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Abstract
The purpose of this study is to update the available literature with information on the current use of robotic assisted surgery 
(RAS) in the Department of Defense (DoD) compared to the civilian world, and how the coronavirus disease 2019 (COVID-
19) pandemic impacted RAS in the DoD. A total of 9,979 RAS cases between 01st October 2017 and 31st December 2020 
were reviewed from every DoD Military Treatment Facility (MTF) that meets our inclusion criteria and employs various 
models of da Vinci robotic surgical systems (Intuitive Surgical). Specialty, number, and facility were recorded for each 
case. These data were then compared to previously known trends about RAS use in the DoD as well as with civilian trends. 
Before COVID-19, the use of RAS had increased over time, but not at the same rate as in the civilian sector. General surgery 
cases constituted most RAS cases in both the DoD and the civilian sector. The arrival of COVID-19 in the United States 
significantly decreased the use of RAS in the DoD as well as in the civilian sector in all surgical specialties because it led 
to postponement or cancellation of many non-emergent surgical procedures. In conclusion, the use of RAS has continued 
to increase, and general surgery cases continue to constitute most of these cases. However, since the COVID-19 pandemic 
began, there was a significant decline in both DoD and civilian RAS cases, with a more pronounced decline in the DoD.
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Introduction

The use of robotics in surgery started as an idea back in 1967 
[1]. This idea became a reality 30 years later with the help of 
the Department of Defense (DoD) and the Defense Advanced 
Research Projects Agency (DARPA) [1]. Robotic assisted 
surgery (RAS) was originally intended for trauma surgery 
in the battlefield, and DARPA was able to conduct high-risk 
research and development for this purpose [1]. RAS has now 
become a standard in many hospitals in the United States 
for non-trauma-related surgery, with increasing volumes of 
cases performed annually [1]. One investigation concluded 
that increased visualization, dexterity, range-of-motion, and 
surgeon comfort in the minimally invasive surgical context 
is the reason for this increase in usage [2]. Although overall 

conclusions about the benefits of RAS and its advantages 
over unassisted laparoscopy are still unclear, papers have 
reported improved outcomes including decreased hospital 
length of stay, decreased wound complications, decreased 
post-operative pain, and a decreased time away from work 
when compared to conventional open approaches [3, 4]. The 
most commonly used RAS platform in the DoD and civilian 
surgical realms is the da Vinci robotic surgical system (Intui-
tive Surgical, Sunnyvale, California) [2]. A recent iteration 
of this system, the da Vinci Xi, released in 2014, improved 
robotic architecture, as it included a simplified docking pro-
cedure facilitated by laser targeting and improved cannula 
mounts, rotating boom-mounted arms, enhanced endoscopic 
visualization, greater range of motion, and longer instru-
ment shafts. These improvements have made the da Vinci Xi 
popular amongst many surgical specialties. [2, 5]

The most recent update for the da Vinci robotic surgical 
system is the SP or single port system released in 2018. 
However, this SP device is currently approved only for uro-
logical procedures, radical tonsillectomy procedures, and 
tongue base resections, making its use limited in many surgi-
cal fields [6]. Recent preclinical studies looking at transanal 
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total mesorectal excisions (taTME) with the da Vinci SP 
have shown promising results, demonstrating that more 
surgical procedures will likely be approved for use with a 
single-port RAS [6]. In the past 3 years, the number of civil-
ian hospitals that are operating five or more da Vinci systems 
at a single campus has grown by more than 400% [7]. Intui-
tive Surgical has also branched out to countries outside of 
the United States, and these foreign countries have increased 
their overall annual da Vinci case volume over time similar 
to their American counterparts. [7]

The DoD military treatment facilities (MTFs), and its sur-
geons have continued to increase their use of RAS to provide 
the best, most up-to-date surgical care for their patients [2]. 
As surgeons become more comfortable and efficient with 
increasing case volumes, high-volume RAS demonstrates 
lower hospital length-of-stay and lower conversion rates, 
without an increase in total cost, complications, or readmis-
sions [8]. With the improvement of surgeon comfort and 
skill with RAS, most MTFs now have at least one da Vinci 
model, while many have two or even three.

The surgical field has changed significantly since the 
arrival of the COVID-19 pandemic in the United States 
beginning in early 2020, as lockdowns were put in place 
and operating rooms were reserved only for emergent surger-
ies. Among various complications associated with COVID-
19, multiple gastrointestinal (GI) complications have been 
reported [9]. In a single-center study, 184 patients with 
COVID-related acute respiratory distress syndrome (ARDS) 
were found to have higher rates of ileus (48 versus 22%), 
bowel ischemia (4 versus 0%), and elevated aminotransferase 
levels (55 versus 27%) compared to non-COVID-19-related 
ARDS patients, respectively. [9] It has also been found that 
there are high rates of post-operative pulmonary complica-
tions and mortality in surgical patients with COVID-19 [10]. 
An international study of 1,128 patients with COVID-19 
undergoing a variety of surgical procedures demonstrated 
pulmonary complications in 51% of patients, and 30-day 
mortality was 38% [10]. Due to the increased risk in mor-
bidity and mortality in COVID-19 patients, the rationing 
of surgical resources and personnel to assist with the pan-
demic, and the increased risk of exposure, elective surgical 
procedures, were halted across the United States during the 
COVID-19 pandemic [11]. Many of these elective surgical 
procedures were RAS.

It has been estimated that 28,404,603 operations were 
either canceled or postponed during 12 weeks of disruption 
due to COVID‐19, or 2,367,050 operations per week glob-
ally [11]. Even though most operations postponed would be 
for benign disease, many urgent surgeries such as operations 
for malignancy have also been postponed. In North America, 
is it estimated that 4,518,619 elective surgical procedures 
have been canceled secondary to COVID-19, including 
4,156,253 operations for benign disease, 336,510 operations 

for malignancies, and 25,855 obstetric operations [11]. The 
decision to cancel elective surgeries has had a large impact 
on patients and healthcare systems worldwide [11]. Delaying 
elective operations caused a delay in patient care, leading 
to more difficult procedures with increased morbidity [11]. 
This impact has also been seen in the DoD, demonstrated by 
the decline in elective procedures, including RAS.

The primary endpoints of this review will include the 
evolution of RAS in the DoD since 01st October 2017, the 
prevalence in the DoD based on number of da Vinci con-
soles at a given facility, and the usage among practicing 
surgeons in each surgical specialty. Secondary outcomes 
will include a continued comparison with growth rate in the 
civilian sector, as well as the effect of coronavirus disease 
2019 (COVID-19) on the use of RAS in the DoD.

Materials and methods

This study was reviewed and deemed exempt by our local 
Institutional Review Board (IRB). RAS data from the 
DoD data was obtained from “The Department of Defense 
Robotic Surgery Dashboard.” This database of information 
is managed by Ft. Detrick, MD, and it is published quarter-
annually to DoD surgeons who are involved with RAS [2]. 
It includes information about RAS being performed at DoD 
institutions to include case volume for surgeon, specialty, 
and location. This information was used to address our 
primary endpoints as listed above. Inclusion criteria were 
any MTF performing RAS whose data was reported with-
out interruption in the aforementioned dashboard. 10,759 
RAS cases between 01 October 2017 and 31 December 2020 
were examined, met criteria, and used for this study. Cases 
from all surgical specialties performing RAS were included. 
Comparable data about civilian RAS prevalence and trends 
were evaluated as secondary outcomes. A review of Quarter 
1 (Q1, between 01 January 2020 and 31 March 2020), and 
Quarter 2 (Q2, between 01st April 2020 and 30th June 2020) 
was performed to determine COVID-19 impact on RAS use 
in the DoD. A review of Quarter 3 (Q3, between 01st July 
2020 and 30th September 2020), and Quarter 4 (Q4, between 
01st October 2020 and 31st December 2020) was performed 
to analyze the increase in RAS cases in the DoD as elective 
cases were gradually resumed.

Results

The number of RAS cases in the DoD continued to rise 
within the timeline examined in this study. There were 3712 
cases performed in 2018, and 4117 cases performed in 2019, 
demonstrating a 10.91% increase in RAS use in the DoD. 
However, the COVID-19 pandemic led to most elective 
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surgeries being postponed starting Q2 of 2020. As seen in 
Fig. 1, the number of RAS cases decreased from 875 to 335 
cases. This decrease in an upward trend of RAS cases is 
also present in the civilian sector. Figure 2 demonstrates the 
slowing of RAS cases in the civilian sector once COVID-19 
emerged, with some specialties seeing a decreasing trend in 
RAS cases secondary to COVID-19. Since the reopening 

of elective surgical procedures, the DoD has since seen an 
increase in RAS cases starting at Q3 2020. The number of 
cases increased from 335 during Q2 to 669 during Q3, and 
again to 755 during Q4. However, the total number of RAS 
cases in the DoD in 2020 was 2,634 cases, a decrease of 
36.02% from 2019. 

Fig. 1  Number of RAS cases 
performed in the DoD, recorded 
quarter-annually. Arrow 
indicates start of COVID-19 
pandemic
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Fig. 2  Number of civilian RAS 
cases performed annually in 
America by specialty
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Fig. 3  Number of RAS cases 
by specialty performed in the 
DoD, recorded quarter-annu-
ally. Arrow indicates start of 
COVID-19 pandemic
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Data from DoD RAS cases by specialty can be seen in 
Fig. 3. General surgery continues to be the specialty that 
performs the most RAS in the DoD since Q4 2015. RAS 
use in DoD general surgery had an increase in use from 
2018 to 2019 by 28.71%. Gynecology and urology show a 
similar trend and similar number of cases quarterly, as well 
as a drop in cases during the start of COVID-19. Thoracic 
and head and neck surgery show similar trends as well in 
relation to each other.

Since the introduction of RAS in MTFs, there were no 
additional MTFs or surgical specialties added to these data. 
These data have been extrapolated from the same MTFs and 
specialties since 2017. There are, on average, between three 
and four surgical specialties performing RAS at each MTF.

Civilian RAS use was retrieved from estimated annual 
case volumes reported by Intuitive Surgical. The total num-
ber of RAS cases in 2018 were 753,000, and 883,000 in 
2019, demonstrating a 17.26% increase. The number of RAS 
cases in 2020 were 876,000, demonstrating a 0.79% decrease 
from 2019 amidst COVID-19.

Discussion

The use of RAS has continued to increase since the introduc-
tion of RAS in the DOD [2]. From 2015–2017, DoD sur-
geons saw an average 9.27% growth every quarter-year in the 
number of RAS cases [2]. From 2018-Q1 2020, DoD sur-
geons saw an average growth of 10.91% every quarter-year 
until the emergence of COVID-19. This increase in RAS 
included overall volume in the DoD and number of cases by 
specialty, addressing the primary and secondary endpoints 
of this paper. Of note, there were no new military treatment 
facilities (MTFs), or specialties added during those years.

The primary endpoint of this paper, the overall RAS 
volume increase in the DoD, can be attributed to many 
factors, including an increased number of available RAS 
devices in each MTF, increased surgeon confidence, and 
increasing patient interest in RAS. The 16 MTFs with RAS 
reviewed in this paper have at least one da Vinci device, 
six MTFs have two da Vinci devices, and one MTF has 
three da Vinci devices. These numbers do not include the 
External Resource Sharing Agreements (ERSAs) in which 
many DoD surgeons are involved with outside civilian 
hospitals [2]. ERSAs allow DoD healthcare personnel to 
provide medical services to soldiers and TRICARE (i.e., 
military health insurance) beneficiaries at outside hospitals 
in a network facility. This availability of RAS devices has 
allowed surgeons to perform more RAS than previous years, 
contributing to an increase in overall volume and surgeon 
confidence in performing RAS. Compared to the civilian 
sector, the use of RAS in the DoD increases at a slower 
rate, likely secondary to the number of civilian facilities that 

have access to RAS compared to the DoD MTFs. In the 
United States, 753,000 robotic procedures were performed 
in 2018, 883,000 in 2019, and 876,000 in 2020 [12]. When 
comparing these numbers to the yearly RAS cases in the 
DoD, the smaller population of surgeons in the DoD cannot 
produce the same number of cases as the civilian sector. The 
secondary endpoint of this paper, overall increase based on 
specialty, demonstrates that general surgery robotic proce-
dures continue to represent the majority of DoD RAS. The 
increase in general surgery case percentages ranged from 17 
to 45% from 2018 to 2019. The average percent change in 
the United States for general surgery procedures was 30% 
in 2019.

COVID-19 severely impacted the overall use and use 
amongst all specialties of RAS within the DoD and the civil-
ian sector. Within the DoD, there was only a 2% increase in 
general surgery RAS during Q1 2020, and Q2 2020 saw a 
65% decrease secondary to COVID-19. Gynecologic pro-
cedures saw a 22% decrease in RAS during Q1 2020 and 
a 57% decrease in RAS during Q2 2020. Urologic proce-
dures similarly saw a decline in RAS in the DoD with a 3% 
decrease in RAS during Q1 2020 and a 47% decrease during 
Q2 2020. In the United States, general surgery saw a 30% 
increase in robotic procedures in 2019, and 6% decrease in 
2020 [13]. Gynecologic procedures saw a 6% increase in 
robotic procedures in 2019, and no increase in 2020 [13]. 
Urologic procedures saw an 8% increase in robotic proce-
dures in 2019, and a 3% decrease in 2020 [13]. In the DoD, 
the number of RAS cases increased from 335 during Q2 
2020 to 669 cases during Q3 2020 and 755 during Q4 2020, 
demonstrating a 99.70% and 12.85% increase, respectively. 
With the emergency authorization of multiple COVID-19 
vaccines, elective and RAS cases are expected to further 
increase.

A limitation in this study is that there is no data on non-
military facility robotic procedure uses amongst DoD sur-
geons. This likely underestimates the number of cases per-
formed by DoD surgeons in every specialty. DoD surgeons 
do not report their procedures outside of MTFs to the DoD, 
making it difficult to acquire these numbers. Another limita-
tion of this study is that there is no separate civilian robotic 
usage data alone. The data included is the overall RAS usage 
in the United States, encompassing the DoD usage as well. 
This makes it difficult to analyze the trends between the two 
populations.

In conclusion, the use of RAS has continued to increase 
within the DoD through 2019, with general surgery cases 
constituting the majority of these cases [2]. During the initial 
beginning of the COVID-19 pandemic, there was a more 
significant decline in RAS cases in the DoD compared to the 
civilian sector. With the release of COVID-19 vaccines and 
improved COVID-19 testing, there has been an increase in 
RAS within the DoD and civilian sector. As seen in Fig. 1, 
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the number of RAS cases in the DOD have increased in Q2 
of 2020, with promise to continue this upward trend.
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