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Abstract

Common benign gynecologic procedures include hysterectomies and myomectomies, with hysterectomy being the most com-
mon gynecologic procedure in the United States [1]. While historically performed via laparotomy, the field of gynecologic
surgery was revolutionized with the advent of laparoscopic techniques, with the most recent advancement being the introduc-
tion of robotic-assisted surgery in 2005. Robotic surgery has all the benefits of laparoscopic surgery such as decreased blood
loss, quicker return to activities, and shorter length of hospital stay. Additional robotic-specific advantages include but are
not limited to improved ergonomics, 3D visualization, and intuitive surgical movements. Despite these advantages, one of
the most commonly cited drawbacks of robotic surgery is the associated cost. While the initial cost to purchase the robotic
console and its associated maintenance costs are relatively high, robotic surgery can be cost-effective when utilized correctly.
This article reviews application strategies and factors that can offset traditional costs and maximize the benefits of robotic

surgery.
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Introduction

Hysterectomy for benign indications is the most common
gynecologic procedure in the United States, with over
600,000 cases being performed annually [1]. Over an aver-
age lifetime, 43% of women will have undergone this pro-
cedure [2]. While the majority of cases are still performed
through laparotomy, the introduction and popularization of
minimally invasive methods have provided an alternative
with multiple proven advantages [1, 3, 4]. Advancements in
the field of minimally invasive surgery have led to the wide
spread popularization of robotic surgery [5]. Robotic surgery
is laparoscopic surgery; however, proponents of the robotic
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platform believe that this tool provides advantages unparal-
leled by traditional laparoscopic equipment [5]. Adopters of
the robotic platform believe that this tool provides benefits
over conventional laparoscopy for challenging cases includ-
ing myomectomy, resection of endometriosis with signifi-
cant adhesive disease, and operating on the morbidly obese
patient [6].

The Food and Drug Administration approved the use of
the Da Vinci® Robot (Intuitive Surgical Corporation. Sun-
nyvale, CA) for gynecologic indications in 2005. Robotic
surgery provides all the advantages of laparoscopic surgery
while offering additional benefits: improved ergonomics
that mimic the natural hand movements of open surgery,
an increased range of motion (up to 7° of freedom), and 3D
visualization. These advantages can make even the most dif-
ficult cases feasible with robotic surgery. Since the introduc-
tion of the Da Vinci surgical system, its popularity has been
widespread [7]. The dramatic increase in utilization of the
robotic surgical system is not limited to gynecology, but has
been seen in various other specialties including general sur-
gery, colorectal surgery, otorhinolaryngology, and pediatric
surgery [8—10]. However, gynecology and urology are two
specialties that have helped to popularize the robotic surgical
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system by being early adopters, accounting for 86% of all
robotic procedures performed in the USA [11].

One of the most common criticisms regarding robotic
surgery for benign gynecologic indications is the associated
cost. Annual hysterectomies contribute $5 billion to health
care costs [12]. Endometriosis, a gynecologic condition
affecting more than 5 million women in the United States,
is estimated to incur $69.4 billion annually in direct and
indirect costs [13]. These are only two examples of the way
in which gynecologic conditions impact the annual cost of
care delivered in a variety of settings. Studies have demon-
strated that robotic surgery, on average, costs an additional
$2000-$3000 compared to other modalities [14—16]. Costs
have been consistently higher for all benign gynecologic sur-
gery using the robotic platform. These studies, however, are
imperfect and often do not consider costs outside of surgery
alone. Ideal studies would not consider the cost of surgery
in isolation, but would identify the total cost of care associ-
ated with different surgical modalities. Robotic surgery can
be a cost-effective modality for surgery if utilized correctly.
In this era of rising health care costs, it is imperative for
individual practitioners to be cost-conscious. In this review
paper, we will analyze the different costs associated with
robotic hysterectomies and myomectomies, and discuss
strategies that can be implemented to offset and minimize
their cost.

Challenges of comparing cost

Comparing cost between modalities of surgery can be diffi-
cult as multiple confounders and different types of economic
analyses are present in the literature. Some of the variables
include direct healthcare costs, direct non-healthcare costs,
indirect costs, actual charges, set charges, and inflation.
The shortcomings of a majority of available data stem from
heterogeneity of study designs and methodological flaws in
the data analyses [13]. In a recent systematic review of all
available literature from 2008 to 2016, the authors found
that only a few studies had methodologically sound study
design consistent with the Consolidated Heath Economic
Evaluation Reporting Standards (CHEERS) statement [13].
Few available studies evaluate the societal burden of use of
patient time, which includes lost productivity from work,
transportation fees, and non-healthcare-associated costs
[17, 18]. Often studies include the purchasing cost of the
robotic surgical system and then fail to include out of hos-
pital costs, which skew the cost analyses [13]. Including a
fixed purchasing price of the robotic surgical system, often
included in these cost comparison studies, will also skew
data as an increase in robotic operations per year will actu-
ally decrease the overall cost per operation [19]. In the anal-
ysis by Lonnerfors et al., similar overall hospital costs were
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seen between traditional laparoscopy and robotic surgery
($7059 vs. $7016) when the robotic surgical system was
considered a preexisting investment [20].

Another shortcoming of dated studies is the failure to
consider how the learning curve for robotic surgery has
changed over time. As surgeon comfort increases with the
robotic platform, its use increases accordingly. Since 2008,
about 80% of radical prostatectomies are being performed
robotically, compared to a historically open procedure [21].
Several studies have shown that with greater expertise in the
robotic surgical system there are shorter operating times, a
shorter length of stay, and fewer readmissions [22-24]. A
recent study analyzing robotic-assisted versus laparoscopic
gastric bypass found that there were fewer complications
associated with the robotic surgery group [25]. This same
study found a lower rate of 90-day readmission rates for
the robotic group compared to the laparoscopic group [25].
Data exist to show that the learning curve for robotic surgery
directly impacts the cost associated with the procedure [26].
It is safe to assume that as surgeons become more comforta-
ble, and thus more efficient, with the robotic surgical system
the cost per procedure will decrease. There are already data
to suggest that with high volume surgeons the robotic surgi-
cal system can be cost saving over traditional laparoscopy
for large uteri [27]. It is undeniable that the robotic surgical
system is here to stay and is gaining widespread traction.
The estimated annual procedure volume has increased by a
factor of 6 between the years 2008 and 2017 (136 000-877
000, respectively) [28]. Another inevitability is that the entry
of competitors will introduce significant cost reductions
from the price of the robotic surgical system being driven
down [29]. Currently, one company has a stronghold on the
robotic market; however, this is undeniably going to change.

Da Vinci® robotic cost components
Fixed costs

For robotic surgery, certain associated costs are unavoidable,
such as the initial purchase of the Da Vinci® robotic console.
In addition to this investment cost, the yearly maintenance
costs need to be included in any analyses of robotic expense
as well. The Da Vinci® robotic console, the only console
currently available sold by Intuitive Surgical, Inc., can
range from $1 to $2.3 million. Contrary to popular belief,
this investment cost is not evenly distributed solely among
robotic surgical cases performed at the purchasing entity
(hospital, outpatient surgical center, etc.). The process of
compensating the initial purchase cost is more complex and,
as such, this result will vary between purchasing bodies.
When the robot is a preexisting investment in an established
entity, the cost difference between minimally invasive routes
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do become more accurately comparable [30]. Annual robotic
maintenance fees average between $100,000 and $180,000
and do not include the necessary, but disposable, ancillary
equipment [14]. For institutions that perform a high volume
of robotic procedures, the fixed costs become significantly
less pronounced [16, 30].

Disposable costs

As previously mentioned, the initial investment in the robotic
console does not include ancillary equipment. Table 1 shows
a brief list of additional equipment that is available and may
be required, for each individual case. Many of the exchange-
able instruments, such as the robotic needle drivers or fenes-
trated graspers, have a lifespan of ten uses prior to requiring
replacement. The hospital would have to invest in purchasing
these instruments, ranging from $2000 to 3000, with their
average cost per use incorporated into each individual case.
Multiple studies have cited the disposable equipment as the
driving force behind the high cost of robotic-assisted surgery
[16, 31, 32]. Wright et al. compared variable costs (defined
as disposable instruments and supplies) between traditional
laparoscopic and robotic-assisted hysterectomies and found
an additional average cost of $1207 for robotic cases.
Despite the unavoidable cost of purchasing disposable
instruments to facilitate robotic surgery, the surgeon can still
consciously reduce the cost per case with correct surgical
preoperative planning. A study of robotic prostatectomies
found that by excluding the use of energy sealing devices
and minimizing redundant instrumentation, costs were
reduced by as much as 40% per case [33]. Data exist to show
that performing reduced-port robotic hysterectomy is feasi-
ble and has advantages including decreased docking time,
reduced blood loss, and decreased length of hospital stay
[34]. Reduced port robotic hysterectomy also translated into
an approximate $1800 cost reduction per case ($6845 vs.
$8709) [34]. Similarly, reduced port robotic hysterectomy
and pelvic lymph node dissection for endometrial cancer

Table 1 Disposable equipment needed per case for robotic and lapa-
roscopic cases

Shared between laparoscopy Robotic specific

Foley catheter Robotic custom pack
Veress needle
CO2 tubing

Suction irrigator

Instrument arm drapes
Camera arm drape
Camera drape

Uterine manipulator Robotic needle driver
Laparoscopic ports Robotic forceps

Bipolar forceps

Robotic fenestrated graspers

Robotic ports

translated into a statistically significant cost reduction per
case when compared to conventional multiport robotic hys-
terectomy ($13,410 vs. $15,952; p < 0.05) [35]. Avoiding
the redundancy of using multiple different instruments for
a similar function in a single case can further decrease cost
[33]. In addition, as multiple vendors eventually enter the
market competition should drive down the price for robotic
consoles and robotic equipment that Intuitive Surgical has
currently set.

Modifying factors
Intraoperative and postoperative complications

Postoperative complications occur in up to 6-7% of patients
undergoing surgery [32, 36]. Complications can include, but
are not limited to, infections (urinary tract infections and
superficial or deep wound infection), cardiovascular events
(myocardial infarction, cardiac arrest, stroke), pulmonary
events (pneumonia, pneumothorax, unplanned intubation),
or thromboembolic events (deep venous thrombosis and
pulmonary embolism). These complications have major
financial consequences on the healthcare system. Any event
complicating the surgery can increase the median cost of
care per event by upwards of $11,626 [37]. These costs are
largely driven by the increased need for resources, hospital
charges, and increased length of hospital stay.
Complications associated more with laparotomy, com-
pared to a minimally invasive procedure, include surgical
site infection and hematomas, leading to increased rates
of readmission. Surgical site infections can also result in a
prolonged hospital stay, higher rates of reoperation, sepsis,
and wound dehiscence, and can delay the patient’s ability
to return to work. Surgical site infections have been shown
to lead to a doubling of the cost of care for a given proce-
dure [38, 39]. Understanding the importance of minimizing
complications in surgery is paramount and robotic hyster-
ectomies have been shown to have the lowest incidence of
wound infection when compared to other modalities [38].
As utilization increases for robotic surgery across mul-
tiple disciplines, there will certainly be more study and
scrutiny of the differences in complication rates between
the robotic platform and traditional laparoscopy [40]. For
surgical oncology, surgeries largely performed via laparot-
omy, over a 5-year study period there was a fivefold increase
in utilization of the robotic platform [40]. When traditional
laparoscopic hysterectomy has been compared to robotic
hysterectomy, many studies have shown comparable rates
of intraoperative and/or postoperative complications [27,
41-43]. However, more recent data taking into account sur-
geon experience have shown that robotic-assisted surger-
ies may have less complications overall when compared to
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all other modalities [44, 45]. A special concern often cited
for laparoscopic or robotic surgery is the need for conver-
sion to laparotomy. Even in complicated cases, with large
uteri (500-1000 g), endometriosis, or large body mass
index (BMI), robotic surgery was performed safely with no
increase rates of complications, rates of blood transfusion,
or conversions to laparotomy [46—48].

The dogma of minimizing complications to reduce costs
holds true for hysterectomies and myomectomies regardless
of modality. When laparoscopic and robotic hysterectomies
are compared to open hysterectomies multiple studies have
shown that there are fewer complications with the laparo-
scopic approach, either with or without the robotic console
[49, 50]. One particular concern for laparoscopic hysterec-
tomy was the cited increased incidence of urinary tract inju-
ries compared to open or vaginal hysterectomy. However,
more recently when the injuries are separated by type of
injury (ureteral or bladder), there is no statistically signifi-
cant difference between surgical modality. These dated find-
ings may have been attributed to surgeon inexperience with
laparoscopy, as subsequent studies have shown decreased
rates of ureteral and bladder injury as familiarity with lapa-
roscopy has increased [51, 52].

Given the inherent complexity of myomectomies unan-
ticipated blood loss and blood transfusions are common
concerns held surrounding these procedures. Two recent
meta-analyses of robotic-assisted myomectomies found
lower rates of estimated blood loss and decreased need for
blood transfusions when compared to open myomectomies
[4, 16]. There was also a higher incidence of intraopera-
tive and postoperative complications associated with open
myomectomies. When laparoscopic and robotic-assisted
myomectomies were compared, there were no significant
differences in estimated blood loss, need for blood transfu-
sion, and overall complication rate between them.

Length of surgery

The length of surgery, or total operative time, has a posi-
tive correlation on the overall cost of any procedure. This
can be attributed to operating room (OR) costs, physician
and nursing fees, time spent in preoperative and postopera-
tive areas, and anesthesia fees. Previously published works
have found robotic surgery to be the longest of the different
modalities, with an average increase of 26—72 min for hys-
terectomies [49]. In addition to the aforementioned influ-
ences, docking and undocking time, technical troubleshoot-
ing for robot specific issues (such as clashing arms), and
less efficient electrosurgical vessel-sealing instruments can
prolong robotic operative time [49]. Nash et al. found that
longer operating times for robotic myomectomies were the
driving force behind increased costs associated with robotic
surgeries [45]. However, there are shortcomings to these
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studies. These critical studies highlighting the increased
cost of robotics fail to account for where surgeons may be
on the learning curve, what constitutes a high volume sur-
geon, and the operating room staff’s comfort level with the
robotic surgical system [51, 53, 54]. Overall operating time
can be decreased with increased comfort with the robotic
platform [55]. When the time for robotic set up has been
taken into account, in addition to the actual operating time,
which largely is dependent on the OR staff it significantly
prolongs the total time of the procedure independent of sur-
geon experience [45]. Not enough emphasis has been placed
on the impact the ancillary staff has on total operative times.
Consistency breeds efficiency and it is safe to assume that
efficiency reduces cost [27].

Due to the advantages of the robotic console cases
selected for robotic surgery may be inherently more com-
plicated, with patients having multiple previous abdomino-
pelvic surgeries, higher BMIs, or large uteri. The few stud-
ies that have been able to minimize total operative time for
robotic hysterectomies showed an improved cost profile
when compared to other modalities of hysterectomy [27].
Thus, to assist in decreasing cost, efforts to have a dedi-
cated OR staff to assist in robotic room setup and robotic
instrument maintenance, thorough surgical planning, and
increased operating efficiency should be kept in considera-
tion when scheduling a robotic-assisted surgery.

Many prior studies were completed at academic institu-
tions where residents, and occasionally fellows, are incor-
porated into the surgical team. There is a varying degree of
familiarity and skill with robotic surgery for trainees. Incor-
porating trainees into the robotic surgeries, while necessary,
may lengthen operating time. However, having residents and
fellows operate robotically can provide invaluable training
to improve skills in the next generation of robotic surgery
ultimately leading to decreased robotic costs.

Length of hospital stay/return to activity

There is a direct correlation between the length of hospital
stay and associated cost. These costs are due to staff fees,
room and board, pharmacy, laboratory tests, to name only
a few. The length of stay varies between the modality of
surgery. Multiple studies have shown that abdominal hys-
terectomy is associated with the longest stay, averaging 3-5
postoperative days [47, 56]. This is the driving force behind
the cost of abdominal surgery [41, 57]. Length of stay for
minimally invasive modalities is much shorter. When com-
pared to one another, patients undergoing robotic hyster-
ectomies, on average, are able to return home sooner than
patients having laparoscopic hysterectomies. Robotic cases
were also less likely to remain in the hospital beyond 2 days
[14, 41, 56, 58]. Similar evidence from the colorectal litera-
ture has shown that robotic surgery for colorectal carcinoma
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is associated with improved outcomes as well as short length
of stay compared to traditional laparoscopy [59]. Some sur-
geons have also started discharging uncomplicated laparo-
scopic and robotic hysterectomies on the day of surgery,
though robotic cases were more likely to be discharged home
on the day of surgery [46]. A flaw in critical cost analyses is
that using national databases to capture a large sample size
studies fails to factor in same-day-discharges [51]. By not
accounting for same-day-discharges, a sizeable proportion
of robotic surgeries may be overlooked in cost analyses. The
same has proven true for robotic myomectomies. When com-
pared to open myomectomies, patients are discharged home
from the hospital much sooner after undergoing a robotic
procedure [60]. When compared there was no difference
between laparoscopic and robotic myomectomies for length
of stay, though both groups were unlikely to remain admitted
for longer than 2 days [61].

In addition to decreasing the length of hospital stay to
reduce cost, consideration must be given to the ability of a
patient to return to work and minimize their loss of produc-
tivity. If there is a rapid return to productivity, the costs of
equipment can be offset, or at least minimized [62]. How-
ever, there are minimal data analyzing this parameter spe-
cifically following robotic surgery. Sarlos et al. did show
that there was a higher quality of life immediately following
surgery and that the return to baseline is shorter by 2 days
for robotic hysterectomies compared to laparoscopic [57].
Barnett et al. attempted to reconcile this issue using the
“societal perspective model” to assess the cost differences
between the modalities of surgery for endometrial cancer
patients. In this model, costs associated with lost wages (at
time of publication, the average weekly wage was $638 for
women over the age of 16 in 2010) according to the Bureau
of Labor and the average cost of caregivers for the duration
of a patient’s recovery were incorporated into the analy-
sis [54]. Laparoscopy was the most cost-effective route of
surgery, with a cost saving of $1347 compared to robotic
surgery, and $2719 compared to open hysterectomies. In a
separate contradictory analysis by Jonsdottir et al., robotic
surgery was found to have the lowest indirect cost to society
when accounting for the patient’s ability to return to pro-
ductivity when compared to laparoscopic, abdominal, and
vaginal hysterectomies [18].

Surgeon experience

The correlation between surgeon volume and patient out-
comes has been established as a positive one. Postopera-
tive outcomes for patients undergoing hysterectomy by
any modality have been more favorable when performed
by a “high volume surgeon,” compared to a lower volume
surgeon. Economically, Wallenstein et al. estimated that
if 15% of the annual 550,000 hysterectomies performed

laparoscopically were done with a high volume surgeon or in
a high volume surgery center (instead of low volume surgeon
or surgery center), potential savings to the healthcare system
can reach $71-$80 million [63]. Surgeon comfort with the
different routes of surgery can also influence the hysterec-
tomy modality offered to a patient. High volume minimally
invasive surgeons are more likely to offer and proceed with
a minimally invasive route for hysterectomy as opposed to
an open hysterectomy, compared to lower volume surgeons.
These minimally invasive procedures have been consistently
shown to be more cost-effective than open surgeries [62].

Boyd et al. noted that in all hysterectomies performed in
New York State from 2001 to 2006 patient outcomes were
associated with surgeon volume. Patients under the care of
a high volume surgeon (surgeons performing more than 10
cases per year in this study) had better postoperative out-
comes when compared to patients under the care of a lower
volume surgeon [31]. The same finding is reflected in studies
that analyzed laparoscopic hysterectomies and abdominal
hysterectomies separately and their association between sur-
gical experience and short-term complication rates [63, 64].
Lowering the postoperative complication rate will serve to
drive down the associated operative costs.

Length of surgery is also directly influenced by surgeon
volume. Tunitsky et al. showed that in the hands of a “high
volume surgeon,” or a practitioner that has performed at least
29 cases, there was a significant decrease in operating time,
decreased in length of hospital stay, and decreased rates of
conversion to laparotomy for laparoscopic hysterectomies
[64]. In addition, a bulk of the available studies were per-
formed in the early stages of robotic implementation: a time
when surgeons were likely still in the early stages of their
learning curve and may have been more comfortable with
traditional laparoscopy. Examining robotic surgery across all
specialties Barbash et al. states that a minimum of 150-200
cases are needed to master robotic surgery [30]. Lenihan
et al. determined that a minimum of 50 cases is needed to
develop competence in laparoscopic hysterectomy [65].
Specifically for robotic hysterectomy, Geller et al. showed
improvements in operating time after 20 cases, while Woelk
et al. states a minimum of 91 cases needed to demonstrate
proficiency (based on the rate of intraoperative complica-
tions) [66, 67]. Much of the available literature assessing
the effectiveness of robotic hysterectomy was conducted in
an era when surgical experience was not a variable included
in the analysis, or is downplayed. The minimization of sur-
geon volume and how this impacts cost is highly significant,
especially when comparing surgical modalities [5]. There
is evidence that expert surgeon skills are not stagnant, but
do continue to improve with higher case volume [68]. In a
study of robotic prostatectomies “super experts” (defined as
surgeons with between 2100 and 3500 case history) outper-
formed “experts” (defined as surgeons with between 100 and
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750 case history) in four cardinal steps of a robotic-assisted
radical prostatectomy (p <.05) [68]. This study highlights
the importance that volume does matter and surgeons con-
tinue to improve as their case volume grows.

As surgeon experience has become incorporated into the
analyses, multiple studies have shown an improved profile
for robotic hysterectomies [16, 30, 56, 66]. Robotic hysterec-
tomy has the lowest rate of intraoperative and postoperative
complications compared to all other routes of hysterectomy,
when performed by “high volume surgeons” (defined by
having performed at least 60 cases within the study period
in their respective modality [55]. This finding was also dem-
onstrated by Lonnerfors et al., where robotic surgery not
only had improved complication rates, but also was the faster
modality compared to traditional laparoscopic hysterectomy
[20]. The total cost of robotic surgery also becomes com-
parable between laparoscopic and robotic hysterectomies
when the analyses set the robotic console as a preexisting
instrument of the entity, thus disregarding purchasing cost
($7059 vs $7016). However, the most cost-efficient modality
reported by Lonnefors et al. remained vaginal hysterectomy
($4579), a modality that was not consistently compared
against robotic hysterectomies [20]. One study did show
that robotic surgery can be significantly more cost-effective
than laparoscopy. In the hands of high volume surgeons with
more than 200-case experience, robotic hysterectomies per-
formed in women with uteri> 750 g can save an average
of $1859 per case. For enlarged uteri (defined as> 1000 g),
robotic surgery can decrease cost by $4509 when compared
with laparoscopic hysterectomy [27].

Conclusions

Robotic surgery is an innovative technology that is surely
advancement in the right direction. Three-dimensional visu-
alization as well as expanded articulation and ergonomics
are only the beginning of what is to come. Robotic oppo-
nents often site cost as the insurmountable drawback from
the robotic surgical system. Competition will enter the mar-
ket, which will certainly drive down cost. We must remem-
ber that cost analyses are extremely challenging to perform
well and are fraught with bias. Certain costs are unavoid-
able, such as the acquisition cost and maintenance fees of
the robotic platform. However, cost comparisons constantly
leave out the original acquisition cost and maintenance
fees associated with traditional laparoscopic equipment. A
fair cost analysis must account for the expense associated
with the conventional laparoscopic equipment being com-
pared to the robotic equipment [5]. With increasing surgical
experience using the robotic console the length of surgery
and surgical complications will decrease accordingly. The
reduced incidence of complications in robotic surgery and
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shorter length of hospital stay will also help minimize over-
all costs and greatly offset fixed costs associated with the
robot. Having dedicated operating room staff proficient in
preparing the robotic console for surgery and room turnover
is yet another means to cut down on overall cost associated
with the device. It is easy to forget that only 30 years ago
traditional laparoscopy was considered a gimmick that had
no place in the operating room.
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