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Abstract

Background

Mastectomy or breast conserving surgery, both with axillary lymph node dissection, are
common treatments for early-stage breast cancer. Monopolar electrocautery is typically
used for both procedures, despite evidence of improved clinical outcomes with HARMONIC
FOCUS ™4+, This analysis evaluated the budget impact of adopting HARMONIC
FOCUS ™+ versus monopolar electrocautery for patients undergoing these procedures
from an Italian hospital perspective.

Methods

Total costs for an annual caseload of 100 patients undergoing mastectomy or breast con-
serving surgery, with axillary lymph node dissection, with either the intervention or compara-
tor were calculated. Italian clinical and cost input data were utilised. The analysis included
costs for the device, operating room time, postoperative length of stay, treating seroma and
managing postoperative chest wall drainage. Deterministic and probabilistic sensitivity anal-
yses assessed uncertainty of model input values. Two scenario analyses investigated the
impact of conservative estimates of postoperative length of stay reduction and daily hospital
cost on the simulated cost difference.

Results

HARMONIC FOCUS ™+ achieves annual savings of EUR 100,043 compared with monopo-
lar electrocautery, derived from lower costs for operating room time, postoperative length of
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stay and seroma and postoperative chest wall drainage management, offsetting the incre-
mental device cost increase (EUR 43,268). Cost savings are maintained in scenario analy-
ses and across all variations in parameters in deterministic sensitivity analysis, with
postoperative hospital stay costs being key drivers of budget impact. The mean (interquar-
tile range) cost savings with HARMONIC FOCUS ™+ versus monopolar electrocautery in
probabilistic sensitivity analysis are EUR 101,637 (EUR 64,390—137,093) with a 98% proba-
bility of being cost saving.

Conclusions

The intervention demonstrates robust cost savings compared with monopolar electrocau-
tery for mastectomy or breast conserving surgery, with axillary lymph node dissection, in an
Italian hospital setting, and improved clinical and resource outcomes. These findings, with
other clinical and cost analyses, support HARMONIC FOCUS ™+ use in this setting.

Introduction

Female breast cancer is the most common type of cancer. In 2020, 2.3 million new cases were
diagnosed worldwide, accounting for 11.7% of cancer diagnoses among men and women [1].
The incidence of breast cancer across Europe is almost double the global rate [1, 2]. Within
Italy, breast cancer comprises 28% of cancer diagnoses in women [3]. High incidence and
intensive management strategies for this disease pose a substantial economic burden for hospi-
tals [4, 5]. An Italian registry study found direct medical costs incurred six months prior to
diagnosis through 24 months after diagnosis/surgery to be EUR 10,970 per patient, of which
80% were attributed to treatment [4]. Therefore, minimising costs associated with treatment is
key in reducing the economic burden of breast cancer.

The 2019 European Society for Medical Oncology (ESMO) guidelines recommend breast
conserving surgery (BCS) or mastectomy for the treatment of early-stage breast cancer,
according to patient preference and/or characteristics, as well as a sentinel lymph node biopsy
(SLNB) to direct intraoperative patient management [6]. Axillary lymph node dissection
(ALND) is also further recommended by ESMO guidelines in patients with (micro)metastatic
spread [6, 7]. ALND may improve locoregional control and survival because axillary lymph
nodes are a common site of metastasis and cancer in these regions is a key indicator of poor
prognosis [8, 9]. However, when compared with SLNB alone, ALND has been associated with
increased risk of complications including lymphedema and seroma [8, 10], the latter of which
affects up to 85% of patients undergoing ALND and is a source of substantial morbidity [11,
12]. Seroma formation may also delay adjuvant treatments such as chemotherapy and, as a
result, affect oncological outcomes [12]. Therefore, control of surgical complications in
patients who undergo ALND is particularly important.

Monopolar electrocautery, alongside other conventional techniques, is the current standard
of care for dissection and haemostasis in breast surgery [13]. However, conventional tech-
niques are associated with limitations, including the risk of incomplete sealing, thermal injury,
and complications such as seroma, bleeding and tissue necrosis [13-15]. Using conventional
techniques also increases the need to alternate between different instruments in order to
achieve effective sealing of different vessel sizes and to minimise surgical smoke production
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[14]. Such challenges may extend operating room (OR) times, require costly treatment and
slow patient recovery, thereby extending postoperative length of stay (LOS) [16-19].

HARMONIC FOCUS™+ uses ultrasonic energy to simultaneously cut and coagulate tissue
and vessels at lower temperatures than conventional techniques. Given these properties, there
is potential for its use to reduce OR time through faster haemostasis, less visual obstruction
from smoke and fewer instrument changes. These factors may in turn hasten recovery and
reduce postoperative LOS [14]. Multiple randomised controlled trials (RCTs) have assessed
the clinical value of ultrasonic energy versus conventional techniques for breast procedures
and have been included within several meta-analyses [13, 14, 20, 21]. While some economic
analyses in favour of ultrasonic energy have been published [22-24], none have been con-
ducted in an Italian setting where the burden of breast cancer is prominent [1].

The objective of this budget impact analysis (BIA) was to evaluate the budget impact of
adopting HARMONIC FOCUS™+ versus monopolar electrocautery for patients undergoing
mastectomy with ALND or BCS with ALND from an Italian hospital perspective.

Materials and methods

A BIA was designed to estimate the cost impact of using HARMONIC FOCUS™+, compared
with monopolar electrocautery for mastectomy with ALND and BCS with ALND procedures,
for a hypothetical annual caseload of patients from an Italian hospital perspective, using data
from the published literature. The BIA was conducted in line with ISPOR BIA Principles of
Good Practice [25], and reported in accordance with the Consolidated Health Economic Eval-
uation Reporting Standards (CHEERS) publication guidelines [26].

Population

The study population comprised an assumed annual caseload of 100 patients undergoing mas-
tectomy with ALND (83.3%) or BCS with ALND (16.7%) in an Italian hospital setting, wherein
the distribution of procedures was informed by an Italian RCT estimated to be representative
of standard clinical practice [16].

Intervention and comparator

The intervention considered in the BIA for tissue cutting and haemostasis during procedures
was HARMONIC FOCUS™+ and the comparator was monopolar electrocautery.

Model design and structure

The BIA design was informed by an Italian RCT conducted by Iovino et al. in 2012, which
compared HARMONIC FOCUS™+ (reported in the publication as ‘Harmonic scalpel’) with
monopolar electrocautery in patients who underwent BCS with ALND or mastectomy with
ALND [16]. This source of input parameters is the most recent literature applicable to the local
setting and is corroborated by several meta-analyses of studies in the breast cancer population,
spanning multiple country settings [13, 20, 21, 27]. All outcomes that were analysed in Iovino
et al. 2012 and that could be assigned a unit cost value were considered as model parameters.
This comprised OR time, postoperative LOS, duration of chest wall drainage and incidence of
seroma [16].

The BIA simulated the total incremental costs associated with a full conversion from the
comparator to the intervention over a one-year time horizon, including an analysis of the over-
all cost difference per patient and for each model parameter (i.e., costs of the device, OR time,
hospital stay, seroma treatment and postoperative chest wall drainage management). Between-
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treatment differences in total hospital days and seroma episodes for the caseload over one year
were also presented. Only costs incurred between the procedure and hospital discharge were
considered in the BIA. Since the current Italian hospital remunerative system is based on diag-
nosis-related group (DRG) tariffs, hospitals are reimbursed through fee for service, making the
total inpatient cost relevant for the hospital perspective. Discounting was not applied, given
the one-year time horizon of the BIA.

Model inputs

Targeted literature searches of MEDLINE via PubMed were conducted to identify the most
recent published sources for clinical and economic inputs specific to the Italian hospital set-
ting. Iovino et al. 2012 informed all clinical inputs [16], whilst most cost input data were
directly obtained from several studies conducted in Italian surgical departments [16, 28, 29].
However, since no local cost data were identified for the treatment of seroma, a micro-costing
approach was taken, assuming one aspiration per seroma and 15 minutes of nurse time per
aspiration, at a unit labour cost of EUR 26.30 per hour [30, 31]. This approach was validated
by author’s (G.A.T.) clinical experience. All cost input data were inflated to 2020 EUR values
according to GDP deflator values for Italy [32]. All clinical and cost input data used in the pri-
mary analysis are reported in Table 1 [16, 28-31].

Sensitivity and scenario analyses
The robustness of the primary analysis was assessed by deterministic sensitivity analysis

(DSA), probabilistic sensitivity analysis (PSA) and scenario analyses. In the DSA, all model
input data were varied according to 95% confidence intervals (CIs), or by applying a +25%

Table 1. Model inputs for the primary analysis.

Model parameter Model input value Source
HARMONIC FOCUS™+ | Monopolar electrocautery

Caseload parameters

Number of procedures carried out annual, n 100 Assumption
Clinical parameters

Median OR time, mins 115 120 Tovino et al. 2012 [16]
Median LOS, days 3 5

Median duration of postoperative chest wall drainage, days 3 5

Median proportion of patients experiencing seroma, % 3.3 30.0

Unit cost parameters”

Cost per device, EUR 551.67 118.99 Tovino et al. 2012 [16]

OR time cost per minute, EUR 7.0 Corsi et al. 2016 [28]

Hospital stay cost per day, EUR 655

Incremental cost of postoperative chest wall drainage per day, EUR 42.77 Vertuani et al. 2015 [29]
Incremental cost of treating seroma,” EUR 7.11 Jain et al. 2004 [30], Severi et al. 2012 [31]

*Costs inflated to 2020 EUR values according to the Q4 2020 GDP Deflator values for Italy (104.454) and the following GDP Deflator values: Q1 2012 (96.564) for costs
derived from Iovino et al. 2012 and Severi et al. 2012, Q1 2013 (97.693) for costs derived from Vertuani et al. 2015 which reports 2013 data, and Q1 2016 (101.064) for
costs derived from Corsi et al. 2016 [32]

Pmicro-costed based on UK data indicating a nurse carries out one aspiration per seroma [30], Italian nurse labour time (EUR 26.30 per hour) [31], and an assumption
that 15 minutes of nurse time is required per aspiration (costs of materials used during seroma aspiration were assumed negligible); the approach was validated by
clinical expert opinion.

Abbreviations: EUR: Euros; GDP: gross domestic product; LOS: length of stay; OR: operating room; UK: United Kingdom.

https://doi.org/10.1371/journal.pone.0268708.t001

PLOS ONE | https://doi.org/10.1371/journal.pone.0268708 June 21, 2022 4/12


https://doi.org/10.1371/journal.pone.0268708.t001
https://doi.org/10.1371/journal.pone.0268708

PLOS ONE

Budget impact analysis of HARMONIC FOCUS ™+ vs monopolar electrocautery in breast surgery

range of variation for input values where 95% Cls were not available. The PSA was performed
using the Monte Carlo method, wherein parameters were simultaneously varied by randomly
sampling values for each parameter according to their statistical distribution for 1,000 itera-
tions. The upper and lower bounds and statistical distributions used for each model parameter
in the DSA and PSA are reported in S1 Table.

Scenario analyses were conducted to consider the impact of using, within the BIA, alterna-
tive data sources available in the literature for 1) the expected reduction in postoperative LOS
with the intervention and 2) daily cost of hospital stay. In scenario one, a more conservative
reduction of 1.38 days was assumed for the intervention in lieu of the base case estimate of a
2-day reduction. This scenario was informed by a meta-analysis which, although less represen-
tative of the target population because reporting on LOS spans across different countries [13],
provides a conservative estimate of postoperative LOS reduction for an Italian setting. For sce-
nario two, a conservative daily hospital cost of EUR 416 was applied as reported in Berto et al.
2012 (inflated to 2020 EUR values) for patients who underwent colorectal surgery in Italy [33].
Although not specific to breast surgery, this scenario provides a reasonable, conservative esti-
mate for daily LOS costs in the Italian population (EUR 246 lower than base case assumption),
as daily hospital costs are not expected to vary substantially across surgical units.

Results

Primary analysis

The results of the primary analysis are presented in Table 2. Total costs for the annual caseload
of patients undergoing BCS with ALND or mastectomy with ALND are EUR 345,424 with
HARMONIC FOCUS™+ and EUR 445,467 with monopolar electrocautery, yielding potential
annual net cost savings of EUR 100,043 (approximately EUR 1,000 per patient). The incremen-
tal cost of adopting the intervention in place of the comparator for the caseload (EUR 43,268)
is offset by cost savings arising primarily from shorter LOS, but also from reduced costs associ-
ated with OR time, treatment of seroma and management of postoperative chest wall drainage.
The reduction in LOS and the incidence of seroma with the intervention also results in 200
hospital bed days freed and 26.7 fewer seroma episodes over a year.

Table 2. Results of the primary analysis.

Cost component

Device costs

OR time costs

Hospital stay costs

Complication
costs?

Overall costs

Per annual caseload (EUR)* Per procedure (EUR)
HARMONIC FOCUS™+ Monopolar Cost difference®  HARMONIC FOCUS™+ Monopolar Cost difference®
electrocautery electrocautery
55,167 11,899 43,268 552 119 -433
80,823 84,337 -3,514 808 843 -35
196,580 327,633 -131,053 1,966 3,276 -1,311°
12,854 21,598 -8,744 129 216 -87
345,424 445,467 -100,043 3,455 4,455 -1,000

*Assumes an annual caseload of 100 procedures (mastectomy with ALND or BCS with ALND)

Pcost difference calculated as the component value of the intervention minus component value for comparator such that negative values indicate cost saving with the

intervention

“discrepancy with the difference between intervention and comparator per procedure costs is due to rounding
dcomprises costs for management and treatment of seroma and postoperative chest wall drainage.

Abbreviations: ALND: axillary lymph node dissection; BCS: breast-conserving surgery; EUR: Euros; OR: operating room.

https://doi.org/10.1371/journal.pone.0268708.t002
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Sensitivity analyses

The tornado diagram in Fig 1 illustrates the results of the DSA and shows that HARMONIC
FOCUS™+ remains cost saving compared with monopolar electrocautery across all variations
in parameters. Variation in postoperative LOS has the greatest effect on budget impact,

Overall cost difference with HARMONIC FOCUS™+ vs monopolar electrocautery (EUR)

-200,000 -160,000 -120,000 -80,000

-181,951

-132,806

-121,127

-120,248 -
-113,834 .

-105,389 I-94,697
-103,250I -96,835

-103,017 I -97,068

-102,181 -97,904
-100,921 | -99,164
-100,064 | -99,891
-100,090 | -99,995
-100,090 | -99,995

-40,000

-50,898

-67,279

. -78,958

-79,837

-86,251

m Lower Bound

0

-18,134

Postoperative LOS with monopolar
electrocautery (days)

Postoperative LOS with HARMONIC
FOCUS™+ (days)

Hospital stay cost per day (EUR)
OR time with monopolar
electrocautery (mins)

OR time with HARMONIC
FOCUS™+ (mins)

HARMONIC FOCUS ™+ device cost
(EUR)

Postoperative chest drainage duration
with monopolar electrocautery (days)

Postoperative chest drainage duration
with HARMONIC FOCUS™+ (days)

Monopolar electrocautery device
cost (EUR)

Postoperative chest drainage cost
per day (EUR)

OR time cost per minute (EUR)

Seroma reduction rate (Mantel-
Haenszel RR)

Seroma frequency with monopolar
electrocautery (%)

Incremental cost of seroma per
patient (EUR)
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Fig 1. Tornado diagram of DSA results of the cost impact for the annual caseload. Negative values indicate cost saving with the intervention
compared with the comparator. Abbreviations: DSA: deterministic sensitivity analysis; EUR: Euros; LOS: length of stay; OR: operating room; RR:

risk ratio.

https://doi.org/10.1371/journal.pone.0268708.9001
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Fig 2. PSA results of the cost impact for the annual caseload. Annual caseload PSA results as A) a box-and-whisker plot and B)
cumulative distribution graph. Negative values indicate cost saving with the intervention compared with the comparator. Abbreviations:
EUR: Euros; PSA: probabilistic sensitivity analysis.

https://doi.org/10.1371/journal.pone.0268708.9002

whereas factors associated with seroma and postoperative chest wall drainage have a minimal
effect. The mean (interquartile range) potential net cost savings with the intervention deter-
mined by the PSA for the caseload are EUR 101,637 (EUR 64,390-137,093) and there is a 98%
probability of the intervention resulting in cost savings (Fig 2).
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Table 3. Results of the scenario analyses.

Analysis Per annual caseload (EUR)*

HARMONIC FOCUS™+ Monopolar electrocautery Cost difference”
Primary 345,424 445,467 -100,043
Scenario one® 386,051 445,467 -59,416
Scenario two? 273,781 326,062 -52,281

*Assumes an annual caseload of 100 procedures (mastectomy with ALND or BCS with ALND)

Pcost difference calculated as the overall cost of the intervention minus the overall cost of the comparator such that negative values indicate cost saving with the
intervention

“deviates from the primary analysis by applying a more conservative LOS reduction (1.38 days) with ultrasonic energy compared with conventional techniques informed
by Cheng et al. 2016 [13]

ddeviates from the primary analysis by applying a more conservative daily hospital stay cost (EUR 416) informed by Berto et al. 2012 [33].

Abbreviations: ALND: axillary lymph node dissection; BCS: breast-conserving surgery; EUR: Euros; LOS: length of stay.

https://doi.org/10.1371/journal.pone.0268708.t003

Scenario analyses

Cost savings persist within the conservative scenarios evaluating the incremental LOS impact
of HARMONIC FOCUS™+ and daily hospital LOS costs. Cost savings are EUR 59,416 and
EUR 52,281 for these two scenarios, respectively (Table 3).

Discussion

Key findings

This is the first BIA exploring the cost impact of adopting HARMONIC FOCUS™+ in place of
monopolar electrocautery for BCS with ALND and mastectomy with ALND, from an Italian
hospital perspective. Results demonstrate that adopting HARMONIC FOCUS™+ in place of
monopolar electrocautery leads to cost savings that are maintained across sensitivity and sce-
nario analyses, demonstrating the robustness of results, even when conservative input parame-
ters are assumed. Most cost savings are attributable to a reduction in postoperative LOS with
the intervention. Furthermore, reduced bed-day requirements have the potential to yield bene-
fits not quantified in our analysis, including reduction in environmental burden [34], as well
as increased bed capacity for other admissions, the importance of which was underscored dur-
ing the COVID-19 pandemic.

To date, four meta-analyses have reported clinical improvements with ultrasonic energy
compared with conventional techniques in breast procedures, including lower complication
rates, and shorter OR time and postoperative LOS [13, 20, 21, 27]. However, studies included
in these meta-analyses spanned country settings and were therefore not appropriate to directly
inform a BIA within an Italian setting specifically. These analyses do, however, corroborate the
findings of Iovino et al. 2012, the source of clinical inputs to our model [16]. These data are
supported by Italian real-world evidence demonstrating improvements in clinical outcomes,
for example, reduced seroma formation rate, with HARMONIC FOCUS™+ versus electrocau-
tery following ALND [12]. Another systematic literature review of meta-analyses collated clini-
cal outcome data of ultrasonic energy compared with conventional techniques across various
surgical procedures (mastectomy, gastrectomy, colectomy, and oral, head and neck surgery) in
multiple countries [14]. Outcomes with ultrasonic energy were consistently improved across
surgical specialties [14]. The clinical efficacy of HARMONIC FOCUS™+ is likely to be applica-
ble to other countries given that these studies were conducted across multiple settings [13, 20,
21, 27].
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One of the meta-analyses suggested that the reduction in OR time compared with conven-
tional techniques was due to the reduction in the need to alternate surgical devices and the
reduction in surgical smoke, which improves visibility of the surgical site [14]. Several of the
meta-analyses described above, and Iovino et al. 2012, associated the reduction in seroma fre-
quency and postoperative chest wall drainage with the improved precision of dissection and
lower thermal injury, leading to a reduced inflammatory response [14, 16, 20]. Furthermore,
unlike electrocautery, use of HARMONIC FOCUS™+ does not generate an electrical current,
which has been shown to cause muscle contractions and can lead to muscle impaling injuries
that cause bleeding and may elicit an inflammatory response [35]. Reduction in seroma fre-
quency and postoperative chest wall drainage is likely to lead to quicker patient recovery
responsible for reducing LOS [14].

Other cost analyses of ultrasonic energy, which corroborate the findings of this BIA, have
been conducted, albeit within different country settings, populations and/or measures of in-
hospital costs [22-24]. One BIA compared an ultrasonic energy device with electrocautery for
an annual caseload of breast procedures (mastectomies [n = 100] and lumpectomies [n = 100])
in a Canadian hospital setting. Overall potential net cost savings of CAD 171,966 for the case-
load were achieved with ultrasonic energy when considering costs associated with surgery,
LOS and complications [24]. In a meta-analysis of 13 studies comparing ultrasonic energy to
conventional techniques across surgical specialties, OR costs (comprising costs for devices,
consumables and OR time) were statistically lower, by 8.7%, with ultrasonic energy [22]. Fur-
thermore, in a literature review conducted by Hsiao et al. in 2015, cost savings for ultrasonic
energy versus conventional techniques in breast, colon and thyroid surgery were estimated to
be USD 85-400 per procedure, from a variety of country settings [23]. These clinical and cost
analyses suggest that the cost savings associated with the use of HARMONIC
FOCUS™+ observed in this BIA may also be achieved in other countries and surgical
specialties.

An Ttalian health technology assessment (HTA) report published in 2014 reported the clini-
cal benefits of using ultrasonic energy in breast surgery, yet called for further evidence to sup-
port implementation of ultrasonic energy in clinical guidelines [36]. The findings of this BIA,
in conjunction with the described cost analyses and meta-analyses [13, 14, 20-24, 27], address
this need and highlight how the implementation of ultrasonic energy in clinical guidelines
would yield benefits from a clinical and hospital budget perspective.

Study strengths

A conservative approach in the design of the model was used. Although cost savings observed
in real-world practice may differ from the BIA results, this approach greatly strengthens the
robustness of the conclusion. In particular, some complications (e.g. bleeding and infection),
which are resource-intensive and have been shown to result in meaningful cost and/or clinical
differences between ultrasonic energy and conventional techniques [13, 15, 17, 18, 22, 29],
were not considered in our analysis due to a lack of appropriate Italian unit cost data, despite
their potential contribution to additional cost. Limiting the scope of our analysis to in-hospital
costs is also conservative in favour of the comparator, given that complications are likely to
have a downstream economic impact beyond the surgical admission [13].

Study limitations

It is also important to acknowledge that there are some limitations of this study. Iovino et al.
2012 reported on a mixed cohort of patients who underwent BCS with ALND or mastectomy
with ALND, without stratifying the outcomes by procedure [16]. As such, the model did not
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distinguish the clinical differences between BCS with ALND and mastectomy with ALND.
Therefore, cost savings may differ in settings with an alternative proportion of procedures.
However, as the study recruited consecutive eligible patients in an Italian hospital, it is consid-
ered a fair representation of the ratio of procedures expected in Italian clinical practice [16].
Furthermore, the larger proportion of BCS procedures compared with mastectomies in Iovino
etal. 2012 is in line with current and future trends [16, 37], given that the most recent ESMO
guidelines state BCS (with radiotherapy) is the gold standard for patients with early-stage
breast cancer [6]. The use of literature published between 2012 and 2016 to inform cost inputs
(in the absence of more recently published data for the Italian setting) may also be considered
a limitation of the model. However, all costs were inflated to 2020 EUR values in order to
reflect contemporary costs.

Conclusion

HARMONIC FOCUS™+ achieved robust cost savings when used in place of monopolar elec-
trocautery for BCS with ALND and mastectomy with ALND procedures, from an Italian hos-
pital setting. Improved clinical and resource outcomes were also predicted for the annual
caseload of breast procedures with HARMONIC FOCUS™+, comprising fewer patients
experiencing seroma, shorter duration of postoperative chest wall drainage for patients, more
OR time saved, and hospital bed days freed. These findings address the need for more evidence
of ultrasonic energy in breast surgery highlighted in the 2014 Italian HTA report, and support
its place as a preferred option for cancer patients requiring breast surgery.
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