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Abstract The objective of this study is to examine the costs
attributable to robotic-assisted laparoscopic hysterectomy
from a broad healthcare sector perspective in a register-based
longitudinal study. The population in this study were 7670
consecutive women undergoing hysterectomy between
January 2006 and August 2013 in public hospitals in Den-
mark. The interventions in the study were total and radical
hysterectomy performed robotic-assisted laparoscopic hys-
terectomy (RALH), total laparoscopic hysterectomy (TLH),
or open abdominal hysterectomy (OAH). Service use in the
healthcare sector was evaluated 1 year before to 1 year after
the surgery. Tariffs of the activity-based remuneration sys-
tem and the diagnosis-related grouping case-mix system
were used for valuation of primary and secondary care,
respectively. Costs attributable to RALH were estimated
using a difference-in-difference analytical approach and
adjusted using multivariate linear regression. The main
outcome measure was costs attributable to OAH, TLH, and
RALH. For benign conditions RALH generated cost savings
of € 2460 (95% CI 845; 4075) per patient compared to OAH
and non-significant cost savings of € 1045 (95% CI —200;
2291) when compared with TLH. In cancer patients RALH
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generated cost savings of 3445 (95% CI 415; 6474) per
patient when compared to OAH and increased costs of €
3345 (95% C12348; 4342) when compared to TLH. In cancer
patients undergoing radical hysterectomy, RALH generated
non-significant extra costs compared to OAH. Cost conse-
quences were primarily due to differences in the use of
inpatient service. There is a cost argument for using robot
technology in patients with benign disease. In patients with
malignant disease, the cost argument is dependent on
comparator.

Keywords Cost analysis - Economics - Gynaecologic -
Hysterectomy - Robot-assisted surgery

Introduction

Hysterectomy is the most common major gynecological
procedure in Denmark with an annual volume of 180 per
100,000 women [1]. The indications for hysterectomy range
from benign conditions such as abnormal uterine bleeding,
fibroids, and endometriosis, as well as pre-malignant and
malignant conditions such as uterine and cervical cancer [2].
Historically, open abdominal hysterectomy (OAH) was the
preferred surgical modality with evidence gradually
emerging that conventional laparoscopy [total laparoscopic
hysterectomy (TLH)] was a safe alternative to OAH.
Although worldwide recognition of the laparoscopic
approach within both benign and malignant gynecology,
routine use was mainly adopted at highly specialized centers
for, e.g., endometriosis or gynecological cancer [3], while
open abdominal hysterectomy (OAH) remained the most
frequently used method in most countries at the time of the
present study period [4].
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Robotic-assisted laparoscopy is the latest innovation in
the field of minimally invasive surgery [3, 5] and has been
adopted within many specialties including the gynecolog-
ical field. It has been claimed that the introduction of
robotic-assisted laparoscopy has revolutionized the surgical
approach since the proportional share of patients who are
offered minimally invasive surgery has raised substantially
[6]. Use of the robot technology shares patient-related
advantages well known from conventional laparoscopy;
shortened hospital stays, reduced blood loss, and fewer
complications [2, 4, 6-14]. In addition, robotic-assisted
laparoscopy has been claimed to improve the ergonomics
of the surgeons compared to laparoscopy and open surgery
and to have the advantage of a faster learning curve
[12, 15, 16]. However, the literature is not definite in terms
of these benefits when compared to laparoscopy alone
[4, 6, 8,9, 12-15, 17, 18]. Disadvantages such as limited
availability of skilled technical staff, longer operation time,
and substantial capacity costs have also been pointed out
[5-7, 13-15, 17, 19-23].

Studies comparing the costs of robot-assisted laparo-
scopic hysterectomy (RALH) with the costs of OAH or
TLH have demonstrated higher costs for robot-assisted
procedures in the range of $ 1936 to $ 5059 when looking
only at costs related to the operation and hospital admission
[8, 15, 17, 19, 20]. It has been suggested that a broader cost
perspective including the costs of complications, readmis-
sions, and comorbidity as well as a longer follow-up period
that goes beyond the index admission may reduce the
additional costs of the robot technology [8, 24-26].

To date, most evidence concerning the costs of RALH
derives from small-scale, non-controlled and in some cases
highly selected populations, and commentators argue that
there is insufficient evidence to draw definitive conclusions
about the cost consequences of using the robot technology
[5, 9, 23, 27]. Furthermore, it is unknown if derived cost
consequences such as readmissions and service use in the
primary sector could be affected.

Nonetheless, the adoption of the robot technology
throughout both privately and publicly financed health care
systems seem to accelerate and evidence on both the cost
consequences and the clinical effects are warranted
[3, 7, 17, 19, 28]. The objective of this study was to
examine the costs attributable to RALH from a broad
health care sector perspective.

Methods
Study design

The study was a register-based longitudinal study of con-
secutive women (n = 7670) undergoing hysterectomy for
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benign or malignant disease between January 2006 and
August 2013. The women were followed from 1 year
before to 1 year after the surgical procedure. The study is a
further analysis of data collected in relation to a Health
Technology Assessment of robot-assisted surgery for sev-
eral procedures including hysterectomy [29].

Study population

Consecutive women were identified in The Danish
National Patient Register [30] using procedure codes for
OAH and open radical hysterectomy (ORH) (KLCDOO,
KLCD30), TLH and laparoscopic radical hysterectomy
(LRH) (KLCC11, KLCDO1A, KLCDO1, KLCDOIB,
KLCDO04, KLCD31), and further linked to the robotic
attributable codes (KZXX00, ZPW00002). To support
comparability of the patients, a restriction was made to
women who received the surgical procedure at a hospital
where all surgical techniques were offered at the time of
surgery.

The study population was stratified according to indi-
cation for surgery based on the diagnosis of action from the
National Patient Registry. The registry records version 10
of the The International Classification of Diseases (ICD-
10). Malignant disease was identified as all diagnostic
codes starting with “C” and benign disease was identified
by all other codes. In total, 38 women were defined by
‘Carcinoma in situ’ and ‘Tumour without invasion’ and
therefore reclassified from malignant to benign disease. For
malignant disease, the women were further grouped into
the more advanced procedure, radical hysterectomy, or
simple hysterectomy based on the procedure codes. Sixteen
women undergoing laparoscopic radical hysterectomy did
not have a robotic procedure code and were manually given
one because this procedure is not undertaken by conven-
tional laparoscopy in Denmark.

Setting

The surgical procedures were all performed in a public
hospital setting. As for the oncological operations, these
were undertaken at centers that were highly specialized
within gynecological cancer surgery.

Cost and data sources

In Denmark, all use of health care is recorded in national
administrative registries and all residents in Denmark have
a unique personal identification number that can be used to
link individual registries [30]. Costs were considered from
a health care system perspective and included primary care
use (general practitioners, medical specialists, therapists,
and other privately practicing specialists) and secondary



J Robotic Surg (2018) 12:283-294

285

care use (all cause inpatient admissions, procedures, and
outpatient visits). Information on use of primary care was
derived from The Danish National Health Service Register
and was valued using the national collectively bargained
tariffs [31]. Information on use of secondary care was
obtained from The Danish National Patient Register and
valued using tariffs of the national Diagnosis-Related
Grouping system (DRG) and the Danish Outpatient
Grouping System (DAGS) [30].

The DRG tariffs for the index hysterectomy cover the
activity from the day of admission to the day of discharge
(preparation, surgery, remobilization and discharge)
whereas follow-up visits and other events after discharge,
e.g., caused by complications, are separately reimbursed.
The 2014 tariffs for the three surgical techniques are:
standard benign OAH and TLH € 5289 and standard benign
RALH € 8624, standard malignant OAH and TLH € 7263
and standard malignant RALH € 14,029. The higher tariffs
of RALH are attributable to more costly instrument Kits,
robot maintenance costs and longer operating time.

Costs were adjusted for inflation using the general
consumer price index and reported in Euros for the price
year 2014.

Sensitivity analysis

Several sensitivity analyses were conducted to test the
robustness of findings to alternative methodological choi-
ces. First, length of stay after the surgical procedure was
included in the regression model to compensate for the lack
of individual-level variation in the DRG tariff for the
hysterectomy. Second, potential misclassification of sur-
gical procedure was tested by conversion of all conven-
tional laparoscopic procedures into robot-assisted
procedures (this could have happened if the first robot-
assisted procedures were misclassified as conventional
laparoscopic procedures due to not knowing the new pro-
cedure code).

Statistics

Analyses were undertaken separately for the groups of
benign disease, malignant disease + simple hysterectomy,
and malignant disease + radical hysterectomy. Summary
statistics were used to describe patient characteristics:
Pearson’s Chi-square test for categorical variables and
analysis of variance (ANOVA) for continuous variables.
A difference-in-difference (DiD) analytical strategy was
used to estimate the cost attributable to the use of the robot
technology. First, the cost of hysterectomy was estimated
as the difference in health care costs between the year
following surgery and the year preceding surgery to cancel
out, e.g., chronic comorbidity. Second, the cost

attributable to robot technology was estimated as the dif-
ferences in average health care costs for the surgical
techniques of RALH versus TLH, and RALH versus OAH,
respectively, to cancel out significant influence of e.g. time
trends. Differences are reported as arithmetic means with
95% confidence intervals based on bootstrapping (a method
sampling from the empirical distribution of data instead of
assuming a particular probability distribution) with 5000
replicates due to the skewed nature of the data.
Multivariate linear regression was used to adjust the DiD
estimator for characteristics that could mask risk selection to
surgical technique. The choice of variables was based on a
review of the literature of patient characteristics associated
with choice of surgical method and included: age, comor-
bidity (characterized by Charlson’s comorbidity index [32]),
and cancer severity (classified according to the TNM-clas-
sification [33]). As a substantial number of cases lacked
TNM registrations, a dummy variable was created for
missing values to maintain cases in the model. Finally,
regional variation at the organizational level was included by
region id [29]. Due to the hierarchical data structure, robust
standard deviations were estimated. Results are reported as
means with 95% confidence intervals. All tests were two-
sided and p values less than .05 were considered significant.
All statistical analyses were performed using Stata 13.0.

Results

A total of 7670 women who underwent hysterectomy at six
hospitals around Denmark were included. The majority
underwent OAH (63%), followed by almost equal pro-
portions of TLH and RALH (19 and 18%, respectively).
More than half of the population underwent surgery for
malignant disease (52%). While one-third of the women
undergoing TLH were operated for malignant disease
(34%), and half of the women undergoing OAH were
operated for malignant disease (53%), the majority (69%)
of women operated with robot-assisted laparoscopy
underwent surgery for malignant disease. Patient charac-
teristics are detailed in Table 1.

Patient costs from each surgical technique are illustrated
over time in Figs. 1 and 2. Primary care costs were small
compared to secondary care costs in both patients operated
for malignant and benign disease, while costs in secondary
care were higher in patients undergoing surgery for
malignant disease than in patients undergoing surgery for
benign disease. In benign disease, total health care costs
were high following OAH because of high inpatient costs
as compared to RALH and TLH. Also in patients with
malignant conditions OAH resulted in the highest health
care costs primarily due to high outpatient costs both prior
to and following surgery.
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Table 1 Patient characteristics for all patients having undergone hysterectomy (N = 7670)

Benign disease

Malignant disease

Simple hysterectomy

Simple hysterectomy Radical hysterectomy®

Robot Laparoscopy Open Robot Laparoscopy Open Robot Open
(n=419) (n=983) (n=2270) (n=796) (n=486) (n=12126) (n=150) (n = 440)
Age mean (SD) 47.6 46.0 (8.8) 51.7(11.2)* 643 (12.4) 63.5 (12.1) 64.3 (12.3)  51.1 (15.5) 54.1 (15.1)
(10.3)
CCI index mean (SD) 0.47 0.30 (0.83) 0.33(0.77)* 1.82 (0.67) 1.87 (0.84) 2.37 (1.28)*  2.05 (0.46) 2.13 (0.71)
(0.93)
Tumour size
TO-T2 NA NA NA 468 (59%) 329 (68%) 882 (42%) 91 (61%) 220 (50%)
T3-T4 - - - 29 (4%) 16 (3%) 725 (34%) 8 (5%) 86 (20%)
Missing - - - 299 (37%) 141 (29%) 519 24%)* 51 (34%) 134 (30%)*
Node involvement
NO NA NA NA 470 (59%) 319 (66%) 1072 (50%) 81 (54%) 239 (54%)
NI-N3 - - - 9 (1%) 6 (1%) 263 (12%) 12 (8%) 47 (11%)
Missing - - - 317 (40%) 161 (33%) 791 37%)* 57 (38%) 154 (35%)
Metastasis
MO NA NA NA 496 (62%) 348 (72%) 1339 (63%) 99 (66%) 280 (64%)
Ml - - - 2 (0.3%) 1 (0.2%) 244 (11%) 0 (0%) 23 (5%)
Missing - - - 298 (38%) 137 (28%) 543 26%)* 51 (34%) 137 (31%)*
Region
The Capital Region of 124 (30%) 325 (33%) 918 (40%) 354 (44%) 76 (16%) 966 (45%) 58 39%) 196 (45%)
Denmark
Region Zealand 10 2%) 133 (14%) 121 (5%) 3(04%) 54 (11%) 14 (1%) 0 (0%) 0 (0%)
Region of Southern Denmark 88 (21%) 23 (2%) 198 (9%) 152 (19%) 56 (12%) 198 (9%) 31 21%) 71 (16%)
Central Denmark region 67 (16%) 455 (46%) 433 (19%) 31 (4%) 283 (58%) 558 (26%) 14 (9%) 134 (30%)
The North Denmark region 130 31%) 47 (5%) 600 (26%)* 256 (32%) 17 (4%) 390 (18%)* 47 (31%) 39 (9%)*

NA not applicable

* p value <0.05 (based on Pearson’s chi’-test for categorized variables and ANOVA for continuous variables)

* Radical hysterectomy was not performed as conventional laparoscopic procedure in Denmark, thus it was not included in the analyses

Table 2 shows the service use and the corresponding
unadjusted costs related to hysterectomy for women with
benign disease. RALH was associated with the shortest
length of stay (bed days) following surgery thus con-
tributing to the lowest inpatient costs, but the most out-
patient visits, resulting in the highest outpatient costs. OAH
was associated with a longer hospital stay and higher
inpatient costs than its two minimally invasive counter-
parts. The results of the multivariate analyses are shown in
Table 4. It is demonstrated that RALH was associated with
the lowest health care costs when compared to TLH and
OAH, respectively. For benign conditions, the adjusted
analysis did not change the conclusions made from
Table 2. As it appears in Table 4 RALH generated sig-
nificant cost savings of € 2460 (95% CI 845; 4075) when
compared to OAH and non-significant cost savings of €
1045 (95% CI —200; 2291) when compared to TLH.

Table 3 shows the service use and corresponding
unadjusted costs for women with malignant disease. In
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women undergoing simple hysterectomy, RALH seemed to
incur the shortest length of stay following surgery although
the difference between the two was only 0.6 day. Yet, TLH
incurred the lowest inpatient, outpatient and total health
care costs. OAH generally led to a substantially longer
length of stay as well as more outpatient visits, thereby
contributing to considerably higher costs following surgery
as compared to RALH and TLH.

In women undergoing radical hysterectomy, use of
robotic-assisted surgery was associated with the lowest
outpatient costs, however, the highest inpatient and total
health care costs when compared to OAH.

The multivariate analyses showed different results
depending on whether RALH was compared to TLH or
OAH (Table 4). The adjusted analysis did not change the
conclusions made from Table 3; however, the magnitude
of the cost estimates did change. In women with cancer
undergoing simple hysterectomy, use of robotic-assisted
surgery generated significant excess costs of € 3345 (95%
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CI 2348; 4342) when compared to TLH and significant cost
savings of € 3445 (95% CI 415; 6474) when compared to
OAH. In women undergoing radical hysterectomy, open
access surgery was the only available comparator to RALH
since neither of the hospitals performed this procedure as
conventional laparoscopy. In this case, use of robotic-as-
sisted surgery was found to generate non-significant
increased costs of € 7282 (95% CI —7079; 21,644).

None of the sensitivity analyses were found to change
the results noticeably. Potential misclassification of surgi-
cal procedure showed the largest impact on the results,
with RALH generating significant cost savings of € 4631
(597; 8665) when compared to OAH in cancer patients

undergoing simple hysterectomy, corresponding to a cost
saving of € 1186 more than the one depicted in Table 4.

Discussion

Main findings

Our study demonstrates that the use of robot technology for
hysterectomy is potentially cost saving from a broad health
care sector perspective. This seems to apply for both

benign and malignant disease when compared to open
surgery whereas when compared to laparoscopic surgery,

@ Springer
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Table 4 Estimation of the costs attributable to the use of robot technology

Benign disease

Malignant disease

Simple hysterectomy

Radical hysterectomy

Costs (95% CI) p value Costs (95% CI) p value Costs (95% CI) p value

Surgical technique

Robot Ref. Ref. Ref.

Laparoscopy 1045 (—=200; 2291)  .083 —3345 (—4342; —2348) <.001 NA NA

Open 2460 (845; 4075) 011 3445 (415; 6474) .033 —7282 (—21,644; 7079) 232
Age 14 (-91; 120) 744 —47 (—139; 45) .246 73 (—174; 320) 458
CCI —533 (—1674; 608) .284 129 (—615; 873) .675 —1193 (3087; 701) 155
Tumour size NA NA

TO-T2 - - Ref. Ref.

T3-T4 - - 9854 (7430; 12,278) <.001 7434 (—5118; 19,985) 175

Missing - - —3883 (—7307; —459)  .033 —2290 (—13,519; 8939) .601
Node involvement

NO NA NA Ref. Ref.

NI1-N3 - - 3087 (—1859; 8034) 170 10,036 (8428; 11,644) <.001

Missing - - 809 (1928; 3545) 482 —3695 (—19,478; 12,088) .551
Metastasis

MO NA NA Ref. Ref.

Ml - - 303 (—5961; 6567) 906 1559 (—21,126; 24,243) .858

Missing - - —255 (—6767; 6258) 924 5245 (=7031; 17,520) .301
Region

The Capital Region of Denmark Ref. Ref. Ref.

Region Zealand —238 (—977; 502)  .446 —534 (—3376; 2307) .649 omitted

Region of Southern Denmark 22 (—563; 608) 925 183 (—1497; 1862) 791 —7881 (—14,225; —1537) .026

Central Denmark Region 1382 (780; 1983) .002 1399 (—251; 3049) .081 —2188 (—6082; 1706) .194

The North Denmark Region —570 (—1330; 190) .112 —1682 (—=3172; —192)  .034 —7805 (—19,959; 4348) .149

n
R2

Root mean standard error

3672
0.0083
12,921

3408
0.1050
19,709

590
0.0495
27,829

Values are mean € per patient (95% CI)

NA not applicable, CCI Charlson’s Comorbidity Index, Ref. reference

the use of robot technology for simple hysterectomy in
malignant disease seems to increase costs.

Interpretation in light of other evidence

The existing literature indicates that RALH is more costly
when compared to OAH [5, 7, 23] and TLH
[5, 8, 15, 17, 19-21, 23] whereas only one study suggests
that the use of robot technology could be cost neutral [25].
The present study appears to be the first that includes a
1-year follow-up and covers the entire health care sector in
relation to consequences of hysterectomy. Our results are
in agreement with previous findings of higher costs of
RALH when compared to TLH in malignant conditions
[8, 19, 25]. However, divergence is noticed for benign
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conditions where most studies have demonstrated addi-
tional costs related to RALH compared to TLH
[14, 17, 19, 20, 22].

Sarlos et al. estimated the surgical costs of RALH for
benign conditions at € 4067 and the corresponding estimate
of TLH at € 2151. The analysis did, however, only include
costs generated in the operating room, while no potential
cost consequences of post discharge follow-up or read-
missions were included [15]. Lonnerfors et al. included the
costs of complications and readmissions until four months
after surgery and demonstrated similar costs of RALH ($
7016) and TLH ($ 7059) when ignoring the purchase cost
of the robot [13]. In the light of the present results, this
suggests that the longer the follow-up, the less the addi-
tional cost of using the robot technology.
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The total costs of health care for RALH patients were
higher than the total costs of health care for TLH and OAH
patients. This indicates that patients selected to robotic
surgery had more severe disease, either related to the
gynecological disease or comorbidity, and did not represent
the easiest cases. This is somewhat counterintuitive to the
fact that robotic surgery is a relatively new technology in
Denmark. As an example; one of the centers started out
their robotic program in 2010 by operating patients with
endometriosis. These patients represent a group with a high
demand for outpatient visits both before and probably also
after surgery due to physical and psychological symptoms.
By using the DiD design, time invariant costs cancel out
and by further adjusting for baseline covariates we seek to
control residual risk selection. It should, however, be noted
that potentially relevant covariates such as psychological
health and body mass index (BMI) were unobserved and
thus not controlled for. If these are associated with selec-
tion into RALH and higher health care costs after RALH,
our results potentially overestimate the cost implications of
using robot technology.

Our findings should be viewed and interpreted in the
perspective of the national implementation of minimally
invasive cancer surgery in Denmark and additionally,
aspects regarding complexity of the surgical procedure and
its re-imbursement should be discussed in this regard. First,
Denmark has succeeded in centralization of gynecological
cancer surgery to highly specialized centers; for, e.g.,
endometrial cancer six centers since 2006 (four centers for
high-risk endometrial cancer since 2012) and for cervical
cancer five centers until 2012 and since then four centers.
All centers report all surgical and pathological data to a
national database, with reporting being compulsory and
published annually in an official report. Hence, trends and
activities are carefully monitored and discussed at national
multidisciplinary meetings and in the board of the Danish
Gynecological Cancer Group with members being
responsible for updating the national guidelines. Most
gynecological cancer cases were performed as open pro-
cedures until the years 2008-2010. Before this period only
three centers performed TLH and only in low-intermediate
risk endometrial cancer whereas high-risk endometrial
cancer and cervical cancer was operated by open surgery.
In 2008, the first center acquired a robot and introduced
TLH including pelvic lymphadenectomy when indicated,
as a routine procedure. In 2010 the second and in 2012 the
third center introduced a robotic program with similar set
up as described. All three centers went directly from per-
forming most cases as open procedures to perform most
cases as robotic procedures. The remaining centers had
limited access to robotic surgery until 2012-2013 but were
also the centers performing TLH routinely in low-inter-
mediate risk endometrial cancer while saving the limited

robotic surgical capacity to more complex procedures. The
more complex procedure as, e.g., radical hysterectomy was
gradually introduced at all centers when the access to
robotic surgery increased; however, it was never performed
by conventional laparoscopy. Likewise, para-aortic lym-
phadenectomy was performed as open procedure and not
performed by robotic access in Denmark until after the
study period. Hence, as it appears that, although conven-
tional laparoscopy was available at all centers and used
within benign gynecology, it never gained nationwide
currency within gynecological cancer surgery as a routine
procedure.

As it appears from the description of the robotic
implementation process in Denmark, our results from a
study period 2006-2013 could be argued to derive from the
time course of a robotic learning curve as opposed to
results obtained for TLH. TLH was performed as a routine
procedure at two large and one smaller center at the time of
the first robotic implementation. Further, analyses relying
on index tariffs are at present not able to correctly expose
the complexity of the surgical procedure performed along
with the RALH and TLH, respectively. Hence, explana-
tions for the higher inpatient costs for simple hysterectomy
in patients with malignant disease are likely to reflect a
combined effect of more expensive instruments, learning
curve, and a deliberate selection towards using the robot
even in complex cases if open access was the alternative
[34, 35].

Regarding radical hysterectomy our analyses suggested,
although not significant, higher total costs when using the
robot compared to open surgery. Reynisson et al. compared
the costs of RALH to the costs of OAH in women with
cervical cancer undergoing radical hysterectomy. Based on
231 women with 3-month follow-up after surgery they
concluded that robotic surgery can be performed at an
equal hospital cost compared to open access, but only after
the procedure has been well implemented [7]. It has been
shown in other areas of robotic application that operating
time, complication rate, and length of stay decrease as the
robot technology matures [7, 36, 37] and this will most
likely affect the costs.

We have previously described the comparatively slow
implementation of robotic surgery for advanced gyneco-
logical procedures in Denmark [29]. This limited the
inclusion window substantially regarding radical hys-
terectomy due to the criterion of a center having to offer all
three techniques by the time of surgery in order for a
patient to be included in this analysis, e.g., only 150
patients had robot-assisted radical hysterectomy. As such,
we were not able to rule out that some of the increased
costs attributable to advanced robotic surgery in patients
with malignant disease merely reflect a learning curve.
However, it is noteworthy that the main reason for
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increased total costs related to robotic-assisted laparo-
scopic radical hysterectomy (RLRH) was mainly caused by
increased inpatient costs one year post surgery and not
additional bed days as one would expect if the increased
costs reflected re-admissions due to more complications.
Hence, although potentially biased due to the small number
of included patients, the comprehensive analyses suggested
that implementation of robotic-assisted laparoscopy in
advanced gynecological cancer procedures leads to
reduced admission days and does not seem to cause more
re-admissions as compared to open access. In the future,
the index tariffs may undergo regulation as instrumental
costs may decrease and knowledge concerning admission
days is included.

Strengths and weaknesses

We examined costs of RALH compared to both OAH and
TLH. Costs related to all health care sectors were included
eliminating selection bias and supporting external validity.
To our knowledge, the present study is the first to report
separate costs related to both benign and malignant con-
ditions. Whether women have cancer or not affects the
extent of health care use [38], indicating that the two
should be reported separately.

A further strength is the difference-in-difference (DiD)
design used in the study. The DiD design serves to mini-
mize the risk of selection bias. External conditions, such as
comorbidity, were thus excluded from the analysis. Fur-
ther, by the DiD design, exogenous factors such as time
trends were eliminated when comparing the different sur-
gical techniques.

Our study also has weaknesses. It relied on multivariate
regression analysis in combination with a DiD design to
handle confounding from selection into surgical tech-
niques. When it comes to choice of surgical modality and
surgically related complications, BMI, uterine size, previ-
ous surgeries, and the presence of endometriosis may be
important confounding factors [2, 17, 27, 39]. Due to our
study design, we were not able to control for these con-
founders. This is a relevant focus in future studies. How-
ever, the use of a DiD design will adjust for the
confounding effects related to chronic conditions such as
extreme BMI values as long as its effect on costs before
and after hysterectomy is equal.

There was an uneven distribution of patients with nodal
involvement and metastases for women undergoing the
different surgical procedures for simple hysterectomy,
which could bias the results of Table 3 as more extensive
disease might lead to more extensive surgery and more
complications. However, when adjusting for confounders
in Table 4, possible bias were eliminated.
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Index tariffs for gynecological robotic-assisted laparo-
scopy were introduced in 2008 and the amount of re-im-
bursement reflects the estimated additional costs for the
hospital using, e.g., RALH compared to open or laparo-
scopic procedures. As an example, the difference in index
tariff for a complex robotic surgical procedure (e.g.,
RALH + pelvic  lymphadenectomy) compared to
TLH + pelvic lymphadenectomy is approximately 5000 €
to cover for the excess costs related to more expensive
instrument kits and maintenance of the robot. Separate
tariffs for the even more complex procedures such as
radical hysterectomy and para-aortic lymphadenectomy
have not yet been established in the Danish system and this
means that our results averages out the both plain RALH
and these more complex procedures.

Limitations regarding generalizability

A limitation in the present study is the use of national
average tariffs for the surgical procedure without taking
into account the level of technical efficiency that charac-
terizes the operation of the robot, i.e., how efficiently the
robot capacity is utilized in terms of equipment and spe-
cialised staff [40]. Our results represent the average level
of efficiency for the Danish health care system during a
period of 7.5 years and the external validity of the results
thus strongly depend on how comparable the levels of
efficiency are between settings.

An important consideration when examining the costs of
RALH is that other surgical methods are compared with a
method under development, and thus the position on the
learning curve is likely to affect the results [7, 8, 15]. Trials
comparing robot-assisted with laparoscopic and vaginal
approaches have demonstrated some bias in favor of non-
robotic methods as surgeons performing robotic hysterec-
tomies had only limited experience compared to those
performing laparoscopic and hysterectomies [14, 21, 41].
Lim et al. provides compelling evidence for the advantages
of robot-assisted hysterectomy for benign disorders when
performed by surgeons with high-volume experience
compared with laparoscopic, vaginal, or open abdominal
hysterectomies performed by high-volume surgeons [42].
Also, the cost-efficiency of the robot technology is likely to
develop with production volume and specialization, and
therefore the cost per future procedure could be
overestimated.

Finally, the present study was restricted within a health
care perspective and it should be noted that a broader
perspective including sick leave and production loss could
potentially impact the conclusion. Given that RALH
patients had fewer readmissions, they might have recov-
ered more quickly and thus incurred less production loss.
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Including aspects of societal perspectives is important in
future studies.

Conclusion

From a broad health care sector perspective, there seems to
be a cost argument for the use of RALH in women with
benign conditions whereas in women with malign disease,
the cost argument is dependent on comparator. For external
validity, it is important to consider how efficiently the
robot technology is run, e.g., considering capacity use of
equipment, availability of skilled staff and position on the
learning curve when comparing to other surgical
modalities.

Practical and research recommendations

Today, many hysterectomies are conducted as open sur-
gery. Open access hysterectomy is substantially more
costly than RALH and it should, therefore, be considered
whether the choice of OAH is founded in evidence for
clinical superiority.

The technical efficiency aspect of robot technology with
respect to capacity utilization and learning curve position
in particular should be examined more closely to estimate
long-run consequences of the dissemination of the robot
technology.
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