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A B S T R A C T   

Background: An economic evaluation was performed alongside an RCT investigating flap fixation in reducing 
seroma formation after mastectomy. The evaluation focused on the first year following mastectomy and assessed 
cost-effectiveness from a health care and societal perspective. 
Methods: The economic evaluation was conducted between 2014 and 2018 in four Dutch breast clinics. Patients 
with an indication for mastectomy or modified radical mastectomy were randomly assigned to: conventional 
closure (CON), flap fixation with sutures (FFS) or flap fixation with tissue glue (FFG). Health care costs, patient 
and family costs and costs due to productivity losses were assessed. Outcomes were expressed in incremental 
cost-effectiveness ratios (ICERs): the incremental cost per quality-adjusted life year (QALY). Bootstrapping 
techniques, sensitivity and secondary analyses were employed to address uncertainty. 
Results: The FFS-group yielded most QALYs (0.810; 95%-CI 0.755–0.856), but also incurred the highest mean 
costs at twelve months (€10.416; 95%-CI 8.231–12.930). CON was the next best alternative with 0.794 QALYs 
(95%-CI 0.733–0.841) and mean annual costs of €10.051 (95%-CI 8.255–12.044). FFG incurred fewer QALYs and 
higher costs, when compared to the CON group. The ICER of FFS compared to CON was €22.813/QALY. Applying 
a willingness to pay threshold in the Netherlands of €20.000/QALY, the probability that FFS was cost-effective 
was 42%, compared to 37% and 21% for CON and FFG, respectively. 
Conclusion: The cost-effectiveness of FFS following mastectomy, versus CON and FFG, is uncertain from a societal 
perspective. Yet, from a health care and hospital perspective FFS is likely to be the most cost-effective 
intervention.   

1. Introduction 

With an incidence of 3%–85%, seroma formation is a common 
complication after mastectomy [1,2]. Seroma can cause pain, discom-
fort, wound complications, delay of adjuvant therapy and additional 
out-patient clinic visits are generally required to treat seroma related 
complications [3,4]. Depending on the severity of the complications, 
aspiration of seroma, long-term wound treatment, or even surgical 
intervention with hospital admission may be necessary. 

Recently, clinical research has been conducted to optimize seroma 

related outcomes in mastectomy. These papers have focused on reducing 
post mastectomy dead space using various surgical techniques such as 
flap fixation and flap quilting [5–7]. No specific method of skin flap 
dissection has proven to be beneficial in reducing seroma formation over 
others [8,9]. Studies on skin flap fixation show promising results with 
regard to reducing the need for seroma aspirations in clinically signifi-
cant seromas [10–16]. The seroma reduction after mastectomy (SAM) 
trial, a double blind, randomized controlled trial (RCT) compared two 
methods of flap fixation to a conventional cohort, i.e. flap fixation using 
sutures and flap fixation using tissue glue. This trial demonstrated that 
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flap fixation using sutures was most effective in reducing seroma aspi-
rations in patients undergoing mastectomy [17]. 

Apart from establishing the effectiveness on clinical outcomes, it is 
important to evaluate broader outcomes of potential flap fixation 
methods. An important element in this evaluation are the effects on 
patient’s health-related quality of life (HRQoL) in relation to its costs. 
While flap fixation with sutures is clinically most effective, impact on 
HRQoL is unknown and it may be associated with higher costs due to a 
longer duration of the surgical procedure. An economic evaluation can 
support health policy makers in making evidence-based decisions on 
allocation of scarce resources [18]. This type of evaluation focuses on 
the difference in costs between a (new) treatment and usual care or other 
competing treatments, in relation to the difference in health benefits, so 
as to assess its cost-effectiveness (i.e. value for money). The present 
study reports on the results of the economic evaluation of the SAM trial 
to identify the most cost-effective method to reduce seroma formation 
and its sequelae after mastectomy. 

2. Methods 

2.1. Study design, setting and patient selection 

The SAM trial was conducted between June 2014 and July 2018 in 
four breast clinics in the Netherlands (Atrium Medical Center Heerlen, 
Orbis Medical Center Sittard (later Zuyderland Medical Center after the 
merger of the former two), Albert Schweitzer Hospital Dordrecht and St. 
Jans Gasthuis Hospital Weert. Patients with an indication for simple 
mastectomy or modified radical mastectomy (MRM) due to invasive 
breast cancer or ductal carcinoma in situ (DCIS) were eligible for in-
clusion. Patients undergoing breast conserving therapy or primary 
breast reconstruction were not eligible for the trial. After informed 
consent, patients were randomly assigned to one of three arms: 1) 
conventional closure (CON), 2) flap fixation with sutures (FFS), or 3) 
flap fixation with tissue glue (FFG). Additional data collection for the 
present economic analysis started in November 2016. 

2.2. Ethical approval 

All procedures performed in this study involving human participants 
were in accordance with the ethical standards of the institutional 
research committee (ethics committee of Zuyderland Medical Center, 
Netherlands) and with the 1964 Helsinki declaration and its later 
amendments. This trial was approved by the institutional ethics com-
mittee (14-T-21). 

2.3. Study intervention 

For all participants, regardless of study arm, mastectomy was per-
formed as follows: the nipple-areola complex was removed and dissec-
tion of the skin flaps was performed using electrocautery. The breast 
tissue, including the prepectoral fascia, was removed from the pectoral 
muscle. For skin closure the edges were sutured using absorbable 
monofilament sutures (Monocryl 3.0 or V-loc 30 cm), depending on the 
surgeon’s preference. 

Directly following mastectomy, patients in arm 1 (CON) underwent 
conventional wound closure and no flap fixation was performed. If 
assigned to arm 2 (FFS), the skin flaps were sutured on to the pectoral 
muscle using polyfilament absorbable sutures (Vicryl 3.0). These sutures 
were placed at 4–5 cm intervals in two or three rows, depending on the 
extent of the skin flaps. In arm 3 (FFG), the skin flaps were anchored 
using fibrin tissue glue (ARTISS, Baxter). For details of the trial design 
and protocol execution we refer to the publication of the SAM trial [17]. 

The economic evaluation was performed and reported according to 
the Dutch guidelines for economic evaluation [19] and the Consolidated 
Health Economic Evaluation Reporting Standards (CHEERS) Statement 
[20]. A cost-utility analysis, comparing costs and QALYs of the three 

techniques, was performed from a societal perspective and with a time 
horizon of one year. 

2.4. Outcome assessment 

2.4.1. Measure of effect 
The quality-adjusted life year (QALY) is the outcome of choice for an 

economic evaluation. The QALY is a measure of life expectancy 
weighted by HRQoL, the latter being presented as a utility score [21]. 
The EuroQol 5 dimensions 5 levels (EQ-5D-5L) was used to assess 
HRQoL [22]. The EQ-5D-5L is a 5-item patient-reported questionnaire 
that comprises five dimensions: mobility, self-care, usual activities, 
pain/discomfort and anxiety/depression. Each dimension is rated at five 
levels: no problems (1), some problems (2), moderate problems (3), 
severe problems (4) and inability to perform task or extreme anxiety or 
pain (5). Based on Dutch tariffs, EQ-5D-5L health states can be converted 
into utilities [23]. A utility represents the value of a patient’s health state 
and is measured on a continuous scale anchored between 0 and 1, in 
which 0 means worst imaginable health state and 1 perfect health. The 
utilities are used for the QALY calculations. 

The EQ-5D-5L was completed at baseline, three, six and twelve 
months after surgery. The utilities at the various time-points were used 
to compute QALYs by means of the area under the curve method, where 
the utility of a particular health state is multiplied by the time spent in 
this specific health state [18]. 

2.4.2. Measure of costs 
Costs were divided into three cost categories: health care costs, pa-

tient and family costs, and costs due to productivity loss [19]. Hospital 
information systems were used to retrieve information on all health care 
consumed in the hospital (e.g. procedure, readmission, additional hos-
pital visits or postoperative surgery). Since health care use associated 
with mastectomy is intertwined with use related to breast cancer 
treatment in general, a predetermined set of rules was used to select 
resource use related to the mastectomy. One of the rules was that only 
outpatient clinic visits, readmission and/or postoperative surgery or 
complications related to mastectomy were included, based on inspection 
of the patient’s medical file. Health care use outside the hospital (e.g. 
general practitioner visits, physical therapy, informal care, and quanti-
ties of lost paid work) was assessed using resource use surveys, 
completed by participants. The survey was an adapted version of the 
validated Medical Cost Questionnaire (iMCQ) developed by the institute 
for Medical technology Assessment (iMTA) in The Netherlands [24]. The 
iMCQ is a generic instrument for measuring medical costs with a re-call 
period of three months and includes questions related to frequently 
occurring contacts with health care providers. It can be complemented 
with additional items that are relevant for specific study populations. 
For this study, patients were asked to only report resource use or 
out-of-pocket costs that were related to the mastectomy procedure. 

The iMCQ was completed at three, six and twelve months. Resource 
use for months seven to nine were interpolated using the six and twelve- 
months data, under the assumption that data obtained from these cost 
diaries would be representative of the in-between period [25]. At 
baseline, patients completed a generic resource use survey, focused on 
health and non-health care resource use in the three months before 
mastectomy, not necessarily related to breast cancer. 

Unit cost prices were primarily obtained from the Dutch govern-
mental manual for health care cost analysis. If not available, average 
cost prices from the providers were used [19]. Intervention costs con-
sisted of costs of the surgery and material costs (i.e. sutures or tissue 
glue). Costs for (conventional) surgery, postoperative surgery, and 
readmission were based on average cost prices of the treating breast 
clinics. Surgery costs for each intervention only differed in terms of 
operating time. Data on operating times were collected to calculate the 
exact cost price of each intervention; each additional minute costs €14. 
Productivity costs included productivity losses due to absence from 
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work and were valued using the friction cost method [19,26]. In the 
Netherlands, a friction period of 85 days is recommended for economic 
evaluations [19]. The friction period is the time needed to replace an 
employee who is absent due to an illness. Informal care (received) and 
domestic activities were valued using the proxy good method using the 
average hourly wage of domestic help as a proxy. Cost prices per unit of 
resource use are presented in Table 1. All cost prices were converted to 
2017 Euros by means of price index numbers [27]. Discounting of costs 
(and effects) was not performed due to the follow-up period of one year. 

2.5. Analysis 

The base case analysis of the economic evaluation was performed in 
agreement with the intention to treat principle. Stochastic regression 
imputation with fully conditional specification using predictive mean 
matching was used to replace missing values with plausible estimates so 
as to generate a dataset from which representatives means could be 
calculated [28]. If patients completed less than two evaluations, they 
were considered lost to follow-up and no data were imputed. Relevance 
of possible baseline differences were assessed using clinical and eco-
nomic judgement and no statistical testing, conform the Consolidated 
Standard of Reporting Trials [29]. 

The patient’s utilities at the various time-points were used to 
compute QALYs by means of the area under the curve method, where the 
utility of a particular health state is multiplied by the time spent in this 
specific health state [18]. Costs are calculated by multiplying individual 
level resource use data with cost prices. 

Mean resource use, costs, and QALYs acquired over the one-year 
study period were reported using descriptive statistics [30]. To calcu-
late 95% confidence intervals (CI) around mean costs and effects of the 
three study arms, non-parametric bootstrap simulations with 1000 
replications were used. The bootstrap method estimates the sampling 
distribution of a statistic through a large number of simulations based on 
sampling with replacement [31]. 

To investigate the cost-effectiveness of the three techniques the in-
cremental cost-effectiveness ratios (ICERs) were calculated. Because we 
included more than two techniques, techniques were first ranked by 
QALYs from the most effective to the least effective. A technique that 
was less effective and more costly than the previous technique was said 
to be dominated and excluded from calculation of the ICERs [18]. The 
ICER was defined as the incremental costs of the most effective tech-
nique, compared to the next best alternative, divided by the incremental 
QALYs. Non-parametric bootstrapping with 5000 replicates of the joint 
distribution of costs and QALYs, identified the probability of each 
technique being the most cost-effective, for various ceiling ratios for the 
ICER, presented in a cost-effectiveness acceptability curve (CEAC) [32]. 
Ceiling ratios reflect the maximum price health policymakers are willing 
to pay for an additional QALY. In the Netherlands, the Council for Public 
Health and Health Care proposes an informal ceiling ratio between 
€20.000 and €80.000 per QALY, depending on the burden of disease 
[33]. 

In addition to the base case analysis of the economic evaluation, 
secondary and sensitivity analyses were performed to assess the 
robustness of results. An analysis from a health care perspective was 
performed in which costs due to productivity loss and patient and family 
costs were excluded. Another analysis focused exclusively on hospital 
costs and included costs related to surgery, postoperative surgery, 
readmission and the use of negative pressure wound therapy. Finally, an 
analysis was performed where patient-reported costs were adjusted to 
baseline differences between groups in the three months preceding 
randomization using the Delta adjustment method. In this analysis in-
dividual baseline costs were subtracted from the costs at the follow-up 
measurements [34]. 

Bootstrapping was performed using Excel 2019. Other analyses were 
performed using SPSS (IBM SPSS statistics for Windows, Version 25). 

3. Results 

3.1. Participants 

Within the SAM trial, 153 patients were asked to complete the EQ-5D 
and the resource use surveys, of whom 146 completed at least 2 as-
sessments and could be included in the economic evaluation. These 146 
patients were evenly assigned to one of the three study arms (Fig. 1). The 
mean age of the participants was 65.4 years (range 29–92), 25% of the 
patients were in paid employment and 18% received neoadjuvant 

Table 1 
Unit prices. All unit prices are expressed in Euros at 2017 values.  

Cost category Unit prices in Euro (2017)a,b 

Health care costs 
General practitioner 34/visitb,1 

Hospital visit (OPD or ER) 75/visitb,1 

Physiotherapist/lymph edema therapist 34/visitb,1 

Other health care professionalsc 34/visitb,1 

Home care domestic 24b,1 

Home care nursing 51b,1 

Medicationd Variousb,2 

Surgery (mastectomy)e 

Mastectomy conventional (CON) 1.850b,3 

Mastectomy + fixation with suturesf (FFS) 1.993b,3 

Mastectomy + fixation with tissue glueg (FFG) 1.972b,3 

Postoperative surgeryh 834b,3 

Postoperative readmission (per night)i 599b,3 

Negative pressure wound therapyj 695b,4 

Medical devicesk Variousb,5 

External breast prosthesis 211b,6 

(Prosthesis) bra 62b,6 

Wound dressings Variousb,5 

Compression stockings 288b,7 

Clothes Variousb,5 

Mobility enhancing devices Variousb,5  

Patient and family costs 
Paid help 20/hourb,1 

Informal care 14b,1 

Out of pocket costsl Variousb,5  

Costs of lost production 
Paid work 32b,8 

OPD = outpatient department, ER = emergency room, CON = conventional 
closure, FFS = flap fixation with sutures, FFG = flap fixation with tissue glue. 

a When necessary, cost prices were converted to 2017 by means of Dutch 
consumer price index numbers. 

b Source of unit price: 1 Dutch manual for cost prices; 2 www.farmacotherape 
utischkompas.nl (including tax); 3 At the medical center in which this study was 
conducted; 4 Based on MediReva; 5 As reported by patient; 6 Specialized breast 
cancer prosthesis and bra store: Ankie Care 4 You; 7 Skin and edema therapy 
Heuvelland; 8 Based on friction cost method. 

c Other health care professionals such as ergonomic physical therapy or 
alternative health practitioners. 

d Medication was subgrouped to anxiolytics, antibiotics and pain killers. 
e Costs for the operation time of 90 min and one night hospital admission. 
f Costs of the average additional sutures used in the FFS group and additional 

operating time of 10 min were added to the standard costs. 
g Costs of one dose tissue glue were added to the standard costs. 
h Surgical treatment of complications such as postoperative bleeding, 

wounds/abscess or (infected) seroma. 
i In case of complications requiring readmission for operative treatment or 

treatment with intravenous antibiotics. 
j Based on costs for negative wound pressure therapy pump and 21 days of 

treatment. 
k Medical devices were subgrouped to external breast prosthesis, (prosthesis) 

bra, wound dressings, compression stockings, clothes and mobility enhancing 
devices such as wheelchair or walking stick. Costs were noted by the partici-
pants. For external breast prostheses, bras and compression stockings a fixed 
price was used. 

l Out-of-pocket costs included costs for parking or transportation costs, etc. 
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chemotherapy. Demographic and clinical characteristics were compa-
rable between the three groups (Table 2). While total costs were com-
parable between groups, there were noticeable differences between the 
groups in the number of visits to the physical therapist and in the 
number of hours of informal care, home care and paid help received in 
the three months before the study intervention (Appendix A). 

Completion rates of the resource use surveys were 95% for the first 
three assessments and 89% for the assessment at twelve months. Hos-
pital resource use data were available for all patients for the twelve 
months of the study. 

3.2. Costs and effects 

The closure time of FFS was on average 10 min longer than CON and 
FFG, with a mean closure time of 25 min (standard deviation 7 min). 
Therefore, total costs for the FFS procedure were €1.993 compared to 
€1.972 and €1.850 for FFG and CON, respectively (Table 1). 

In Tables 4 and 5 mean resource use and mean costs per patient over 
the study period of twelve months are presented. Following the inter-
vention, costs for hospital visits, postoperative surgery, and post-
operative readmission were slightly higher in the CON and FFG group 
compared to FFS. Costs for domestic home care were highest in the CON 
group, but costs for nursing home care lowest. Overall, health care 
related costs were €5.489 (95% CI 4.318–7.109) for FFS, €5.508 (95% CI 
4.631–6.413) for FFG, and €5.530 (95% CI 4.641–6.468) for CON. Non- 
health care costs (patient and family costs and productivity costs) were 
highest for FFS (Table 5). Overall, mean total costs per patient at twelve 
months follow-up were €10.051 (95% CI 8.255–12.044) for the CON 
group, €10.416 (95% CI 8.231–12.930) for the FFS group, and €10.248 
(95% CI 8.564–11.777) for the FFG group. Hence, mean costs were 
highest for FFS and lowest for CON, but differences were small. 

Regarding HRQoL, improvements were most notable in the FFS 
group. Patients receiving this technique cumulated a mean QALY gain of 
0.810 (95% CI 0.755–0.856) compared to 0.794 (95% CI 0.733–0.841) 
QALYs for CON and 0.781 (95% CI 0.728–0.830) QALYs for FFG (see 
Table 3). 

3.3. Cost-effectiveness 

The FFS group yielded most QALYs (0.810) and incurred highest 
mean costs at twelve months follow-up (€10.416). Conventional wound 
closure (CON group) was the next best alternative with 0.794 QALYs and 
mean annual costs of €10.051. Flap fixation using tissue glue (FFG 
group) was dominated by CON, meaning it was more costly than CON 
and less effective. Using FFS instead of CON means paying €22.813 per 
QALY gained (Table 6). Bootstrapped results were plotted in the cost- 
effectiveness acceptability curve (Fig. 2). The probability that FFS was 
cost-effective was 42%, compared to 37% and 21% for CON and FFG, 
respectively, assuming a ceiling ratio of €20.000. From Fig. 2 it can be 
concluded that if one would be willing to pay (a maximum of) €80 000 
per QALY gained, the probability that the FFS would be cost-effective 
would be 52%. 

Secondary analyses, from a health care and hospital perspective, 
showed that FFS dominated both CON and FFG due to lower mean costs 
and higher mean QALYs. Applying a €20.000 ceiling ratio, the proba-
bility of FFS being the most cost-effective intervention, compared to the 

Fig. 1. Flowchart SAM trial.  

Table 2 
Baseline characteristics of participants (n = 153)a.  

Baseline characteristics CON (n 
= 54) 

FFS (n =
48) 

FFG (n =
51) 

All participants 
(n = 153) 

Age (years) [range] 65.2 
[34–88] 

65.6 
[33–90] 

65.5 
[29–92] 

65.4 [29–92]  

Level of education (%) 
Low 16 (30) 18 (38) 21 (41) 55 (36) 
Middle 22 (41) 22 (46) 14 (28) 58 (38) 
High 11 (20) 7 (15) 11 (22) 29 (19) 
Missing 5 (9) 1 (1) 5 (9) 11 (7)  

Main daily activity 
Paid employment (%) 15 (28) 11 (23) 12 (24) 38 (25) 
Average hours of paid 

employment per 
week 

24.6 ±
11.0 

23.5 ±
16.2 

20.6 ±
10.5 

23.0 ± 12.3  

Tumor stage (%) 
cT0 3 (6) 0 0 3 (2) 
cTx 0 0 2 (4) 2 (1) 
cTIs 6 (11) 5 (10) 2 (4) 13 (9) 
cT1-2 38 (70) 35 (73) 41 (80) 114 (75) 
cT3-4 7 (13) 8 (17) 6 (12) 21 (14) 
cN0 39 (72) 37 (77) 37 (73) 113 (74) 
cN1 12 (22) 8 (17) 12 (24) 32 (21) 
cN2 2 (4) 2 (4) 2 (4) 6 (4) 
cN3 1 (2) 1 (2) 0 2 (1)  

Health score 
Charlson comorbidity 

index 
5.4 ± 2.1 5.2 ± 2.1 5.7 ± 2.6 5.4 ± 2.3  

Neoadjuvant therapy 
(%) 

13 (24) 8 (17) 6 (12) 27 (18)  

Procedure (%) 
Mastectomy 4 (7) 7 (15) 2 (4) 13 (9) 
Mastectomy + SN 30 (56) 25 (52) 34 (67) 89 (58) 
MRM 20 (37) 16 (33) 15 (29) 51 (33) 

CON = conventional closure, FFS = flap fixation with sutures, FFG = flap fix-
ation with tissue glue, cT0 = benign tumors, Is = in situ, SN = sentinel node, 
MRM = modified radical mastectomy. 

a Continuous variables are presented as mean ± SD. Categorical variables in 
absolute numbers (%). 

Table 3 
EQ-5D-5L index scores at baseline, three, six and twelve months after treatment 
and QALYs for the three study arms.  

Measurement Index score of EQ-5D-5L 

CON (n = 53) FFS (n = 46) FFG (n = 47) 

Baseline 0.787 0.785 0.796 
Three months 0.801 0.825 0.761 
Six months 0.797 0.807 0.800 
Twelve months 0.789 0.809 0.765  

QALY (Bootstrapped 
95% CI) 

0.794 
(0.733–0.841) 

0.810 
(0.755–0.856) 

0.781 
(0.728–0.830) 

CON = conventional closure, FFS = flap fixation with sutures, FFG = flap fix-
ation with tissue glue, QALY = Quality-adjusted life year, CI = confidence 
interval. 

L. De Rooij et al.                                                                                                                                                                                                                                



European Journal of Surgical Oncology 49 (2023) 107003

5

two other techniques, was 53% for the health care perspective, and 63% 
for the hospital perspective. Finally, when we adjusted patient-reported 
resources for baseline differences, the ICER dropped to €9.125 per QALY 
and the probability that FFS was cost-effective raised to 48% (compared 
to 38% and 14% for CON and FFG respectively) (see Appendix A). 

4. Discussion 

In this study we report on the cost-effectiveness of two techniques of 
flap fixation in patients undergoing mastectomy compared to a third 
group undergoing conventional wound closure. This analysis offers a 
broader perspective on tackling problems regarding seroma formation 
following mastectomy. Seroma is associated with increased health care 
utilization and reduced HRQoL, hence reducing seroma has potentially 
large societal benefits. When different techniques are available it is 
essential to balance the difference in costs with the difference in the 
effectiveness to ensure efficient use of scarce health care resources. 

This economic evaluation showed that there were only small dif-
ferences in outcomes between the three techniques. Over the year 
following the mastectomy, FFS yielded the most QALYs, but it was also 
the most costly technique. Higher costs were mainly attributed to higher 
costs outside the health care sector (e.g. paid help, informal care). 
Taking a societal perspective, the ICER amounted to €22.813/QALY. 
Hence, it requires €22.813 to gain a QALY when compared to the next 
best alternative, conventional wound closure. Taking a conservative and 
strict ceiling ratio of €20.000, FFS would not be considered cost-effective 
based on these deterministic results. When addressing the uncertainty 
surrounding the ICER using bootstrapping techniques FFS did have the 
highest probability of being the most cost-effective of the three tech-
niques. Yet, the difference in probability between FFS and CON was 
small and the decision therefore highly uncertain. 

The detailed cost analysis showed that patients undergoing FFS 
incurred lower hospital related costs. However, when taking all cost 
categories into account, overall costs were higher in the FFS. Notable 
differences between groups were the higher use of home care nursing, 
paid help, and informal care when flap fixation was applied compared to 
conventional wound closure. Patients who underwent conventional 

wound closure reported high costs due to productivity loss, compared to 
the patients undergoing flap fixation. This may partly be explained by 
the slightly higher proportion of patients receiving chemotherapy 
treatment in this group; this requires time from work, and these hours 
may have been reported. The possible reporting of breast cancer related 
costs rather than mastectomy related costs is a particular challenge for 
this economic evaluation. It may not have been easy, or perhaps maybe 
impossible, for patients to discern mastectomy related resource use from 
resource use related to breast cancer in general. Even though the cost 
surveys included specific instructions (for every question) to include 

Table 4 
Mean resources use per patient over twelve months (in number of contacts un-
less stated otherwise).  

Resource category CON (n =
53) 
Mean (SD) 

FFS (n = 46) 
Mean (SD) 

FFG (n =
47) 
Mean (SD) 

Health care costs 
General practitioner 1.4 (3.0) 1.4 (2.0) 1.3 (1.7) 
Additional hospital visit (OPD or 

ER) 
1.5 (1.9) 0.9 (1.5) 1.6 (2.5) 

Physical therapist/lymph edema 
therapist 

25.6 (31.7) 28.0 (34.7) 25.0 (26.8) 

Other health care professionals 4.2 (10.4) 3.9 (11.5) 3.5 (10.1) 
Home care domestic (in h) 28.9 (68.5) 13.6 (36.7) 13.4 (30.7) 
Home care nursing (in h) 17.6 (31.8) 22.7 (79.3) 23.1 (40.4) 
Postoperative surgery 0.1 (0.3) 0.04 (0.2) 0.1 (0.4) 
Postoperative readmission (in days) 0.5 (1.5) 0.2 (1.2) 0.5 (1.5) 
Negative pressure wound therapy 

Y/N 
0.1 (0.3) 0.04 (0.2) 0.04 (0.2)  

Patient and family costs 
Paid help (in h) 21.5 (46.5) 37.8 (71.6) 20.6 (34.4) 
Informal care (in h) 133.7 

(189.7) 
178.2 
(264.1) 

198.0 
(271.8)  

Productivity loss 
Paid work (loss in h) 186.5 

(436.6) 
107.3 
(275.4) 

125.9 
(391.0) 

CON = conventional closure, FFS = flap fixation with sutures, FFG = flap fix-
ation with tissue glue, SD = standard deviation, OPD = outpatient department, 
ER = emergency room, Y/N = yes/no. 

Table 5 
Mean costs per patient (in Euros) over twelve months.  

Cost category Mean costs in twelve months (Euros) 

CON (n = 53) FFS (n = 46) FFG (n = 47) 

Health care costs 
General practitioner 46 49 45 
Additional hospital 

visit (OPD or ER) 
116 67 123 

Physical therapist/ 
lymph edema 
therapist 

871 959 849 

Other health care 
professionals 

144 133 120 

Home care domestic 693 326 323 
Home care nursing 899 1.159 1.180 
Medication 17 22 25 

Antibiotics 6 2 10 
Pain medication 5 10 7 
Wound treatment 5 6 4 
Anxiolytics 0.1 1 0 
Alternative 
medicine 

1 3 4 

Surgery per fixation 
method 

1.850 1.993 1.972 

Postoperative surgery 110 36 124 
Postoperative 

readmission 
283 143 293 

Negative pressure 
wound therapy 

56 28 28 

Medical devices 314 419 308 
External breast 
prosthesis 

247 295 200 

(Prosthesis) bra 118 136 112 
Wound dressings 4 6 1 
Compression 
stockings 

26 42 31 

Clothes 49 90 74 
Mobility enhancing 
devices 

4 0 4 

Subtotal health care 
costs (95% 
bootstrapped CI) 

5.530 
(4.641–6.468) 

5.489 
(4.318–7.109) 

5.508 
(4.631–6.413)  

Patient and family costs 
Paid help 430 756 412 
Informal care 1.872 2.495 2.772 
Out of pocket costs 66 131 77 
Subtotal (95% 

bootstrapped CI) 
2.368 
(1.694–3135) 

3.380 
(2.308–4.661) 

3.261 
(2.260–4.528)  

Cost of lost production 
Paid work 2.153 1.546 1.478 
Subtotal (95% 

bootstrapped CI) 
2.153 
(1.060–3.282) 

1.546 
(590–2.642) 

1.478 
(496–2.575)  

Subtotal non-health 
care costs (95% 
bootstrapped CI) 

4.521 
(3.156–5.969) 

4.927 
(3.362–6.556) 

4.739 
(3.411–6.242)  

Total costs (95% 
bootstrapped CI) 

10.051 
(8.255–12.044) 

10.416 
(8.231–12.930) 

10.248 
(8.564–11.777) 

CON = conventional closure, FFS = flap fixation with sutures, FFG = flap fix-
ation with tissue glue, OPD = outpatient department, ER = emergency room, CI 
= confidence interval. 
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mastectomy related costs only, we expect that some patient-reported 
costs were due to breast cancer in general. However, there is no 
reason to expect that this occurred unevenly between the three groups, 
but it may have reduced accuracy and increased the uncertainty sur-
rounding the ICER. To address the uncertainty surrounding patient- 
reported costs and assess the robustness of our findings, several sec-
ondary analyses were performed. Firstly, patient-reported cost cate-
gories were excluded in two secondary analyses (i.e. hospital and health 
care perspective). Notably, FFS dominated the two other techniques in 
both scenarios, i.e. it resulted in lower (health care and hospital) costs 
and in more QALYs. Furthermore, we explored the impact of adjusting 
for baseline differences in patient-reported costs [34]. In this analysis, 

Table 6 
Results of the base case analysis (societal perspective).   

Mean 
costs 
(95% CI) 

Difference 
in costs 

Mean 
QALYs 
(95% CI) 

Difference in 
QALYs 

ICER: 
Diff. costs/ 
diff. QALYs 

CONa 10.051 – 0.794 – – 
FFS 10.416 365 0.810 0.016 22.813 
FFG 10.248 197 0.781 − 0.013 Dominated 

CI = confidence interval, QALYs = quality-adjusted life years, ICER = incre-
mental cost-effectiveness ratio, CON = conventional closure, FFS = flap fixation 
with sutures, FFG = flap fixation with tissue glue. 

a Conventional wound closure is comparator. 

Fig. 2. The probability of cost-effectiveness of the three different techniques at different cost-effectiveness thresholds.  
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only the (individual) change in resource use reported was included in 
the cost calculations. This analysis resulted in an ICER of €9.125 per 
QALY and a higher probability that FFS would be the most cost-effective 
technique. 

The total costs of the intervention were highest for FFS. When 
interpreting the results, it should be taken into consideration that the 
additional costs for the surgical procedure for FSS, based on 10 min 
added operating time, was a conservative estimate. We added €14 per 
minute of operating time, which may be an overestimation since it does 
not take into account the fixed costs of the surgery, costs incurred 
regardless of the exact duration. However, the costs outside the hospital, 
following the intervention, ultimately led to the higher costs for FFS and 
impacted the results of the economic evaluation. 

Overall, in the base case analysis, there was considerable uncertainty 
regarding the most cost-effective technique, but secondary analyses 
showed that FFS was the most cost-effective technique in reducing 
seroma aspirations following mastectomy if one would take a hospital or 
health care perspective. 

Some limitations of our study need to be addressed. First, the 
importance of an economic evaluation was acknowledged after the start 
of the RCT, resulting in only 45% of the total number of RCT patients 
being included in these analyses. Hence, the study may be considered to 
be underpowered. However, sample size calculations in trial-based 
economic evaluations are rarely based on economic outcomes, but 
usually on a clinical outcome measure (e.g. the need for seroma aspi-
ration in the SAM-trial). This generally does not interfere with the 
quality of the economic evaluation, since the analysis is typically not 
concerned with testing a predefined hypothesis (using traditional sta-
tistical methods), but aims to support health policymakers in making 
resource allocation decisions. To achieve this, the average costs and 
effects of comparative interventions along with indicators of uncertainty 
are estimated, represented by bootstrap analyses and cost-effectiveness 
acceptability curves [30,36,37]. Health policymakers then decide what 
probability of cost-effectiveness is acceptable for choosing one tech-
nique over another. Hence, this economic evaluation still provides 
powerful information for decision-makers. Second, patient-reported 
costs were collected retrospectively, potentially causing some recall 
bias (e.g. some resource use may have been forgotten or overestimated). 
Nevertheless, a recall period of three months is considered most 
appropriate and provides reliable data [35]. 

Finally, this economic evaluation had a time horizon of one year, in 
line with the follow-up of the SAM-trial, and therefore we have no in-
formation about the long-term cost-effectiveness of FFS. However, it is 
to be expected that the most relevant differences in costs and effects 
would show in the first year following treatment. Findings of the study 
reveal relatively small differences between the techniques and it is 
therefore not expected that long-term results would differ substantially 
from the findings in this trial. 

This economic evaluation has several unique strengths that should be 
mentioned. To the best of our knowledge, this study was the first to 
evaluate the cost-effectiveness of multiple flap fixation techniques and 
conventional wound closure following mastectomy. This finally sheds a 
different light on an ancient problem of tackling seroma formation and 
its sequelae. We compared three different techniques and therefore offer 
a broader perspective than only comparing flap fixation versus no flap 
fixation. The economic evaluation reported here was conducted ac-
cording to a nationally agreed design and reporting guidelines [19]. It 
was based on a pragmatic randomized, multicenter, controlled trial that 
avoids many of the selection biases and provided a vehicle to compre-
hensively assess resource use and HRQoL outcomes. The cost analysis 
was rigorous and included all relevant resource items for the health care 
and societal perspective, with very low missing data due to high 
completion rates of the surveys and the use of hospital information 
systems. Difficulties with skewed cost data were tackled by using 
appropriate bootstrap techniques. Due to the pragmatic and multicenter 
nature of the RCT, it is expected that the resource use and effectiveness 

outcomes closely reflect what would be observed in daily practice. While 
the study was performed in four clinics in the Netherlands, results can be 
generalized to other settings. The study population was representative of 
the breast cancer population in The Netherlands undergoing mastec-
tomy, in terms of age, level of education and tumor stage. Further, to 
support transferability to other countries, volumes of resource use were 
reported separately for all cost categories. 

5. Conclusions 

Health policy makers should consider both clinical and economic 
outcomes when deciding on the allocation of scarce resources. Flap 
fixation with sutures following mastectomy has been proven clinically 
effective in reducing seroma formation. The economic evaluation 
showed that there was considerable uncertainty surrounding the cost- 
effectiveness from a societal perspective of FFS compared to FFG and 
CON. From a health care and hospital perspective, however, FFS 
dominated the other two techniques in terms of costs and QALYs. 
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