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Objective: The aim of this study was to compare the surgical outcomes of robotic-assisted
radical hysterectomy (RRH)with traditional laparoscopic radical hysterectomy (TLRH) for the
treatment of early-stage cervical cancer in a large retrospective cohort of a total of 933 patients.
Methods: Wehave enrolled 100 patients into theRRHand833 patients into theTLRHgroup.
The surgical outcomes include operating time, blood loss, transfusion rate, pelvic lymph node
yield, hospitalization days, duration of bowel function recovery, catheter removal before and
after 3 weeks, conversion to laparotomy, and intraoperative and postoperative complications.
Follow-up results were also analyzed for all patients.
Results: Both groups have similar patient and tumor characteristics but patients with a larger
lesion sizewere preferably enrolled in theTLRH treatment group.The treatmentwithRRHwas
generally superior to TLRH with respect to operating time, blood loss, length of hospitali-
zation, duration of bowel function recovery, and postoperative complications. On follow-up of
patients, therewere no relapses reported in the RRH group compared with 4% of relapse cases
and 2.9% of deaths because of metastasis in the TLRH group. No conversion of laparotomy
occurred in the RRH group. No significant differencewas found with respect to intraoperative
complications and blood transfusion between both groups.
Conclusions: The results from this study suggest that RRH is superior to TLRHwith regard
to surgical outcome and may pose a safe and feasible alternative to TLRH. The operating time
and lymph node yield is acceptable. Our study is one of the largest single-center studies of
surgical outcomes comparing RRH with TLRH during cervical cancer treatment and will
significantly contribute to the safety of alternative treatment options for patients. Furthermore,
the difference detected between TLRH and RRH group is further strengthened by the great
expertise of the surgeon performing laparoscopic surgeries.
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Cervical cancer is the secondmost common cancer inwomen
according to the World Health Organization with an esti-

mated number of 500,000 new cases and 250,000 deaths an-
nually.1 The standard of surgical treatment of early-stage
cervical cancer is the open radical hysterectomy with pelvic
lymphadenectomy.2 In the early 90s, minimally invasive surgery
has become an acceptable alternative to open radical hyster-
ectomy for the treatment of cervical cancer.3 The benefits of
laparoscopy are less blood loss, decreased convalescence time,
shorter hospital stay, decreased discomfort and superior wound
healing comparedwith open radical hysterectomy.4Y6 However,
one of the drawbacks of the traditional laparoscopic radical
hysterectomy (TLRH) is the long learning curve, 2-dimensional
view, limited instruments movement, and poor ergonomics.7 In
recent years, the robotic-assisted radical hysterectomy (RRH)
became increasingly popular compared with TLRH because of
the possibility of 3-dimensional vision and enhancedmobility of
surgical instruments and shorter learning time.8,9 In 2005, the
DaVinci Surgical system was approved for the RRH.10 Small
comparative studies between open radical hysterectomy and
TLRH or RRH have revealed that both techniques are safe in
terms of surgical outcome and survival compared with the open
radical hysterectomy, which is still the standard of treatment for
cervical cancer.11Y15 However, the number of studies comparing
TLRH with RRH have been limited to small-sized studies with
usually less than 50 patients in each study arm.16 Furthermore,
most of the comparative studies on radical open hysterectomy
have been conducted in the United States and in Europe. To the
best of our knowledge, our study is the first comparative study of
TLRH and RRH in cervical cancer patients in the mainland of
China. Our cohort study is the largest single-center study com-
paring RRH cases (n = 100) with TLRH cases (n = 833) to date
analyzing surgical outcome in early stage cervical cancer. Although
many comparison studies exist for RRH and open radical hyster-
ectomy, the aim of our study was to compare RRHwith the TLRH
procedure in patients with cervical cancer stages IA, IB, and IIA.

MATERIALS AND METHODS

Patient and Tumor Characteristics
A total of 933 patients underwent surgery for cervical

cancer by a single surgeon during July 2009 and June 2016 at
the Obstetrics and Gynecology Hospital of Fudan University,
Shanghai, China. Of all cases, 833 patients had undergone a
TLRH and 100 patients underwent an RRH. All patients were
predominantly from the eastern region ofChina, and everybody
consented to the type of surgery they received for the treatment
of cervical cancer. Approval of this studywas obtained from the
institutional ethics review board of the Obstetrics and Gyne-
cologyHospital of FudanUniversity. The surgeon and her team
were certified by the Chinese University of Hong Kong Jockey
Club Minimally Invasive Surgical Skills Centre for Robotic
Surgery. The doctor has experience with TLRH surgeries since
2009 and with RRH since February 2015. Before 2009, only
open radical hysterectomieswere performed for the treatment of
cervical cancer. The cervical cancer stage was determined
according to the International Federation of Gynecology and
Obstetrics.17 A Piver II/Type B surgery, for International Fed-
eration of Gynecology and Obstetrics (FIGO) stages IA1 and

IA2, or Piver III/typeC surgery, for disease stages IB1, IB2, IIA1,
and IIA2,wasused for both surgical techniques according to the
NCCN Clinical Practice Guidelines in Oncology National
Clinical Practice Guidelines of Cancer.18

Surgical Instruments and Procedure
During the entire course of the laparoscopic surgery, the

surgeonwaspositionedonahigh stool. Inour study,weused the
EvisExera II CV-180 (Olympus, Tokyo, Japan) device for TLRH
surgeries and the da Vinci Surgical System (Intuitive Surgical
Inc, Sunnyvale, Calif) for the treatment with the RRH. Patients
were first put under general endotracheal anesthesia and placed
in a lithotomy-Trendelenburg position. The details of the sur-
gical technique have been described in more details in previous
studies.19Y21 Inbrief, forTLRH, a 12-mmtrocarwas inserted into
the umbilicus. Two 5-mm lateral trocars were placed symmet-
rically away from the umbilicus at a distance of 4 cm and below
the horizontal-like of the umbilicus. The other 12-mm trocar
was inserted bilaterally at the outer third of the iliac spine. For
the robotic surgery, a total of 5 trocars were used. A 12-mm
trocar was placed 4 cm away from the umbilicus for the camera.
Two 8-mm trocars were placed 8 cm bilaterally to the umbilicus
for the 2 robotic arms. In addition, a 5- and 12-mm trocar was
placed in the left upper quadrant and the left outer third of the
iliac spine umbilicus line for assistance, respectively. To expose
the rectal- and vesical-vagina fold, an intrauterine manipulator
was used for the uterus. For laparoscopy, a Harmonic Ace
device was used (Ethicon, Cincinnati, Ohio), whereas for the
RRH surgery a pair of monopolar scissors (Intuitive Surgical
Inc) and fenestrated bipolar forceps (Intuitive Surgical Inc)were
used. Pelvic lymphadenectomy was performed, and the ureter
was dissected off the lateral peritoneum. For patientswho opted
for their ovaries to be removed, the infundibulopelvic ligament
was cut, whereas for patientswho opted to preserve their ovaries,
the ovarian ligament was excised. The rectal vaginal peritoneal
foldwas exposedbymanipulating the anterior part of the uterus.
The uterine artery was cut, and the vessels were dissected over
the ureter. The anterior and posterior vesico-uterine ligament on
both sides were divided and incised. The cardinal and sacral
ligament of the uterus were separated and dissected as previ-
ously described.22 The parametrial tissue was incised 1 to 2 cm
from the margin or cut one fourth to one third of the vagina for
types B and C radical hysterectomy, respectively. Biopsieswere
taken from the measured vaginal tissue. The vaginal cuff was
then closedwith a running locking suture.Monocryl sutureswere
used for sewing the peritoneum from underneath the bladder to
the surface of the rectum.

Parameters Studied and Statistical Analysis
We analyzed the following parameters in our study: peri-

operative variables such as age, body mass index (BMI), cancer
stages, and tumor characteristics, and intraoperative factors such
as conversion to laparotomy, blood transfusion, blood loss, and
operative time, and postoperative variables such as complica-
tions, recovery, length of hospitalization, and follow-up results.
The presence of a Foley catheter as a consequence of surgery
was assessed in all patients after 3 weeks postsurgery. Op-
erative time was defined as the time from incision to closure
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of thewound. Blood loss was defined as the sum of suctioned
fluids and weighted gauze minus the use of other fluids at the
end of the surgery. For statistical analysis, we performed a
Student t test or Mann-Whitney U test for continuous variables
and W

2 test for binary data. A multivariate logistic regression
model was used to evaluate associations of outcome and expo-
sure. The odds ratio (OR) was calculated for binary data with a
confidence interval (CI) of 95%. The statisticalP valuewas
calculated where appropriate with an> level of 0.05. GraphPad
software 6.0 was used to perform all statistical analysis.

RESULTS
A total of 933 patients were enrolled in our study of

which 833 patients received a TLRH and 100 patients un-
derwent a RRH for cervical cancer treatment. The median age
was 47.1 T 9.49 and 45.9 T 8.85 years in the RRH and TLRH
group, respectively (Fig. 1A; Table 1). There was no statistical
difference in themeanBMIbetweenbothgroups (22.5T2.6kg/m2

in the RRH group vs 22.6 T 2.3 kg/m2 in the TLRH group)
(Fig. 1B). The mean width of the cardinal ligament of
the uterus was significantly higher in the RRH group (3 T
0.38 cm) compared with the TLRH group (2.8 T 0.63 cm)
lymphovascular space invasion was observed in 27% of RRH
patients and 34.5%of TLRHpatients. This differencewas not
statistically different (P = 0.69). The vaginal specimen length
was similar in both groups (Table 1).

The cervical cancer stagewas determined for each patient
and categorized into stages according to the FIGO. In our study,
we determined that 60% to 63.9% of patients had stage IB1,
followedby 21% to 12%with stage IIA1 in theRRHandTLRH
group, respectively (Table 1). Only a few patients had stages
IA2, IB2, and IIA2 disease (Fig. 2A). A type-II radical hys-
terectomy was only performed for stage IA2 cervical cancer,
whereas type III was used for the other remaining stages of
cancer (IB and IIA). Histological analysis of cancerous tissue
was performed in all patients, and the type of tumor was
identified in each group; in the RRH group: squamous cell
carcinoma (n = 72, 72%), adenocarcinoma (n = 27, 27%),

neuroendocrine carcinoma (n = 1, 1%) and in the TLRH group:
squamous cell carcinoma (n = 707, 85%), adenocarcinoma (n =
111, 13%), neuroendocrine carcinoma (n = 12, 1.4%), and
adenosquamous cell carcinoma (n = 3, 0.4%) (Fig. 2B). The
mean tumor lesion size of 2.5 T 1.02 cm in the RRH and 2.7 T
1.4 cm in the TLRH group was not statistically significant (P =
0.12) (Fig. 2C). However, patients with tumor lesion sizes
greater than 4 cmwere significantly (P = 0.0008)more likely to
receive laparoscopic radical hysterectomy compared with ro-
botic-assisted surgery (Table 1). Tumor infiltrationwith bilateral
uterine involvement or vaginal involvement was not statistically
different between the RRH and TLRH groups (n = 4, 4% vs n =
31, 3.7%;P=0.88with bilateral uterine involvement andn= 79,
79% and n = 744, 89.3%; P = 0.025 with bilateral vaginal in-
volvement for RRH and TLRH groups, respectively). In the
RRHgroup, 42%of cervical cancer patients had only superficial
infiltration of the cervical stroma compared with 36% in the
TLRH group. In 34% of patients in the RRH group, the tumor
infiltrated the deep cervical muscle compared with 37% in the
TLRH group. Metastasis was found in 27% of patients in the
RRH group and in 34.5% of patients in the TLRH group and
affected predominantly pelvic, iliac, and parametrial lymph
nodes. This difference between both groups did not reach sta-
tistical significance.

To compare RRH with TLRH for the treatment of cer-
vical cancer, we have analyzed the surgical outcome in all pa-
tients including operating time, blood loss, nodal count, length
of hospitalization, blood transfusion, and intraoperative and
postoperative complications (Table 2). The operative time in the
RRH group was 20 minutes shorter compared with the TLRH
group conditioned on blood loss and tumor stage in a multi-
variate regression analysis. This effect was highly significant
with 95% confidence (P G 0.0005). The mean operative time
was 171 T 38.84 and 192.1 T 56.79 minutes (P = 0.0005) using
robotic versus traditional laparoscopic surgery (Fig. 3A). The
riskof blood loss increased significantlywith the operating time
during surgery (P = 0.00021) and was lower in the RRH group
(Fig. 3B). The mean blood loss was significantly lower in the
robotic group compared with the laparoscopic group (317.5 T

FIGURE 1. Patient characteristics undergoing either RRH (robotic) or TLRH treatment. A, Mean age T SD is shown.
B, Mean BMI T SD is shown.
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144.2 vs 322.5 T 178 mL; P = 0.015) (Fig. 3C). In addition to
that, the length of hospitalization was 1 day shorter in the RRH
group comparedwith the TLRHgroup. This difference reached
statistical significancewith an> level of 0.05% (10.4 T 2.74 days
RRH vs 11.5 T 3.94 days TLRH; P = 0.009) (Fig. 3D). An
overall mean of 22.4 pelvic lymph nodes were counted in each
patient, and the ovaries were excised in most of the patients
(61% in the RRH group and 56.3% in the TLRH group). Blood
transfusion was significantly more often administered to the

RRHgroup (P= 0.048) comparedwith the TLRHgroup. Eleven
percent of the robotically treated and 5.9% of the traditional
laparoscopically treated patients received blood transfusion. The
catheter was removed in 97% of RRH patients within 3 weeks
after surgery and in significantly fewer patients (88.8%) of the
TLRH group (P = 0.011). In addition to that, the duration of
bowel function recovery was faster in the robotic group com-
pared with the traditional laparoscopic group (1.11 T 0.31 vs
2.06 T 0.54 days; P = 0.0001, respectively) (Fig. 3E).

TABLE 1. Baseline patient and tumor characteristics of enrolled patients

Patients and Tumor Characteristics

RRH TLRH

Pn = 100 n = 833

Age, y 47.1 T 9.49 45.9 T 8.85 0.19*
BMI, kg/m2 22.5 T 2.6 22.6 T 2.3 0.55*
Cardinal ligament of uterus 3.0 T 0.38 2.8 T 0.63 0.03*
Mean vaginal specimen length, cm 2.8 T 0.48 3.0 T 0.54 0.05*
FIGO stage, n (%)

IA2 14 (14) 63 (7.6)
IB1 60 (60) 532 (63.9)
IB2 5 (5) 99 (11.9)
IIA1 21 (21) 100 (12)
IIA2 0 38 (4.6)

Histology, n (%)
Adenocarcinoma 27 (27) 111 (13.3)
Neuroendocrine carcinoma 1 (1) 12 (1.4)
Adenosquamous cell carcinoma 0 3 (0.4)
Squamous cell carcinoma 72 (72) 707 (84.87)

Tumor lesion size, n (%)
G4 cm 96 (96) 693 (83.2)
94cm 5 (5) 137 (16.4) 0.0008*

Tumor lesion size, cm 2.5 T 1.02 2.7 T 1.4 0.12*
Infiltration depth of cervical tumor, n (%) 0.0001*

No infiltration 0 110 (13.21)
Observed by the microscope 14 (14) 28 (3.36)
Superficial 42 (42) 301 (36.13)
Deep muscular 34 (34) 310 (37.21)

Tumor infiltration, n (%)
Bilateral uterine involvement 4 (4) 31 (3.7) 0.88*
Vaginal involvement 79 (79) 744 (89.3) 0.025*

Metastasis, n (%)
Pelvic lymph node 6 (6) 69 (8.28) 0.427*
Parametrial lymph node 4 (4) 78 (9.36) 0.07*
Iliac 5 (5) 29 (3.48) 0.44*
Obturator lymph node 5 (5) 73 (8.7) 0.26*
Lymphovascular space invasion, n(%) 27 (27) 288 (34.57) 0.669*
Data are presented as mean T SD or as percentage (%) of the total number (n).
*Student t test.
†W2 test.
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Postoperative adjuvant radiotherapy was given to 40% and
55.3% of patients in the RRH and TLRH group, respectively.
This difference was not significant (P = 0.09) comparing both
groups. Conversion to laparotomy because of intraoperative
complications occurred only in 3 patients of the TLRH group.
Thus, after analyzing several surgical outcomes, robotic-assisted
cervical hysterectomy is superior to the traditional laparoscopic
surgery for the treatment of early-stage cervical cancer.

Next, we analyzed intraoperative and postoperative com-
plications within both groups of our cohort study (Table 3). We
found that the odds of having intraoperative and postoperative
complications in the robotic group were 0.28 and 0.35 times of
those with laparoscopic surgery, respectively (intraoperative
complications: OR 0.28 [CI, 0.02Y4.75] and postoperative
complications: OR 0.35 [CI, 0.12Y0.99]). Of note, no
intraoperative complications occurred in the RRH group
compared with 14 cases in the TLRH group (Table 3). Of these
patients, 7 patients had a major vessel injury, and 7 patients had
bladder injury during the laparoscopic surgery. Postoperative
complications occurred in 4% and 13.2% of robotic and lapa-
roscopic patients, respectively (Table 3). This difference reached
statistical significance (P = 0.039).Within the RRH group, there

was 1 patientwho developed ureterovaginal fistula and 3 patients
with hydronephrosis. Within the TLRH group, we reported
30 patients with ureterovaginal fistula, 44 patients with hydro-
nephrosis, 3 patientswith lymphedema, 12 patientswith remnant
drain catheter, and 4 patients with severe leg edema and pain.
Follow-up of patients within our cohort revealed no relapses
within the robotic group and 32 cases with relapse in the lapa-
roscopic group (Table 2). This difference was statistically
different (OR, 0.07 [CI, 0.004Y0.99]; P = 0.009). In brief,
within the TLRH group, 4.2% of patients experienced a relapse,
2.9% died because of metastasis, and 2.1% were lost to follow-
up. Thus, we have shown in this study that for the treatment of
cervical cancer, the robotic-assisted type of surgery was bene-
ficial compared with the traditional laparoscopic surgery with
fewer intraoperative and postoperative complications, shorter
operating time, decreased blood loss, reduced length of hospi-
talization, and better long-termoutcomes during follow-up visits.

DISCUSSION
Few studies have suggested that minimally invasive sur-

gery and RRH are feasible and safe options for the treatment of

FIGURE 2. Tumor characteristics of all study participants. A, Proportions (%) of patients in the RRH (left) and
TLRH (right) with different cervical cancer stages within each group (n = 100 for RRH and n = 833 for TLRH).
B, Proportions (%) of type of cancer within the RRH (left) and TLRH group (right). C, Size of tumor lesion (centimeter)
identified in each patient. Error bars depict distribution of patients with minimum and maximum values.
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early stage cervical cancer.16,20 In contrast to this, other studies
have demonstrated that no significant benefits exist comparing
the RRH and TLRH procedure.23,24 Based on these contra-
dictory findings larger studies are required to compare RRH
with TLRH treatment to evaluate the benefits of this expensive
surgical procedure.25,26 Our retrospective cohort study is one of
the largest single-center studies of surgical and oncologic
outcomes comparing RRH and TLRH and is the first study
comparing both procedures in Chinese patients. A total of 100
and 833 patientswere enrolled in the RRHand TLRHgroup for
the treatment of early stage cervical cancer, respectively. A
recent study by Wallin et al26 analyzed 149 cases of RRH but
thesewere comparedwith open radical hysterectomy and not to
TLRH as conducted in our study. Of all 11 published studies
comparingRRHwith TLRH for the treatment of cervical cancer,
the largest study included only 73 patients that underwent RRH
surgery compared with 46 patients that opted for a TLRH
procedure.27 Although many of those studies include only
stages IA and IB cervical cancer patients, we have also enrolled
patients with stage IIA in our study. Similar to previously
published studies, most of the patients had a squamous cell
carcinoma but other tumor types were also identified in both
groups including adenocarcinoma, neuroendocrine carcino-
ma, and adenosquamous cell carcinoma. The TLRH proce-
dure was preferred over RRH for patients with a tumor lesion
size greater than 4 cm and for tumors that infiltrated into the
deep muscle of the cervix. This preference over RRH is
probably because of an increased experience and familiarity

of the surgeonwith the TLRH procedure compared with RRH
surgery. For both techniques, the learning curve is steep and
involves many hours of practice to become proficient in in-
strument assembly and use of the robot arms.19,28 However,
the surgeon performing the laparoscopic surgeries in this
study has an exceptional proficiency in this technique be-
cause of the exceptionally large number of patients treated per
year underlining the significance of our findings that RRH is
superior to TLRH.

Our study was performed by a single surgeon at a single-
center study site, which facilitates comparisons between the 2
treatment groups. A recent multi-institutional study from the
United States has shown that the operating time and blood loss
in both groups was significantly variable between both groups
and comparedwith the open radical hysterectomy group depending
on the surgeon’s proficiency in both surgical techniques.29

Regarding patient characteristics, there was no difference in
mean age and BMI between both treatment groups in accor-
dance with other similar studies. The mean age was 47 T 9.49
and 46 T 8.85 years in the RRH and TLRH group, respectively.
Our main findings reveal that the RRH group was generally
better in regard to surgical outcome compared with the RRH
group. In support of this, several other studies have found that
blood loss and the length of hospitalization were significantly
reduced when undergoing an RRH surgery.20,26,30 Contrary to
this result, another study reported no benefit of RRH over
TLRH treatment for cervical cancer patients.13 In comparison
with previously published reports, we have looked at many

TABLE 2. Surgical outcomes and operative findings

RRH TLRH

n = 100 n = 833 P OR CI

Operative time, min 171.64 T 38.84 192.10 T 56.79 0.0005*‡
Blood loss, mL 317.5 T 144.20 322.51 T 178.00 0.015*‡
Hospitalization, d 10.41 T 2.74 11.5 T 3.94 0.09*‡
Ovaries, n (%)

Retained 39 (39) 360 (43.2) 0.39* 0.83 0.54Y1.27
Excised 61 (61) 469 (56.3)

Blood transfusion, n (%) 11 (11) 49 (5.9) 0.048†‡ 1.98 1.00Y3.94
Catheter removal within 3 wks postsurgery, n (%) 97 (97) 740 (88.84) 0.0111†‡ 0.25 0.08Y0.79
Lymph nodes counted, n 22.39 T 3.91 22.51 T 5.19 0.81*
Duration of bowel function recovery, d 1.11 T 0.31 2.06 T 0.54 0.0001†‡
Postoperative adjuvant therapy, n (%) 40 (40) 461 (55.34) 0.0955† 0.43 0.15Y1.20
Conversion to laparotomy, n (%) 0 3 (0.33) 0.54† 1.18 0.06Y23
Follow-up visit result

No relapse 100 (100) 756 (90.8) 0.009†‡ 0.07 0.004Y0.99
Relapse 0 32 (4.2) 0.03†‡ 0.11 0.007Y0.98
Death 0 24 (2.9) 0.07† 0.15 0.009Y2.47
Data are presented as mean T SD or as percentage (%) of the total number (n). OR (odds ratio) and CI (95% confidence interval).
*Student t test.
†W2 test.
‡P G 0.05 vs. the RRH.
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surgical outcomes in our study including, operating time, blood
loss, removal of catheter after 3 weeks postsurgery, pelvic lymph
node count, duration of bowel recovery, conversion to lapa-
rotomy, length of hospital stay, intraoperative and postoperative
complications and recurrence of tumors.

We have shown that the mean operating time in the RRH
group was significantly reduced by approximately 20 minutes
comparedwith the TLRHgroup (171.6 T 38.84 vs 192 T 56.79
minutes, respectively). The operating time in the RRH group
was generally quite fast compared with the operating time
documented in similar published studies. The shortest oper-
ating timewas reported by 2 previously published studies with
a mean time of 144 and 185 minutes.31,32 In contrast to this,
there were also several other studies that had a much longer

operating time in the RRH group compared with our study.11,22

Thus, the duration of the operating time is quite variable as the
definition of ‘‘operating time’’ differs between studies.7 There-
fore, the lack of standardization of the term operating time
makes it complicated to draw comprehensive conclusions from
this outcome alone. A significant factor that contributes to an
enhanced operating time is each surgeon’s previous experience
with TLRH andRRH surgery. Both TLRH andRRH require an
increased operating time compared with the traditional open
radical hysterectomy because the surgeons have to familiarize
themselves first with the instrument assembly, docking, and
console time. One study suggests that a minimum of 20 RRH
surgeries are required to significantly reduce the operating time
over time.28 Contrary to this authors from another 2 studies

FIGURE 3. Surgical outcome of RRH and TLRH treatment of cervical cancer. A, Operating time (minutes). B, Linear
regression of blood loss compared with operating time with a 95% CI in each group. C, Blood loss (milliliter). D,
Length of hospitalization (days). E, Duration of bowel function recovery (days). For box whisker plots, the distribution
with minimum and maximum values is shown as error bars. For bar graphs, the mean T SD is shown. A Student t test
was performed with *P G 0.05, **P G 0.01, and ***P G 0.001.
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argue that no previous experience is needed to reduce the op-
erating time.29,33 Thus, it remains unclear if previous experience
with RRH will decrease operating time.

We have also shown that blood loss is significantly re-
duced in the RRH group compared with the TLRH group. This
is in accordancewith 2 other studies that have shown that blood
loss is significantly decreased in theRRHgroup comparedwith
the TLRHgroup.22,34 In addition to that, blood losswas highest
when using traditional radical hysterectomy surgery with a
mean blood loss of 450 to 1000 mL.11,30,32,33 The reason for
a decrease in blood loss during RRH surgery compared with
TLRH is that the sacral afferent fibers and deep uterine veins
can bemore easily differentiated because of the robotic arm. In
addition, the movement of the robotic arm results in stable
traction and counter traction and excellent 3-dimensional view
within a narrow space.19,22 A recent meta-analysis revealed
that the blood loss in the RRH group can be as low as 78 or
82 mL.16,35,36 In our study, the mean blood loss was much
higher compared with those studies but was still significantly
lower in the RRH group versus the TLRH group. However, it
remains unclear why the RRH group required more blood
transfusions during surgery compared with the TLRH group.
Although more patients in the RRH group required blood
transfusion compared with the TLRH group, all the other 89
of 100 patients in the RRH group were doing much better
comparedwith the TLRHgroup in terms of blood loss and lost
significantly less volume of blood compared with the TLRH
group. The 11 patients who received the blood transfusion had
a more advanced stage of cervical cancer, higher operating
time compared with the mean operating time, and were older
compared with the other patients in the RRH group.

Intraoperative and postoperative complications were de-
creased in the RRH group compared with the TLRH group, and
no conversions to laparotomywere reported in our RRH patient
group. In addition, RRH and TLRH procedures result in fewer
intraoperative and postoperative complications compared with
the traditional radical hysterectomy.7,16,20 Similar to blood loss,
the number of complications within each group is highly

variable and dependent on previous experience of the surgeon
with laparoscopy.

The length of hospital staywas significantly 1 day shorter
in the RRH group comparedwith the TLRHgroupwith a mean
hospitalization time of 10 to 11 days in both groups. This is in
contrast to a few other recent studies where the length of hos-
pitalization was reported to be between 1.7 and 3 days.14,34

Interestingly,wenoticed that studies from theUnitedStates tend
to havemuch shorter duration of hospitalization comparedwith
all laparoscopic studies conducted in Asia including 3 studies
fromKorea and 1 from Taiwan.11,12,37Maybe this is because of
societal differences, because cancer patients inAsia tend to stay
longer in the hospital because of national health insurance
subsidies as suggested by Chen et al.11

The dissection of pelvic lymph nodes during radical
hysterectomy is critical for the outcome of the patient.38Y40

Although only amean of 9 lymph nodeswas dissected using the
traditional radical hysterectomy, an average of 20 lymph nodes
was excised duringTLRHorRRH surgery.30,41 In our study,we
showed that the mean count of lymph nodes in both groups
was 22.3 lymph nodes. No difference was observed between
the RRH and TLRH group. The increase in lymph node
counts that are dissected during RRH or TLRH procedures
compared with the traditional hysterectomy is due to an in-
creased precision with the laparoscope or robotic arm and is
beneficial for the patient.11

Lastly,we also assessed the frequencyof relapse or deaths
in RRH and TLRH treated patients. Our results reveal that the
follow-up was significantly better in the RRH group compared
with the TLRH group with no reported relapses in the robotic
arm. However, this result has to be interpreted cautiously be-
cause the TLRH group contained more severe cases of cervical
cancer compared with the RRH group in terms of tumor in-
filtration and size. One recent study has demonstrated that the
recurrence rate in the RRH group was higher compared with
the TLRH group.26 However, this result may also be because of
the experience of the surgeon with the RRH or TLRH proce-
dure. Thus, structured training and monitoring outcomes are

TABLE 3. Intraoperative and postoperative complications in each group

RRH TLRH

n = 100 n = 833 OR CI

Intraoperative complications n (%) 0 14 (1.6) 0.28 0.02Y4.75
Major vessel injury 0 7 (0.84) 0.548 0.03Y9.678
Bladder injury 0 7 (0.84) 0.548 0.032Y9.678

Postoperative complications, n (%) 4 (4) 110 (13.2) 0.3553 0.12Y0.9914*
Ureterovaginal fistula 1 (1) 30 (3.6) 0.1811 0.0246Y1.33
Hydronephrosis 3 (3) 44 (5.2) 0.55 1.689Y1.821
Lymphedema 0 3 (0.33) 1.18 0.065Y23.04
Remnant drain catheter 0 12 (1.44) 0.327 0.0192Y5.568
Server leg edema/pain 0 4 (0.48) 0.917 0.048Y17.17
Data are presented as percentage (%) of the total number (n). The OR and the 95% CI were calculated.
*P G 0.05 vs. the RRH.
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pivotal when introducing new treatment modalities. One limi-
tation of our study was the lack of randomization and long-term
follow-up studies.

In conclusion, we have shown in our study that RRH is
superior to TLRH for the treatment of early-stage cervical
cancer but the outcomes were generally quite similar in both
groups. Although the cost of RRH is initially high for each
hospital, the price per patient will drop with increased surgeon
experience, shorter length of hospitalization, and increased
number of RRH surgeries.25,26 This will eventually outweigh
the benefits over costs. Our findings contribute to the field
of robotic versus laparoscopic radical hysterectomy in terms of
safety and feasibility, and we have demonstrated that the use of
RRH is a safe and beneficial alternative to TLRH.
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