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Abstract

Objective To create and validate a micro-costing methodol-

ogy that surgeons and hospital administrators can use to eval-

uate the cost of implementing innovative surgical technologies.

Methods Our analysis is broken down into several ele-

ments of fixed and variable costs which are used to

effectively and easily calculate the cost of surgical opera-

tions. As an example of application, we use data from 86

robot assisted gastric bypass operations made in our hos-

pital. To validate our methodology, we discuss the cost

reporting approaches used in 16 surgical publications with

respect to 7 predefined criteria.

Results Four formulas are created which allow users to

import data from their health system or particular situation

and derive the total cost.We have established that the robotic

surgical system represents 97.53 % of our operating room’s

medical device costs which amounts to $4320.11. With a

mean surgery time of 303 min, personnel cost per operation

amounts to $1244.73, whereas reusable instruments and

disposable costs are, respectively, $1539.69 and $3629.55

per case. The literature survey demonstrates that the cost of

surgery is rarely reported or emphasized, and authors who do

cover this concept do so with variable methodologies which

make their findings difficult to interpret.

Conclusion Using a micro-costing methodology, it is

possible to identify the cost of any new surgical procedure/

technology using formulas that can be adapted to a variety

of operations and healthcare systems. We hope that this

paper will provide guidance for decision makers and a

means for surgeons to harmonise cost reporting in the

literature.
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Until recently, the expense or cost of a new surgical pro-

cedure or technology in the developed countries was a

secondary consideration to all parties involved: patients

who were well covered by state or private insurance, hos-

pitals, with healthy profit margins and surgeons, who were

concerned with improving patient care (or marketing their

services) ‘‘cost be damned’’.

Recent global financial constraints have forced a shift in

thinking on the part first of payers and regulatory agencies,

second on the part of hospitals who are feeling pressure on

their bottom line and finally, by ‘‘trickledown’’, on the part

of surgeons. Patients in most western countries, as of yet,

have not had to face the cost issues of healthcare—though

this is changing as well.

Perhaps because it was not historically needed (or required),

the economics of new procedures and surgical technologies is

seldomaddressed in the surgical literature.When it is addressed

it is usually incomplete, flawed and often biassed [5].

With no consistent metrics to measure costs compara-

tive analysis becomes impossible [5]. This leads to

complications in the decision-making process for both

hospitals and physicians, especially regarding new inno-

vative technologies.
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67091 Strasbourg Cedex, France

e-mail: imad.ismail@ihu-strasbourg.eu

D. Mutter

Strasbourg University Hospital, Strasbourg Cedex, France

123

Surg Endosc (2015) 29:2423–2432

DOI 10.1007/s00464-014-3929-4

and Other Interventional Techniques 

http://crossmark.crossref.org/dialog/?doi=10.1007/s00464-014-3929-4&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s00464-014-3929-4&amp;domain=pdf


To be fair, the economics of surgical intervention are

extremely complex and not straightforward. Hospitals are

complex economic environments that deal with a multitude

of vendors, different levels of staff, administration and

policy, etc. In most systems, there is no simple way to

determine the ‘‘cost’’ of something.

More socialized systems have global budget funding,

and granular details of expenditures are often poorly doc-

umented. Other systems, based on billing for services, have

a multitude of customers and use complex cost-shifting

strategies to maintain an operating profit. Still, one can

create economic models that take into account the cost

elements that any business would have. These can then be

expressed as formulas that can use institution-specific data

to calculate costs relevant to individual situations.

Health economic methodologies have continually

gained importance since the introduction of Health eco-

nomics as a discipline by Kenneth Arrow in 1963 [3].

Among these methods, Health Technology Assessment

(HTA) is used to study and analyse the medical, social,

ethical and economic aspects of adopting medical devices.

For our study, we are interested in the economic eval-

uation part which essentially makes reference to the cost-

benefit, cost-utility, cost-effectiveness, budget impact and

cost of illness techniques. It is interesting to point out that

the common point between these five techniques is the cost

part, the focus of our paper.

The cost analysis can be done following two approaches:

macro-costing (or top-down) or micro-costing (bottom-up).

The traditionally used top-down approach produces results

more easily than its counter-part, but at the cost of being less

precise [24]. It is with precision in mind that we chose to

develop our method around a bottom-up approach.

Aim of the study

We present an attempt to develop a reproducible economic

methodology that surgeons and hospital administrators can

use to evaluate the cost of using innovative surgical tech-

nologies. Our analysis will provide guidance for decision

makers and a mean for surgeons of harmonising cost

reporting in the literature.

Method

Economic methodologies

From an economic standpoint, the distinction between cost

and charge is essential for an analysis to have any utility.

The cost is the price paid by the producer (hospital) for

resources consumed during the production process

(surgery). Charge is the price paid by the consumer

(patient) needed for the institution to break even and to be

solvent [17].

Furthermore, a distinction must be made between fixed

versus variable and direct versus indirect costs. A cost is

considered fixed if it does not vary according to the level of

activity, and variable if it does [14]. A direct cost reflects

the price of resources that are directly attributable to the

project, whereas indirect costs are not directly attributable

to the completion of the studied activity and have to be

estimated using an allocation formula [1].

We follow a micro-costing approach for direct costs

separated into two categories: fixed and variable. Our

choice is meant to provide hospitals with detailed infor-

mation on when, where, how and if they can optimize

surgery cost [28].

The elements taken into account in each category

include medical devices and personnel as fixed costs,

whereas the variable costs encompass re-usable instru-

ments and disposables. Note that if the personnel’s salaries

were based on hourly remunerations, the personnel cost

would then be considered as variable [28].

In the next subsections, we establish several formulas to

calculate the cost of a surgical operating room with respect

to these elements.

Fixed costs: medical devices

In today’s technology leveraged surgical practice, the ini-

tial purchase price of surgical equipment needed to perform

the procedure is only part of the financial investment

required. Most advanced technologies need some type of

routine maintenance or upkeep which is usually covered by

‘‘maintenance/service contracts’’ with the company or

third-party vendors.

For mechanical and software based technologies,

accounting principles dictate a ‘‘life expectancy’’ for the

device. This is based on the average replacement cycle for

the technology based on mechanical failure and obsoles-

cence. It is an indication that allows projected amortization

of the purchase price and maintenance cost.

The investment cost of a new surgical technology is thus

dependent on several parameters. Consider an operating

room equipped with m medical devices (anaesthetic

machine, monitors, endoscopy video column, etc.), we can

calculate the Technology Cost (TC) per operation using the

following equation [26]:

TC ¼
Xm

i¼1

1

Ei � Ni

Pi þMi �
1� 1þ rð Þ�Ei�1

1� 1þ rð Þ�1

 !
; ð1Þ

where Pi, Mi, Ei and Ni are, respectively, medical device

i’s: purchase price, maintenance fee per year, life
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expectancy expressed in years, mean number of operations

per year for which the device has been used.

The discount rate r, fixed at 2.5 % for France, reflects the

time value of money. In other words, money that is available

today is worth more than the same amount of money avail-

able in the future since it could be earning interest.

Fixed costs: personnel

The term ‘‘robotic’’ or ‘‘robot-assisted’’ leads the imagi-

nation to a semi-automatic operation partially conducted by

a robot. In reality, a robot-assisted surgery requires as

many personnel as a laparoscopic operation and results, in

most cases, in an increase in operative times [16, 18].

These longer surgical operations translate into an increase

in surgery cost with respect to the personnel cost which can

be determined using Eq. 2. The per minute personnel cost

(PC) of a number p of personnel present during surgical

operations is expressed as

PC ¼ 1

12

Xp

i¼1

Wi � ti

Li � Ewdi
; ð2Þ

where Wi, Li, Ewdi and ti are, respectively, personnel i’s:

annual loaded salary, weekly paid working hours, effective

working days per year; as in (working days—paid leave),

mean time spent in surgery operations, expressed in

minutes.

Variable costs: re-usable instruments

Hospitals today are faced with many management choices

that affect operating costs. The choice of reusable versus

disposable operating room supplies used to be clear-cut: re-

usable supplies were less expensive but disposable supplies

were more convenient. Today, with patient safety concerns,

increasing regulations, labour costs and increasing dispos-

able costs, this simplified view no longer holds. Both

reprocessing expenses and disposable costs must be taken

into account when evaluating the cost of a procedure.

Equation 3 can be used to identify the instrument cost

(IC) per operation during which n re-usable instruments

were needed. It takes into account the sterilisation cost for

an instrument with respect to the fact that once the

instrument has used up its last life then it would not require

sterilisation.

IC ¼
Xn

i¼1

Pi þ Ei � 1ð Þ � Si

Ei

; ð3Þ

where Pi, Ei and Si are, respectively, instrument i’s: pur-

chase price, maximum number of uses allowed, sterilisa-

tion cost.

The additional cost (Si) reflects the resources needed to

sterilise instrument i as in labour (based on technician/

nurse’s time), rinsing, disinfection, packaging and steam

autoclaving [42].

Variable costs: disposables

Depending on the procedure, number of complications and

other factors, various consumables (anaesthetic agent,

implants, units of blood, etc.) will add to the operation cost.

Integrating this element into our equation is an easy task.

The challenge, however, lies in the time-consuming pro-

cess of collecting such detailed data.

Hospitals that successfully manage to identify all dis-

posables used during surgical operations need only to

multiply the number of units used by their purchase price to

obtain the disposable cost (DC). Mathematically, for a

number d of disposables:

DC ¼
Xd

i¼1

Ni � Pið Þ; ð4Þ

where Ni and Pi are, respectively, disposable i’s: number of

units used, purchase price

Case study

For our analysis, we use the example of robot-aided lapa-

roscopy because it is a current ‘‘hot topic’’ for patients and

surgeons, and hospitals are feeling a great deal of pressure

to make the multi-million dollar investment in this inno-

vative technology.

Robotic surgery and its history

Advances in robotic surgery started in 1985 with the

introduction of ‘‘Puma 200’’ during a stereotactic brain

surgery [24]. Further development in the following years

saw the introduction of ‘‘PROBOT’’ [11], ‘‘ROBODOC’’

[10], ‘‘AESOP’’ [35], ‘‘ZEUS’’ [34] and finally, the da

Vinci� Surgical System in 2000 [4].

The distribution of the da Vinci� Surgical Systems was

approved by the US Food and Drug Administration (FDA)

in 2001 [21]. Today, they are being used in various spe-

cialities among which: Head&Neck, Colorectal, General

Surgery, Gynaecology, Cardiac, Thoracic and Urology.

The latest of the series, da Vinci� SI, is composed of

four elements [22]: Surgeon console, patient-side cart,

surgical instruments and a 3D HD vision system.

The console allows the surgeon to operate while being

seated, viewing a high-definition 3D image of the surgical

field. His hand movements are transmitted from the master

Surg Endosc (2015) 29:2423–2432 2425
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controls situated at the console to the 4 robotic arms that

are part of the patient-side cart.

The vision system is equipped with a high-definition 3D

endoscope and image processing equipment that provide

the entire operating room (OR) team with a view of the

operating field on a large monitor. Through this system, we

can observe the surgical instruments’ movements among

which many follow a design with seven degrees of motion.

Cost of robot-assisted surgery

We seek to validate our estimation model by applying our

formulas to 86 Gastric Bypass operations performed between

02/01/2012 and 17/12/2012 at Strasbourg’s University Hos-

pital. All the analyses have been made using the free open

source statistical environment R [33], with which we created

an automated user friendly micro-costing analysis code.

Details over instrument costs and operative times were

provided by the Image-Guided Minimally Invasive Surgi-

cal Institute of Strasbourg (IHU Strasbourg), whereas

personnel and medical devices’ costs were retrieved from

Strasbourg’s University Hospital.

The chosen room for the analysis is equipped with

several medical devices that are common to 528 operations

made during 2012. For the IHU’s da Vinci� Si System, we

amortize the purchase (1.8 M) and maintenance (135 k)

costs over 147 operations during which the robot was used,

all procedures taken into account.

We consider 86 typical gastric bypass operations that start

off with a coelioscopic phase to prepare the patient, followed

by a robot-assisted phase to perform the jejunojejunal (JJ)

and/or gastrojejunal (GJ) anastomosis and a second coelio-

scopic phase to finish the operation. The mean operating

room occupation time was determined to be 303 min.

For illustration purpose, we provide details on what is

included in each element:

• Medical Devices: Robotic system, endoscopy column,

operating table, surgical lights, surgical pendant,

syringe pumps, ceiling supply unit, anaesthetic

machine, electrosurgical unit, monitors

• Personnel: Surgeon, interns, circulator, scrub, anaes-

thetist doctor, anaesthetist nurse

• Re-usables: Bowel grasper, 5-mm needle driver, mono-

polar curved scissors, fenestrated bipolar forceps

• Disposables: Drapes, tip covers, canula seals, needles,

antiseptic, electric bistoury, urine collector, endoGIA

stapler/recharges, gloves, syringe, etc.

Due to lack of data, we had to base our analysis on several

assumptions. We list those in an attempt to minimize their

impact on our methodology:

• Past their life expectancy, medical devices have a null

value

• Medical devices’ maintenance fees are fixed

• Hospitals should consider investing in a new surgical

robot when volumes exceed 400 robot-assisted opera-

tions per year1

Most of our results are based on European prices (taxes inclu-

ded) to which we apply an exchange rate of 1€ = 1.3345$.

Table 1 presents the total cost per operation for the 86

robot-assisted Gastric Bypass with regard to each element

of the fixed, variable costs.

The amortized value of the medical devices amounts to a

total of $4320.11, inclusive of taxes, per operation. Consid-

ering that the da Vinci� Si System was only used in a total of

147 operations, its amortization value amounts to $4213.32

which represents 97.52 % of all Medical Devices’ cost.

By determining the mean duration each personnel

spends in the operating room, we are able to integrate the

total payroll costs data provided by our hospital into Eq. 2.

With a mean occupation time of 303 min, we determine a

per minute personnel cost of $4.11.

The cost of re-usable instruments, tax excluded, sums up

to $1458.56. However, we must take into account that we

did not perform fully robot-assisted operations, and it is

thus likely that some robotic instruments were not needed

or were replaced by traditional laparoscopic instruments.

While the disposables’ cost accounts for 34 % of the

total cost per operation, we have little control over it. This

value can vary greatly from one procedure type to another

especially if implants are needed or if complications occur.

However, we can try to manage it by limiting wastefulness

and preferring basic over new high-technology disposable

instruments with the same functionality.

Discussion

Literature review

Worldwide, cost is rapidly becoming one of the most

important metrics in surgical care. As medical costs

Table 1 Total cost per Gastric Bypass operation

Element Cost ($) Weight

Medical devices 4,320.11 0.40

Personnel 1,244.73 0.12

Re-usables 1,458.56 0.14

Disposables 3,629.55 0.34

Total per operation 10,734.07 1.00

1 Based on an expert’s feedback and supported by Intuitive Surgical’s

recommendations.
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consume increasing proportions of national economies, the

dramatic, undeniable and almost totally technology lever-

aged, improvements in surgical care are earning critical

scrutiny if not criticism for their costliness. ‘‘Is it worth

it?’’ is a question that surgeons and hospital directors never

had to answer in the past but now have to respond to

routinely.

Robotic surgery has occasioned a great deal of excite-

ment on the part of surgeons (attracted by its ergonomics

and marketability) and patients, who are attracted by its

futuristic implications of superiority over traditional sur-

gery. However, from an economic standpoint, robotic

laparoscopy definitely deserves an extensive cost-effec-

tiveness analysis as it requires a massive financial invest-

ment and, to date, has shown little if any clinical benefit

over traditional laparoscopic or even open surgical

approaches.

To backup the usefulness of our methodology, we

assessed the cost approaches used in the surgical literature

for robotic surgery through a Pubmed search using the

Mesh terms (‘‘Surgery, Computer-Assisted’’[Mesh] OR

‘‘Robotics’’[Mesh]) AND ‘‘Costs and Cost Ana-

lysis’’[Mesh] for Prostatectomy, Cystectomy, Hysterec-

tomy, Gastric bypass and Fundoplication. We manually

selected the 19 most relevant articles2 to our study, which

we analysed with respect to the following criteria:

• Cost, not charge, data are used

• Operating room costs can be calculated separately from

hospital admission and exams

• Medical devices’ (Robot included) cost and mainte-

nance are taken into account

• Personnel cost is identified

• Re-usable instruments’ costs are calculated (with

sterilisation)

• Disposables’ costs are reported (with anaesthetic agent)

Six papers [19, 31, 32, 39–41] did not meet the first two

criteria, making the operating room cost analysis, sepa-

rately from the hospitals’, impossible. For an economist,

the segmentation of costs is essential for analysing the cost-

effectiveness of decisions or policies. Considering that

policies affecting the operating room also indirectly affect

the rest of the hospital, decision makers should have the

correct tools to reallocate resources from one segment to

another depending on the desired direct and indirect

effects.

Out of the 13 remaining articles, the robot’s purchase

and maintenance costs were only accounted for in seven [6,

9, 15, 25–27, 37]. Published articles that do not take these

costs into account [8, 12, 13, 23, 30, 36], even if the robot

was a donation, introduce a significant bias in the surgical

literature. Conclusions on cost-effectiveness ratios, or

comparative analysis, either become more favourable

towards adopting the new technology or lack in evidence

for any reliable decision.

None of the articles took into account medical devices

that are shared among different specialities (monitors,

surgical pendant, etc.). Sarlos et al. [36], and Huben et al.

[23] did not consider the cost of any medical device,

whether shared or not. The introduction of new technolo-

gies render other ones obsolete, and the changes that are

thus incurred affect both shared and procedure-specific

devices. If we are to identify these changes, our cost ana-

lysis must cover the entire operating room without making

exceptions.

Three articles [15, 26, 37] demonstrated an intriguing

variability in calculating personnel cost. While Smith et al.

[37] took into account OR personnel and excluded surgeon

fee, Lee et al. [26] only took the latter into account. El

nakadi et al. [15] preferred to include only the OR nurse

cost. Two articles [9, 23] did not take into consideration the

personnel cost at all. While all other direct expenses are

determined as a per operation expense, the personnel cost

defines the cost per minute of the operating room. This

element is essential if surgeons wish to identify the cost of

an additional minute of operation.

Further variability is observable in the study by Dennis

et al. [13] which, even though only considered the cost of

the anaesthesia machine in the medical devices’ category,

was the only article to fully integrate the cost of re-usable

instruments and disposables with the sterilisation and

anaesthetic agent costs taken into account. It was also the

only article to provide the cost of the entire OR personnel.

Costi et al. [9] took into account the cost of medical

devices, re-usable and disposable instruments only

incompletely, whereas Bolenz et al. [6] took partial con-

sideration of each criterion.

The current peer reviewed literature is clearly weak

regarding robotic surgery outcomes, particularly in the

cost-effectiveness field. When cost is reported in the sur-

gical literature it is frequently done in a haphazard and

non-rigorous way. Due to missing information on what is

included in each calculation, we were neither able to

compare results nor use weighted scoring methods, for the

weight of each cost vary from one procedure to another.

Nonetheless, our survey clearly indicates the need for a

harmonised analysis method.

Generalizing results

The French National Authority for Health (HAS) provides

recommendations on how medico-economic evaluations

should be conducted. In their 2011 guide on the

2 We excluded articles that only analyse the cost of complications

and those for which we did not have access to.
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methodology choice [20], the HAS explicitly recommends

the use of micro-costing analysis for innovative technolo-

gies, specifically those for which a reimbursement price has

not been determined.

Hospitals that wish to acquire such new surgical tech-

nologies must base their decision on plausible estimations

of both benefits and costs. Depending on the point of view

from which they conduct their analysis, the method and

information they extract are very likely to be different.

Charge data should be used when conducting an analysis

from a patient’s point of view, and the information we thus

extract will reflect the patient’s, or payer’s, behaviour.

When using cost data, the conclusions will serve as guid-

ance for the hospital and surgeons.

We positioned ourselves from the hospital’s point of

view. Our formulas provide a mean for estimating the cost

per operation by taking into account all changes that would

affect the operating room, with regard to the predicted

number of operations and surgery time.

In our example, the amount of resources necessary to

acquire a da Vinci� Si Surgical System ranges from

$1.0 M to $2.3 M, with a yearly maintenance cost of

around $100 K to $170 K (Intuitive Surgical Investor

Presentation Q1 2013).

Published studies focused on robot-assisted surgery

either choose to amortize the purchasing price over 5 years

[7, 15, 29, 37] or 7 years [6, 19, 27, 38]. The choice mainly

seems to depend on the hospital’s policy for medical

devices’ amortization with no consensus over the life

expectancy of the surgical system.

The importance of determining the life expectancy of

surgical systems and surgical instruments should be

emphasized. Tools that are used beyond their life expec-

tancy tend to give the impression that their investment is

more profitable. However, from an economic standpoint,

this situation does not necessarily represent a smart move.

Past their life expectancy, machines tend to require

additional maintenance and encounter failures more often.

The impact of the former in terms of cost is straightforward.

The latter directly influences the probability of complica-

tions for the patient during surgical operations and, in turn,

increases the risk of lawsuit, financial loss and harming the

surgeon’s or their hospital’s reputation. The incremental

economic benefit is thus exponentially decreasing with each

use beyond the device’s life expectancy.

To justify the choice of investing in a new technology,

hospitals ought to present reasonable arguments that are

adapted to their situation. This can be done through both

break-even and budget impact analyses. It is more conve-

nient, for example, for business institutions to acquire

technologies with low fixed costs for, in case of low

activity, the losses would be limited. However, for high

volumes of activity, it is more advantageous for a company

to invest in technologies with low variable costs to increase

the return on investment in the long term.

In other words, hospitals that estimate their activity to be

higher than the level needed to reach the break-even point

should focus primarily on controlling their variable costs. If

the activity is estimated to be lower, then decreasing the

fixed costs should be the primary concern.

We present a few illustrative figures using Eq. 1 using

the da Vinci� Surgical System. We base our calculations

on an optimistic assumption of 400 robot-assisted opera-

tions and a 7 years life expectancy which allows us to

identify the lowest possible amortization values of the

purchase and maintenance expenses, per operation, of the

surgical system.

Following our assumption and according to Table 2,

hospitals would have to charge their patients $558.78 to

$1164.21 per operation to cover the initial purchase and

maintenance costs, i.e. reach the break-even point, of the da

Vinci� Surgical System alone.

For a fixed purchase price, we are able to calculate the

investment’s amortization for, respectively, 100, 200 and

300 operations per year (Example Table 3).

As Table 3 indicates, the cost per operation is highly

sensible to the volume of the hospital’s activity. To add, the

incremental effect on amortization tends to decrease as the

volume of activity becomes higher. Investing in technolo-

gies with a high fixed cost is thus equivalent to taking

higher risks.

To illustrate, consider a fixed reimbursement amount of

$1676.34 per operation based on an estimation of 200

Table 2 Purchase and maintenance 7 years amortization ($)

Ni = 400 Maintenance per year Mi

Pi 100 k 125 k 150 k 170 k

1.0 M 558.78 609.19 659.60 699.93

1.25 M 648.07 698.47 748.88 789.21

1.5 M 737.35 787.76 838.17 878.50

1.75 M 826.64 877.05 927.46 967.78

2.0 M 915.92 966.33 1,016.74 1,057.07

2.3 M 1,023.07 1,073.47 1,123.88 1,164.21

Table 3 7 years amortization by operations per year ($)

Pi = 1.5$M Maintenance per year Mi

Ni 100 k 125 k 150 k 170 k

100 2,949.4 3,151.04 3,352.68 3,513.99

200 1,474.70 1,575.52 1,676.34 1,756.99

300 983.13 1,050.35 1,117.56 1,171.33

400 737.35 787.76 838.17 878.50
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operations per year (Table 3). Hospitals that end up with 125

operations, for example,wouldmake a total yearly net loss of

(200 - 125)*1676.34 = 125723.25$ from the robot

investment alone. With that mindset, hospitals with small

activity will be unable to invest in expensive, but potentially

breakthrough, technologies unless they are risk-loving. If so,

they will have a clear incentive to increase surgical volume

and control costs instead of emphasizing quality.

A system where Hospitals prioritize quantity over

quality is unsustainable and will eventually lead to a deg-

radation of the healthcare system. As Arrow [3] points out,

the special characteristics of the medical-care market

emphasize the role of trust between physicians and

patients. Charges, which are borne by the consumer/payer,

that fail to be correctly justified will eventually lead to a

negative impact on hospital-patient or hospital-insurance

company relationship.

As with the medical devices, re-usable instruments also

have a life expectancy. More precisely, they have a max-

imum number of uses beyond which the overall risk is

higher for patients, surgeons and hospitals.

In the case of Intuitive Surgical, the da Vinci� Surgical

System is programmed to block the installation of its

instruments after a specific number of uses pre-determined

by the manufacturer. The most basic instruments are lim-

ited to a maximum of 10 uses (EndoWrist� Instrument &

Accessory Catalogue, January 2013). After installing the

instrument for the 10th time onto the robot’s arm, the

system will refuse any further installations even if the

instrument is still technically reusable.

The manufacturer has made a positive contribution

towards protecting their patients by limiting the use of

surgical instruments. Laparoscopic instruments that were

used until they break, frequently during surgical operations

and causing complications, are now replaced more often.

However, one might question whether the lower prob-

ability of complications is worth the added cost per use,

and whether the current limit of 10 uses for some robotic

instruments, 20 for others, is justified. To be able to provide

an answer, an analysis of the complications’ cost should be

made along with a calculation of the probability of having

laparoscopic surgical instruments break and cause com-

plications. We should then seek to compare the product of

these two values with the difference in the cost per use of

the laparoscopic instrument and its robotic alternative. Due

to the lack of data, we are currently unable to conduct such

a study.

In their 2013 catalogue, Intuitive Surgical provides an

EndoWrist� Instrument Application Matrix with recom-

mendations on which instruments to use for five surgical

specialities and the associated procedures (Table 4):

Urology (1, 2, 3), Gynaecology (4, 5, 6), Cardiothoracic (7,

8, 9), General (10, 11, 12) and Paediatric (13, 14).

Based on experts’ reviews of this list, we make the

assumption that when a surgeon is faced with a choice

between two instruments that fill the same role, he would

choose the cheapest one. We also assume that instruments

designated as supplementary are not mandatory, and thus

can be omitted from the calculation. This allows us to

identify the minimum instrument cost per procedure as

recommended by Intuitive Surgical (Table 4).

Other things being equal, the cardiac revascularization

procedures are ranked as the most expensive with a total

instruments cost per operation of $3890.67. This high value

is explained by the high number of recommended instru-

ments among which the Endowrist� stabilizer that costs

$1276.81 per use.

The low anterior resections are, by far, the least

expensive procedures with an instrument cost of $964.02.

However, we should note that the price of disposable

accessories, which can prove very high, needed for some

re-usable instruments are not considered in this section.

Out of the 42 EndoWrist� Instruments, 8 require addi-

tional investment in the form of disposable accessories. For

example, the Harmonic ACE� Curved Shears 8 mm costs

$1755.62 can be used 20 times ($87.78 per use) but

requires a disposable insert that costs $686.28 per unit

which sums up to $774.06 per use. The same applies to the

Endowrist� Stabilizer ($1276.81 per use) which requires

the Clearfield� ($497.95 per unit) and CardioVac�

($446.88 per unit) disposable tubings.

Limits of the methodology

Operations occurring in a traditional hospital operating

room are considered to be the most costly activities of the

Table 4 Minimal re-usable instruments cost per procedure

Procedure Rank Cost($)

1. Prostatectomy 10 1,768.43

2. Cystectomy 6 2,568.06

3. Nephrectomy 7 2,351.00

4. Hysterectomy 3 2,840.99

5. Myomectomy 5 2,617.54

6. Sacrocolpopexy 2 3,096.36

7. Mitral valve repair 4 2,681.38

8. Cardiac revascularization 1 3,890.67

9. Lobectomy 12 1,597.66

10. Gastric bypass 8 1,913.68

11. Low anterior resection 14 964.02

12. Nissen fundoplication 13 1,482.74

13. Pyeloplasty 9 1,803.55

14. Nissen fundoplication 11 1,638.62

Disposables and accessories are not taken into account
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healthcare system. This is due to the extensive facility

modifications required for a sterile environment, the large

ancillary labour force needed to conduct high risk inter-

ventions in a safe and effective manner, and increasingly,

the high cost of the enabling technology needed for the

procedure. All these elements can be distilled into an

institution-specific per minute or per operation cost for

using the operating room—and any supplementary tech-

nology would be added on to this baseline ‘‘overhead’’.

Traditionally, a micro-costing methodology would

include both direct and indirect costs. We chose not to

include the indirect element in this particular case study

because it requires an extensive knowledge of the hospi-

tal’s activity and organisation. As such, indirect costs are

hard for surgeons to obtain unless the hospital collaborates.

Note however, that when comparing the cost of two sur-

gical techniques, the overhead cost will often be the same if

the same calculation method is used and can thus be left

out in a comparative analysis study.

By necessity, much of our formulas are based on

assumptions that were made based either on actual data

from robotic centres including our own, or as provided by

Intuitive Surgical or on literature review and expert opin-

ion. Still, any data based on opinion may be flawed and

corrupt to some extent.

Due to data unavailability, the sterilisation cost was

determined through a literature survey. In our search, A-

pelgre et al. [2] were the only authors to address this issue

in detail. By considering the time and resources needed for

cleaning, sterilisation and packaging of reusable instru-

ments, they determined a total cost of ($0.80) per instru-

ment per case.

We have deliberately forgone the opportunity cost,

which requires an extensive investigation of the benefits

provided by the studied technology and its alternatives, for

this analysis goes beyond the purpose of our current

objective.

Even though we do not address the issue of benefits in

this article, we would like to point out the necessity of

covering that part of the analysis. Focusing solely on cost

could pose a threat to the development of innovation,

especially in the early stages of adoption, as it could lead to

simple ‘‘cost-cutting’’ without regard to the potential long-

term benefits of the technology. Therefore, any discussion

of costs implies the need to consider an analysis of the

‘‘benefits’’ or the ‘‘return on investment’’.

Nevertheless, the analyst will face several challenges

when analysing the benefits of an innovative surgical

technology as some are hard to discern, especially when

capturing the financial benefit of intangible factors.

In spite of these weaknesses in our study, we feel that

compared to the variable approaches used in most of the

cost peer-reviewed literature, our approach has a sound

economic foundation and is supported by the real-life

examples we used.

Conclusion

In the past, ‘‘surgeons love it and patients want it…’’ was

all that was required to drive a new technology into hos-

pital practice; today however, costs must be justified by the

economics of improved patient outcomes. To do so, one

must begin with a precise measurement of the procedure’s

cost.

We present the components of a surgical cost analysis

and seek to validate our formulas with the example of da

Vinci robot-assisted laparoscopic surgery. Using micro-

costing methodologies, we show that it is possible to

identify the cost of any new surgical procedure/technology

using formulas that can be adapted to a variety of opera-

tions and healthcare systems.

The presentation of our methodology in a formulaic

format is intended to make it applicable to different

healthcare systems by allowing them to adjust input vari-

ables according to their real-life data and to skip elements

of the calculation if they don’t apply. It is intended to

provide a concise way of harmonising the literature

regarding surgery costs as to improve the possibilities of

comparative analysis.

We hope this paper and the formulas we develop will

provide a new, consistent format for the evaluation of the

cost of new surgical technologies like robotics and be of

help to institutions and physicians who are considering

investing in new technology-enabled surgical procedures.

In future work, we will be extending our methodology to

the ‘‘benefit’’ half of the equation. Recognizing that even if

a technology is more costly to use, it can be worth it if there

is sufficient patient and social benefits.

Disclosure Imad Ismail, Sandrine Wolff, Agnes Gronfier, Didier

Mutter, Lee L. Swantröm have no conflicts of interest or financial ties

to disclose.

Appendix

Demonstration: medical devices

Objective:

TCi = Cost per operation of medical device i’s purchase

and maintenance costs.

Let

• Pi = purchase price

• Mi = maintenance fee per year
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• Ei = life expectancy expressed in years

• Ni = mean number of operations per year for which

medical device has been used

• r = discount rate

Purchase cost per operation¼ Pi

Ei � Ni

Yearn’s maintenance discounted present value

¼ Mi �
1

1þ rð Þn

Maintenance cost per operation ¼ 1

Ei � Nið Þ

� Mi þMi �
1

1þ rð Þ þ � � � þMi �
1

1þ rð ÞEi

 !

¼ 1

Ei � Ni

�Mi � 1þ 1

1þ r
þ � � � þ 1

1þ rð ÞEi

 !

¼ 1

Ei � Ni

�Mi �
1� 1

1þr

� �Eiþ1

1� 1
1þr

¼ 1

Ei � Ni

�Mi �
1� 1þ rð Þ�Ei�1

1� 1þ rð Þ�1

By summing the Purchase cost and Maintenance cost per

operation:

TCi ¼
1

Ei � Ni

Pi þMi �
1� 1þ rð Þ�Ei�1

1� 1þ rð Þ�1

 !
:

Demonstration: medical devices

Objective:

PCi = Personnel i’s cost per operation

Let

• Wi = Annual loaded salary

• Li = Weekly paid working hours

• ti = Mean time spent in operations, expressed inminutes

Monthly loaded salary¼Wi

12

Weekly paid working minutes ¼ Li � 60

Effective working days per month

¼ Effective working days per year

12

¼ working days per year� Paid leaveð Þ
12

Effective working weeks per month

¼ Effective working days per month

5

¼ Working days per year� Paid leaveð Þ
12� 5ð Þ

Effective working minutes per month

= Weekly paid working minutes

� effective working weeks per month

¼ Li � 60ð Þ � working days per year� Paid leaveð Þ
60

¼ Li � Effective working days per yearð Þ

Cost per minute of personnel i 9 Minutes personnel i

spent in operation j:

PCi ¼
Wi=12

Li � Effective working days per yearð Þ � ti

¼ 1

12
� Wi � ti

Li � Ewdi

:
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