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H I G H L I G H T S

• Quality of life and body image return to baseline by 3 weeks after robotic surgery.
• Social well being was not affected by robotic surgery.
• Emotional well being increased after robotic surgery.
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Purpose. To characterize the health-related quality of life (HRQL) of patients undergoing robotic surgery for
the treatment of gynecologic cancers.

Methods. 211 patients completed a quality of life questionnaire before surgery. Postoperative questionnaires,
consisting of the same assessment with the addition of postoperative questions, were given at 1 week, 3 weeks,
3, 6, and 12 months after surgery. The Functional Assessment of Cancer Therapy—General (FACT-G) and its
subscales were used to evaluate HRQL. Patient-rated body image was evaluated using the Body Image Scale.
Statistical significance was measured by the Wilcoxon signed-rank test. Minimally important difference (MID)
values were analyzed to evaluate clinical significance.

Results.Overall HRQL and body image decreased at 1week after surgery and returned to baseline by 3 weeks.
Physical and functional well-being decreased at 1 week after surgery and returned to baseline by 3 months after
surgery. However, using MID criteria, physical well-being returned to baseline by 3 weeks. Social well-being did
not change significantly. Emotional well-being increased immediately by 1 week after surgery.

Conclusion. Patient reported HRQL outcomes following robotic surgery for the treatment of gynecologic
cancers suggests a rapid return to pre-surgery values.

© 2014 Elsevier Inc. All rights reserved.

Introduction

There is a growing interest to integrate the assessment of health-
related quality of life (HRQL) into clinical practice [1–3] as its measure-
ment has become pivotal in patient care [4–6]. In oncology, the
symptoms of cancer as well as side-effects from treatment have been
associated with a decrease in HRQL [7–9], and HRQL has become an
important indicator of the value of health care programs and new
technologies.

Gynecologic cancers and their treatments not only affect the general
well-being of patients, but can have specific impacts on femininity [10,
11], self-esteem [11], and body image [10–12]. In addition, sexual health
following gynecologic cancer surgery can be impacted by modification
of genitalia and/or loss of childbearing capacity [10–15], decreased libi-
do [10,14,15], and surgical menopause[12,13]. The introduction of min-
imally invasive surgery has corresponded with improved patient HRQL
when comparedwith traditional laparotomy [16–18]. Though HRQL is a
broad termwhichmany have attempted to define, somehave narrowed
it down to four domains: physical, functional,mental/psychological, and
social functioning [19].Following a pilot study showing good recovery at
one post-operative evaluation [20], we initiated this prospective study
comparingHRQL prior to and after surgery in an unselected consecutive
series of patients following robotic surgery for gynecologic cancers.
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Methods

Recruitment of patients

Patients were recruited to this study from the gynecologic–oncology
clinic of a publicly funded tertiary care hospital. All patients scheduled
to undergo robotic surgery for the treatment of a gynecologic cancer
(uterine, ovarian, cervical) were invited to participate in this study,
and signed an informed consent which was approved by the institu-
tion’s Research Ethics Committee. Three surgeons experienced with ro-
botic surgery performed the surgeries. Between December 2009 and
December 2012, there were 211 consecutive subjects included in the
study. None of the patients were part of our previous pilot study [20].
A flow chart of the study process is shown in Supplementary Fig. S1.
After giving written informed consent, participants were provided
with the baseline questionnaire prior to surgery (provided in Supple-
mentary Material S2). On the day of surgery, patients were given a
follow-up questionnaire to be completed one week after surgery. Pa-
tients were then asked to complete the same follow-up questionnaire
at their in-clinic visit three weeks after surgery. Subsequent question-
naires were mailed to patients at 3, 6, and 12 months after surgery.
Completed questionnaires were transferred to an electronic database
by a trained data manager, and none of the surgeons had access to the
answers of the patients. Participants were eligible to participate in this
study if they completed a baseline questionnaire, and were excluded if
their surgery was converted to laparotomy (n = 11). Questionnaires
(see Appendix, S2) were completed either in English or French.

Outcome measures

FACT-G
HRQL was measured using the validated cancer-specific FACT-G

questionnaire. The FACT-G is a 27-item questionnaire that assesses
HRQL across four domains: physical well-being, social well-being, emo-
tional well-being, and functional well-being [21]. Higher FACT-G scores
correspond to better HRQL [21]. Following established guidelines, FACT-
G subscale scores were considered valid if more than 50% of the ques-
tions were answered; total FACT-G scores were considered valid if
more than 80% of all 27 questions were answered and all comprising
subscale scores were valid [21]. Participants with too many missing
FACT-G answers were therefore excluded from the FACT-G analysis. If
too many missing values were found in the baseline questionnaire, all
subsequent subscale scores and/or total FACT-G scores were removed
for that participant. This ensured that all follow-up questionnaires
have a corresponding baseline questionnaire as a control.

Body image scale
Body image was measured using the Body Image Scale (BIS) de-

signed for cancer patients by Hopwood et al. (2001) [22]. Scores on
the 10-item questionnaire range from 0 to 30, with higher scores indi-
cating a more negative self-image [22]. For consistency with the FACT-
G, where higher scores reflect better HRQL, all BIS scores were
subtracted from 30 so that higher scores correspond to better body
image. Similarly to the FACT-G scoringmethodology, BIS questionnaires
with more than two missing answers were excluded from the body
image analysis; if more than two missing answers were in the baseline
questionnaire, all BIS datawere excluded for that participant. Twomiss-
ing items were considered acceptable to impute in accordance with
what has been reported [22].

Statistical Analysis
Statistical analysis was performed using STATA 12 statistical soft-

ware (StataCorp) and Microsoft Excel 2003. Some distributions of
HRQL scores by visits were not normally distributed. We therefore per-
formed non-parametricWilcoxon signed-rank test to test for significant
differences in questionnaire scores between different time points. To

assess clinical differences, changes in questionnaire scores were also
evaluated using minimally important difference (MID) values
established for the questionnaires where applicable [21]. A difference
of 3–7 points is suggested as a minimally important difference (MID)
for the total FACT-G Score; 2–3 points for the physical and functional
well-being subscales; 2 points for the emotional well-being subscale
[21]; and 2 points for the social well-being subscale [23]. Kruskal Wallis
analysis of variance was used to test differences in questionnaire scores
by age and marital status.

A return to pre-surgery HRQL was considered if the difference be-
tween scores at post-operative time pointswere not significantly differ-
ent from baseline. A significance level of p b 0.05 was used throughout
the study.

Results

Patient characteristics

Patient demographics and lifestyle habits are shown in Table 1. The
mean age was 61 years old (20–92). Most patients were treated for en-
dometrial cancer (70.6%) and more than a third had a BMI greater than
30 (37%).

Quality of life

FACT-G subscale scores and overall FACT-G scores are tabulated in
Table 2. Overall FACT-G scores are graphically represented by box
plots in Fig. 1.

Table 3 shows changes in questionnaire scores, with Wilcoxon
signed-rank test results, and minimally important difference (MID)
values established for the questionnaires where applicable [21].

Overall HRQL, asmeasured by the total FACT-G score, decreased at 1
week follow-up (p b 0.0001, MID=−6.5) and returned to baseline by
3 weeks after surgery (p = 0.1, MID = −1.2). In the long-term 12-
months after surgery, overall HRQL was significantly higher than
HRQL measured before surgery (p = 0.0005, MID = 8.0).

The four domains of the FACT-G questionnaire were further
evaluated separately. Physical well-being decreased at 1 week after
surgery (p b 0.0001, MID = −5.0) and returned to baseline at 3-
month follow-up (p = 0.3, MID = −0.6). By the recommended MID
criteria, however, physical well-being returned close to baseline by
the third week after surgery (MID = −1.5). Functional well-being
decreased after surgery and returned to baseline at 3-month follow-
up (p= 0.4, MID= 0.1). Mean social well-being increased from base-
line after surgery though it was not significant and returned closer to
baseline by 3 months after surgery. Changes in social well-being did
not meet the minimally important difference values. Emotional well-
being was found to increase significantly by 1 week after surgery
(p b 0.0001, MID = 3.0) and remained significantly higher than
baseline.

Body Image

Means and 95% confidence intervals of Body Image Scale scores are
tabulated in Table 2 and box plots are illustrated in Fig. 2, underlining
the median and outliers. Wilcoxon signed-rank test results are shown
in Table 3. Patient-rated body image was found to decrease by the first
week after surgery (p = 0.002) and return closer to baseline by the
third week (p = 0.9).

One expected advantage of robotic surgery is theminimally invasive
approach resulting in small scars. The specific question concerning scars
from the Body Image Scale [22] revealed (Fig. 3) that at 1week after sur-
gery, 62%were “not at all dissatisfiedwith the appearance of their scar”,
and this increased to 82% by 3 weeks.

Kruskal–Wallis analysis of variance was used to evaluate the impact
of age and marital status on HRQL. Age was dichotomized into two
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groups: below 70 years old and greater than or equal to 70. Patients
younger than 70 displayed significantly higher emotional well-being
(p = 0.02) and functional well-being (p = 0.01), while patients
70 years or older had higher body image (p = 0.0001). We chose
70 years of age as a clinical definition of elderly, though to mitigate
the potential sample size bias, we repeated the analysis by dividing
the sample into tertiles of age and found similar resultswith the highest
age group reporting lower emotional and functional well-being, and the
lowest age group reporting lower body image. We also repeated the
analysis by splitting the sample at the median age, 62, and found

significance only with body image (p = 0.0001), again with older pa-
tients reporting better body image.

We found a significant difference by marital status for social well-
being (p = 0.0001), functional well-being (p = 0.048), and overall
FACT-G score (p= 0.025), with single/divorced/widowed patients hav-
ing the lowest scores. Body image scoreswere not influenced bymarital
status (p= 0.6). However, physical well-being (p = 0.0002) and body
image (p= 0.0001) were significantly worse in patients who complet-
ed any form of adjuvant therapy, either chemotherapy (33% of patients)
and/or radiation (28% of patients).

Discussion

The aim of this study was to prospectively characterize the HRQL
outcomes following robotic surgery in patients with gynecologic can-
cers. Results showed a decrease in overall HRQL at 1 week after surgery,
and a return to baseline by 3 weeks. The total FACT-G score was then
broken down into its component subscales. The results for physical
well-being depended on the test used, e.g. using the MID values, there
was a return to baseline by 3 weeks after surgery but using the
Wilcoxon signed-rank test, it returned to baseline by 3 months after
surgery. This discrepancy may be due to the different methodologies
of each test. Whereas the Wilcoxon signed-rank test evaluates the
sign of the ranked score differences between time points, the MID

Table 1
Patient demographics and lifestyle habits.

N = 211 (%)

Diagnosis
Endometrial cancer 149 (70.6)
Ovarian cancer 43 (20.4)
Cervical cancer 19 (9.0)

BMI
b30 132 (62.6)
30.0–39.9 57 (27.0)
≥40 20 (9.5)
No answer 2 (0.9)

Ethnicity
White/Caucasian/Canadian 160 (75.8)
Other 27 (12.8)
No answer 24 (11.4)

Highest education level⁎

Elementary 19 (9.0)
Secondary 63 (29.9)
College/University 120 (56.9)
No answer 9 (4.3)

Language†

English 167 (79.1)
French 152 (72.0)
Other language(s) 82 (38.9)
No answer 12 (5.7)

Work status
Working 92 (43.6)
Not working or retired 116 (55.0)
No answer 3 (1.4)

Current relationship status
Married 123 (58.3)
Cohabitating 15 (7.1)
Dating 6 (2.8)
Single, widowed, divorced 61 (28.9)
No answer 6 (2.8)

Children
Yes 167 (79.1)
No 15 (7.1)
No answer 29 (13.7)

Alcohol drinking habits
None 72 (34.1)
Occasionally 47 (22.3)
1–3/week 41 (19.4)
≥4/week 40 (19.)
No answer 11 (5.2)

Cigarette consumption
None 184 (87.2)
Very few or rarely 1 (0.5)
3–5/day 2 (0.9)
6–10/day 6 (2.8)
N10/day 9 (4.3)
No answer 9 (4.3)

Exercising habits
Never 76 (36.0)
≤5 times per month 5 (2.4)
1–4 times per week 76 (36.0)
≥5 times per week 39 (18.5)
No answer 15 (7.1)

⁎ Subjects who only reported years of schooling were categorized accordingly.
† Knowledge of language includes any or all of the following: speaking, reading, and/or

writing.

Table 2
Mean and 95% confidence interval values for FACT-G, FACT-G subscales, and Body Image
Scale.

Questionnaire N Mean (95% confidence interval)

Physical Well-Being, FACT-G
Baseline 193 23.9 (23.2–24.7)
1 week after surgery 121 18.9 (17.9–20.0)
3 weeks after surgery 92 22.4 (21.6–23.3)
3 months after surgery 114 23.3 (22.4–24.3)
6 months after surgery 81 23.8 (22.8–24.8)
12 months after surgery 67 25.3 (24.5–26.1)

Social Well-Being, FACT-G
Baseline 184 22.9 (22.1–23.7)
1 week after surgery 116 23.7 (22.9–24.5)
3 weeks after surgery 85 23.8 (22.7–24.9)
3 months after surgery 111 22.3 (21.2–23.5)
6 months after surgery 81 22.2 (20.8–23.5)
12 months after surgery 68 23.1 (22.0–24.3)

Emotional Well-Being, FACT-G
Baseline 185 15.2 (14.5–16.0)
1 week after surgery 114 18.2 (17.3–19.1)
3 weeks after surgery 85 18.4 (17.5–19.3)
3 months after surgery 108 19.6 (18.9–20.3)
6 months after surgery 77 18.1 (17.1–19.2)
12 months after surgery 63 19.2 (17.9–20.4)

Functional Well-Being, FACT-G
Baseline 191 19.9 (19.0–20.8)
1 week after surgery 119 15.1 (14.0–16.3)
3 weeks after surgery 89 16.2 (14.9–17.6)
3 months after surgery 115 20.0 (18.9–21.1)
6 months after surgery 82 19.8 (18.3–21.2)
12 months after surgery 69 22.6 (21.4–23.8)

Overall HRQL, FACT-G
Baseline 177 82.1 (79.8–84.4)
1 week after surgery 107 75.5 (72.4–78.6)
3 weeks after surgery 79 80.9 (77.6–84.2)
3 months after surgery 106 85.6 (82.8–88.5)
6 months after surgery 76 83.5 (79.9–87.1)
12 months after surgery 63 90.0 (86.6–93.5)

Body Image Scale
Baseline 172 25.9 (25.0–26.8)
1 week after surgery 103 23.7 (22.4–25.1)
3 weeks after surgery 79 26.1 (25.0–27.3)
3 months after surgery 104 24.9 (23.8–26.0)
6 months after surgery 71 24.6 (23.1–26.0)
12 months after surgery 60 26.5 (25.3–27.7)

Note: Higher scores correspond to better HRQL and Body Image.
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values were used as a reference point when comparing average scores
between time points. The latter is therefore more sensitive to outlier
scores. The time gap between the 3-week and 3-month evaluation
makes it difficult to ascertain at which point within that time interval
patients can be expected to recuperate physically and functionally.

Adding an intermediate follow-up would be more appropriate for fu-
ture studies. There was a non-significant increase in mean social well-
being in the short term after surgery. The minimal impact on social
well-being could be related to the additional social support usually pro-
vided to cancer patients [23,24] in the intermediate term after surgery.
The social well-being subscale evaluates how close individuals feel with
their friends, family, and partner, which may be expected to be higher
during times of illness. Social support has also been associated with a
decrease in depressive symptoms in cancer patients [25], which may
account in part for the improvement in emotional well-being after sur-
gery. This improvement may also be attributed to an emotional distress
at baseline after being diagnosed with cancer, as well as a heightened
sense of emotional relief following surgery, perhaps encompassing the
minimal impact of the surgery or the rapid rate of recovery.

The progression of HRQL and FACT-G domains following surgery in
our study reminds us of what has been reported previously [16,17] in
laparoscopy trials. In the multicenter Gynecology Oncology Group
study LAP2 [16] comparing laparoscopy to laparotomy, the FACT-G
was used to assess overall HRQL. Although the authors did not report
data on the FACT-G subscales or the significance of changes in postoper-
ative HRQL relative to baseline, their laparoscopy data seem comparable
to ours [16]. Using a different validated instrument, the generic Short-
Form SF-36, they also reported a decrease in mean physical functioning
scores 1 week after surgery, gradually returning to baseline by
6 months after surgery [16]. Mean body image scores increased by
one week after surgery in both their laparoscopy and laparotomy

Table 3
Minimally important differences and Wilcoxon Signed-Rank Test results between HRQL scores at different post-operative time points relative to baseline.

Questionnaire z-score p-value difference between mean score and baseline MID

Physical Well-Being, FACT-G
1 week after surgery⁎ 7.841 b0.0001 −5.0 Y
3 weeks after surgery⁎ 4.125 b0.0001 −1.5 N
3 months after surgery 1.079 0.2807 −0.6 N
6 months after surgery** 1.694 0.0902 −0.2 N
12 months after surgery −1.083 0.2789 1.3 N

Social Well-Being, FACT-G
1 week after surgery −1.199 0.2303 0.8 N
3 weeks after surgery −0.803 0.4221 0.9 N
3 months after surgery 1.185 0.2361 −0.5 N
6 months after surgery 0.542 0.5877 −0.7 N
12 months after surgery 0.848 0.3967 0.3 N

Emotional Well-Being, FACT-G
1 week after surgery⁎ −6.591 b0.0001 3.0 Y
3 weeks after surgery⁎ −5.227 b0.0001 3.2 Y
3 months after surgery⁎ −7.637 b0.0001 4.4 Y
6 months after surgery⁎ −5.175 b0.0001 2.9 Y
12 months after surgery⁎ −5.076 b0.0001 3.9 Y

Functional Well-Being, FACT-G
1 week after surgery⁎ 6.974 b0.0001 −4.7 Y
3 weeks after surgery⁎ 5.161 b0.0001 −3.7 Y
3 months after surgery 0.912 0.3616 0.1 N
6 months after surgery 0.998 0.3184 −0.1 N
12 months after surgery⁎ −2.830 0.0047 2.7 Y

Overall HRQL, FACT-G
1 week after surgery⁎ 4.791 b0.0001 −6.5 Y
3 weeks after surgery** 1.649 0.0990 −1.2 N
3 months after surgery** −1.754 0.0794 3.6 Y
6 months after surgery −0.383 0.7016 1.4 N
12 months after surgery⁎ −3.495 0.0005 8.0 Y

BIS
1 week after surgery⁎ 3.094 0.0020 n/a
3 weeks after surgery −0.109 0.9135 n/a
3 months after surgery 1.512 0.1304 n/a
6 months after surgery 0.620 0.5352 n/a
12 months after surgery −1.502 0.1331 n/a

All postoperative questionnaire scores were compared to baseline scores using non-parametric Wilcoxon Signed-Rank Test. HRQL was considered to have returned to baseline if
differences with baseline were insignificant.
Note: Similar significance results were obtained by the Mann–Whitney–Wilcoxon Rank Sum Test.
MID: Minimally important difference. A minimally important difference (Y) was reached if the difference inmean scores at baseline and at postoperative time points was greater than or
equal to the referenced MID.
⁎ Significance at p b 0.05.
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groups [16] though the use of a different questionnaire to assess body
image again makes it difficult to compare with our data.

Three diagnoses were included in this study: endometrial, ovarian,
and cervical cancer. We performed Kruskal Wallis analysis of variance
to test any differences between the three groups at baseline and found
a significant difference only for functionalwell-beingwithmedianbase-
line scores of 21, 21.5, and 24 for endometrial, ovarian, and cervical can-
cer patients, respectively (p = 0.0261). Compared to studies that have
assessed HRQL following laparoscopy [16–18], we did not exclude pa-
tients at high risk, such as those with advanced stage cancer, poor per-
formance status, and/or other major medical conditions: 95% of all
operable patients with endometrial cancer, uterine sarcoma, or cervical
cancer underwent robotic surgery in our center. Over a third of the pa-
tients (38%) in our study were at higher risk for complications or poor
quality of life, either because of age (22% were 70 years old or older)
and/or obesity (37% obese: 16% with BMI between 30.0 and 34.9; 11%
with BMI between 35.0 and 39.9 kg/m2, and 10% with BMI ≥ 40). The
feasibility of robotics in the elderly and obese populations reflects the
findings of our previous studies [20,26].

Whenwe dichotomized our sample at 70 years of age, older patients
were found to have lower emotional and functional well-being though
higher body image. Dichotomized at the median age of 62, only body
image was significantly different, with older patients reporting better
body image. Others have also found older age to be associated with
higher body image [22] and lower functional wellbeing [3] in cancer pa-
tients. In contrast, some have reported emotional wellbeing [3] and de-
pressive symptoms [25] to be worse in younger patients. Gil et al.
(2007) [24] looked for factors that influence baseline HRQL in patients
planned to undergo gynecologic oncology surgery. The group found
age to be positively correlated with the physical and emotional
wellbeing domains of the FACT-G questionnaire. In contrast to our find-
ings that marital status influences the FACT-G scores, they found no dif-
ferences in pre-operative FACT-G scores between women who were
married andnotmarried though their analysiswasnot intended to eval-
uate the course of treatment [24]. We noted a significant difference in
overall FACT-G scores as well as social and functional well-being by
marital status, with single/divorced/widowed women having the low-
est scores. These same domains have similarly been shown to be signif-
icantly lower in patients who have help no at home [3].

One limitation with our study is the missing response data and the
decrease in questionnaire response over time, especially at 3 weeks
after surgery as shown in Table 2. Based on questionnaire guidelines,
we excluded questionnaires with too many missing responses. In addi-
tion, subjects who had not completed a valid baseline questionnaire
were excluded to ensure that every patient at follow-up was her own
control. To evaluate this potential bias, we re-calculated all our data by
including the invalid questionnaires. Mean and median scores were
graphically compared and showed similar results in FACT-G subscales,
overall FACT-G, and Body Image Scale scores over time.

While a decrease in questionnaire response is usually observed over
time in this type of study, we evaluated the association between HRQL
with completion of questionnaires at 12 months. Patientswho complet-
ed the 12-month questionnaire had an overall worse body image (p =
0.0047), but better physical well-being (p = 0.040), emotional well-
being (p = 0.011), functional well-being (p = 0.0079), and total
FACT-G score (p = 0.016). This may be explained by the fact that pa-
tients who completed the 12-month follow-up were also more likely
to have completed the 3-month (Odds Ratio = 2.2, p = 0.001) and 6-
month (Odds Ratio = 2.9, p b 0.001) follow-up questionnaires, which
were associatedwith a higher HRQL.We therefore repeated the analysis
by looking at the HRQL at 3-months and 6-months after surgery and
comparing HRQL scores in participants who completed the 12-month
questionnaire to those who did not. We found no significant difference
at either follow-up.We then used Pearson’s chi-squared test and simple
logistic regression in order to characterize the cohort that responded at
12-months compared to the one with missing responses. Ovarian can-
cer patients were less likely to complete the 12-month follow-up
questionnaires in comparison to endometrial cancer patients (Odds
Ratio = 0.7, p = 0.048). Whether or not participants completed the
12-month questionnaire was not significantly affected by age (less
than versus greater than 70 years old), marital status, or whether pa-
tients had received chemotherapy and/or radiotherapy at any point
during the course of the study.

Results from this study demonstrated a decrease in HRQL and body
image 1 week after surgery. Between 1 week and 3 weeks, HRQL and
body image returned close to baseline, providing evidence that robotic
surgery for the treatment of gynecologic cancers results in a rapid return
to pre-surgery quality of life.

Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.ygyno.2014.04.052.
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Characters n (N=367) (%)

Suspected or confirmed tumor site

Uterus 245 (67%)

Ovaries, fallopian tubes, peritoneum 79 (22%)

Cervix 43 (12%)

BMI

<30 210 (57%)

30.0–39.9 105 (29%)

≥40 52 (14%)

Highest education level*

Elementary 27 (7%)

Secondary 112 (31%)

College/university 205 (56%)

No answer 23 (6%)

Current relationship status

Married 198 (54%)

Cohabitating 26 (7%)

Dating 12 (3%)

Single, widowed, divorced 118 (32%)

No answer 13 (4%)

Children

Yes 287 (78%)

No 27 (7%)

No answer 53 (14%)

Alcohol drinking habits

None 154 (42%)

Occasionally 69 (19%)

1–3/week 57 (16%)

≥4/week 62 (17%)

No answer 25 (7%)

Cigarette consumption

None 316 (86%)

Very few or rarely 1 (0%)

1–5/day 7 (2%)

6–10/day 8 (2%)

>10/day 14 (4%)

No answer 21 (6%)

Characters n (N=367) (%)

Exercising habits

Never 135 (37%)

≤5 times per month 8 (2%)

1–4 times per week 124 (34%)

≥5 times per week 68 (19%)

No answer 32 (9%)

*, subjects who only reported years of schooling were 

categorized accordingly.
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Minimizing pain medication use and its associated costs following
robotic surgery
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H I G H L I G H T S

• Robotic surgery is associated with less use of pain medications post-operatively.
• The reduction in pain medications is associated with a decrease in analgesia-related costs.
• The routine use of patient-controlled analgesia is not required after robotic surgery.
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Introduction. Minimally invasive surgery (MIS) has been associated with diminished postoperative pain and
analgesia requirements. The objective of the current study was to evaluate the use of analgesia in the post-oper-
ative period following robotic surgery for endometrial cancer.

Methods. All consecutive patients who underwent robotic surgery for the treatment of endometrial cancer
were included in this study. The timing, dose, and type of analgesics administered postoperativelywere recorded
from patients' electronic medical record. Data was compared to a matched historical cohort of patients who
underwent laparotomy before the introduction of the robotic program.

Results. Only eight patients (2.4%, 5 during the first 25 cases and 3 following mini-laparotomy) received pa-
tient-controlled analgesia (PCA) following robotic surgery. Most patients' pain was alleviated by over-the-coun-
ter analgesics (acetaminophen, non-steroidal anti-inflammatories). In comparison to laparotomy, patients who
underwent robotic surgery required significantly less opioids (71 mg vs. 12 mg IV morphine, p b 0.0001) and
non-opioids (4810 mg vs. 2151 mg acetaminophen, 1892 vs. 377 mg ibuprofen, and 1470 mg vs. 393 mg
naproxen; all p b 0.0001).

Conclusion. Patients require less analgesics (opioids and non-opioids) following robotic surgery in compari-
son to conventional laparotomy, including the elderly and the obese. The diminished pain medication use is as-
sociated with some cost savings.

© 2016 Elsevier Inc. All rights reserved.
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Robotic surgery
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1. Background

In 1986 and again in 1996, the World Health Organization (WHO)
developed guidelines to alleviate pain resulting from cancer and its
treatments [1,2], yet to this day pain in cancer patients continues to be
undertreated [3,4]. To further diminish post-surgical pain and limit

the use of opioids, minimally invasive laparoscopic surgery (MIS) has
been championed as a less traumatic approach to surgery. Since the in-
troduction of robotically assisted surgery, more patients have been able
to benefit from the minimally invasive technique [5].

Recently, we reported that 40% of patients did not take any analge-
sics for pain at the time of their first post-op visit [6]. Using validated
psychometric instruments, we demonstrated that pain severity, pain in-
terferencewith daily life, and use of treatments for pain returned to pre-
surgery levels within 3 weeks of surgery [manuscript submitted for
publication]. In the current study, we evaluate the use of pain
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medications during the post-operative hospital stay following surgery
for endometrial cancer.

2. Methods

All consecutive patients who underwent robotic surgery for endo-
metrial cancer were included in this study. A trained research assistant
extracted medications, doses, routes of administration, and time of ad-
ministration for every patient in the post-operative period, from every
chart on the hospital's electronicmedical record system. Time of admin-
istration was described as having been given after surgery on postoper-
ative day 0 (POD0), POD1, and every day thereafter (POD2+). Patient
characteristics and clinical data were obtained from a prospective com-
puterized departmental database. Direct costs associated with the ad-
ministration of pain medications were gathered from the hospital's
pharmacy and purchasing departments. The following costs were in-
cluded: medications, needles, syringes, Patient Controlled Analgesia
(PCA)-associated costs (PCA syringe, catheter, tubing, dressing, and
labor costs for preparations by pharmacy personnel), epidural-associat-
ed costs (epidural kits, bags, tubing, labor costs for preparations, and
anesthetist's fees for epidural injection and follow-up). All costs were
expressed in 2015 Canadian dollars.

Since 2009, over 95% of patients with endometrial cancer undergo
robotic surgery in our center, virtually eliminating laparotomy for this
indication. We therefore evaluated pain medication usage in a cohort
of consecutive patients treated by laparotomy for endometrial cancer,
just prior to the introduction of the robotic platform. Electronic medical
records were reviewed for both cohorts. Due to the greater number of
patients in the robotic cohort, patients from the historical cohort were
matched by stage (as a proxy for extent of disease) and age (as it can af-
fect a drug's pharmacokinetics) in a 1:3 ratio to those treated by robotic
surgery. Institutional IRB approval was obtained for this study. Out-
comes were compared for statistical differences between the two co-
horts using the Mann–Whitney U test, the chi-squared test, or Fisher's
exact test, where applicable, using the STATA statistical software
(StataCorp). A significance level of p b 0.05 was used throughout the
study.

3. Results

A total of 356 patients were treated for endometrial cancer by robot-
ically assisted surgery since the introduction of the robotics program in
December 2007 until April 2013, the time at which this study was de-
signed. No differences in procedures occurred since that time. Sixteen
patients were excluded because the final pathology demonstrated
non-cancerous or benign disease (n= 4), the presence of multiple ma-
lignancies (n= 6), re-operationwithin the same admission (n=3), in-
complete pain medication chart (n = 1), or conversion to laparotomy
for intolerance to Trendelenburg (n = 2). Patients who underwent a
mini-laparotomy for the removal of large uteri (n = 6) remained in-
cluded in the robotic cohort, leaving 340 robotic cases for analysis.

The mean age was 65 years, and 34% were ≥70 years old (Table 1).
The mean body mass index (BMI) was 32 kg/m2, 51% were obese and
19% morbidly obese (BMI N 40). Most patients had stage IA disease
(62%) and most tumors were of endometrioid histology (74%).

The average surgical time (skin incision to closure) was 240 min
(95%CI 234 to 245 min) with a mean estimated blood loss (EBL) of
70 mL (95%CI 60 to 80 mL). Patients stayed in the hospital, on average,
1.6 days (95%CI 1.4 to 1.7 days, median 1 day).

Pain medication use is tabulated in Table 2. Most patients' pain was
alleviated by acetaminophen (mean 2294 mg) and NSAIDs (mean
461mg ibuprofen, 375mg naproxen). As part of the anesthesia protocol
for minimally invasive procedures, patients were administered intrave-
nous fentanyl (mean 53 mcg) in the Post-Anesthesia Care Unit. The av-
erage dose of morphine administered was 1.3 mg intravenously, 3.1 mg
subcutaneously, and 1.2 mg orally. Only eight (2.4%) patients were on

Patient Controlled Analgesia (PCA), six on IV morphine and two on IV
fentanyl. No patients required continuous epidural analgesia. Five of

Table 1
Baseline characteristics of all patients with robotic surgery.

Robotic (n = 340)

Age, mean (SD) 64.8 (11.5)
BMI, mean (SD) 31.9 (8.7)
ASA

1 10.3%
2 62.1%
3 27.1%
4 0.6%

Final histology
Endometrioid 73.8%
Serous 10.9%
Clear cell 5.0%
Carcinosarcoma 4.1%
Adenosquamous 3.5%
Mucinous 1.2%
Sarcoma 1.2%
Unclassified 0.3%

Grade
1 42.1%
2 23.8%
3 34.1%

Surgical stage
IA 61.5%
IB 16.2%
II 5.0%
IIIA 3.5%
IIIB 0.6%
IIIC 10.9%
IVA 0.6%
IVB 1.8%

Table 2
Pain medication use following robotic surgery.

Medication Full robotic sample (n = 340)

n Mean SD Median

Acetaminopen
Acetaminopen 300 2294.0 2293.4 1650

NSAIDS
Ibuprofen 145 461.2 702.0 0
Toradol 34 1.0 3.0 0
Naproxen 122 375.4 655.7 0
Diclofenac (PO/PR) 20 7.1 32.0 0
Meloxicam 2 0.1 1.1 0
Ketoprofen 0 0.0 0.0 0
Rofecoxib 0 0.0 0.0 0
Indomethacin 0 0.0 0.0 0
Celecoxib 1 0.6 10.8 0

Oral opioids
Codeine 20 3.2 15.1 0
Oxycodone 4 0.1 1.1 0
Hydromorphone (PO) 24 0.3 1.9 0

Morphine
Morphine (IV) 48 1.3 4.2 0
Morphine (SC) 69 3.1 10.0 0
Morphine (PO) 43 1.2 3.8 0

Other
Fentanyl (IV) 177 0.05 0.07 0.03
Neurontin (PO) 2 3.5 45.9 0
Demerol (IV/IM) 4 0.3 2.7 0
Hydromorphone (IV/SC) 17 0.1 0.4 0
Empracet (PO) 10 1.3 8.4 0

Patient-controlled analgesia
# on PCA 8
Morphine (IV PCA) 6 0.83 7.19 0
Fentanyl (IV PCA) 2 0.002 0.04 0

Continuous epidural analgesia
# on CEA 0

Morphine IV equivalence
Including PCA/CEA 280 12.8 17.1 7.8

Note: All doses presented are in milligrams (mg).
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those on PCA were during the learning curve in the first 25 cases and
three had a mini-laparotomy for retrieval of a large uterus. All opioids
were converted into a morphine IV scale to estimate the total narcotic
use. Including patients on PCA, on average 12.8 mg of morphine were
administered.

3.1. Comparing to matched laparotomy group

59 non-selected patients in the historical laparotomy group had
available electronic records containingdata on painmedications admin-
istered after surgery.

Patients in the laparotomy group were then matched in a 1:3 ratio
(for n = 177 robotic cases) by stage and age to those in the robotics
group.

Patient and oncologic characteristics for the matched cohorts are
shown in Table 3. There was no significant difference in the mean age
(67 years old in both groups, p= 1.0), BMI (29 vs. 30 in the laparotomy
and robotic groups, respectively; p = 0.3), and ASA scores (58% vs. 62%
had an ASA level of 2, p = 0.6). Most tumors were of endometrioid his-
tology (75% vs. 66%, p = 0.3), most patients had Stage I disease (68% in
both cohorts), and one fifth of patients in both cohorts had Stage III
disease.

The robotic cohort tended to have longer mean surgical times (247
vs. 202 min, p b 0.0001) though significantly lower estimated blood
loss (76 vs 314 mL, p b 0.0001) and length of stay (1.5 vs. 6.1 days,
p b 0.0001).

Table 4 shows pain medication use comparing the laparotomy and
robotic cohorts. There are standard order sheets but no protocol per se
for patients undergoing laparotomy. Overall, patients who had a lapa-
rotomy tended to require significantly more narcotic and non-narcotic
analgesics. The laparotomy cohort required more acetaminophen
(4810 mg vs. 2151 mg, p b 0.0001), ibuprofen (1892 vs. 377 mg,
p b 0.0001), and naproxen (1470 mg vs. 393 mg, p b 0.0001). In addi-
tion, all but one patient in the laparotomy cohort were either on PCA
(90%) or continuous epidural analgesia (9%). In contrast, only three
(2%) patients in the matched robotics cohort were on PCA

(p b 0.0001): twowithmorphine and onewith fentanyl and no patients
were on continuous epidural analgesia (p b 0.0001). Among those who
were on PCA, there was no difference in the doses administered via PCA
(57.9 mg morphine and 611 mcg fentanyl in the laparotomy group;
53.4 mg morphine and 720 mcg fentanyl in the robotic group).

Taking into account all opioids on a morphine IV equivalent scale,
patients who had a robotic surgery were administered significantly
less opioids than those who were operated by laparotomy (12 vs
71 mg, p b 0.0001).

Neither BMI nor age were associated with a difference in the use of
the NSAIDs (acetaminophen, ibuprofen, naproxen) or opioids (mor-
phine IV equivalent), but both obese and elderly patients used signifi-
cantly less of these analgesics following robotic surgery compared to
laparotomy (p b 0.01).

Due to the difference in length of stay between the two cohorts, the
use of analgesics is represented on the basis of daily use (Figs. 1 and 2).

While patients were matched between the laparotomy and robotic
cohorts, to control for a selection bias, the statistical analysis was run
again between the laparotomy cohort and the entire robotic sample
(n = 340), and yielded similar results.

3.2. Cost analysis

The average direct costs associated with post-operative analgesia in
the laparotomy cohort were higher than that of the robotic cohort
($47.57 vs. $6.39, p b 0.0001). Themost expensive costs were attributed
to the epidural analgesia, though evenwhen thesewere excluded, costs
were still higher in the laparotomy cohort ($29.31 vs. $6.39, p b 0.0001).
To control for the longer hospitalization among laparotomy patients,
total analgesia costs per day were calculated and were still significantly
higher in the laparotomy cohort ($7.89 vs. $2.52, p b 0.0001).

4. Discussion

The current study demonstrates reduced painmedication utilization
in the immediate post-operative period following robotic surgery in
comparison to laparotomy. Overall, patients who underwent robotic
surgery used, on average, significantly less non-opioids (acetamino-
phen, ibuprofen, and naproxen; all p b 0.0001), opioids (p b 0.0001),
PCA or continuous epidural analgesia (p b 0.0001).

Incision size has been found to be an important predictor for severe
postoperative pain in the first hour after surgery [7]. Some mathemati-
cal models also suggest that wound tension is not linearly but exponen-
tially related to the length of an incision, suggesting that multiple small
incisions result in less morbidity than a single large open incision [8].

Indeed, compared to laparotomy, minimally invasive laparoscopic
surgery is associated with reduced patient-rated pain [9] and analgesic
requirement [10,11]. In comparison to laparoscopy, robotic surgery
has been shown to be associated with significantly less use of opioids
following surgery for cervical [12] and endometrial cancer [13]. The lat-
ter study reported high rates of intravenous PCA use (86% in the robotic
cohort and 88% in the laparoscopy cohort), though the authors describe
having ceased the routine administration of PCA in their robotic surgery
patients [13]. With only eight (2%) patients on IV PCA in our robotic co-
hort (three of whom required a mini-laparotomy), the current study is
evidence that the routine use of PCA is not required in patients undergo-
ing robotic surgery. While patients with a mini-laparotomy might be
expected to experience greater pain, these were included in the robotic
cohort as these were not considered full conversions. These patients
were excluded in a sensitivity analysis yielding similar results. All eligi-
ble consecutive patients surgically treated for endometrial cancer by
laparotomy and robotic surgerywere included in the analysis. Three pa-
tients in the matched robotic cohort had a previous hysterectomy (one
subtotal) and salpingo-oophorectomy and we're re-operated robotical-
ly for completion staging. One patient with stage 4 disease had biopsies
and a pelvic lymphadenectomybut complete debulkingwas abandoned

Table 3
Baseline characteristics in matched laparotomy and robotic sample.

Laparotomy (n = 59) Robotic (n = 177) p-Value

Age, mean (SD) 67.4 (10.2) 67.3 (10.3) 0.95
BMI, mean (SD) 29.3 (6.5) 30.2 (6.6) 0.29
ASA

1 16.9% 11.9% 0.32
2 57.6% 61.6% 0.59
3 23.7% 26% 0.73
4 1.7% 0.6% 0.44†

Final histologya

Endometrioid 74.6% 66.1% 0.26
Serous 8.5% 15.3% 0.27
Clear cell 6.8% 6.2% 1.0
Carcinosarcoma 6.8% 5.6% 0.75
Adenosquamous 3.4% 4.5% 1.0
Mucinous 0% 1.1% 1.0
Sarcoma 0% 0.6% 1.0
Unclassified 0% 0.6% 1.0

Grade
1 25.4% 33.9% 0.23
2 40.7% 21.5% 0.004
3 33.9% 44.6% 0.15

Surgical stagea

IA 54.2% 54.2% 1
IB 13.6% 13.6% 1
II 6.8% 6.8% 1
IIIA 1.7% 1.7% 1
IIIB 0% 0%
IIIC 20.3% 20.3% 1
IVA 0% 0%
IVB 3.4% 3.4$ 1

a Significance tested using Fisher's exact test.
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due to diffusemetastases. All other patients had full stagingwith hyster-
ectomy, salpingo-oophorectomy, and pelvic lymphadenectomy. Some
also had peri-aortic lymph nodes removed (78 in the matched robotic
cohort, 37 in the laparotomy cohort), omentectomy or omental biopsy

(41 robotic, 37 laparotomy), appendectomy (1 in eachmatched cohort),
and hernioplasty (1 in each matched cohort).

To account for the quicker discharge of patients after robotic surgery,
the daily use of analgesics was evaluated, further reflecting the

Table 4
Comparing pain medication use following laparotomy and robotic surgery.

Medications Laparotomy (n = 59) Robotic (n = 177) p-Value

n Mean SD Median n Mean SD Median

Acetaminopen
Acetaminopen 57 4810.2 2194.6 4875 153 2151.1 2216.5 1650 b0.0001

NSAIDS
Ibuprofen 48 1891.5 1498.2 1600 68 377.4 593.5 0 b0.0001
Toradol 2 1.4 7.5 0 21 1.2 3.2 0 0.071
Naproxen 34 1470.3 2716.5 1000 67 393.4 704.6 0 b0.0001
Diclofenac (PO/PR) 6 11.9 37.5 0 13 9.0 37.4 0 0.49
Meloxicam 0 0.0 0.0 0 1 0.1 1.1 0 0.56
Ketoprofen 1 13.6 104.2 0 0 0.0 0.0 0 0.083
Rofecoxib 1 1.7 13.0 0 0 0.0 0.0 0 0.083
Indomethacin 2 4.7 25.2 0 0 0.0 0.0 0 0.014
Celecoxib 0 0.0 0.0 0 1 1.1 15.0 0 0.56

Oral opioids
Codeine 0 0.0 0.0 0 13 4.1 17.3 0 0.033
Oxycodone 1 0.1 1.0 0 1 0.1 1.1 0 0.42
Hydromorphone (PO) 0 0.0 0.0 0 14 0.4 2.6 0 0.026

Morphine
Morphine (IV) 2 0.3 1.4 0 23 1.2 4.0 0 0.039
Morphine (SC) 38 14.8 22.4 5 37 3.0 8.8 0 b0.0001
Morphine (PO) 0 0.0 0.0 0 18 1.0 3.7 0 0.011

Other
Fentanyl (IV) 1 1.0 7.8 0 85 46.5 64.6 0 b0.0001
Neurontin (PO) 1 81.4 624.9 0 1 3.4 45.1 0 0.41
Demerol (IV/IM) 1 1.7 13.0 0 2 0.3 2.6 0 0.73
Hydromorphone (IV/SC) 1 0.1 0.9 0 11 0.1 0.5 0 0.18
Empracet (PO) 6 15.8 60.9 0 6 1.5 9.2 0 0.034

Patient-controlled analgesia
# on PCA 53 3 b0.001a

Morphine (IV PCA) 51 50.0 39.2 42.9 2 0.6 6.4 0 b0.0001
Fentanyl (IV PCA) 4 0.04 0.2 0 1 0.004 0.054 0 0.0043

Continuous epidural analgesia
# on CEA 5 0 0.001a

Bupivacaine (IV CEA) 5 23.5 79.0 0 0 0.0001
Morphine (IV CEA) 3 1.0 4.5 0 0 0.0026
Sufentanil (IV CEA) 3 0.003 0.01 0 0 0.0026

Morphine IV equivalence
Including PCA/CEA 59 71.0 47.2 59 144 12.2 17.1 7.5 b0.0001

Note: All doses presented are in milligrams (mg).
a Significance tested using Fisher's exact test.

Fig. 1. Daily use of non-opioids following laparotomy and robotic surgery for endometrial cancer.
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significantly reduced need for opioids in the robotic cohort (p b 0.0001
on POD0, POD1, and POD2 onwards).

The benefits of robotic surgery remained regardless of body habitus
or age. The total use of opioids among the elderly was significantly re-
duced in the robotic cohort compared to the laparotomy cohort
(67 mg vs. 10 mg, p b 0.0001). This is particularly relevant considering
the increased risk of adverse events associated with the use of opiates
in the geriatric population [14].

The decrease in the use of post-operative painmedications following
the introduction of robotic surgery was associated with a 70% decrease
in painmedication costs per day.While these costs take into account the
costs ofmedications and supplies for the injection of parenteralmedica-
tions, they underestimate cost savings attributed to the reduced nursing
hours required to tend to patients for the alleviation of pain. Robotic
surgery has similarly been found to decrease pain medication costs
compared to laparoscopy [15].

In addition to decreased analgesic use, robotically-assisted surgeries
were associated with longer surgical times but less blood loss and
shorter hospital stay. A recent study by Bogani et al. similarly noted sig-
nificantly longer surgical times but shorter hospitalizations in endome-
trial cancer patients undergoing robotic surgery compared to open
surgery [16]. Similar trends were previously described following the in-
troduction of laparoscopy for apparent early stage gynecologic cancers,
noting a significant growth in the use of laparoscopy relative to open
surgery, and associated with decreased blood loss and shortening of
hospital stay [17].

There are some limitations in the current study. First, data was gath-
ered retrospectively. For the most part, the availability of medications
was similar between the two eras, with only few exceptions (e.g.
Rofecoxib was withdrawn from the market in 2004 but was only used
once by a single laparotomy patient). Prior to the introduction of robot-
ics in our department, only up to 17% of patients were operated by MIS
[18]. In the first year of our robotics program, 66% of endometrial cancer
patients underwent robotic surgery though this was only due to limited
access to the robotic system [19]. From 2009 and onwards, over 95% of
operable endometrial cancer patients underwent robotic surgery [18,
19].

The analysis was also limited to post-operative use of pain medica-
tions only. Intra-operatively, all robotic trocar sites are routinely infil-
trated with bupivacaine 0.5% without epinephrine before skin incision
and at the conclusion of surgery to diminish pain. This procedure is
not done for patients undergoing laparotomy. Pre-operative use of
chronic pain medications were also not taken into account when calcu-
lating equianalgesic values. However, the differences in opioid usage in
the robotic and laparotomy cohorts were so apparent that it is unlikely
to have made a difference. Opioids were prescribed “as needed” in the

routine post-op orders and were therefore available to all patients.
Due to the rapid onset and excretion of fentanyl, intravenous fentanyl
is administered to patients in the PACU following minimally invasive
procedures as part of a standard recovery room protocol.

Our previous studies on outcomes following robotic surgery have
demonstrated a rapid return to pre-operative patient-reported pain
scores [manuscript submitted]. The current study supports these find-
ings by demonstrating the low use of both opioid and non-opioid pain
medications, and although the absolute cost reduction is not abundant,
there were some cost savings attributed to the reduction in the use of
analgesia.
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Robotic surgery in gynecologic oncology: 
where do we stand?
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Introduction

Surgery has been defined as a ‘medical treatment in which a doctor cuts into someone’s body 
in order to repair or remove damaged or diseased parts’. [1] Comparably, a stab is defined as ‘a 
wound made by a pointed weapon (such as a knife)’. [2] The difference between the two, lays in 
the intent of the one holding the blade; one can therefore think of the act of surgery as a form 
of ‘controlled aggression’ in the best interest of the patient. Up to the 1970’s the archetype in 
complex surgery was ‘the bigger the scar, the bigger the surgeon’. More recently with the availa-
bility of minimally invasive surgery (MIS) and improved molecular treatments, the paradigm is 
evolving towards ‘the smaller the scar, the bigger the surgeon’. In gynecologic oncology, where 
the mainstay surgical management involves laparotomy, the aggressiveness of surgery has been 
greatly diminished by MIS. In spite of the well-established benefits offered to patients [3-5], use 
of laparoscopy has remained scarce among gynecologic oncologists performing complex surger-
ies [6,7] due to the inherent difficulties of the technique, mainly related to the strait instruments 
and fulcrum effect, leading to long learning curves. [8,9] Robotics has been a natural evolution 
of the strait stick laparoscopic instruments. With improved ergonomics, dexterity, visualization, 
and instrumentation, robotically assisted MIS allows for an easier adoption of the minimally 
invasive technique on the part of the surgeon. Outcomes following robotic surgery continue to 
be evaluated across different fields. 
The current study is a review of our institution’s experience with robotic surgery (presently 
reaching one thousand cases) for the treatment of the major gynecologic cancers, namely endo-
metrial, cervical, and pelvic epithelial cancers.

Endometrial cancer

The Gynecologic Oncology Group (GOG)’s randomized controlled trial, LAP-2, paved the 
way for laparoscopy as a superior alternative to laparotomy for the treatment of early stage 
endometrial cancer. [3] Without impacting the survival of endometrial cancer patients [10], 
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numerous studies have demonstrated the benefits of laparoscopy over laparotomy including 
decreased blood loss [5], postoperative complications, [3], hospital stay [3,5], and postoperative 
pain. [4] Studies evaluating robotic surgery for endometrial cancer staging have found similar 
benefits. [11-13] Compared to the outcomes of patients undergoing laparotomy or laparoscopy 
in the LAP-2 study [3], surgical management of endometrial cancer by robotic surgery in our 
institution provided favourable results (Table 1). We reported a lower length of stay (4 days vs. 
3 days vs. 1 day for laparotomy, laparoscopy, and robotic surgery, respectively), lower compli-
cation (8% vs. 10% vs. 2.8%), conversion (25.8% laparoscopy vs. 4.2% robotic), and blood 
transfusion rates (7% vs. 9% vs. 1.4%) [3,14], a decrease in post-operative pain 3 weeks after 
surgery as opposed to an increase (46% vs. 52% vs. 15% [unpublished data]) [4], and a milder 
decrease in overall health-related quality of life (6.5% vs. 3.6% vs. 1.4%). [4,15] 

Table 1. Clinical and Quality of Life outcomes following robotic surgery for the treatment of endometrial cancer at our 

center in comparison to results from the LAP-2 study. 

 Lapa-
rotomy* 
(n=920)

Laparoscopy* 
(n=1682)

Robotics 
(n=486)

Length of stay (median # days) 4 3 1†

Intra-operative complications 8% 10% 2.8%†

Conversion - 25.8% 4.2%†

Blood transfusion 7% 9% 1.4%†

Change in pain severity (brief pain questionnaire:  
preop to 3 weeks postop)** +46%‡ +52%‡ -15%§

HRQOL decrease (FACT-G at 3 wk)*** 6.5%‡ 3.6%‡ 1.4%††

LAP-2 quality of life results retrieved from Kornblith et al. (2009) [4]

Retrieved from unpublished data and adjusted for comparison to LAP-2 (added pain at its worst and at its least for all 

endometrial cancer patients)

Retrieved from Abitbol et al. (2014) [15] and adjusted for comparison to LAP-2 (calculated as per version 3 of FACT-G 

for all endometrial cancer patients)

Change in pain severity from before surgery to 3 weeks after surgery using Brief Pain Inventory.

Decrease in Health-Related Quality of Life (HRQOL) from before surgery to 3 weeks after surgery using FACT-G 

questionnaire.
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While laparoscopy affords better outcomes compared to laparotomy, the approach could be 
particularly challenging in obese patients, preventing many from benefiting from MIS. [3] The 
introduction of robotic surgery in our department has mitigated that barrier. The heaviest pa-
tient who successfully underwent robotic surgery in our department had a BMI of 85. Stratified 
by non-obese (BMI <30 kg/m2), obese (BMI 30-39.9), and morbidly obese (BMI ≥40), pa-
tients undergoing robotic surgery for endometrial cancer had similar outcomes (Table 2). [16] 
Between the three groups, we reported no significant difference in console time (168 vs. 174 vs. 
183 minutes in the non-obese, obese, and morbidly obese, respectively; p=0.2), median length 
of stay (1 vs. 2 vs. 2 days; p=0.2), or major complications (0, 1, 0; p=0.5). [16] It appears as 
though the robotic platform neutralizes the surgical risk factors associated with obesity. 

 BMI <30 BMI 30-39.9 BMI ≥40
P-value

    

Mean BMI 25 34 46 p<0.0001

Age (mean) 69.3 66.9 54.7 p<0.0001

ASA score (mean)* 1.7 2 2.3 p<0.01

Diabetes (%) 16% 27% 30% p=0.3

Hypertension (%) 58% 70% 80% p=0.2

Console time (min) 168 174 183 p=0.2

Conversions (n)† 3 1 2 p=0.6

Estimated Blood Loss (mL) 64 96 94 p<0.05

Hemoglobin 
(g/L, pre-op - post-op)

135-116 138-118 130-116
p=0.08 
preop, p=0.8 
postop

Median hospitalization (days) 1 2 2 p=0.2

Major complications (n) 0 1 0 p=0.5

Time to resume physical 
activities (d)

21 11 18 P=NS

Data retrieved from Lau et al. (2011). [16]

ASA score: American Society of Anesthesiologists classification system
† All were mini-laparotomies for uterus extraction

Table 2. Characteristics and clinical outcomes following robotic surgery for the treatment of endometrial cancer at our 

center, stratified by Body Mass Index (BMI, kg/m2). [16]
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With an aging patient population, the elderly are another important high-risk group to consider 
when deciding on a surgical approach. Our first 100 robotic surgeries for endometrial cancer 
were divided into patients less than 70 years old and compared to those 70 or older. [17] The 
two groups had similar outcomes with no statistically significant differences in estimated blood 
loss (81 vs. 83 mL in the younger compared to the older group, respectively), console time (175 
vs. 171 min), or median hospital stay (1 vs. 2 days). [17] Postoperative quality of life was also 
assessed, with no significant differences except for the time to resume chore activities, which was 
sooner in the older group (16.1 vs. 9.7 days, p=0.02). [17] Comparing our elderly patients (70 
years of age or older) undergoing robotic surgery to a matched historical cohort of elderly pa-
tients who underwent laparotomy, we further reported that the introduction of robotic surgery 
decreased mean estimated blood loss (74.8 vs. 334 mL in the robotic and open surgery cohorts, 
respectively; p<0.0001), minor post-operative complications (17% vs. 60%; p<0.0001), and 
mean hospital stay (3.1 vs. 8.0; p<0.0001).
Overall, for the treatment of endometrial cancer, the introduction of robotic surgery into our 
department has significantly improved operative, clinical, and economic outcomes. Comparing 
a historical series of patients treated by laparotomy and/or laparoscopy between April 2003 and 
November 2007 to patients treated by robotic surgery between December 2007 and May 2010, 
we’ve reported decreases in complication rates by close to 70%, wound complications by close 
to 80%, estimated blood loss by over 70%, and hospital stay by 80%. [14] At the time of anal-
ysis, we also reported a significantly lower 2-year recurrence rate in the robotic cohort compared 
to the historic cohort (p<0.001). [14] While cost remains a barrier to acquiring the robotic 
platform in many institutions, the benefits of robotic surgery we reported further translated into 
a significant reduction in overall cost per surgery from C$10,368 (95% CI $8,236-$12,500) to 
C$8,370 (95% CI $7,090-$9,651), including amortization of the robotic system and its main-
tenance fees over a period of 10 years and based on two cases per day. [14]
Some suggest that appropriate staging of endometrial cancer requires lymphadenectomy to eval-
uate the extent of disease and assess the need for adjuvant therapy. [18] Lymphadenectomy, 
however, is associated with lymphocyst formation, prolonged surgery, and increased risk of 
injury. [18] Sentinel lymph node (SLN) mapping has been suggested as a means of properly 
staging the cancer while reducing the risk of possible complications. [18,19] Robotic surgery 
has facilitated the detection of SLN’s in our endometrial cancer patients. [19] Out of the first 
100 endometrial cancer patients on our SLN protocol, we had a SLN detection rate of 92% 
with a specificity of 100%, sensitivity of 89% (eight out of nine patients with positive lymph 
nodes also had positive SLNs), and a negative predictive value of 99% (only 1 false negative 
SLN). [19] More recently, real-time fluorescence imaging on the newer da Vinci Si surgical 
platform has further enhanced SLN mapping in our endometrial and cervical cancer patients 
(submitted for publication). 
Cervical cancer

In an updated survey sent to members of the Society of Gynecologic Oncology (SGO) in 2007, 
only 38% of respondents considered laparoscopy appropriate for the treatment of cervical can-
cer. [20] Similarly, prior to the introduction of robotics in our department in 2007, no patients 
were treated by MIS for cervical cancer. Since 2009, all cervical cancers and over 95% of uterine 
cancers, including endometrial cancers and sarcomas, are managed by robotically assisted MIS 
(Figure 1).
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Since the introduction of robotics in our department, patient- and hospital-centered outcomes 
have been prospectively collected. Despite the fact that we had never offered laparoscopy to 
perform radical hysterectomies, patients who underwent robotic radical hysterectomy during 
the learning curve, between January 2008 and December 2009, for the treatment of cervical 
cancer were compared to a historical cohort of patients treated by open radical hysterectomy 
between March 2003 and December 2007. [21] Baseline patient demographics and histologic 
characteristics were not significantly different between the groups. Patients who had robotic 
radical hysterectomy had significantly less blood loss (546 vs. 106 mL for open and robotic 
hysterectomy, respectively; p<0.0001), less opioid use (4% vs. 50% used opioids for one day or 
less, p=0.0026; 67% vs. 0% used for three or more days, p=0.0001), required less time to diet 
(3.5 vs. 1.2 days, p<0.0001), and a shorter stay hospital stay (7.2 vs. 1.9 days, p<0.0001). [21] 
Complication rates were not significantly different with the exception of wound complications 
(29% vs. 0% for open and robotic hysterectomy, respectively; p<0.03) and minor complications 
(63% vs. 19%, p=0.003) in favour of robotic surgery. [21] Average perioperative costs were 
calculated for both cohorts. After amortizing the cost of the robot and maintenance fees over a 
period of seven years with an average of five robotic cases per week, there was a trend towards 
decreased cost of robotics for open and robotic radical hysterectomy, respectively). If the hospi-
tal already owns a robotic platform, the average perioperative cost is significantly less for robotic 
cases ($11,764 vs. $9,613, p=0.002). [21]
Table 3 presents results from our experience with robotic surgery as well as results from pub-
lished studies comparing robotics, laparotomy, and laparoscopy for the treatment of cervical 
cancer. Results from the literature were weighted by the sample sizes of the referenced studies. 
[21-33] The data suggests that MIS cases tend to have longer operating time, less blood loss, 
fewer complications, and shorter hospital stay.

Figure 1. Annual proportion of surgical approaches for the treatment of endometrial cancer, cervival cancer, and uterine 

sarcoma at our center (zie voor kleurillustratie nummer xxx op pagina xxx)..
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Pelvic epithelial cancer

Pelvic epithelial cancers (also known as ovarian, fallopian tube, or primary peritoneal cancers) 
are most often found at a late stage, requiring aggressive surgical debulking by midline laparot-
omy followed by adjuvant chemotherapy. [34] The use of laparoscopy for the management of 
these cancers has generally been limited to diagnostic and prognostic purposes (i.e. exploratory 
laparoscopy, second look procedures, and assessment of chemo-responsiveness). In 1994, Quer-
leu and Leblanc (1994) first reported on the feasibility of complete laparoscopic staging for 
apparent early stage ovarian cancer including infrarenal perioartic lymphadenectomy. [35] More 
recently, the feasibility of surgical debulking by MIS for advanced disease has been described for 
select patients. [36,37]
The use of neoadjuvant chemotherapy prior to surgery has been proposed as 
an alternative to aggressive upfront cytoreductive surgery, without compromising oncologic 
outcomes. [26] The decrease in tumor burden at the time of surgery from the use of neoadju-
vant chemotherapy has allowed our group to explore the use of robotic surgery for the manage-
ment of pelvic epithelial cancers.
We are currently evaluating outcomes from the first 65 cases of robotic surgery (31 primary 
debulking, 34 interval debulking following neoadjuvant chemotherapy) for the treatment of 
pelvic epithelial cancer, after a median time of follow-up of 3 years. Recurrence and survival 
data is being compared to a historical cohort of 89 patients treated by laparotomy (63 primary 
debulking, 26 interval debulking). Preliminary analyses suggest no significant differences be-
tween laparotomy and robotic groups matched by stage and use of neoadjuvant chemotherapy, 
with the exception of overall survival following interval debulking for Stage IIIC patients, in 
favour of robotic surgery (p=0.047) [manuscript in preparation].

Conclusion

Given the present cost of the robotic surgical system, it would undoubtedly not be cost-effec-
tive to replace laparoscopy for cases that could be done laparoscopically. However, the lack of 
diffusion of laparoscopy in gynecologic oncology in the past 20 years suggests a lack of interest, 
ability, or will for surgeons to perform major cancer surgeries by the minimally invasive tech-
nique. This lack of growth in the use of laparoscopy has hindered many patients from benefiting 
from MIS, especially the obese. The introduction of a robotic platform into our department 
has resulted in substantial growth (over 500% increase) in the use of MIS for patients with en-
dometrial cancer, cervical cancer, and uterine sarcoma. The robotic platform has also improved 
SLN mapping and has further expanded the scope of surgeries that could be done by MIS such 
as for advanced disease, for the treatment of pelvic epithelial cancers, and in high-risk patient 
populations. The addition of robotic surgery to the surgical repertoire is therefore not to replace 
laparoscopy but to facilitate its use and avoid laparotomies, their induced morbidities, and, with 
adequate use over time, achieve substantial cost savings.
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H I G H L I G H T S

• Introducing robotics decreased inpatients for elective surgery.
• Robotics is associated with admitting a higher proportion of patients with complex medical issues.
• Number of surgeries increased while liberating beds and decreasing overall inpatient costs.
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Objective. To analyze the changes in the composition of the gynecologic oncology inpatient ward following
the implementation of a robotic surgery program and its impact on inpatient resource utilization and costs.

Methods.Retrospective reviewof themedical charts of patients admitted onto the gynecologic oncologyward
the year prior to and five years after the implementation of robotics. The following variables were collected: pa-
tient characteristics, hospitalization details (reason for admission and length of hospital stay), and resource uti-
lization (number of hospitalization days, consultations, and imaging).

Results. Following the introduction of robotic surgery, there were more admissions for elective surgery yet
these accounted for only 21% of the inpatient ward in terms of number of hospital days, compared to 36% prior
to the robotic program. This coincided with a sharp increase in the overall number of patients operated on by
a minimally invasive approach (15% to 76%, p b 0.0001). The cost per surgical admission on the inpatient ward
decreased by 59% ($9827 vs. $4058) in the robotics era. The robotics program contributed to a ward with higher
proportion of patients with complex comorbidities (Charlson ≥ 5: RR 1.06), Stage IV disease (RR 1.30), and recur-
rent disease (RR 1.99).

Conclusion. Introduction of robotic surgery allowed for more patients to be treated surgically while simulta-
neously decreasing inpatient resource use. With more patients with non-surgical oncological issues and greater
medical complexity, the gynecologic oncologyward functionsmore like amedical rather than surgical ward after
the introduction of robotics, which has implications for hospital-wide resource planning.

© 2017 Elsevier Inc. All rights reserved.
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1. Introduction

The assessment of new technology in healthcare generally involves
evaluating its safety, clinical effectiveness, economic impact, as well as

effects on a local organizational level [1]. In order to fully capitalize on
the introduction of a new technology in a hospital setting, changes in or-
ganizational processes and work flow need to also be measured and
adapted accordingly [2].

The introduction of robotic surgery in gynecologic oncology is a
prime example of a practice-changing technological conversion,
allowing for an accelerated transition from laparotomy tominimally in-
vasive surgery (MIS), especially for patientswith endometrial and cervi-
cal cancers [3]. Since the introduction of the da Vinci Surgical System at
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our institution in December 2007, all the patientswith cancer of the cer-
vix undergoing surgery went from being operated on by laparotomy to
robotics [4] and the rate of MIS for the treatment of endometrial cancer
rose from 17% by laparoscopy to over 95% using robotics by 2012 [5].
The use of robotic surgery for ovarian cancer at our institution is also
steadily increasing (66% in 2013).

Systematic reviews have demonstrated the safety and effectiveness
of robotic surgery for endometrial and cervical cancer [6] with similar
oncological outcomes [7,8] when compared to laparoscopy and laparot-
omy. The high initial equipment and ongoing maintenance costs of ro-
botic surgery are offset by the decreased length of hospitalization and
decreasedmorbidity [4,5,9–11], and its potential to convert cases to out-
patient same-day surgeries [12,13]. From a hospital administration and
resource allocation perspective however, there is a paucity of data eval-
uating the organizational impact of introducing a robotic surgery pro-
gram in gynecologic oncology. The objective of this study was to
analyze the changes in the demographics of hospitalized gynecologic
oncology patients (i.e., the composition on the inpatient ward) with
the introduction of robotic surgery and its impact on resource utilization
and implications for the management of the inpatient ward.

2. Methods

A retrospective chart review was conducted on patients admitted
onto the gynecologic oncology ward at a university-affiliated tertiary
care hospital, the year prior to (2007) and 5 years after the implemen-
tation of the robotic surgery program (2013), at the time when a learn-
ing curve plateau and a steady state had been reachedwith the robotics
program. Admissions data from January to December of 2007 and 2013
were collected from the hospital's database following approval from the
hospital institutional review board.

The design of the study was a non-experimental pre-test/post-test
study. With robotic surgery as the intervention, the variables were ana-
lyzed before (pre-test) and after (post-test) the introduction of robotic
surgery. The selected unit of analysis was the absolute number of hospi-
talization days rather than the number of admissions because patients
could be admitted once for a prolonged period on theward or havemul-
tiple admissions in that year for short periods of time. In order to cap-
ture a snapshot of the inpatient ward in the pre-robotic and robotic
era, the relative risk (RR) of being on the ward with a particular clinical
characteristic was calculated by comparing the proportion of total days
spent on the ward by patients with those characteristics in both eras.
For example, if 20% of the hospitalization days were spent by patients
admitted for bowel obstruction in 2007 and 40% in 2013, one would
be twice as likely to see a patient on the ward for bowel obstruction in
2013. Since the length of stay is often shorter for robotic surgeries, we
hypothesized that the introduction of a robotic surgery program
would affect the length of stay for patients hospitalized for elective sur-
geries to a relatively greater extent compared to those hospitalized for
non-surgical reasons. Thus, the analysis was divided to those who were
admitted for elective surgery, “surgical”, and those admitted for any
other reason, “non-surgical”. Patients who were discharged post-
operatively and at any point re-admitted for surgical complications
(e.g., wound infection) were included in the latter non-surgical group to
create the distinctionwith patients admitted for the elective surgery itself.
In addition, a decrease in post-operative complications following robotics
[5], might have further decreased the overall yearly inpatient population
and cost, by avoiding re-admissions for surgical complications.

Patient charts (both electronic and paper) from all admissions were
reviewed for patient characteristics (e.g., age, cancer type and stage, co-
morbidities), hospitalization details (e.g., reason for admission, length
of hospitalization, complications), and resources used. Cancer type and
stage were retrieved post-hoc, after a final diagnosis could be made,
rather than at time of admissionwhere these are often not yet available.
The Charlson comorbidity score [14–16] was used as a measure of co-
morbidities in our population; a score equal to or N5 was chosen as

the dividing point for analysis because of the associated exponential in-
crease in the risk ofmortality. Moreover, whilemedical issuesmay arise
during hospitalizations and diagnoses may change, the initial admitting
diagnosis was used as the reason for admission, and although most
ascites and pleural effusions are managed in an outpatient setting,
some required admission for placement of a permanent drain or for
pleurodesis.

Variables pertaining to inpatient resource utilization included num-
ber of hospitalization days (e.g., cost for room, nursing, pharmacy, labo-
ratory, and overhead costs), specialty consultations (e.g., Internal
Medicine, Surgical subspecialties, Palliative Care, Geriatrics, etc.), inpa-
tient imaging studies (e.g., X-ray, MRI, CT, Ultrasound, PET), and inpa-
tient procedures (e.g., drain insertion by interventional radiology or
rectal stent insertion by gastroenterology). Resources used intra-
operatively (e.g., the robot, surgical instrumentation, anesthesia, etc.)
were excluded to focus on the inpatient ward. Average direct and indi-
rect costs of each of the above-mentioned testswere obtained fromhos-
pital and departmental administrative databases, including MedGPS
(Logibec Inc., Montreal, Canada), a data warehouse which archives
patient-level administrative and clinical data on health care utilization
and calculates the costs of resources used in the hospital. Capital costs
of imagingmachines were depreciated over the expected life of thema-
chines and the average number of hospital-wide examsper year, and in-
cluded in imaging costs. Physician remuneration fees were obtained
from the provincial health insurance board (Regie de l'assurancemaladie
duQuebec). All cost estimates in this studywere adjusted for inflation to
2016 Canadian dollars.

Statistically significant differences were also calculated for categori-
cal and continuous variables using the Chi-squared test and the
Wilcoxon rank-sum test, respectively. Statistical analysis was per-
formed using commercially available statistical software, STATA 14
(StataCorp, Texas). A two tailed p-value b 0.05 was considered statisti-
cally significant throughout the study.

3. Results

3.1. Description of admissions: surgical vs. non-surgical

There were more individuals admitted in 2013 than 2007 (291 vs.
246 patients admitted at least once) and among these patients, some
were admitted multiple times during the year and there were overall
more admissions to the gynecologic oncology service in 2013 than
2007 (395 vs. 356). Despite more admissions, the overall total number
of hospitalization days decreased by 12% (2964 vs. 3358 in 2013 and
2007 respectively).

There were 207 admissions for elective surgery (52% of total admis-
sions) in 2013 compared to 163 (46%) in 2007. Of these, the number of
elective surgeries performed with a minimally invasive approach in-
creased to 76% (94.3% of which were performed robotically) in 2013
from 15% (all by laparoscopy) in 2007 (p b 0.0001).

Fig. 1 illustrates the total number of bed days on the gynecologic
oncology ward by reason for admission in 2007 and 2013. Despite
performing more surgeries in 2013, only 21% of the inpatient bed days
were dedicated to patients admitted for surgery, compared to 36% in
2007, saving 585 bed-days for surgery. This is likely due to the increase
in number of patients who underwent robotic surgery resulting in a de-
crease in themedian length of stay for surgical patients to 1 day in 2013
from 6 days in 2007 (p b 0.0001). Thus, patients were less likely to be on
the ward for elective surgery in 2013 (RR 0.58; 95%CI 0.54 to 0.64).
Moreover, of the patients admitted for surgical reasons in 2013, 50% of
the days on the ward were dedicated to post-laparotomy patients
even though only 17% of surgeries were done by laparotomy.

For non-surgical admissions, the number of hospitalization days in-
creased (79% vs. 64% of the inpatient bed days in 2013 and 2007;
p b 0.0001) for an additional 191 days, without a significant change in
median length of stay (5 vs. 6 days, p = 0.1). Among these patients,
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therewas an increase in admissions for bowel obstruction, symptomatic
ascites or pleural effusion, and pneumonia, and a decrease in admissions
for urosepsis, wound infection, pelvic mass, and febrile neutropenia (all
statistically significant, p b 0.05) (Fig. 1).

3.2. Changes in cancer diagnoses

The total number of hospitalization days was analyzed based on ad-
mitting diagnosis (Table 1). In 2013, therewere fewer hospital bed days
on the inpatient ward for patients with endometrial (RR 0.74; 95%CI
0.68 to 0.81) and cervical cancer (RR 0.51; 95%CI 0.42 to 0.62), and a
greater number of hospital days for patients with ovarian/fallopian/
peritoneal (RR 1.36; 95%CI 1.29 to 1.44) and vulvar cancer (RR 2.28;
95%CI 1.87 to 2.78). This is consistent with the decreased length of

stay following robotic surgery and that majority of robotic cases were
performed for endometrial and cervical cancers. This trend was also
seen when the analysis was subdivided into surgical and non-surgical
groups.

3.3. Changes in medical complexity of patients

The average age of patients did not differ between the two cohorts
(59.8 ± 14.3 vs. 59.7 ± 15.1; p = 0.9). In the robotics era, inpatients
were more likely to have stage IV disease (RR 1.30; 95%CI 1.21 to
1.39), twice as likely to have recurrence of disease at the time of admis-
sion (RR 1.99; 95%CI 1.86 to 2.13), and more likely to have a Charlson
score ≥ 5 (RR 1.06, 95%CI 1.04 to 1.08), indicating an overall increase

Fig. 1. Proportion of total hospital days spent on the inpatient ward in 2007 and 2013 based on reason for admission.
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in the medical complexity and disease severity of patients found on the
ward in the robotic era.

3.4. Resource utilization: Imaging tests and consults

As shown in Table 2, in 2013 therewere less X-rays (−14.7%), ultra-
sounds (−34.2%), and nuclear imaging (−45.5%) studies requested,
but an increase in the number of computed tomography (CT) (+
18.1%) and magnetic resonance imaging (MRI) studies (+41.7%). The
number of interventional radiology (IR) procedures doubled and the
number of gastroenterology (GI) procedures remained unchanged.
The number of consults decreased to 665 from 703 in 2007 (−5.4%)
and therewere less consults for post-operative issues such as painman-
agement (5 vs. 27), general surgery (13 vs. 29), urology (14 vs. 22), and

wound care (9 vs. 16). Among admissions for elective surgery only,
there were fewer consults to other specialties and fewer imaging tests
across the board with less X-rays, ultrasounds, CT, MRI, PET, although
more IR and GI procedures.

3.5. Inpatient costs

Despite a greater number of admissions for surgery (207 in 2013 vs.
163 in 2007), the amount of time spent on the ward by post-operative
patients decreased substantially from 1215 days to 630 days, with less
use of resources for radiology, nuclear medicine, and consultations to
other services, representing an estimated cost savings of $5833 on the
inpatient ward per surgical admission at our institution, a 59% decrease

Table 1
Total hospitalization days based on cancer type, cancer stage, recurrence, and Charlson score.

Surgical Non-surgical overall

2007 2013 Relative risk 2007 2013 Relative risk 2007 2013 Relative risk

Cancer type
Endometrial 348 134 0.71 (0.62–0.88)** 638 511 0.75 (0.67–0.81)** 986 645 0.74 (0.68–0.81)**
Ovarian 430 200 0.90 (0.78–1.03) 867 1359 1.44 (1.35–1.53)** 1297 1559 1.36 (1.29–1.44)**
Cervical 92 23 0.48 (0.31–0.75)* 221 118 0.49 (0.40–0.61)** 313 141 0.51 (0.42–0.62)**
Uterine sarcoma 29 63 4.19 (2.73–6.44)** 160 80 0.46 (0.53–0.60)** 189 143 0.86 (0.69–1.06)
Vulvar 111 160 2.78 (2.23–3.47)** 28 120 3.94 (2.62–5.91)** 139 280 2.28 (1.87–2.78)**
GTN 3 2 1.29 (0.22–7.67) 15 4 0.24 (0.08–0.74)* 18 6 0.38 (0.15–0.95)*
Vaginal 26 22 1.63 (0.93–2.86) 90 12 0.12 (0.07–0.22)** 116 34 0.33 (0.23–0.48)**
Benign 55 3 0.11 (0.03–0.33)* 15 0 0.03 (0.00–0.49)* 70 3 0.05 (0.02–0.15)**
Other 121 23 0.37 (0.24–0.57)** 109 130 1.10 (0.85–1.40) 230 153 0.75 (0.62–0.92)*

Stage
Benign 161 35 0.42 (0.29–0.60)** 63 50 0.73 (0.51–1.05) 224 85 0.43 (0.34–0.55)**
Pre-malignant 25 10 0.77 (0.37–1.60) 7 0 0.06 (0.00–1.07) 32 10 0.35 (0.17–0.72)*
I 343 229 1.29 (1.12–1.48)* 125 116 0.85 (0.67–1.09) 468 345 0.84 (0.73–0.95)*
II 101 33 0.63 (0.43–0.92)* 84 130 1.42 (1.09–1.86)* 185 163 1.00 (0.81–1.22)
III 430 230 1.03 (0.91–1.17) 714 824 1.06 (0.98–1.15) 1144 1054 1.04 (0.98–1.12)
IV 69 30 0.84 (0.55–1.27) 986 1178 1.10 (1.03–1.17)* 1055 1208 1.30 (1.21–1.39)**
Unclassified 86 63 1.41 (1.04–1.93)* 164 36 0.20 (0.14–0.29)** 250 99 0.45 (0.36–0.56)**

Recurrence
No Recurrence 1197 483 15.75 (9.75–25.45)** 1291 954 1.49 (1.40–1.58)** 2488 1437 1.99 (1.86–2.13)**
Recurrence 18 147 852 1380 870 1527

Charlson score
Charlson 0–4 294 113 1.08 (1.03–1.14)* 115 90 1.02 (1.00–1.03)* 409 203 1.06 (1.04–1.08)**
Charlson N= 5 921 517 2028 2244 2949 2761
Total 1215 630 2143 2334 3358 2964

Statistically significance: *p b 0.05, **p b 0.0001.
GTN = Gestational Trophoblastic Neoplasia. Ovarian includes primary peritoneal and fallopian carcinoma. “Other” cancer types include non-Mullerian carcinomas (e.g. gastrointestinal
primary) and synchronous carcinomas (e.g., ovarian and endometrial together).

Table 2
Cost of hospitalization for surgical, non-surgical, and all admissions.

Number of admissions Surgical Non-surgical Overall
2007 2013 2007 2013 2007 2013

163 207 193 188 356 395

Units Cost ($) Units Cost ($) Units Cost ($) Units Cost ($) Units Cost ($) Units Cost ($)

Hospitalization ($1288) 1215 $1,564,920 630 $811,440 2143 $2,760,184 2334 $3,006,192 3358 $4,325,104 2964 $3,817,632
X-ray ($76) 113 $8588 51 $3876 357 $27,132 350 $26,600 470 $35,720 401 $30,476
US ($98) 13 $1274 8 $784 69 $6762 46 $4508 82 $8036 54 $5292
CT ($187) 37 $6919 19 $3553 151 $28,237 203 $37,961 188 $35,156 222 $41,514
MRI ($400) 4 $1600 0 $0 8 $3200 17 $6800 12 $4800 17 $6800
PET ($747) 5 $3735 1 $747 17 $12,699 11 $8217 22 $16,434 12 $8964
IR ($746) 0 $0 3a $2238 52 $38,792 106 $79,076 52 $38,792 109 $81,314
GI ($409) 0 $0 2b $818 12 $4908 10 $4090 12 $4908 12 $4908
Consults ($168) 151 $25,368 99 $16,632 552 $92,736 566 $95,088 703 $118,104 665 $111,720
Total cost ($) $1,612,404 $840,088 $2,974,650 $3,268,532 $4,587,054 $4,108,620
Cost/admission ($) $9892 $4058 $15,413 $17,386 $12,885 $10,402

a One patient required one PICC line insertion under ultrasound guidance for total parenteral nutrition aswell as transgluteal pigtail draining for a postoperative pelvic abscess. A second
patient required pleural tapping by interventional radiology for pleural effusion.

b One patient underwent surgery for a suspected ovarian carcinoma and postoperatively had twoGI procedures (colonoscopy and gastroscopy) to confirmsuspicion that the cancerwas
of gastrointestinal tract origin.
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in surgical admission costs ($4058 vs $9892) in the robotics era
(Table 2).

If the unit cost per admission of surgical patients from 2007 is ex-
trapolated to the increased volume seen in 2013 (44 additional surgical
admissions), the additional cost incurred if the robotics program were
not implemented would have been $435,250, assuming all these pa-
tients would have been suitable candidates for robotic surgery and
rates of MIS remained the same.

The unit cost per non-surgical admission increased by 13% ($17,386
vs. $15,413). This is likely in part due to the increasedmedical complex-
ity of the non-surgical patients as described, with the associated greater
demand for imaging investigations and consults. Despite the increased
cost of non-surgical patients, the overall estimated cost savings obtain-
ed following the introduction of the robotics program from the inpa-
tient ward perspective was $478,434 (Table 2).

4. Discussion

The current study demonstrates the changes in the makeup of the
inpatient ward before and after the introduction of robotic surgery,
with the later era representing a ward that is more medically complex,
more likely to have patients with greater comorbidities, advance stage,
recurrent disease, andwith ovarian and vulvar cancer, as opposed to en-
dometrial and cervical cancer who tend to undergo robotic surgery. The
inpatient ward also consisted of patients less likely to be present for
elective surgery following the introduction of robotics due to the short-
ened post-operative in-hospital convalescence following robotic sur-
gery. The changes in the makeup of the inpatient ward following the
expansion of our MIS program were associated with changes in the re-
source use and the day-to-day operation of the inpatient ward.

The faster turnover of patients admitted for surgery and the associ-
ated decreased cost is consistent with previous studies comparing lapa-
rotomy to laparoscopy [17–19] and robotic surgery [4,5,9,20,21]. Since
the volume of surgeries performed at a centre is not only limited by
availability of operating room time but also availability of beds on the
ward, the robotics program allows for an increase in the number of elec-
tive surgeries as hospital bed availability is less of a limiting factor. At
our centre, the introduction of robotic surgery allowed for an increase
of 27% in the number of elective surgeries performed (from 163 to
207) while simultaneously decreased resource use and reduced the
total number of bed-days required by 585 days. It should be noted
that we have in the last two years begun discharging some patients fol-
lowing robotic surgery on the same day, where appropriate, potentially
making this effect even more pronounced.

On the other hand, the proportion of non-surgical patients in the
ward has simultaneously increased (79% in 2013 compared to 64% in
2007, increase of 191 bed-days). This may also reflect the evolution of
any oncology department where more patients accumulate over time
with prolonged survival due to treatment advances over the five-year
period of the study. These non-surgical patients are more medically
complex, demanding greater resource use with an increased cost per
admission ($17,386 in 2013 compared to $15,413 in 2007, increase of
13%). What the robotics program has enabled the inpatient ward to do
is to liberate beds for non-surgical patients, thus accommodating their
increased demand. This was possible while decreasing the overall cost
of the inpatient ward by $478,434 in our cohort.

Hence, following the introduction of a robotic program, surgeons,
nurses, and administrators could expect a greater turnover of surgical
patients on the inpatient ward with some of them becoming outpatient
procedures andhospital beds becoming availablemore frequently.With
the focus shifting from fewer post-operative to greater medical issues,
there are several implications in terms of resource planning. Firstly,
nursing and allied healthcare expertise need to be adapted. Nursing ex-
pertise should include comfort with managing issues such as chemo-
therapy side effects, pain management, and end-of-life care. Allied
healthcare expertise should be expanded with more resources for

services such as physiotherapy, nutrition, social work, and palliative
care. Secondly, our data suggests that this growing population of non-
surgical patients require more resources such as imaging and consulta-
tions, which should be accounted for in ward resource planning. Thus,
the contrast in care pathways between surgical and non-surgical pa-
tients appears more pronounced with the introduction of robotic sur-
gery. This suggests that perhaps a ward structure of post-robotic
surgery “fast track” care separate from a “gynecology oncology” ward
might be more efficient from a resource-planning perspective, similar
to how “centres of excellence” developed standardized care maps and
clinical pathways [22,23].

Understanding the implications of implementing a robotic surgery
program on the inpatient ward is important in preparing the organiza-
tion's “readiness for change” [24] in anticipating how it could change
nursing tasks, work flows, and resource requirements. It should be
noted that the data in the robotics era is derived from a time period
when the robotics programwas already well-established at our institu-
tion in order to allow for the analysis of the inpatient ward at a plateau
steady-state. One might expect a transitional period with a steeper
learning-curve for personnel on the ward and associated costs in the
short term after implementing such a program. In this study, we did
not evaluate the pattern of transition in the early phase of introducing
a robotics program, prior to reaching stability. Implications for changes
outside of the inpatient ward, such as intraoperative costs, outfitting of
operating room suites, changes in pre-surgical admission testing units,
and impact on the emergency room,were not considered in the current
study, andwere addressed in a previous study [5]. Moreover, within the
inpatient ward, the amount of time on the ward may not correlate fully
with time spent on nursing tasks at the patient-level. For instance, while
patients may be spending less time on the ward, they may require cer-
tain nursing tasks such as patient education and discharge planning to
occur in a more compressed manner, especially in “extended recovery
beds”. The impact on community resources used outside of the hospital
was also not examined and might be a point of interest for future stud-
ies. Nonetheless, the uniquemethodology of taking a snapshot of a year
in the inpatientward offers a newdimension for assessing the impact of
robotic surgery.

There are several limitations to our study. This was a non-
experimental study design and lacks a control group of two groups dur-
ing the same time period, thus it is difficult to determine what would
have happened in the absence of the robotics program. A comparable
laparotomy groupwas not possible as the robotics programwas offered
to every operable patient with endometrial, cervical, or uterine cancer.
The observed changes in resource use could have also been confounded
by new developments in treatments and other administrative changes
within our institution. For instance, the use of neoadjuvant chemother-
apy at our center, while mostly relevant to ovarian cancers, coincided
with the introduction of robotics, also contributing to a trend away
from aggressive primary debulking surgeries to more conservative sur-
gical management and allowing for robotically-assisted interval
debulking surgeries. In addition, administrative pushes for cost contain-
ment strategies across the boardmay have also resulted in some dimin-
ished resource use in the robotic era. However, while not technically a
control group, given that the cost of non-surgical admissions did not ex-
perience a parallel dramatic decrease, this acts as an indicator to suggest
that the robotics program was likely a dominant driver of decreasing
surgical admission costs. The cost variables chosen might not account
for all costs incurred by the hospitalization. The unit cost of a hospitali-
zation day ($1011)wasmeant to capture some of the overhead, nursing
staff, and ancillary costs associatedwith an average admission to the gy-
necologic oncology ward. Costs incurred intraoperatively, in the outpa-
tient setting, and in emergency room visits that did not lead to
admission to the hospitalwere omitted to focus on the impact on the in-
patient ward. Lastly, the cost estimates are for a single institution in one
Canadian province and therefore may limit the study's generalizability.
It remains however difficult to reconcile a decrease in hospital
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utilization and cost, with a decrease in physician reimbursement in cer-
tain jurisdictions.

A decade after its introduction, the debate on robotic technology is
ongoing in the literature. Organizations are beginning to recognize
that the economic implications of introducing a robotics program ex-
tend beyond the operating room. Regardless of whether a robotics pro-
gram is sensible in a given local context, it is timely to evaluate the
broader ripple effect robotics has on hospital departments outside of
the operating room (i.e., inpatient ward, radiology, etc.). Themethodol-
ogy presented here provides a unique, intuitive, and pragmatic ap-
proach which may be used to evaluate changes in the hospital setting.
The results of this study could help inform administrators in hospitals
with an established robotics program as well as those evaluating the
cost-benefit of incorporating robotics into their surgical program.
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