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Abstract 

Objectives:  Comparison of retrospective, learning curve benign hysterectomy cost and 

case time data from Senhance total laparoscopic hysterectomy (TLH) cases with similar 

da Vinci robot cases and laparoscopic-assisted vaginal hysterectomy (LAVH) cases.  

Methods:  Instrument costs, console time, and case time analysis from 6 surgeons at 4 

US and European hospitals compared with retrospective, sequential da Vinci TLH and 

standard laparoscopic LAVH cases extracted from the CAVAlytics database.  

Results: Senhance Gyn surgeons in their learning curve when compared to da Vinci 

learning curve Gyn surgeons achieved lower median instrument costs ($559 vs $1,393, 

respectively, p<0.001) with comparable console times (91.5 vs 96 minutes, p=0.898); 

Senhance and LAVH case costs were comparable ($559 vs $498, p=0.336).  

Conclusion:  In benign hysterectomy, the Senhance system may present a lower-cost 

approach with equivalent case times compared with similar da Vinci robotic cases.  

Keywords: Senhance; da Vinci; benign hysterectomy; laparoscopy; robotics
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Introduction 

Over the last two decades, the da Vinci® robot (Intuitive Surgical, Inc.) has emerged as a 

prevalent minimally invasive approach to hysterectomy.1 As its use has increased, there 

has also been a concomitant reduction in the number of abdominal hysterectomies for 

benign indications, both overall and relative to other approaches to hysterectomy.  

Together with total laparoscopic hysterectomy (TLH), laparoscopic-assisted vaginal 

hysterectomy (LAVH), vaginal hysterectomy, and laparoscopic supracervical 

hysterectomy, the increase in robotic hysterectomy has resulted in the decrease of 

abdominal hysterectomy to approximately 28%.2  Since its approval by the FDA for 

benign gynecology in 2005, scores of studies and publications have assessed the 

clinical and economic strengths and weaknesses of the Intuitive Surgical da Vinci robot’s 

use in benign hysterectomy, with the vast majority of studies underscoring robotic 

surgery as generally equivalent clinically to laparoscopy together with some reports of 

reduced pain, less blood loss, and shorter length of stay albeit with generally higher cost 

and longer operative times, though this variable may also be dependent on patient 

characteristics and co-morbidities.3,4,5

Today, surgical costs and operative times are increasingly critical given the need to 

improve contribution margins in surgical procedures as a key driver in hospital 

profitability. Moreover, with the growing understanding of best practices in robotic 

surgery and related robotic program optimization,6,7 newer studies and publications are 

demonstrating that, in specific robotic surgery case types, including benign 
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hysterectomy, cases can be performed for comparable or even lower cost when 

compared to laparoscopy, with equivalent clinical outcomes. 6,7,8,9,10   

Senhance Surgical System

In 2018, the introduction of the Senhance® Surgical System (Asensus Surgical US, Inc.) 

in the US and Europe presented robotic and laparoscopic surgeons with an alternative 

to the Intuitive Surgical da Vinci robot.  Comprised of an open-platform, modular 

architecture with three mobile arms that allow for use of existing laparoscopic vision 

systems, trocars, and OR tables  (Figure 1), the Senhance system’s instruments are 

reusable. The system incorporates eye-tracking camera control, haptic sensing, and 

3DHD visualization. Case set-up for Senhance procedures generally includes raising the 

patient so the camera port is aligned with the front of the arms’ collar; setting the patient 

in Trendelenburg; setting the scope to 0°  to provide clearance for anesthesiology; and 

using the xyphoid process as the point for arm placement.  Both arms use instruments 

that are 310 mm in length. (Figure 2)

For Gyn cases specifically, cameras in Senhance cases should be placed proximal to 

the umbilicus, but can also be located distally, subject to patient anatomy.  Instrument 

port placement is suggested to be set a minimum of 8 cm from the camera port.  (Figure 

3)  Surgical instrument set-up, docking and undocking can be performed by a surgical 

assistant and surgeon. Docking and undocking take place on a robotic arm using a 

clamp and lock system, which does not require attachment of the robotic arm directly to 

a trocar. Standard laparoscopes, cameras, insulflators, trocars, and reusable 

instruments reduce surgical expense.  Use of other instruments like ultrasonic energy 
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are compatible with the system which can use both 3 mm and 5 mm trocars and 

instruments for minimally invasive surgery advantages.

For reference, an overview of the key specifications of the da Vinci Si and Xi robot 

models, as well as the LAVH surgical procedure and associated technology, has been 

covered previously in the literature in great depth.11,12,13,14,15

Materials and Methods

Given the objective of assessing the comparative costs and case times between the 

Senhance robot, the da Vinci robot and the LAVH cases, retrospective instrument cost, 

console times (Senhance and da Vinci), and operative time data were evaluated based 

on 28 sequential Senhance total laparoscopic hysterectomies (with and without adnexa 

removal) performed by 6 gynecologic surgeons in their robotic learning curve from 4 

hospitals in the United States and Europe between June 2019 and January 2020.  

(Table 1 and Table 2) 

All surgery was performed by attending gynecological surgeons who were experienced 

laparoscopists prior to learning the Senhance technology.  All surgeons using the 

Asensus Surgical Senhance robotic had previously used an Intuitive Surgical da Vinci 

robot.    

Two retrospective cohorts of 56 da Vinci TLH cases (Table 3) and 34 standard 

laparoscopic LAVH cases, respectively, (Table 4) were extracted from the CAVAlytics™ 

database (CAVA Robotics International, LLC).  The CAVAlytics database aggregates 

operational, clinical, and financial robotic surgery data in connection with hospital 
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robotic programs including other comparative minimally invasive laparoscopic data 

across service lines.  The database is used to track efficiency and to guide and 

measure change management and program improvement at the surgeon, service line, 

and system-wide levels.

The da Vinci cohort included 10 surgeons and the LAVH cohort included 12 surgeons.  

Surgeons were selected based on their initial independent cases for both da Vinci and 

LAVH.  All had completed residency training, were board certified and had laparoscopic 

privileges.  The range of private practice experience was 3 to 30 years. Each surgeon 

was adding da Vinci TLH or LAVH as a new procedure thereby presenting two 

comparative cohorts, each with similar surgeon experience versus the Senhance initial 

case data.  All cases reflect the surgeons’ learning curves in independent practice.

When comparing the operation, which includes cuff closure at the console for a 

Senhance TLH and da Vinci TLH, the operative time (i.e., cut to close) for LAVH was 

selected as the best comparison because it includes the cuff closure and is a more 

accurate representation of the complete operation.  Instrument costs include the life-

limited adapters and instruments such as graspers and energy devices (monopolar, 

bipolar and ultrasonic) as well as robotic vendor-specific drapes, seals and other single-

use disposable accessories. (Table 5 and Table 6)  Patient drapes, sutures, gowns, 

gloves and other disposables used in all three cohorts were excluded from the supply 

cost analysis.  Disposable single-use instruments such as energy devices (monpolar, 

bipolar, ultrasonic or other advanced sealing devices) were included in the costs of 

LAVH cases.  Capital equipment costs for all procedures were not included in 
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instrumentation or supply costs.   No protected health information was collected and the 

data was Institutional Review Board (IRB) exempt.   With the exception of the co-author 

(S. McCarus), data was de-identified consistent with the US Centers for Medicare and 

Medicaid Services (CMS) Limited Data Set (LDS) guidelines,16 further preventing 

inference of surgeon / facility identities.  As a real-world assessment, however, this 

study nevertheless has inherent limitations and flaws, addressed in the Limitations 

section. 

Selection of Senhance TLH vs. da Vinci TLH vs Traditional LAVH 

Senhance and da Vinci TLH procedures were compared to traditional LAVH rather than 

total laparoscopic hysterectomy for several pragmatic reasons.  Standard straight stick 

laparoscopic TLH cases are under-represented in the CAVAlytics data base compared 

to standard LAVH cases.  Additionally, these two techniques are more similar than they 

are different.  Specifically, the steps of the surgery from port placement to sealing and 

transecting the uterine artery are similar.  The biggest differences in techniques include 

the additional time of robotic set-up and docking for the Senhance and da Vinci cases 

and the surgeon return to the patient for the colpotomy and vaginal cuff closure in the 

LAVH.  

Of note, all three techniques require an energy source (bipolar, monopolar, ultrasonic or 

other advanced seal/cut device) to seal and transect the infundibular, utero-ovarian and 

uterine artery pedicles, and each approach includes similar uterine manipulator 

placement, port placement and dissection techniques.  The time interval selected for 

comparison in this analysis is slightly different but is designed to reflect the commonality 
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of technique: Senhance and da Vinci TLH console times include the cuff closure and 

are compared to the cut-to-close surgery time, whereas LAVH cut-to-close surgery time 

includes the cuff closure and is more similar to the console time when compared with 

Senhance and da Vinci TLH cases.  

Data Source for da Vinci and Laparoscopic Cases 

All da Vinci and LAVH data were obtained from the CAVAlytics data base, protected by 

applicable US Health Insurance Portability and Accountability Act (HIPAA) and the 

European Union General Data Protection Regulation (GDPR) privacy and security 

policies. Subject to data use agreements between the hospitals and CAVA, data is 

aggregated for independent benchmarking of key performance indicators without 

commercial biases from robotic or equipment vendors.  Although average performance 

metrics are available from Intuitive Surgical, more detailed case- and surgeon-level data 

can be accessed and analyzed with the CAVAlytics database, which is not available in 

the public domain.  Blinded and aggregated data is also used to establish robotic and 

laparoscopic surgery performance benchmarks for clinical, operational, and financial 

metrics.   Data used herein did not include PHI and was IRB exempt. Endpoints included 

OR room time; console time (for Senhance and da Vinci); surgery time (for LAVH); and 

average instrument cost per case. 

Vendor-specific supplies unique to the case (i.e., Asensus Surgical and Intuitive Surgical 

instruments and accessories) were included in the analysis, as well as unique 

disposable laparoscopic devices for LAVH cases.  Supplies that are common to each of 

the three case types such as patient drapes, gloves, gowns, etc. were removed from the 
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analysis given that these supplies are similar across all modalities and do not represent 

incremental costs of minimally invasive surgery. 

Statistical analysis included comparison of instrument costs (Senhance vs da Vinci vs 

LAVH), console times (Senhance vs da Vinci), and total operative time (Senhance vs da 

Vinci vs LAVH) using the nonparametric Mann-Whitney test. P-values were not adjusted 

for multiple comparisons and may not be interpreted as confirmatory but rather 

descriptive.

Senhance instruments were assigned a per-case instrument cost based on Asensus’ 

commercial price guide, assuming an adaptor with 250 lives and an insert with 50 lives. 

Da Vinci instruments were similarly assigned a per-case instrument cost based on life 

limits of 10 uses each and Intuitive’s commercial pricing, as of June 1, 2020. Instrument 

pricing is the same between the US and Europe for both vendors.

Results

This is the first comparative assessment of the Senhance surgical system in benign 

hysterectomy.  Summary analysis of the three cohorts is presented in Table 7.  Findings 

demonstrated a median Senhance benign hysterectomy instrument cost savings per 

case of $834 compared to similar da Vinci cases; this difference in median instrument 

costs between Senhance ($559) and da Vinci ($1,393) was statistically significant (p 

<0.001). Median benign hysterectomy console times for Senhance cases were 91.5 

minutes compared to da Vinci console times at 96 minutes, which was not statistically 
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significant.  It was noted that the total surgery elapsed time is longer for Senhance 

cases compared to the da Vinci cases, which can lead to less efficient use of OR 

resources.  This is likely longer in the Senhance cases due to the surgeons’ and crews’ 

lack of experience with the new Senhance technology, compared with the da Vinci 

technology which they had used previously.  In addition to the console time, which is 

surgeon dependent, the robotic set-up time, including port placement decisions and 

docking, are included in the total surgery elapsed time.  

Compared to LAVH, Senhance median instrument costs unique to the case were $559 

compared to $489 for LAVH, which was not statistically significant (p=0.336).  The 

majority of cost in the LAVH cases is related to single-use disposable energy devices 

such as Ligasure, Enseal, or Harmonic Ace shears.  

Additional findings include statistical significance of longer operating times for Senhance 

TLH (median 138.5 minutes) compared to LAVH (97.5 minutes) (p-value<0.001).  

However, when comparing the average console time of Senhance TLH (91.5 minutes) 

to the operative time of LAVH (101 minutes), there is no statistical significance (p-value 

= 0.6772).  

Discussion 

As is commonly known, the increase in robotic surgery adoption in gynecology has 

been challenged because of its associated high costs and longer operative times.17,18  It 

appears these historical barriers — higher per-case instrument costs and longer case 

times — are lowering as robotic surgeons become more experienced in robotic best 
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practices.6,7  With the inclusion of a new technology such as Senhance, laparoscopic 

surgeons can leverage aspects of robotic surgery, such as instrument control, image 

stability, and 3D visualization, while maintaining the patient benefits of minimally 

invasive surgery together with surgeon familiarity of laparoscopic techniques19,20  at 

lower instrumentation costs – a key objective of facility’s seeking to improve surgical 

contribution margins. 

It bears repeating that, despite the fact that the Senhance hysterectomy operative times 

were significantly longer than the LAVH (due in large measure to increased time 

associated with docking, port placement, etc.), when comparing the core operative time 

– i.e., the console time of the Senhance hysterectomy vs. the LAVH operative time – the 

difference is not significant.  Moreover, overall times have improved over the past 15 

years with da Vinci technology as experience of surgeons and operative teams has 

increased.21,22 It can be reasonably posited, therefore, that the difference in overall 

operative and console times of Senhance TLH cases will also likely decrease with 

surgeon and operative team experience and will likely approach parity with da Vinci as 

port placement and docking times for Senhance improve; however, further assessment 

of this parameter is required.  

Moreover, as previously discussed, the complete operation for all steps of the 

hysterectomy is most closely represented by the console time of the robotic cases 

compared to the total time of the LAVH cases in order to capture all steps of the 

technique including cuff closure.  
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Over the past decade, the decision by laparoscopic and open gynecologic surgeons to 

adopt robotic surgery has become increasingly widespread,2,6 with approximately 35% 

of all benign hysterectomies performed robotically in the US.17,23,24  This increase in 

robotic benign hysterectomy cases is a result of many factors, including surgeon 

preference attributed to robotic technologies as well as patient preferences.25   

Despite the widespread adoption of robotic surgery in gynecology, surgeons often 

struggle to maintain adequate robotic case volumes due to the recent decline in 

utilization of hysterectomy in benign conditions such as abnormal uterine bleeding.  

Notably, clinical quality and consistent surgical outcomes are not as favorable for low-

volume robotic surgeons in gynecology (which is similarly true for other robotic service 

lines), thus increasing risk and decreasing patient safety.6,26 Longer case times and 

decreased operational efficiencies also result in increased costs.  In fact, the prevalence 

of low-volume gyn surgeons – though performing the majority of gyn robotic procedures 

– contributes to higher overall surgical complication rates, longer lengths of stays, and 

higher cost of care compared to high-volume gyn surgeons.2,27

Several other points bear illuminating.  Regarding the comparative case times, even 

though this real-world study examined surgeons’ initial independent LAVH case, it 

should be noted that these surgeons were already experienced in laparoscopy, 

meaning there is inherent efficiency expected.  Set-up for traditional laparoscopy is also 

less demanding than robotic set-up for both da Vinci and Senhance.  

A second point relates to the benefits associated with a surgeon being able to sit peri-

operatively. One recent study of 289 gynecologic surgeons cited that those who 
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managed robotic ergonomics effectively reported a lower rate of physical discomfort 

associated with performing surgery (p<0.05).28

A third point of note is that, for surgeons learning the Senhance system, familiar port 

placement and instrumentation can speed learning curve adoption, while advantages of 

an open console, 3D visualization, and haptic feedback are at once a part of the 

operation. Such capabilities fill a gap for common cases such as benign hysterectomy, 

which have been vigorously challenged historically as inappropriate da Vinci cases due 

to their associated higher cost.17,29,30   However, being able to achieve the advantages of 

robotics at a lower cost per case vs. da Vinci – and with costs similar to but not 

statistically lower than LAVH – suggests the Senhance system should garner further 

consideration.

Although not addressed in this analysis, a final parallel consideration involves the needs 

of lower-volume gyn surgeons.  Specifically, many lower-volume surgeons (surgeons 

who perform less than an average of two robotic cases monthly) struggle with the 

increased technical demands required to transition from traditional laparoscopy to da 

Vinci robotic surgery, which often makes additional training and consistent robot 

utilization difficult to achieve and sustain.31  Such assessment may prove to be a 

worthwhile prospective exploration.  

Limitations

As a retrospective, pragmatic, real-world assessment, the three patient populations 

herein assessed – although inclusive of cases performed by learning curve surgeons – 
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were similar but not strictly matched with regards to patient age, BMI, co-morbidities, 

uterine size / weight, presence of uterine or other pelvic pathology, length of stay, pain 

measures, and post-op complications.  Despite the fact that these clinical endpoints 

were not available in the retrospective data sets, it is known that the surgeons selected 

did not exclusively perform Senhance, da Vinci or LAVH procedures over the timeframe 

analyzed.  Other familiar approaches to hysterectomy (abdominal, vaginal, or 

laparoscopic) were utilized by each, suggesting some initial case selection bias.  The 

bias in selecting initial learning curve cases was thus universal across each group, and 

most likely favored less clinically complex, and therefore more similar cases, selected 

by the surgeons for their first independent cases.  The methodology of extracting the 

comparative robotic and LAVH data points used in this analysis from a proprietary 

database may also raise the question of potential bias as well as the fact that this 

methodology is not widely accepted in the medical literature, and presents an 

acknowledged limitation of real-world, pragmatic assessments.

An additional limitation is the small numbers of da Vinci and LAVH cases per surgeon; 

sometimes only one case was available from low-volume surgeons.  Qualifying cases of 

initial independent cases with complete supply cost and time metrics were selected in 

an effort to achieve slightly larger cohorts of cases and surgeons, thereby gaining more 

data to compensate for the smaller individual surgeon numbers.  Senhance first-time 

users also had previous robotic experience; it may have provided a more robust 

assessment had the Senhance users been a totally robotic-naïve population.
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This assessment also relies on small sample sizes; 7 of 28 Senhance cases were 

performed by one laparoscopic surgeon (Table 4, surgeon E) whose case and console 

times were notably faster than the other 5 surgeons in this cohort, as well as faster than 

the average da Vinci cohort case times.  While this surgeon’s performance reduced the 

average Senhance case time in this limited series, it begs the question whether, and to 

what degree, experienced laparoscopic surgeons might achieve faster benign 

hysterectomy robotic case and console times on Senhance compared to the da Vinci 

robot, at least in their learning curve. To better assess this finding, future comparative 

research is called for inclusive of case-matched demographic, clinical, and cost 

comparisons.  Additional areas of research should also include same-surgeon 

experience and comparison between Senhance TLH, laparoscopic TLH and da Vinci 

TLH.  

Finally, this analysis was supported by industry, which opens the door to criticisms such 

as non-randomization and bias associated with the cost of consumables reported to be 

better for Senhance vs da Vinci cases. 

Conclusion 

On the basis of the findings in these initial, similar-case cohort comparisons, the 

Senhance system appears to offer a cost-effective minimally invasive surgical option in 

benign hysterectomy surgery compared to the da Vinci, with comparable case time; and 
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statistically comparable costs to LAVH albeit with longer case times, at least during the  

learning curve period. 
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Tables

Table 1.  Senhance Hospitals and Case Volumes
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Table 2.   Asensus Surgical Senhance Data Summary
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Table 3.   Intuitive Surgical da Vinci Data Summary
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Table 4.   LAVH Data Summary
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Table 5.   Asensus Surgical Senhance Instrument Costs (US / EU; in $)
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Table 6.  Intuitive Surgical da Vinci Instrument Costs (US / EU; in $)
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Table 7.  Summary Analysis
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Comparative Results of Senhance vs. da Vinci (in Benign Hysterectomy) 

Parameter
Senhance (n=26)

Median
Console  Time (min) 91.5

Surgery Elapsed Time (min) 138.5
Instrument Costs ($) $559

Median Cost Savings by Senhance ($) -$834.00

Comparative Results of Senhance vs. LAVH (in Benign Hysterectomy) 

Parameter
Senhance (n=26)

Median
Console  Time (min) 91.5

Surgery Elapsed Time (min) 138.5
Instrument Costs ($) $559

Median Cost Savings by LAVH ($) $61.00
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Da Vinvi (n=56)
P-ValueIQR Median IQR

68-114 96 69.5-122 0.898
119-172.5 108.5 88-127.5 <0.001
$162-624 $1,393 $1150-1393 <0.001

NA

LAVH (n=34)
P-ValueIQR Median IQR

68-114 NA NA NA
119-172.5 97.5 84-123 <0.001
$162-624 $498 $467-506 0.336

NA

Comparative Results of Senhance vs. da Vinci (in Benign Hysterectomy) 
Senhance (n=26)

-$834.00

Comparative Results of Senhance vs. LAVH (in Benign Hysterectomy) 
Senhance (n=26)

$61.00

Page 29 of 28

http://mc.manuscriptcentral.com/ijmrcas

International Journal of Medical Robotics and Computer Assisted Surgery

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved.  

 

 

 

 

 

 

 

Josh Feldstein (O rcid ID : 0000-0001-8951-550X ) 

 

 

 

F ig u re  1 .  B a s ic  S e n h a n c e  S u rg ic a l S ys te m  C o m p o n e n ts  
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Figure 3. Recommended Senhance Gyn Port Placement 
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Figure 2.  Initial Senhance Room Set-Up 
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