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Background: As compared to conventional techniques, recent meta-analyses have reported cost 

savings with Harmonic devices; however, only in thyroidectomy. Thus, the aim of this study was 

to evaluate the costs associated with Harmonic devices versus conventional techniques across 

a range of surgical procedures.

Methods: A systematic search of MEDLINE, EMBASE, and Cochrane Library was conducted 

from inception to October 01, 2016 without language restrictions to identify randomized con-

trolled trials comparing Harmonic devices to conventional techniques and reporting procedure 

costs (operating time plus operating equipment/consumables/device costs). Costs were pooled 

using the ratio of geometric means, and a random effects model was applied. Sensitivity analyses 

varying statistical methods, number of included studies, and cost outcomes were completed to 

test the robustness of the results.

Results: Thirteen studies met the inclusion criteria. A total of 561 and 540 participants had 

procedures performed with Harmonic devices and conventional methods, respectively, with 

procedures including gastrectomy, thyroidectomy, colectomy, cholecystectomy, Nissen fundopli-

cation, and pancreaticoduodenectomy. As compared to conventional methods, Harmonic devices 

reduced total procedure costs by 8.7% (p=0.029), resulting in an absolute reduction of US$227.77 

from mean conventional technique costs, derived primarily from a reduction in operating time 

costs. When operating time costs, excluding operating equipment/consumables/device costs, 

were analyzed, costs were reduced by $544 per procedure with the use of Harmonic devices. 

The results from all sensitivity analyses demonstrated cost reductions with Harmonic devices.

Conclusion: This systematic review and meta-analysis showed that despite a higher device 

cost, Harmonic devices provide a statistically significant reduction in procedure costs, derived 

primarily from a reduction in operating time costs, across surgical procedures. In addition to 

functionality benefits, Harmonic devices may represent a potentially cost saving method to reduce 

overall hospital resource use. Future research should focus on potential costs and benefits from 

use of Harmonic devices in procedures not covered here.
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Introduction
Surgical care plays a critical role in preventing, diagnosing, and treating a broad spec-

trum of diseases across the life span; as such, the global need for surgical procedures 

is large. In 2010, it was estimated that 321.5 million inpatient surgical procedures were 

required to address the global burden of disease.1 Moreover, researchers have estimated 
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that an additional 143 million surgical procedures are needed 

each year to meet the global need for preventative and cura-

tive surgery.2 The aging population is expected to further 

propel the need for surgical care in the foreseeable future.3

Given the widespread and indispensable use,2 surgical 

care is associated with substantial costs that have continued to 

increase unabatedly. In the USA, it is estimated that aggregate 

surgical expenditures will grow from $572 billion in 2005 to 

$912 billion in 2025.4 Consequently, payers, hospitals, and 

health care providers are now placing a greater emphasis on 

reducing surgical costs to combat the ever-tightening bud-

getary constraints without sacrificing the quality of care.5 

Research suggests that one avenue for hospital and surgical 

cost savings is through the adoption of innovative medical 

devices and techniques that improve outcomes and reduce 

surgical complications (eg, bleeding, transfusions).6–8

Developed in the early 1990s, Harmonic surgical devices 

(Harmonic, Ethicon Endo-Surgery, Cincinnati, OH, USA) 

have emerged as an alternative to conventional hemosta-

sis techniques such as clamp and tie, sutures, metal clips, 

staples, and monopolar and bipolar electrocautery. Harmonic 

devices use mechanical vibration to perform simultaneous 

ultrasonic cutting and coagulation, producing hemostasis 

at a lower temperature than electrosurgical devices while 

providing excellent dissecting capability. Meta-analyses 

have demonstrated that Harmonic devices are associated not 

only with significant reductions in operating time,9–12 blood 

loss,9,10,12,13 post-operative pain,10 complications,13 and length 

of hospital stay,9,13 but also with cost savings8,14 as compared 

to conventional methods. In fact, two recent meta-analyses 

in thyroidectomy have suggested that the use of ultrasonic 

coagulation (including Harmonic devices) is associated with 

lower costs as compared to conventional techniques.8,14

Presently, meta-analyses examining the costs for 

Harmonic devices and conventional techniques have not 

considered surgical procedures other than thyroidectomy. 

Thus, the aim of this systematic review and meta-analysis 

of randomized controlled trials (RCTs) was to evaluate the 

costs associated with Harmonic devices versus conventional 

techniques across a range of surgical procedures.

Methods
Literature search
A systematic search of MEDLINE, EMBASE, and the 

Cochrane Library was conducted. The search strategy 

focused on a comprehensive set of terms related to Harmonic 

devices from inception to October 01, 2016. A detailed 

search strategy is provided in Figure S1. The reference lists 

of retrieved articles were also hand-searched.

Study selection
Specific inclusion criteria were defined according to PICOS 

(ie, population, intervention, comparator, outcomes, and 

study design). Studies were considered eligible for inclusion 

if they were RCTs comparing Harmonic devices to conven-

tional techniques (eg, monopolar or bipolar electrocautery, 

clips, cut and ligature, knot-tying) in human subjects, for 

all types of surgical procedures. Based on the inclusion 

criteria, the eligibility of each publication was evaluated in 

a title and abstract review. If the abstract and title review 

suggested potential eligibility, a full-text screening fol-

lowed. Full-text studies were then excluded if they were not 

RCTs, did not report cost outcomes, did not provide a cost 

breakdown (ie, only reported total costs), or did not compare 

Harmonic devices to conventional techniques. If more than 

one study using the same dataset met the inclusion criteria, 

only the most recent or comprehensive (ie, provided the 

largest amount of data) publication was retained. Records 

were evaluated for eligibility by two independent reviewers 

(BS, NF). Disagreements regarding study inclusion were 

resolved through consensus or consultations with a third 

reviewer (HC).

Data extraction
Details (ie, baseline characteristics and outcomes) from the 

included studies were extracted using a standardized data 

extraction form developed in Microsoft Excel. The following 

study details were extracted: study authors, publication year, 

study time frame, country of origin, sample size, key patient 

characteristics, type of surgical procedure, type of surgical 

devices and/or techniques utilized, and detailed cost data. 

One reviewer conducted the data extraction (BS); a second 

reviewer cross-checked the extracted data for accuracy and 

completeness (RAQ). In the case of discrepancies, resolution 

was reached through consensus.

When available, the type of costs included in the studies 

were extracted and comprised one or more of the following: 

operating room (OR) time and/or personnel, OR equipment 

and/or consumables, preoperative examinations, anesthesia 

resources, medications, hospital admission/discharge, length 

of stay, and device-related (eg, Harmonic) costs. Due to 

inconsistencies in the type and number of cost parameters 

included across studies, total procedure costs were denoted 

as the primary outcome of the study. Total procedure costs 
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included operating time costs as well as operating equip-

ment/consumables/device costs. Studies (n=5) that reported 

on costs, but did not provide a breakdown of costs such that 

procedure-only costs could be extracted, were excluded from 

the analysis to ensure a consistent definition of costs across 

all included studies.

Risk of bias
Risk of bias of individual studies was assessed using the 

Cochrane Collaboration tool (version 5.1; London, UK). 

The various domains assessed included sequence genera-

tion, allocation concealment, blinding, incomplete outcome 

data, selective reporting, and other sources of bias. For each 

domain, the risk of bias was assigned as low, unclear, or high. 

One author (RAQ) assessed the risk of bias.

Statistical analysis
For the analysis, mean procedure costs and standard devia-

tions (SDs) in original cost units were extracted from the 

included studies. All costs were converted to 2016 US dollars 

(USD) using the Campbell and Cochrane Economics Meth-

ods Group and the Evidence for Policy and Practice Informa-

tion and Coordinating Centre cost converter (Version 1.4) to 

maximize comparability. If the estimates for the mean and SD 

were not provided, standard imputation methods outlined by 

Cochrane were used.15 As such, the authors carefully looked 

for, and used, any statistics that would allow the calculation 

or estimation of the mean or the SD (eg, range, CIs, standard 

errors [SEs], p-values). For three studies, estimation of the 

SD was not possible. As per the Cochrane guidelines, SDs 

were then imputed using the average SD from other studies 

included in the meta-analysis. Furthermore, the impact of 

imputation was tested in a sensitivity analysis.15

Given that skewness can occur with cost data, the pri-

mary meta-analysis compared the procedure costs (2016 

USD) for surgical procedures performed with Harmonic 

devices versus conventional techniques using the ratio of 

geometric means (RoGM) method.16 The natural loga-

rithm and SE of each trial’s RoGM were computed using 

equations presented in Figure S2. The inverse-variance 

method was then used to aggregate the natural logarithm-

transformed ratios across studies in STATA (Version 14.2; 

StataCorp LP, College Station, TX, USA). A random effects 

model was used for the meta-analysis and forest plots were 

generated. Heterogeneity was assessed through the c2 test. 

An I2 value was also calculated to describe the percentage 

of variance attributable to heterogeneity among studies.

The following sensitivity analyses were performed to 

test the robustness of the results: 1) analysis using the ratio 

of means (RoM) method17 instead of the RoGM; 2) a fixed 

effects model instead of the random effects model; and 3) 

analysis with the exclusion of imputed studies. An additional 

sensitivity analysis was completed for operative time costs 

only (ie, device and consumable costs were excluded) to 

specifically assess the hospital resource use averted within 

procedures with the Harmonic device, apart from potentially 

variable product acquisition costs.

Based on the RoGM or the RoM, percentage reductions in 

costs were calculated for the primary and sensitivity analyses. 

These reductions were then converted to absolute reductions 

by applying the percentage reductions to the mean and range 

values of the total costs for conventional techniques.

Results
Search results
A total of 2,519 citations were identified. After removing 

duplicates, 2,125 unique records were reviewed. Following 

title and abstract review, 1,760 citations were excluded if the 

studies were not assessing a Harmonic device, not in humans, 

not comparative, conference abstracts only, grouped Harmonic 

devices with another device, or conducted in an irrelevant 

procedure. Of the 365 full texts retrieved for review, 352 were 

further excluded if the studies were non-RCTs (n=185); did not 

report cost outcomes (n=156); only included instrument, device, 

or disposable costs (ie, did not report procedure or operating 

time costs) (n=3); exclusively reported total costs and did not 

provide a cost breakdown (n=5); used an irrelevant comparator 

(ie, LigaSure) (n=1); and were duplicates (n=2). Thirteen stud-

ies, consisting of a total of 1,101 patients, that reported costs 

associated with the use of Harmonic devices and conventional 

techniques were included in the meta-analysis (Figure 1).18–30

The study characteristics are presented in Table 1. The sam-

ple sizes of the included studies ranged from 20 to 261 patients. 

Six studies reported cost data for thyroidectomy,18,19,22,23,25,26 two 

studies reported data for Nissen fundoplication,24,27 two stud-

ies reported data for colectomy,20,28 and three studies reported 

data for other surgical procedures (ie, cholecystectomy,29 

pancreaticoduodenectomy,30 and gastrectomy21). In all studies, 

Harmonic devices were compared to conventional techniques. 

The UltraCision Harmonic Scalpel or Shears were used in 

seven studies,18–20,24,27–29 the Harmonic Focus was used in three 

studies,21,22,26 the Harmonic CS-14C25 and the Harmonic Wave30 

were used in one study each, and one study did not specify the 

type of Harmonic device that was used.23
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Different comparators were used for the Harmonic 

devices in these studies; eight studies used monopolar or 

bipolar electrocautery with one or more of sutures, clips, 

clamp and tie, or ligation,19–22,26,28–30 while ligatures and 

cauterization,18 cut and ligature,23 right-angled multifire clip 

applier,24 knot-tying,25 and Ligaclips27 were used by one study 

each. Three studies had three arms (ie, Harmonic device, 

conventional techniques, LigaSure vessel sealing system 

[n=2], or electrothermal bipolar vessel sealers [n=1]). The 

third comparator from these studies was excluded from our 

analyses.20,26,28 Most studies (n=9) originated in Europe (eg, 

Italy, Spain, France, Sweden). Other regions included Japan 

(n=1),21 Brazil (n=1),23 and USA (n=2).24,27

Risk of bias assessment
Risk of bias assessments and individual study quality assess-

ments are presented in Figure S3. The quality of studies 

varied in terms of random sequence generation, allocation 

Figure 1 PRISMA diagram for the systematic literature search.
Abbreviation: RCT, randomized controlled trial.
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concealment, and selective reporting. Overall, the quality 

of studies was acceptable, with most studies having low 

or unclear risk of bias across most domains. Seven studies 

reported the methods used for random sequence generation 

such as drawing sealed envelopes (n=3),19,20,22 computer-

generated random numbers (n=3),23,28,30 and drawing tech-

niques (n=1).26 The methods for allocation concealment 

were defined by four studies; three studies used sealed enve-

lopes19,20,22 and one study used a central telephonic system.23 

Although six studies reported blinding of patients or outcome 

assessors,22,23,25,26,29,30 the risk of bias was considered low for 

cost outcomes because of their objectivity (ie, not requiring 

blinding to avoid bias). Across all studies, patient withdraw-

als, loss to follow-up, and missing data were minimal. For 

nine studies, the bias associated with selective reporting 

was unclear. However, based on protocol assessment, three 

studies had a low risk of bias21,23,30 and one study had a high 

risk of bias (outcome noted in the methods was not included 

in the results).26

Analysis
Across all included studies, the mean procedure costs (2016 

USD) ranged from $608.45 to $5,290.23 for surgical pro-

cedures conducted with Harmonic devices. Comparatively, 

the mean procedure costs for surgical procedures performed 

with the conventional techniques ranged from $552.87 to 

$5,146.77 (Table 2). Nine of the 13 included studies (69%) 

reported either a statistically significant (n=5) or numerical 

(n=4) reduction in procedure costs with the use of Harmonic 

devices as compared to conventional techniques. The remain-

ing four studies reported effect measures that hovered near 

cost neutrality, with no studies reporting significantly higher 

procedure costs with the use of Harmonic devices (Figure 2).

The primary meta-analysis of the 13 included studies 

showed that procedure costs were statistically significantly 

reduced by 8.7% (RoGM=0.913; 95% CI=0.842–0.991; 

p=0.029; I2=95.8%) with the use of Harmonic devices in 

contrast to conventional techniques (Figures 3 and 4). The 

absolute reduction from mean (conventional) baseline costs 

Table 2 Cost inputs and assumptions for primary analysis on procedure costs

Study Intervention/comparator Primary analysis

Procedure costs  
(original cost units)

Procedure costs  
(2016 USD)

Mean SD Mean SD

Frazzetta et al18 UltraCision Harmonic Scalpel
Ligatures and cauterization

€978.60
€1,328.68

€120.02
€105.65

$1,517.18
$2,059.93

$186.07
$163.80

Hallgrimsson et al19 UltraCision Harmonic Scalpel
Mono/bipolar coagulation, ligatures/clips

18,910.80 SEK
22,368.51 SEK

N/R
N/R

$2,558.56
$3,026.51

$552.04*
$461.14#

Hubner et al20 UltraCision Harmonic Scalpel
Monopolar electrosurgery scissors

1,845.66 CHF
2,196.58 CHF

602.99 CHF
436.35 CHF 

$1,412.43
$1,680.98

$461.45
$333.93

Inoue et al21 Harmonic FOCUS
Monopolar electrocautery and ligation

$4,830.70
$4,699.70

$176.17
$179.18

$5,290.23
$5,146.77

$192.93
$196.22

Konturek et al22 Ultrasonic Harmonic FOCUS shears
Bipolar coagulation and clip-ligation

€666.20
€718.00

€37.50
€69.20

$839.87
$905.44

$47.29
$87.27

Kowalski et al23 Ultrasonic Harmonic Scalpel
Cut and ligature

$2,103.60
$2,048.40

$493.70
$846.34

$2,331.86
$2,270.23

$604.18
$938.18

Laycock et al24 UltraCision Harmonic Scalpel
Right-angle multifire clip applier

$734.00
$925.00

$62.30
$185.00

$1,102.73
$1,389.68

$93.60
$277.94

Lombardi et al25 Harmonic Scalpel CS-14C
Knot-tying

€1,441.20
€1,600.70

€260.22
€289.57

$2,088.79
$2,319.97

$377.15
$419.69

Pons et al26 Harmonic FOCUS
Clamp and tie, bipolar cautery

€2,486.00
€2,571.00

€153.00
€296.00

$2,755.76
$2,849.98

$169.60
$328.12

Swanstrom and 
Pennings27

UltraCision Harmonic Shears
Ligaclips

$405.00
$368.00

N/R
N/R

$608.45
$552.87

$552.04*
$461.14#

Targarona et al28 UltraCision Harmonic Scalpel
Electrosurgery

€2,928.00
€2,995.00

€895.66
€321.68

$4,909.81
$5,022.16

$1,501.89
$539.41

Tempé et al29 UltraCision Harmonic Shears
Electrocautery

15,650.00 SEK
16,840.00 SEK

N/R
N/R

$1,926.48
$2,072.96

$552.04*
$461.14#

Uzunoglu et al30 Harmonic wave
Electrocautery, clipping or suturing

€3,630.00
€3,401.00

€1,354.08
€952.55

$5,056.50
$4,737.51

$1,886.20
$1,326.88

Notes: *Imputed as the average of the reported SDs from other studies included in the meta-analysis assessing the costs of Harmonic devices. #Imputed as the average of 
the reported SDs from other studies included in the meta-analysis assessing the costs of conventional techniques.
Abbreviations: CHF, Swiss Franc; JPY, Japanese Yen; N/R, not reported; SEK, Swedish Krona; USD, US dollars.
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was then calculated to be $227.77 (range=$48.10–$447.77) 

(Table 3). The results from all sensitivity analyses demon-

strated cost reductions with the use of Harmonic devices as 

compared to conventional techniques (Table 3; Figure 5). 

When the RoM method was used, a statistically significant 

reduction of 8.3% (RoM=0.917; 95% CI=0.847–0.994; 

p=0.034; I2=95.6%) in mean procedure costs or an absolute 

reduction of $217.30 (range=$45.89–$427.18) was noted 

with the use of Harmonic devices (Figure S4). Similar 

results were observed when operative time costs, reported 

by 11 of the 13 included studies, were analyzed. When 

these studies were meta-analyzed, a statistically significant 

reduction of 30.6% or 29.1% was reported by the RoGM 

(0.694; 95% CI=0.603–0.799; p<0.001; I2=95.6%) and the 

RoM (0.709; 95% CI=0.621–0.810; p<0.001; I2=95.1%) 

methods in favor of the Harmonic devices, respectively 

(Table 3, Figure 4, Figures S5 and S6). Consequently, 

the Harmonic devices resulted in an absolute reduc-

tion of $544.45 (range=$101.14–$1,552.22) or $517.76 

Figure 2 Proportion of studies reporting statistically significant or nonsignificant 
reductions or increases in procedure costs using the Harmonic devices as compared 
to conventional methods.

31%
(4 studies)

Statistically significant reduction in cost

Increase in cost (not statistically significant)

Reduction in cost (not statistically significant)

Statistically significant increase in cost

38%
(5 studies)

31%
(4 studies)

Figure 3 Forest plot of primary meta-analysis results for procedure costs (2016 US dollars [USD]) expressed as ratio of geometric means (RoGM); p-value (test of effect 
size [ES]=1) = 0.029.

Frazzetta et al18

Study ES (95% CI)
%
Weight

Ratio of geometric means (RoGM)

Hallgrimsson et al19

Konturek et al22

Kowalski et al23

Lombardi et al25

Pons et al26

Inoue et al21

Targarona et al28

Hubner et al20

Uzunoglu et al30

Laycock et al24

Swanstrom and Pennings27

Tempé et al29

Note: Weights are from random effects analysis

Favors Harmonic Favors conventional
1 20.5

Overall (I2 = 95.8%, p=0.000)

0.733 (0.707–0.761)

0.836 (0.756–0.925)

0.930 (0.899–0.963)

1.076 (0.992–1.167)

0.900 (0.857–0.946)

0.971 (0.918–1.029)

1.028 (1.009–1.048)

0.940 (0.780–1.134)

0.814 (0.691–0.960)

1.039 (0.917–1.176)

0.806 (0.706–0.922)

1.061 (0.525–2.145)

0.915 (0.816–1.027)

0.913 (0.842–0.991)

9.22

8.21

9.25

8.59

9.08

8.98

9.35

6.27

6.78

7.70

7.50

1.17

7.91
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Figure 4 Cost breakdown by operating time costs and device/consumable 
(ie, anesthesia, clips, ligature, gauze, drugs, intraoperative resources) costs for 
Harmonic and conventional techniques using the ratio of geometric means (RoGM) 
method. Although the device/consumable cost for Harmonic is higher, the lower 
operating time costs offset these higher costs, such that the total procedure costs 
for Harmonic are 8.7% lower than those for conventional techniques (p=0.029).

$1,779

$1,235

$839

$1,156

$0

$500

$1,000

$1,500

$2,000

$2,500

$3,000

Conventional Harmonic
Operating time costs Device/consumable costs

$2,618

$2,390

8.7% Reduction

Table 3 Percentage and absolute reduction in procedure costs with Harmonic devices compared with conventional techniques

Studies 
informing 
the analysis

Effect estimate  
(95% CI); p-value*

Reduction 
in cost 
(%)

Mean baseline 
procedure costs in 2016 
USD (conventional 
technique)

Absolute reduction 
in cost in 2016 USD, 
mean (range)

Total procedure costs 
(RoGM)

13 0.913 (0.842–0.991); 
p=0.029

8.7% $2,618.08 $227.77 (48.10–447.77)

Sensitivity analyses:
Total procedure costs (RoM) 13 0.917 (0.847–0.994); 

p=0.034
8.3% $2,618.08 $217.30 (45.89–427.18)

Operating time costs only 
(RoGM)∞

11 0.694 (0.603–0.799); 
p<0.001

30.6% $1,779.25 $544.45 (101.14–1552.22)

Operating time costs only (RoM)∞ 11 0.709 (0.621–0.810); 
p<0.001

29.1% $1,779.25 $517.76 (96.18–1476.14)

Total procedure costs (no 
imputation) (RoGM)**

10 0.919 (0.839–1.007); 
p=0.071

8.1% $2,838.27 $229.90 (73.34–416.89)

Total procedure costs using a fixed 
effects model (RoGM)

13 0.948 (0.935–0.961); 
p<0.001

5.2% $2,618.08 $136.14 (28.75–267.63)

Notes: *A random effects model was applied if not specified. ∞Excludes Konturek et al,22 and Uzunoglu et al.30 **Excludes Hallgrimsson et al,19 Swanstrom and Pennings,27 and 
Tempé et al.29

Abbreviations: RoM, ratio of means; RoGM, ratio of geometric means; USD, US dollars.

(range=$96.18–$1,476.14) in mean (conventional) base-

line costs if only operative time costs were considered 

(ie, initial acquisition costs of the Harmonic devices and 

consumables were excluded) using the RoGM and the RoM 

methods, respectively. However, as might be expected, the 

device/consumable costs were 38% higher in the Harmonic 

group (Figure 4). As mentioned earlier, the SDs had to be 

imputed for three studies;19,27,29 when these studies were 

excluded from the analysis, Harmonic devices were associ-

ated with a numerical reduction of 8.1% in procedure costs 

(RoGM=0.919; 95% CI=0.839–1.007; p=0.071; I2=96.8%) 

(Figure S7). Finally, if a fixed-effects model was used, a 

statistically significant reduction of 5.2% (RoGM=0.948; 

95% CI=0.935–0.961, p<0.001; I2=95.8%) or an absolute 

reduction of $136.14 (range=$28.75–$267.63) was noted 

(Figure S8).

Discussion
Surgical costs are rising and one method to help control such 

costs is by using innovative and effective technologies that 

reduce hospital resource use while improving patient outcomes. 

Harmonic devices have demonstrated effectiveness and safety 

across a wide variety of surgical procedures. Using the most 

comprehensive evidence-based available and robust statisti-

cal methods, our findings suggest that Harmonic devices can 

provide cost savings to hospital payers across many types of 

surgeries. Specifically, this meta-analysis of 13 studies showed 

that Harmonic devices were associated with a statistically sig-

nificant reduction in total costs of ~$228 USD per procedure 

compared with conventional methods. These findings remained 

consistently in favor of Harmonic devices when a range of 

sensitivity analyses were conducted. Based on the methods 
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outlined by the Cochrane Collaboration, most included studies 

were of acceptable quality with low risk of bias.

The studies within our meta-analysis included a range of 

surgical procedures, many of which are commonly performed 

and thus are of high relevance. In a recent health care cost 

and utilization project (HCUP) statistical report, two of the 

procedure types included (ie, cholecystectomy and colorectal 

resection) were shown to be amongst the 15 most common 

inpatient procedures completed in the USA in 2012.31 Fur-

thermore, gastrectomy, which was a focus of one study in our 

meta-analysis, is a procedure that showed the greatest rate 

of change over the period of 2003–2012 of all procedures 

assessed in the HCUP report, increasing in frequency by 

150% from 9.3 to 23.6 per 100,000 individuals.31 Thyroidec-

tomy, a focus of several of the studies in our meta-analysis, 

is also a common procedure, with over 130,000 procedures 

completed each year in the USA.32

The results presented in the current meta-analysis cor-

roborate findings from studies that have compared cost 

outcomes between ultrasonic devices (including Harmonic) 

and conventional methods. All published meta-analyses to 

date have demonstrated either numerical or statistically sig-

nificant cost reductions with ultrasonic/Harmonic devices; 

however, these studies focused solely on thyroid surgery.8,14 

With the most recently published meta-analysis, Cheng 

et al,8 demonstrated that Harmonic devices were associated 

with a statistically significant reduction of 10% or $229 

USD in total reported costs as compared with conventional 

techniques based on seven studies in thyroidectomy. The 

current meta-analysis, including a greater number of stud-

ies as well as additional procedure types, demonstrated 

findings that were aligned with the recent Cheng et  al’s 

publication, showing a statistically significant reduction 

of 8.7% or $228 USD in procedure costs with Harmonic 

devices (RoGM=0.913; 95% CI=0.842–0.991; p=0.029; 13 

studies). Furthermore, the methods of this latter published 

meta-analysis are highly aligned to those of the current 

study as they adhered to best practices and methodologi-

cal rigor to address pooling of cost data across regions.8 In 

brief, these methods included the conversion of baseline 

costs to a common currency (ie, USD), inflation of costs to 

a common year (eg, 2016), and use of the RoGM and RoM 

effect measures to handle skewness that can occur with 

cost data and ease interpretation of outcomes expressed in 

different units.

As surgical needs continue to grow, increasing economic 

burden is inevitable. With rising costs, it is essential that 

decision-making for the adoption of new surgical tech-

nologies comprehensively considers clinical, efficiency, 

and economic outcomes. As such, there is a greater push 

towards use of increasingly efficient and cost-effective 

technologies.33 Defining cost-effectiveness in the context 

of surgical devices in the hospital setting can be variable. 

Nevertheless, an innovative device with an acquisition cost 

that is higher than current care should improve outcomes 

and thereby help reduce downstream health care resource 

use. Such resources could include both direct and indirect 

costs such as operating staff time, nursing time, hospital 

days, complication treatments, re-operations, and additional 

product use. From a hospital purchaser’s perspective, a 

technology that is cost-effective could be one where costs 

(including upfront and downstream) are higher for the new 

technology but the additional benefit achieved is deemed to 

be worth the extra cost. A cost neutral technology could be 

one whereby savings in downstream resources completely 

offset its additional upfront cost, which is still a very 

desirable situation given that there is no increase in cost 

but there is additional benefit. A cost saving technology 

offers incremental clinical benefit and is associated with 

total costs that are less than current standard of care. The 

results of our analysis fit into this latter category; Harmonic 

devices were associated with a statistically significant 

reduction in procedure costs compared with conventional 

methods. When assessing individual studies that comprised 

the meta-analysis, studies that did not show a reduction in 

procedure costs still showed results that were cost neutral 

for the Harmonic devices and no studies reported statisti-

cally significantly higher procedure costs with Harmonic 

Figure 5 Forest plot of ratio of geometric means (RoGM) and ratio of means (RoM) summary effect measures for the primary and sensitivity analyses.

Total procedure costs (RoGM)
Total procedure costs (RoM)
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Operating time costs only (RoM)
Total procedure costs (no imputation) (RoGM)
Total procedure costs using a fixed effects model (RoGM)

0.913 (0.842–0.991); p=0.029
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devices as compared to conventional methods (still a desir-

able scenario).

Our analysis demonstrated that a large part of the cost 

savings associated with the Harmonic devices was due to 

reduced operating time costs (excluding the consumable 

cost of Harmonic) (Figure 5). As compared to conventional 

techniques, Harmonic devices incorporate multiple func-

tions into one device (ie, perform simultaneous cutting and 

coagulation) and lead to improvements in both the control 

of the hemostasis and the precision of tissue dissection, 

thereby minimizing operating time.34 Several studies have 

demonstrated reduced operative time with Harmonic devices 

as compared to conventional techniques in different surgical 

areas, including gastrectomy,12 mastectomy,13 thyroidec-

tomy,35 cholecystectomy,36 and parotidectomy.37 Previous 

meta-analyses of the Harmonic devices have shown that 

operating time can be reduced by up to 30 minutes.12,35 This 

can reduce resource use such as operative staff time, anes-

thesia time, and operative equipment and materials. Another 

important concept that was not factored into this analysis 

is that of opportunity cost. Chatterjee et al33 discussed the 

notion of surgical opportunity cost and built a model to 

estimate this for various surgeries by considering procedure 

volume, profit margin, and surgery duration. In essence, if 

operating time is extended, this reduces the potential for 

fitting in more surgeries and obtaining further profits from 

those surgeries. For example, the opportunity cost per min-

ute of general surgery was predicted to be $9 per minute, 

with higher procedure profit margins leading to even higher 

opportunity cost multipliers.33 If a less efficient technology 

added 30 minutes of operating time relative to a more efficient 

comparator, it would be associated with an opportunity cost 

of $270. This concept becomes more applicable for more 

common procedures as it would be easier to accumulate a 

sufficient number of cases to accrue the time necessary to 

perform an additional profitable procedure. As such, even if 

the fixed and direct costs of a device are high, the device can 

be extremely desirable if the surgical procedure has a high 

opportunity cost per minute and the device substantially 

reduces operating time.33

When the costs of the Harmonic devices and other con-

sumables were excluded, a reduction of 30.6% or $544 per 

procedure was noted in our meta-analysis. Of course, there 

will always be an acquisition cost for the Harmonic device; 

however, it is likely to vary across regions and hospitals. 

Analyses that exclude the acquisition cost may allow regional 

consideration of the results in context of local Harmonic 

acquisition prices. Clearly, the lower the Harmonic device 

cost, the higher the potential for greater cost savings to be 

achieved. The cost per minute of operating time can also vary 

across regions. In a few of the European studies included in 

our analysis, a low cost of ~€4 per minute was integrated 

into the study’s analysis.19,22 In the USA, higher operating 

costs per minute have been reported in recent literature, for 

example, a value of $62 per OR minute has been quoted 

in the USA.38 In general, reduction of operating time can 

provide substantial benefit for surgical practice; however, 

the saving of operating  time should be set in relation to 

higher material costs, which needs to be evaluated within 

each institution.39

This systematic review and meta-analysis has several 

strengths including the comprehensive literature search, 

inclusion of a greater number of studies than any other pre-

viously published cost meta-analysis assessing Harmonic 

devices, assessment of study quality, and the use of the most 

appropriate statistical methods for pooling and interpreting 

cost data. Furthermore, this meta-analysis included studies 

from various regions (ie, North America, Europe, Australia, 

South America, Asia) across the world. The findings, how-

ever, should be interpreted in the context of the following 

limitations. First, the meta-analyses yielded high heterogene-

ity, which may have been due to factors such as pooling cost 

data across surgical procedures, smaller number of studies 

within a specific surgical procedure (eg, only one study 

assessed cost outcomes in gastrectomy), and variability in 

study populations and settings. As such, a random effects 

model, which accommodates for heterogeneity, was used. 

Moreover, multiple sensitivity analyses demonstrated that 

the results remained robust and supported the main conclu-

sions. As further data become available for cost outcomes 

with the Harmonic device across the procedure types stud-

ied, subgroup analyses on various procedure types may be 

more achievable. Future research should also focus on the 

cost-effectiveness of Harmonic devices in procedures not 

covered here and as compared to other newer techniques 

and devices. Until such analyses are completed, the authors 

note that the results from this analysis are restricted to the 

surgical procedures included in the presented analyses (ie, 

gastrectomy, thyroidectomy, colectomy, cholecystectomy, 

Nissen Fundoplication, and pancreaticoduodenectomy). 

Second, a few studies that assessed cost outcomes for the 

Harmonic device could not be included because procedure 

costs were not reported (ie, studies only reported device or 

disposable costs or exclusively reported total costs without 

providing a cost breakdown). In brief, these studies reported 

mixed findings on whether the Harmonic scalpel saved or 
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added costs in procedures such as cholecystectomy, Nissen 

fundoplication, breast surgery, hysterectomy, gastrectomy, 

and thyroidectomy;40–47 however, it would be impossible to 

predict how these findings could have impacted the current 

meta-analysis in the absence of procedure costs. Third, not 

all studies specified the individual cost components that were 

present in their cost analyses. Where possible, these details 

were extracted and reported in the results of this manuscript. 

Although it is reasonable to assume that many of the core 

variables such as operating time, surgical materials, and 

devices costs were captured in all study-specific analyses, 

some inconsistencies such as the use of charges versus 

costs existed. Future costing studies in this area should 

clearly delineate all cost variables as well as capture total 

hospital-related costs (including procedure costs) where 

possible to optimize accuracy and utility of cost analyses 

for decision-making. Fourth, conference abstracts, which 

might have relevant cost information, especially for recent 

studies without a manuscript, were excluded, potentially 

increasing the risk of publication bias. However, published 

literature has suggested that conference abstracts frequently 

report preliminary results, which may not be representative 

of the final results.48 Furthermore, conference abstracts often 

involve insufficient information to determine study validity, 

a lack of a rigorous peer review process, and uncertainty 

regarding the methodological quality of evidence.49 With our 

analysis, it was also essential to understand the individual 

components included within the total reported costs, which 

are often only detailed in full-text publications. Fifth, the 

results of this analysis may not be entirely generalizable 

across settings, as resource use and costs are variable both 

within and between countries. Although several regions were 

included in the analysis, local variation in the key compo-

nents of this study, namely Harmonic device prices and cost 

per OR minute, needs to be considered. Our analysis can 

nevertheless be used as a framework for guiding institution-

specific assessments.

Conclusion
This systematic review and meta-analysis provided a cost 

comparison of Harmonic devices with conventional tech-

niques in various surgical procedures. The results showed 

a statistically significant reduction of 8.7% in procedure 

costs or ~$228 USD per procedure in favor of the Harmonic 

devices. Therefore, Harmonic devices may represent a 

potentially cost saving hemostatic method for various surgi-

cal procedures, as reductions in hospital resource use (eg, 

operative time) may offset the device costs. Future research 

should focus on the cost-effectiveness of Harmonic devices 

in procedures not covered here and as compared to other 

newer techniques and devices.
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