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stood. These technologies can 
lead to increases in costs, either 
because they are simply more ex-
pensive than previous treatments 
or because their introduction leads 
to an expansion in the types and 
numbers of patients treated. We 
examined these patterns as they 
apply to the case of robot-assisted 
surgery.

Robotic surgical devices allow 
a surgeon at a console to operate 
remote-controlled robotic arms, 
which may facilitate the perfor-
mance of laparoscopic procedures. 
Laparoscopic surgery, in turn, is 
associated with shorter hospital 
stays than open surgery, as well 
as with less postoperative pain 
and scarring and lower risks of 
infection and need for blood 
transfusion.

Robotic technology has been 
adopted rapidly over the past  
4 years in both the United States 
and Europe. The number of ro-
bot-assisted procedures that are 
performed worldwide has nearly 
tripled since 2007, from 80,000 
to 205,000. Between 2007 and 
2009, the number of da Vinci sys-
tems, the leading robotic tech-
nology, that were installed in U.S. 
hospitals grew by approximately 
75%, from almost 800 to around 
1400, and the number that were 
installed in other countries dou-
bled, from 200 to nearly 400, ac-
cording to Intuitive Surgical, da 
Vinci’s manufacturer.

A wide range of procedures are 
now performed by means of ro-
bot-assisted surgery. Some of these 
procedures were already being 

performed laparoscopically be-
fore robots were introduced; the 
introduction of robotic technol-
ogy affects expenditures associ-
ated with such procedures pri-
marily by increasing the cost per 
procedure. For procedures that 
were more often performed as 
open surgeries, the introduction 
of robots may affect both the 
cost and the volume of surgeries 
performed.

Robotic surgical systems have 
high fixed costs, with prices rang-
ing from $1 million to $2.5 mil-
lion for each unit. Surgeons must 
perform 150 to 250 procedures 
to become adept in their use. 
The systems also require costly 
maintenance and demand the use 
of additional consumables (single-
use robotic appliances). The use 
of robotic systems may also re-
quire more operating time than 
alternatives. In the case of pro-
cedures that had previously been 
performed as open surgery, how-
ever, some of the new costs will 
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be offset by reductions in post-
operative hospital costs and by 
productivity gains if patients re-
cover more rapidly and can re-
turn to work and other activities 
sooner.

Estimates of the net per-pro-
cedure cost of robot assistance 
vary with assumptions about the 

frequency with which a robot will 
be used. We examined all the cost 
studies of robot-assisted proce-
dures published since 2005 and 
found that, on average, across 
the full range of 20 types of sur-
gery for which studies exist, the 
additional variable cost of using 
a robot-assisted procedure was 

about $1,600, or about 6% of the 
cost of the procedure in 2007.  
(For a detailed description of the 
methods, see the Supplementary 
Appendix, available with the full 
text of this article at NEJM.org.)
When the amortized cost of the 
robot itself was included, the ad-
ditional total cost of using a ro-
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Procedures Performed by Robot-Assisted Surgery, Current Cost per Procedure, and Estimates of Change in Cost,  
as Compared with Standard Procedure.*

Procedure
Mean Cost per  

Procedure in 2007 Change in Cost

Procedures Performed 
in the United States 

in 2007

Excluding Robot Including Robot

dollars no.

Mainly laparoscopic procedures

Pyeloplasty 10,065 1,400 3,400 4,823

Nephrectomy 14,943 10,600 NA 45,879

Nissen fundoplication 13,060 600 to 2,100 1,200 to 22,300 17,283

Cholecystectomy 10,366 500 1,700 326,350

Unilateral adrenalectomy 14,707 1,400 2,900 5,387

Rectopexy 9,040 NA 700 1,603

Splenectomy 28,205 3,000 3,200 14,530

Gastric bypass 21,275 NA 2,900 13,782

Thymectomy 17,983 NA 2,400 362

Laparoscopic hysterectomy 8,951 2,500 NA 14,101

Mainly open surgical procedures

Radical prostatectomy 11,352 2,200 400 to 4,800 79,875

Radical cystectomy 32,388 0 1,600 8,570

Myomectomy 6,721 NA 3,200 32,616

Sacrocolpopexy 7,328 5,500 NA 4,557

Non-laparoscopic hysterectomy 7,328 NA NA 279,871

Salpingostomy 5,607 1,400 NA 2,370

Nissen fundoplication 31,333 −1,200 0 6,128

Low colon–rectum anterior resection 16,688 1,600 NA 17,942

Esophagectomy 39,622 NA 2,700 119

Lung lobectomy 23,021 3,900 NA 6,642

Mitral-valve repair 45,914 600 3,700 14,191

Atrial septal defect closure 36,767 1,000 4,000 2,284

* Data on number of procedures and costs are from Healthcare Cost and Utilization Project, National Inpatient Sample 2007, 
Agency for Healthcare Research and Quality (http://hcupnet.ahrq.gov/). The figures distinguish between laparoscopic and 
open procedures only where separate procedure codes exist for these two methods. The data do not indicate how many proce-
dures of either type were performed with robot assistance. Sources of data on comparative costs and a more detailed descrip-
tion of the methods are provided in the Supplementary Appendix, available at NEJM.org. NA denotes not available.
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bot-assisted procedure rose to 
about $3,200, or about 13% of 
the cost of these procedures in 
2007 (see table). Intuitive Surgi-
cal is now the sole producer of 
robotic surgical devices; prices 
may decline in the future if there 
is more competition in the mar-
ket for machines or related con-
sumables.

This additional hospital spend-
ing is likely to affect the expen-
ditures of public and private in-
surers — but only indirectly. New 
diagnosis-related and procedure 
codes now exist for robot-assisted 
surgery, but currently Medicare 
and most U.S. private insurers do 
not pay additional fees for this 
service. Instead, hospitals are like-
ly to increase charges for proce-
dures or diagnoses for which 
robots are used. Medicare and 
private-insurer reimbursement 
rates are computed on the basis 
of these charges. Thus, increas-
es in charges for robot-associated 
diagnoses and procedures may 
eventually generate higher pay-
ments that are never explicitly 
linked to robot-assisted surgery.

Many procedures that can now 
be performed laparoscopically 

with robots used to be performed 
most often as open surgeries. Ro-
bot-facilitated substitution of lap-
aroscopy for open surgery has 
occurred most prominently in the 
case of prostatectomy for local-
ized prostate cancer.1

Various nonsurgical treatment 
alternatives for localized prostate 
cancer exist, with similar long-
term outcomes and varying side 
effects, such as incontinence and 
impotence.2 Existing analyses sug-
gest that as compared with open 
surgery, robot-assisted surgery 
does not diminish the frequency 
of these adverse effects.1 How-
ever, the substantial short-term 
benefits in terms of postoperative 
recovery that are associated with 
robot-assisted procedures may en-
courage patients with localized 
cancer to opt for surgical interven-
tion rather than alternative non-
surgical interventions or watch-
ful waiting.

Data from the Nationwide In-
patient Sample show an increase 
of more than 60% in the num-
ber of hospital discharges for 
prostatectomy (including both ro-
botic and traditional procedures) 
in the United States between 

2005 and 2008 (see graph).3 This 
increase occurred despite a de-
crease in the underlying incidence 
of prostate cancer 4 and con-
temporaneously with a striking 
increase in the number of robot-
assisted prostatectomies per-
formed in the United States. The 
observed pattern matches evi-
dence from the Surveillance, Epi-
demiology, and End Results Medi-
care database, which shows that 
Medicare beneficiaries (65 years 
of age or older) who received a 
diagnosis of prostate cancer in 
2005 were about 14% more like-
ly to have undergone surgery by 
2007 than were their counter-
parts whose prostate cancer was 
diagnosed 3 years earlier.5 These 
patterns suggest that robotic tech-
nology may have contributed to 
the substitution of surgical for 
nonsurgical treatments for this 
disease. In this case, the intro-
duction of the robotic technolo-
gy may have increased both the 
cost per surgical procedure and 
the volume of cases treated sur-
gically. However, the evidence 
suggests that despite the short-
term benefits, robotic technolo-
gy may not have improved pa-
tient outcomes or quality of life 
in the long run.

It is unlikely that robot-assisted 
surgeries will completely replace 
conventional surgeries for the full 
range of procedures for which cost 
studies have been done. If such a 
substitution did occur, however, it 
would generate nearly $1.5 billion 
in additional health care costs an-
nually — excluding the (amor-
tized) costs of the robots, which 
would bring the total to more 
than $2.5 billion. If robots also 
led to an increase in the volume 
of surgery performed, as suggest-
ed by the prostatectomy case, their 
effect on total annual expendi-
tures would be even greater.
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Data are from the Healthcare Cost and Utilization Project, Nationwide Inpatient 
Sample 2000–2008, Agency for Healthcare Research and Quality (http://hcupnet.ahrq 
.gov/) and from Intuitive Surgical (maker of the da Vinci Surgical System).
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Who will consider these costs? 
The diffusion of robotic technol-
ogy depends on fragmented, not 
centralized, decision making. De-
cisions to purchase robots are 
made not by payers but by hos-
pitals, which compete with one 
another to attract surgeons and 
their patients. Hospitals, seeking 
surgical volume, find it difficult 
to resist surgeons’ preferences, 
even without favorable direct re-
imbursement, and surgeons feel 
compelled to keep up with mar-
ket demands so as not to lose 
patients.

Comparative-effectiveness re-
search — often considered a 
corollary of regulatory cost con-
tainment — can play a critical 
role in this decentralized process. 
To date, there have been no 
large-scale randomized trials of 
robot-assisted surgery, and the 
limited observational evidence 
fails to show that the long-term 
outcomes of robot-assisted sur-

gery are superior to those of 
conventional procedures.1 Evi-
dence from well-designed, large-
scale, multicenter trials or com-
parably rigorous nonrandomized 
evaluations is needed to deter-
mine which patients benefit from 
open surgical approaches and 
which from robot-assisted ap-
proaches. Hospitals could use 
this information in response to 
pressure from technophile sur-
geons; surgeons could use it in 
discussing treatment options with 
patients; patients could use it to 
make treatment choices; and 
payers could use it in negotiat-
ing reimbursements. An efficient 
health care system must en-
hance the ability of medical pro-
fessionals and their patients to 
make informed choices about 
the adoption and use of new 
technologies, even when insur-
ers do not explicitly provide re-
imbursement for these new tech-
nologies.

Disclosure forms provided by the au-
thors are available with the full text of this 
article at NEJM.org.
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New Priorities for Future Biomedical Innovations
Victor R. Fuchs, Ph.D.

Since 1900, life expectancy at 
birth has increased by an un-

precedented 30 years in the Unit-
ed States and other developed 
countries. Before World War II, 
most of the gains resulted from 
improvements in nonmedical fac-
tors: nutrition, sanitation, hous-
ing, and public health measures. 
Since World War II, however, bio-
medical innovations (new drugs, 
devices, and procedures) have 
been the primary source of in-
creases in longevity. These inno-
vations have also been the most 
important reason why health care 
expenditures have grown 2.8% 

per year more rapidly than the 
rest of the economy over the past 
30 years.1 Will the future simply 
be a rerun of recent decades? 
Probably not. Current demo-
graphic, social, and economic 
forces will create new priorities 
for future biomedical innovations: 
more emphasis on improving 
quality of life and less on extend-
ing life, and more attention to 
value-enhancing innovations in-
stead of pursuit of any medical 
advance regardless of its cost 
relative to its benefit.

Society may not pursue fur-
ther gains in life expectancy as 

vigorously as we’ve done in the 
past, because there has been a 
dramatic shift in the age at which 
the increased years of life are 
realized (see bar graph). In the 
early decades of the 20th century, 
approximately 80% of the gains 
in life expectancy were realized 
before the age of 65 years and 
only 20% at 65 years or older. 
Now the situation is reversed — 
almost 80% of recent gains in 
life expectancy are realized at 
an age of 65 years or older. The 
main reason for the change is 
the sharp decline in rates of death 
at younger ages; thus, an ever-
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