such variability may be caused by the variety of 

analgesics used and by differences in pain perception between patients (5). With appropriate 

intravenous patient-controlled analgesia (PCA) and anti-inflammatory medications, it has 

been proposed that patients may have less pain during the post-UAE period (6). Despite the 

administration of opiates, however, some patients may require even stronger measures for 

adequate relief of unbearable pain, such as epidural anesthesia/analgesia (EDA) (4). In a 

Cochrane review, EDA was shown to provide superior postoperative analgesia in comparison 

with systemic opioids in patients undergoing abdominal surgery (7). This was at the expense, 

however, of higher costs and more rare but major complications, i.e. spinal abscesses or 

hematomas (8, 9, 10). There are no randomized comparisons between PCA and EDA for 

pain relief in women undergoing UAE. 

The purpose of this study is to compare the costs and effects of EDA to those of PCA for intra- 

and postintervention pain relief in women having uterine artery embolization for symptomatic 

uterine fibroids in a decision analysis, based on literature data.

METHODS

Cost-effectiveness model

The purpose of this study was to estimate the cost-effectiveness of EDA and PCA as analgesic 

during and after UAE. Results are expressed as incremental cost-effectiveness ratios (ICERs), 

specifically the cost per quality-adjusted life-year (QALY) gained. We constructed a decision 

tree to model the clinical pathways for estimating the effects and costs of treatment with EDA 

and PCA, in which we defined two scenarios [figure 1]. In both scenarios, patients underwent 

UAE as treatment for symptomatic uterine fibroids. In scenario 1, patients received PCA for 

pain management before the start of UAE. Whenever pain control with PCA was insufficient, 

pain management was changed to EDA. We assumed that one reinsertion of EDA in case 
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of poor functioning could occur, but in the end epidural placement and pain reduction 

was successful. In scenario 2, patients received EDA for pain management before the start 

of UAE. In case the epidural catheter was not inserted correctly, it was reinserted. If the 

reinsertion also failed, treatment was changed to PCA and was considered to be successful. 

We assumed that with both EDA and PCA only one side effect or complication could occur 

in each patient. We did not include a ‘do nothing’ strategy for obvious reasons.

Data source

For PCA and EDA separately the following parameters were extracted from the literature: 

insertion costs, complication risks with concomitant costs and pain scores after UAE. We 

searched CENTRAL, MEDLINE, and EMBASE from January 1995 until November 2010, 

using the following search-terms; uterine artery embolization, uterine fibroids, uterine 

myomas, patient controlled intravenous analgesia, epidural analgesia, epidural anesthesia, 

Figure 1: Overview of the decision-tree

 

UAE patients

Patient Controlled analgesia (PCA)

Epidural anaesthesia (EDA)

Fullfilled treatment

Poor effect

Side effects

Change to EDA

No side effects

Fulfilled treatment

Side effects

No side effects

Re-insertion

Side effects

No side effects

Fulfilled treatment

Complications

Fulfilled treatment

Failure

Re-insertion

Side effects

No side effects

Change to PCA

Side effects

No Side effects

Change to PCA

Side effects

No side effects

Side effects

No side effects

78

proefschrift v.d.Kooij.indb   78 5-8-2013   08:08:13



cost-effectiveness, cost-benefit, complications, pain, pain management. The search was 

performed by SK and LM, and the strategy is described in detail in Appendix. Besides this, 

the citation lists of relevant publications, review articles, and included studies were searched, 

and authors of published and unpublished trials were contacted for additional information 

when necessary. References of identified publications were checked for additional studies. 

Only English-written studies were included. 

Estimation of probabilities

The structure of the decision tree was based on all relevant events and pathways that 

theoretically might occur: successful treatment, change of treatment strategy because of 

unsuccessful treatment, unsuccessful attempt to introduce the epidural catheter, need for 

additional pain treatment, and risk and costs of complications and side effects. Incidence 

rates of complications related to each analgesic technique were obtained from the literature 

(table 1) (7-16). A complication was included if it required treatment and if its occurrence 

depended on the choice of analgesic technique. In the decision tree, we made the 

assumption that side effects and complications could only occur once. The calculated side 

effect was a weighed mean of the incidences and costs of all side effects that could occur. 

The probabilities for the different pathways were extracted from the literature. According to 

the sample size and number of events, the probabilities were calculated. Estimates of the 

model and ranges for sensitivity analyses are summarized in Table 1 and were derived from 

clinical trials, as referenced in the table. 

Estimation of effectiveness

The effectiveness of treatment was expressed as pain-score after UAE. Data on pain-scores 

after UAE were extracted from the literature. Pain was measured according to the NRS or 

to the VAS, which both use scores ranging from 1 to 10 as expressed by patients at various 

intervals after UAE. 

Pain scores at 6 hours after intervention were the main outcome measure. There was no 

literature on pain scores with EDA after UAE. Therefore we chose the comparison in closest 

resemblance to UAE: pain scores with PCA versus EDA after abdominal surgery. In the EMMY 

trial UAE was compared to hysterectomy showing only minimal differences in pain scores 

during the first 24 hours (4). Pain scores with PCA versus EDA after abdominal surgery has 

been summarized in a Cochrane review (7). Secondary outcome measure was pain at 24 

hours.
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Estimation of costs

Costs were calculated from a health care perspective. Data on direct medical costs were 

obtained from the literature and included the costs of human resources and the costs of 

medical devices and drugs. The costs of particular interventions related to problems with the 

epidural catheter at the insertion site, to side effects, or to complications were weighed based 

on the probabilities of these events. The costs of UAE were not included, because these were 

the same in both strategies. 

The cost calculations were made according to the Dutch situation in the year 2010. Costs 

were converted to Euros when needed and adjusted according to the consumer price index 

(17, 18). We assumed that in this period no significant cost changes in the treatment protocol 

occurred except for inflation. The assumptions on costs are summarized in Table 1. 

Analysis

We compared costs and effects by calculating the Incremental Cost Effectiveness Ratio 

(ICER), which reflects the extra costs made to reduce one point in VAS score at 6 hours after 

the intervention. The ICER was calculated by dividing the differences in costs (the incremental 

costs) between two scenarios by the difference in pain-scores of the two scenarios (the 

Table 1. The assumptions on costs and variables used in the sensitivity analysis.

PCA 
probability

PCA
costs-euro

EDA
probability

EDA
costs-euro

Base case Range* Base case Range* Base case Range* Base case Range* 
Fulfilled treatment10 0.950 0.76-1.00 € 151 € 121-181 0.974 0.78-1.00 € 335 € 268- € 402
Re-insertion10 N.A. 0.012 0.010-0.014 € 4 € 3-5
Fulfilled re-insertion10 N.A. 0.974 0.78-1.00

Change to PCA10 N.A. 0.014 0.11-0.017 € 21 € 17-25
Change to EDA10 0.050 € 21 € 17-25 N.A.
VAS at 6 hours after treatment7 3.63 2.9-4.63 1.99 1.59-2.39
Side-effect overall 7-16 0.494 0.395-0.593 € 45 € 36-54 0.797 0.637-0.956 € 24 € 19-29
nausea 0.160 € 23 0.179 € 23 
respiratory depression 0.0129 € 23 0.017 € 23 
pruritus 0.086 € 23 0.176 € 23 
urinary retention 0.059 € 122 0.086 € 122 
fever 0.06 € 105 0.240 € 105 
headache N.A. N.A. 0.015 € 472 
spinal abscess N.A. N.A. 0.000002 € 28,69 
spinal hematoma N.A. N.A. 0.000002 € 28,69 
cardiac arrest N.A. N.A. 0.00001 € 14,51 
permanent neurologic injury N.A. N.A. 0.00001 € 912,29 
seizure N.A. N.A. 0.00001 € 759 
motorblock N.A. N.A. 0.084 € 666 

* Range was based on a 20% deviation. PCA: patient controlled anaesthesia; EDA: epidural anaesthesia; VAS: 
visual analogue scale
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incremental effect). Secondary outcome was costs to reduce 1 point in VAS score at 24 hours 

after the intervention. In our decision-tree discounting was not applied, due to our short time 

frame of 6-24 hours.

Sensitivity analysis 

In our base-case scenario the cost-effectiveness of pain reduction expressed by VAS scores 

at 6 hours after the intervention was tested. For our secondary outcomes, we also tested the 

cost-effectiveness of pain reduction after 24 hours.

To address the uncertainty of our baseline assumptions, we performed one-way and 

probabilistic (Monte Carlo simulations) sensitivity analyses for our main outcome measure. 

In the one-way sensitivity analysis, we assessed the impact of changing parameters on the 

model’s conclusions. The ranges and values of all variables used in the sensitivity analysis are 

shown in Table 1. Probabilistic sensitivity analysis provides confidence intervals around our 

main assumptions: we used a 20% deviation of our base case assumption and distributions 

were fitted for all parameters in the model. We were not able to fit beta distributions, hence 

a uniform distribution was set (19). For the probabilistic sensitivity analysis, 5000 iterations 

of 5000 women were performed. Cost-effectiveness acceptability curves were computed to 

Table 1. The assumptions on costs and variables used in the sensitivity analysis.
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probability
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probability

EDA
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VAS at 6 hours after treatment7 3.63 2.9-4.63 1.99 1.59-2.39
Side-effect overall 7-16 0.494 0.395-0.593 € 45 € 36-54 0.797 0.637-0.956 € 24 € 19-29
nausea 0.160 € 23 0.179 € 23 
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pruritus 0.086 € 23 0.176 € 23 
urinary retention 0.059 € 122 0.086 € 122 
fever 0.06 € 105 0.240 € 105 
headache N.A. N.A. 0.015 € 472 
spinal abscess N.A. N.A. 0.000002 € 28,69 
spinal hematoma N.A. N.A. 0.000002 € 28,69 
cardiac arrest N.A. N.A. 0.00001 € 14,51 
permanent neurologic injury N.A. N.A. 0.00001 € 912,29 
seizure N.A. N.A. 0.00001 € 759 
motorblock N.A. N.A. 0.084 € 666 

* Range was based on a 20% deviation. PCA: patient controlled anaesthesia; EDA: epidural anaesthesia; VAS: 
visual analogue scale
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visualize the probability of the optimal scenario based on the willingness to pay (WTP). The 

WTP expresses society’s willingness to pay for an intervention. Although there is no data on 

what the WTP is for pain relief, it is important to show it. By showing the WTP one can make 

a decision for them if they were willing to pay it, and it provides a reference for comparison 

to other studies. The WTP per QALY is known. In the Netherlands the WTP per QALY is set 

at 80.000 euro and in the USA it varies between 10.000 and 100.000 dollar (20,21). We 

performed a cost-effectiveness analysis using a computer-generated decision tree (Tree Age 

Pro 2009, Tree Age Inc, Williamstown, MA, USA). No ethics approval for this research was 

needed, since no patients were involved.

RESULTS
The search resulted in 1604 hits. After reading the titles 1498 articles were excluded 

because of nonrelevance. Of the 115 relevant articles that were left, the abstracts were 

read and the papers were evaluated for heterogeneity in patient’s population, and EDA and 

PCA protocols. This resulted in 9 relevant articles that present data on costs, effect, and 

complications of EDA and PCA (7-16). Data on EDA for pain-management during/after UAE 

was not found. Therefore, we used the results of a Cochrane review, evaluating pain after 

abdominal surgery when using EDA (7). In the randomized EMMY trial, it was found that 

pain after UAE was comparable to abdominal hysterectomy, making it reasonable to use the 

results of the Cochrane review, although it is an indirect comparison. 

Results were homogeneous, and analgesics used and patients’ characteristics were similar 

among the different studies. Analyzing these data by calculating the ICER, EDA showed 

to provide better postintervention pain relief than PCA after UAE (abdominal surgery). Six 

hours after the intervention, the VAS was 3.56 when using PCA and 2.0 when using EDA 

(VAS benefit of 1.56 cm out of 10 cm total). The absolute costs for pain treatment with PCA 

and EDA were € 191 and € 355, respectively. Under the baseline assumptions, to reduce 1 

point in VAS score 6 hours after the intervention, the incremental costs were € 105 for EDA 

compared with PCA. At 24 hours, the incremental costs to reduce one point in VAS score 

were € 179. 

Per NRS/VAS point in pain relief when using EDA, the chance of having a complication 

is 2.45 times the chance of having a complication when using PCA (nausea, respiratory 

depression, pruritus, urinary retention, fever, headache; Table 2). The risk of having a major 

complication was equal for EDA and PCA (spinal abscess, spinal haematoma, cardiac arrest, 

permanent neurologic injury, seizure, motorblock; Table 2). 
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Univariate sensitivity analysis

We performed a univariate sensitivity analysis to test the robustness of our decision tree for 

pain at 6 hours after the intervention. We found that if the VAS score of PCA at 6 hours 

after the intervention equals EDA, PCA becomes the dominant strategy. EDA becomes the 

dominant scenario if costs of EDA decrease below €163, if costs of PCA rise above €316, 

or if the total costs of side effects due to PCA rise above €396. Also, if the probability of 

successful PCA treatment is below 48.5%, EDA becomes the dominant strategy. In summary, 

univariate sensitivity analysis did not alter the conclusions of the model, because threshold 

values were not found within the set ranges. 

Probabilistic sensitivity analysis

The model remained stable after Monte Carlo simulation. The incremental costs to reduce 

one VAS point at 6 hours was €95 (95% CI €37 - €233). The cost-effectiveness acceptability 

curves are shown in Figure 2. If the WTP (expressing society’s WTP for the intervention) was 

assumed to be less than €96, PCA appeared the most cost-effective scenario. However, if 

Table 2. Outcomes in VAS and cost-effectiveness analysis

Cost Incremental 
cost

VAS-
Score

No. of 
complications

No. of major 
complications*

Incremental 
effect 

ICER

VAS 6 hours PCA € 191 3.56 0.49 0.99
EDA € 355 € 164 2.00 0.20 0.99 -1.57 € 105 

VAS 24 hours PCA € 191 2.37 0.49 0.99
EDA € 355 € 164 1.45 0.20 0.99 0.92 € 179 

* Rounded numbers

Figure 2: Cost-effectiveness acceptability curve 
The acceptability curve indicates the probability 
that an intervention is cost-effective compared 
with the alternative, given the observed data, 
for a range of willingness to pay values. In this 
figure the cost-effectiveness acceptability curves 
show that if the willingness to pay is below € 
96,-, Patient controlled analgesia has the 
highest probability to be cost-effective. If society 
is willing to pay more than € 96.-, epidural 
analgesia has the highest probability to be the 
most cost-effective scenario.
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the WTP was assumed to be above this threshold, EDA had the highest probability to be 

cost-effective.

DISCUSSION
We performed a decision analysis on EDA versus PCA for postprocedural pain after UAE, 

in the capacity of a decision tree, using the data from the best available evidence. In this 

economic analysis we found that EDA gives additional relief of pain of one point in VAS score 

against a minimal rise in costs, i.e. €95 in the Monte Carlo simulation (95% CI €37 - €233) 

and €105 by calculating the ICER. Against this little advantage in pain and little rise in costs, 

the risk for complications is a factor 2.45 higher when using EDA compared with PCA. 

The strength of the current analysis is that it shows the costs and effects of PCA versus EDA, 

giving physicians and decision-makers insight in what is the best pain management in their 

hospital after UAE, regarding costs, effectiveness and risk for complications. We tried to 

report the results as transparent as possible, to allow applicability in various settings. 

Some additional remarks need to be addressed. First, this analysis was not based on a 

randomized trial comparing PCA and EDA after UAE. Since such a trial was beyond our 

possibilities, we used the present analysis as a second-best option. Also, pain measurement 

after UAE using EDA, described in pain scores, has not been reported. Therefore, we used 

a Cochrane review comparing pain scores after abdominal surgery between EDA and PCA. 

As a result, these pain scores may be different from the pain scores after UAE. Nevertheless, 

the outcomes of this analysis were so stable that even when we changed the hypotheses 

in the sensitivity analysis, no other conclusion was found. Besides this, a RCT comparing 

abdominal hysterectomy and UAE did not show a significant difference in pain after both 

interventions. Second, costs of EDA also may increase by longer hospital stay; after EDA is 

removed women may need a longer hospital stay, because they might need more time to 

mobilize and to urinate, which are criteria for discharge from the hospital. In the Cochrane 

review we used for this analysis, length of hospital stay was not different between patients that 

had PCA and patients that had EDA (7), but this is reasonable because after a hysterectomy 

patients have a longer hospital stay that can not be attributed to the use of PCA or EDA but 

to postoperative recovery. After a minimally invasive intervention like UAE (requiring mostly 

a hospital stay of one night), another night in hospital might double the costs. Unfortunately, 

no evidence on hospital stay after UAE with EDA was found.

Third, we made the assumption in the decision tree that side effects and complications after 

PCA/EDA could occur only once. In real life, multiple complications can occur within the 

same patient. In the sensitivity analysis, however, costs and occurrence of side effects more 
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than once did not influence the model. Therefore, the assumption that a patient has one side 

effect at the time is of no influence for the conclusion.

Fourth, there is no ‘set price’ for WTP for postoperative reduction of pain. Much evidence 

regarding the WTP for pain reduction is found in the field of chronic pain management. 

Evidence in WTP for postoperative pain reduction is scarce. In a study alongside an RCT 

that investigated the incidence of postoperative nausea and vomiting in patients undergoing 

surgery under general anesthesia, WTP questionnaires were inquired for WTP for postoperative 

pain. This analysis showed that median WTP preoperative and 2 weeks postoperative was 35 

dollar (32 euro index year 2010) (22). 

Fifth, the VAS scores of both patients having PCA and EDA 6 hours after UAE are < 4, 

making the relevance of extra reduction questionable. Also, studies on chronic pain find that 

the decrease of an individuals’ pain intensity of approximately 1 cm (or 1 point) represent 

minimal or little change. 

Despite this, adequate pain management after UAE by using EDA can also be valuable in 

economic considerations. UAE is a cheaper option than hysterectomy in the treatment of 

symptomatic uterine fibroids (23). Offering EDA as pain management after UAE might attract 

more women to choose for UAE, with economical beneficial consequences. In conclusion, 

this decision analysis indicates that both EDA and PCA result in low pain scores after UAE, 

although EDA provides superior analgesia to PCA 6 and 24 hours after UAE, against higher 

costs and an increased risk of complications. This can be discussed with the patient by 

her clinician, and on this basis the decision for EDA or PCA can be made. A randomized 

controlled trial cannot clarify this further. 
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APPENDIX
Search strategy

1. “Costs and Cost Analysis”[Mesh] AND (“Analgesia, Epidural”[Mesh] OR “Anesthesia, 
Epidural”[Mesh]). 

2. Costs for PCA: “Cost-Benefit Analysis”[Mesh] AND “Analgesia, Patient-
Controlled”[Mesh]. 

3. Complications related to EDA: “complications “[Subheading] AND (“Analgesia, 
Epidural”[Mesh] OR “Anesthesia, Epidural”[Mesh]). 

4. Complications related to PCA: “complications “[Subheading] AND “Analgesia, Patient-
Controlled”[Mesh]. 

5. Pain-scores after UAE: “Uterine Artery Embolization”[Mesh] AND “Pain 
Measurement”Mesh]. 

6. Pain scores after UAE using EDA: “Pain Measurement” [Mesh] AND “Uterine Artery 
Embolization”[Mesh] AND (“Analgesia, Epidural”[Mesh] OR “Anaesthesia, Epidural” 
[Mesh]). 

7. Pain scores after UAE using PCA: (“Uterine Artery Embolization”[Mesh] AND “Pain 
Measurement” [Mesh]) AND “Analgesia, Patient-Controlled”[Mesh]. 
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