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Abstract

Introduction: There have been a few clinical studies on the use of three-dimensional (3D) laparoscopy with different
results.

Aim: To compare the surgical outcomes of 3D versus two-dimensional (2D) laparoscopic hysterectomy for benign or
premalignant gynecologic diseases.

Material and methods: In this double-blind trial, 68 patients were randomly assigned to either the 3D or 2D groups
at a 1: 1 ratio. The only difference between the two groups was the laparoscopic vision system used. The primary
outcome was operative blood loss and operative time. The other surgical outcomes including failure of the intended
surgery, length of hospital stay, and operative complications were also assessed.

Results: The baseline characteristics did not statistically significantly differ between the groups. The mean operative
blood loss was not significantly different between the 3D group (74.4 +51.6 ml) and the 2D group (79.2 +55.4 ml)
(p = 0.743). The operative time was similar in both groups (84.5 +20.5 min vs. 87.8 +24.4 min, p = 0.452). Moreover,
no differences were observed between the groups in other surgical outcomes.

Conclusions: The 3D imaging system had no surgical advantage in laparoscopic hysterectomy for benign or prema-
lignant gynecologic diseases. However, 3D laparoscopy did not have any negative effects on surgical outcomes and
did not increase the surgical risk.
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shorter postoperative hospital stays compared to

Introduction abdominal hysterectomy [3].

Laparoscopic hysterectomy is currently consid-
ered the gold standard for the treatment of benign
uterine or premalignant diseases [1]. This surgery
was performed for the first time by Harry Reich in
1988 [2] and in the past years, many studies have
shown the advantages of the laparoscopic approach,
with decreases in postoperative complication rates,
less operative bleeding, less postoperative pain, and

However, laparoscopic surgery is more difficult to
learn and requires different psychomotor skills than
open surgery. In fact, the surgeons have to work
in a three-dimensional (3D) space but are guided
by two-dimensional (2D) images [4, 5]. Due to the
lack of depth perception and spatial orientation in
the traditional 2D imaging system, 3D laparoscopy
was developed as an alternative to conventional 2D
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laparoscopy [6]. Although 3D technology was intro-
duced in the early 1990s, the equipment is still not
standardly available in hospitals because of initial
reports of side effects when using 3D imaging sys-
tems, poor image resolution, and higher cost [6].
There are a few clinical studies on the use of 3D with
different results [7, 8].

Aim
Therefore, the present study aimed to compare

the surgical outcomes of 3D versus 2D laparoscopic
hysterectomy.

Material and methods
Patients

A randomized, controlled trial that evaluated the
effect of a 3D scope in laparoscopic hysterectomy
was prospectively conducted between September
2019 and September 2020 at the authors’ institu-
tion. The protocol was approved by the Institution-
al Review Board and registered with ClinicalTrials.
gov (identifier: NCT04070872; date of trial regis-
tration: August 23, 2019, https://clinicaltrials.gov/
ct2/show/NCT04070872). Women with indications
for laparoscopic hysterectomy for benign or prema-
lignant gynecologic conditions were invited to par-
ticipate in the study. The inclusion criteria were as
follows: age between 18 and 80 years, American So-
ciety of Anesthesiologists Physical Status classifica-
tion I-1l, and the absence of pregnancy or lactation
at the time of surgery. The exclusion criterion was
any suspicious findings of malignant gynecologic
disease.

The patients were randomly assigned to the 3D
group and the 2D group at a 1 : 1 ratio using a ran-
dom permuted-block randomization algorithm via
an interactive web-based response system (http://
www.randomization.com). A study coordinator who
was unaware of the personal and medical informa-
tion of the patients in an office distant from the
hospital prepared sequentially numbered, opaque,
sealed envelopes containing the assigned interven-
tion to ensure that the sequence was concealed be-
fore the study began. The study investigators called
the study coordinator on the day of surgery for ran-
domization. The study was performed in accordance
with the protocol, and all patients provided written
informed consent before participation.
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Laparoscopic devices

All surgical procedures were performed by one
surgeon, who had performed more than 1500 lap-
aroscopic hysterectomy procedures to control the
variability in surgical skill. The laparoscopic port (or
trocar) placement was determined according to the
patient’s condition and needs. For the laparoscop-
ic camera system, a 10-mm ENDOEYE FLEX 3D De-
flectable Videoscope LTF-190-10-3D (Olympus Corp.,
Hamburg, Germany) and a 10-mm 30° IDEAL EYES
Laparoscope (Stryker, Kalamazoo, MI, USA) camera
were used in the 3D group and the 2D group, respec-
tively. The laparoscopic equipment and the operative
procedural steps were the same in every patient to
ensure a standardized approach. The only difference
between the two groups was the laparoscopic cam-
era used.

Surgical techniques

The operative technique used for laparoscopic
hysterectomy was previously described in detail [9].
In brief, general anesthesia with endotracheal intu-
bation was achieved and the patients were placed
in the deep Trendelenburg position. After uterine
sounding and cervical dilation, a RUMI uterine ma-
nipulator with a Koh Colpotomizer and Colpo-Pneu-
mo Occluder (Cooper Surgical, Inc., Trumbull, CT, USA)
was fixed onto the cervix to effectively construct
a surgical field. Using an open Hasson approach,
a 1.5-2-cm vertical incision was made within the
umbilicus. Next, after pneumoperitoneum was cre-
ated following insufflation with carbon dioxide to
a pressure of 11 mm Hg, a laparoscope was inserted
through the umbilical port. While the uterine body
was retracted medially using either laparoscopic for-
ceps or a myoma screw, the adnexal pedicle, round
ligament, and broad ligament were transected with
LigaSure (Valleylab, Boulder, CO, USA). Thereafter, the
vesicouterine peritoneal fold was identified, and the
bladder was mobilized by blunt and sharp dissection
using LigaSure until the anterior vagina was identi-
fied. The uterine vessels were skeletonized, sealed,
and transected using LigaSure. The cardinal and
uterosacral ligaments were then transected. This
procedure was then repeated on the opposite side.
A circumferential colpotomy was performed with
a monopolar electrical device over the Colpotomizer
cup. The specimen was removed via the vagina, and
uterine morcellation was performed with a knife, if
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necessary. Vaginal cuff closure was achieved lapa-
roscopically. After carefully examining the bleeding
and washing the pelvic cavity, the procedure was
completed. The peritoneum and fascia were then
approximated and closed using 1-0 Vicryl sutures
(Ethicon, Somerville, NJ, USA). A liquid topical skin
adhesive (Dermabond, Ethicon) was applied to close
the incision. The patients were discharged from the
hospital after the restoration of bowel activity, in the
absence of postoperative fever, when they no longer
needed narcotic analgesics, and could successfully
ambulate. All patients were scheduled for check-up
examinations at 1 week and 1 month after surgery.

Outcome measures

The primary outcome was operative blood loss
and operative time. Operative blood loss was mea-
sured by the anesthesiologists after defining it as
the difference between the total amount of suction
and irrigation plus the difference between the total
gauze weight before and after surgery. Operative
time was defined as the time from incision to closure
of the skin. Surgery was considered to have failed if
the surgeon was required to use one or more addi-
tional ports or convert to laparotomy. The length of
hospitalization (defined as the number of days from
the operation day to the day of discharge), intraop-
erative complications (defined as major vessel injury,
bowel injury, urinary tract injury, or any other severe
unplanned events), and postoperative complications
(defined as grade Ill or higher complications occur-
ring within 30 days of surgery according to the Cla-
vien—Dindo classification [10]) were assessed.

Statistical analysis

The present study was designed as a non-equal-
ity test, the hypothesis of which was to establish
that 3D laparoscopic hysterectomy is not equal to
conventional 2D laparoscopy in terms of surgical
outcome. Therefore, the sample size was calculated
according to the difference in operative blood loss,
which was collected retrospectively from 30 consec-
utive patients who underwent conventional 2D lap-
aroscopic hysterectomy before this study, showing
an operative blood loss of 83.5 +57.8 ml (authors’
unpublished data). We estimated that 34 patients
would be required per group to yield a type | error
of 0.05, a power of 80%, and a predicted dropout
rate of 10% to detect a difference of 41.8 ml (50%

Videosurgery and Other Miniinvasive Techniques 1, March/2022

difference in the operative blood loss), which was
considered clinically relevant, between the groups.
No interim analysis was planned or performed.

SPSS software 23.0 was used for the statistical
analyses. All analyses were performed according to
the intention-to-treat principle. For continuous vari-
ables, the data are presented as the mean + stan-
dard deviation (SD) or median (interquartile range
(IQR)) after verifying the normal distribution of the
data. For categorical variables, data are presented
as frequency (percent). The baseline characteristics,
primary, and secondary outcomes were compared
between the two groups using Student’s t-test or
the Mann-Whitney U test for continuous variables,
and the yx? test or Fisher’s exact test for categori-
cal variables, as appropriate. A p-value of < 0.05 was
considered statistically significant.

Results

Enrollment took place between September 2019
and September 2019. Follow-up visits concluded in
December 2020. Of the 77 candidates who were
asked to participate in this trial, 9 were excluded be-
cause of a suspicious premalignant ovarian tumor
(n = 1), planned concomitant surgery (i.e., urinary
incontinence surgery or cholecystectomy) (n = 2),
a change in treatment from hysterectomy to myo-
mectomy according to the patient’s request (n = 3),
and refusal to participate (n = 3). Therefore, 68 pa-
tients were randomly assigned to the 3D group or
the 2D group (Figure 1). After randomization or sur-
gery, none of the patients changed their assigned
groups or stopped participating in the trial.

The baseline characteristics of both groups are
shown in Table I. The mean age and body mass index
of the patients were 45.5 +5.4 years and 23.7 +3.6
kg/m?, respectively, with no significant differences
between the groups. The other baseline character-
istics of a history of abdominal surgery, parity, uter-
ine size, preoperative hemoglobin level, laparoscopic
approach, mode of hysterectomy, indication for hys-
terectomy, and procedure performed were also not
different between the groups (all, p > 0.005).

Table Il shows the primary and other surgical out-
comes. The mean operative blood loss was not statis-
tically different between the 3D group (74.4 £51.6 ml)
and the 2D group (79.2 +55.4 ml) (p = 0.743). The
operative time was similar in both groups (84.5
+20.5 min vs. 87.8 +24.4 min, p = 0.452). Moreover,
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Assessed for eligibility (n = 77)

Enrollment

Excluded (n =9)

» Not meeting inclusion criteria (n = 6)
« Declined to participate (n = 3)

Y

Randomized (n = 68)

Analyzed (n = 34)
« Excluded from analysis (n = 0)

Figure 1. CONSORT diagram of the study

no differences were observed between the groups
in other surgical outcomes including changes in se-
rum hemoglobin (defined as the difference between
preoperative hemoglobin levels and hemoglobin lev-
els at the first postoperative day), transfusion, the
weight of the extracted uterus, adhesiolysis at the
time of surgery, failure of the intended surgery, post-
operative pain score (measured on a visual analog
scale (0-10 scale), ranging from “no pain” to “pain
as bad as it could be”), length of hospitalization, in-
traoperative complications, and postoperative com-
plications. One patient in the 2D group experienced
a postoperative wound complication requiring resu-
turing 2 weeks after surgery.

Discussion

We conducted this randomized controlled trial to
test the hypothesis that a 3D imaging system could
show favorable surgical outcomes in laparoscopic
hysterectomy. The main finding of this trial was that
3D laparoscopy did not affect operative blood loss
or operative time in patients who underwent laparo-
scopic hysterectomy for benign gynecologic diseas-
es. We also found that other surgical outcomes were
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Allocation
Y A
Allocated to the 3D group (n =34) Allocated to the 2D group (n = 34)
 Received allocated intervention (n = 34) « Received allocated intervention (n = 34)
« Discontinued intervention (n = 0) « Discontinued intervention (n = 0)
Follow-up
Y A
Completed follow-up (n = 34) Completed follow-up (n = 34)
Lost to follow-up (n = 0) Lost to follow-up (n = 0)
Analysis
Y A

Analyzed (n = 34)
* Excluded from analysis (n = 0)

not influenced by the laparoscopic vision system (3D
vs. 2D). We assert that this study is valuable to lap-
aroscopists who are interested in 3D laparoscopy or
minimally invasive surgery.

This study demonstrated that 3D laparoscopy did
not improve the surgical outcomes of laparoscopic
hysterectomy for benign or premalignant gyneco-
logic diseases. In the field of gynecologic surgery,
three previous studies have compared 3D versus 2D
laparoscopy [8, 11, 12]. Yazawa et al. reported the
surgical outcomes of 3D versus 2D laparoscopic hys-
terectomy for benign gynecologic diseases [8]. They
retrospectively compared 47 earlier laparoscopic
hysterectomies using 2D laparoscopy (performed
between July 2013 and October 2014) with 47 later
laparoscopic hysterectomies using 3D laparoscopy
(performed between November 2014 and Decem-
ber 2015). The 3D group had operative blood loss
statistically similar to the 2D group (192 +174 vs.
161 +147 ml, p = 0.345) [8]. No differences in other
perioperative outcomes or postoperative complica-
tions were observed between the two groups. The
surgeons did not report any symptoms attributable
to the 3D imaging system such as dizziness, eye-
strain, nausea, or headache. Fanfani et al. performed
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Table I. Baseline characteristics

Parameter 3D group (n = 34) 2D group (n = 34) P-value
Age [years] 454 5.1 45.6+5.8 0.602
Body mass index [kg/m?] 23.6 £3.7 23.8 3.6 0.897
History of abdominal surgery 13 (38.2%) 12 (35.3%) 0.801
Parity: 0.720
Nulliparous 4 (11.8%) 5 (14.7%)
Parous 30 (88.2%) 29 (85.3%)
Uterine axis [cm]:
Long 11.0 £1.8 10.9 £1.9 0.631
Short 8.1+2.0 8.0+1.8 0.482
Preoperative hemoglobin [mg/dl] 10.2 £1.8 10.3 1.6 0.739
Laparoscopic approach, initial intent: > 0.999
Single-port laparoscopy 33(97.1%) 33 (97.1%)
Multi-port laparoscopy 1(2.9%) 1(2.9%)
Mode of hysterectomy: > 0.999
LAVH 0 (0%) 1(2.9%)
TLH 34 (100%) 33 (97.1%)
Indication for hysterectomy (%): 0.837
Uterine myoma or adenomyosis 30 (88.2%) 29 (85.3%)
Cervical intraepithelial neoplasia 3 (8.8%) 3 (8.8%)
Endometrial pathology 1(2.9%) 2 (5.9%)
Procedure performed: 0.525

Hysterectomy alone

27 (79.4%)

29 (85.3%)

With adnexal surgery®

7 (20.6%)

5 (14.7%)

The values are presented as frequency (percent), mean + standard deviation (SD) or median (interquartile range (IQR) after verifying the normal distribution of the
data. *Laparoscopic hysterectomy was subclassified according to the method of securing and dividing the uterine artery: laparoscopically assisted vaginal hyster-
ectomy (LAVH) and total laparoscopic hysterectomy (TLH) refer to when the uterine vessels were secured vaginally and laparoscopically, respectively. PAdnexal pro-
cedures did not include opportunistic salpingectomy. Opportunistic salpingectomy was included in the “Hysterectomy alone” category. Opportunistic salpingec-
tomy is the removal of the fallopian tubes for the primary prevention of ovarian cancer in a woman already undergoing pelvic surgery for another indication.

Table II. Primary and other clinical outcomes

Parameter 3D group (n = 34) 2D group (n = 34) P-value
Operative blood loss [ml] 74.4 £51.6 79.2 +55.4 0.743
Operative time [min] 84.5+20.5 87.8 £24.4 0.452
Change in serum hemoglobin [g/dl] 1.4 £0.8 1.3 111 0.588
Transfusion 1 (%) 1 (%) > 0.999
Weight of extracted uterus [g] 350.3 #155.6 342 +163.4 0.552
Adhesiolysis at the time of surgery 10 (29.4%) 8 (23.5%) 0.582
Failure of intended surgery: 1(2.9%) 2 (5.9%) > 0.999

Additional port insertion 1 1

Conversion to LAVH from TLH 0 1

Conversion to open surgery 0 0
Postoperative pain score®:

At 12 h after surgery 3312 34+14 0.552

At 24 h after surgery 2.6 +0.8 2.7+1.1 0.392
Length of hospitalization [days] 2.0+0.3 2.0+0.2 0.678
Operative complications:

Intraoperative complications 0 0

Postoperative complications 0 1 (%) > 0.999

Postoperative pain score was measured using a visual analog scale (0-10 points), ranging from “no pain” to “pain as bad as it could be”.
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a randomized controlled trial comparing the out-
comes of 3D versus 2D laparoscopic hysterectomy
with lymphadenectomy in 90 patients with endome-
trial or cervical cancer [11]. The surgical outcomes
such as operative time (110 min, range: 25-393
vs. 108 min, range: 30-345, p = 0.593), operative
blood loss (126 ml, range: 0-500 vs. 142 min, range:
0-650, p = 0.982), and postoperative complications
were similar between both the 2D and 3D groups
[11]. Lui et al. conducted a randomized controlled
trial in 75 patients undergoing laparoscopic ovarian
cystectomy and evaluated whether 3D laparoscopy
had any advantage over 2D laparoscopy [12]. There
were no significant differences between the 2D and
3D groups regarding operative time (47.6 +32.0 vs.
51.6 £36.2 min, p = 0.198) and operative blood loss
(55.1 +64.8 vs. 58.2 +56.2 m|, p = 0.825). The partic-
ipating surgeons in the 2D group reported nausea,
dizziness, ocular fatigue, and blurring of vision less
frequently than did those in the 3D group (5.3% vs.
45.9%; p < 0.001) [12]. Taken together, we believe
that 3D vision in the field of laparoscopic hysterecto-
my does not have a positive impact on the surgeon’s
performance.

In the present study, no differences were ob-
served between the 3D and 2D groups in operative
blood loss and operative time. These findings can be
attributed to the following three reasons. First, lap-
aroscopic hysterectomy is generally a complex pro-
cedure, but it is not accompanied by very difficult
techniques (i.e., retroperitoneal space dissection, re-
anastomosis, or intensive suturing). Because 3D lap-
aroscopy mainly improves the depth of perception,
leading to better visibility [7, 13], the 3D vision sys-
tem may be valuable for more complex gynecologic
procedures including myomectomy or gynecologic
cancer surgery. Second, conventional 2D laparosco-
py did not cause side effects related to the 3D im-
ages. 3D vision systems could cause side effects for
surgeons, such as eye strain, headaches, dizziness,
and visual discomfort [14-16]. Third, all operations
were performed by one fully experienced surgeon
who had performed more than 1500 laparoscopic
hysterectomy procedures prior to this study. Previ-
ous studies have shown that 3D laparoscopy was
beneficial for less experienced surgeons [11, 17, 18].

There were several limitations to this study. First,
the main limitation of this study is that the proce-
dures were performed by a single experienced sur-
geon. Thus, our results may not be applicable to other
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surgeons. Second, we did not assess the side effects
of stereoacuity in this study. Han et al. reported that
67% of surgeons experienced visually induced mo-
tion sickness (VIMS) during their first 3D laparosco-
py case [19]. However, the incidence and severity of
VIMS dramatically decreased from the second case
onward. Finally, this study was not blinded from the
surgeon (study investigators) because this would
have been impossible given the nature of the study.
However, patients and outcome assessors were un-
aware of the allocation information.

Conclusions

The 3D imaging system had no surgical advan-
tage in laparoscopic hysterectomy for benign gyne-
cologic diseases. However, 3D laparoscopy did not
have any negative effects on surgical outcomes and
did not increase the surgical risk. Considering that
more complex procedures such as suturing and ad-
hesiolysis might be easier to perform with 3D lapa-
roscopy than with 2D laparoscopy, additional stud-
ies in various laparoscopic settings (more difficult
hysterectomies, severe adhesion cancer surgery, and
multiple surgeons with different surgical skills) are
warranted to validate the current results.
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