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Summary
Selection of an appropriate surgical method for
hysterectomy in an individual patient is currently an issue
that remains open and debatable. This study aimed to
analyze perioperative outcomes in gynecologic patients
who underwent laparoscopic hysterectomy at a single
institution during a 6-year period and to compare the data
for simple hysterectomy patients treated with different
surgical approaches. The study included a retrospective
analysis of demographics, pre- and post-operative
characteristics of 1,023 patients, operated on using four
types of simple hysterectomy approaches: 635
laparoscopic hysterectomies (62.1%), 289 total
abdominal hysterectomies (28.3%), 45 total vaginal
hysterectomies (4.4%) , and 54 robotic-assisted
hysterectomies (5.3%). For the laparoscopic
hysterectomy group, the mean operative time was shorter
as compared to the abdominal and vaginal hysterectomy
groups (p<0.05), as well as a significantly shorter hospital
length-of-stay when compared to the abdominal, robotic
or vaginal hysterectomy groups (p<0.05). Regression
analysis revealed significant linear correlation between
operative time and body-mass index of laparoscopic
hysterectomy patients (R 2 =0.008; p=0.026).
Complications emergence and hemotransfusion often
prolonged the mean operative time significantly by 17.8
min (p=0.002) and 15.5 min, respectively (p<0.001). The
rate of major complications was significantly higher in the
laparoscopic vs. abdominal groups (p<0.05). Clinical
outcomes in patients operated on with laparoscopic
hysterectomy were better than in those operated with total
abdominal and vaginal hysterectomy in terms of operative
time and hospital length-of-stay. Prospective randomized
multi-center studies would be desirable to further define
the place of the modern minimally invasive hysterectomy
approaches.
Key words: laparoscopic hysterectomy, peri-operartive
outcome, comparative analysis surgical approaches

Introduction
Kurt Semm was the first to describe laparoscopic
assistance during vaginal hysterectomy in 1984. In
1989, Harry Reich presented the technique of the
first laparoscopic hysterectomy (LH) [1, 2]. Since
then, LH has been the subject of series of studies.
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Most of these studies demonstrated that,
compared with the total abdominal hysterectomy
(TAH), LH has certain advantages: faster
recovery, diminished post-operative pain, and
better cosmetic results [3, 4]. Cost analysis over
the last few years has indicated that the average
direct costs for LH and TAH are rather similar.
Mean total patient costs are significantly lower for
LH as compared to TAH [5,6].
Despite the progress in laparoscopic
techniques for hysterectomy, TAH is still the most
frequently used surgical approach in many
countries, and the LH rate remains comparatively
low, ranging from 3% to 24% only [7-9]. Recent
data from the US show that the frequency of
hysterectomies depending on the type of access is
approximately 66% for the abdominal, 22% for
the vaginal, and 12% for the laparoscopic
approach [10]. More recently, with the
introduction of robotic-assisted surgery for
hysterectomy, some centers have even reported
decreasing rates of traditional laparoscopic
hysterectomy [11].
With the introduction of the minimally
invasive surgical (MIS) techniques in
gynecological practice, the selection of the
appropriate surgical method of hysterectomy for
an individual patient remains open and debatable.
The primary objective of this study was to
investigate the perioperative factors and clinicopathologic outcomes in gynecologic patients who
underwent LH at a single institution during a 6year period and to compare the contemporaneous
data analyzed for patients who were treated with
TAH, total vaginal hysterectomy (TVH), and
robotic-assisted hysterectomy (RAH) procedures.

Materials and Methods
This study included all the simple hysterectomies
performed at a single institution between April
2004 and April 2010. Two skilled surgeons
(gynecologic oncologists) performed all the
abdominal and vaginal hysterectomies. The
surgeons were trained to perform laparoscopic
and robotic-assisted gynecologic surgeries at the
European Institute of Telesurgery in Strasbourg,
France.
Permission for conducting the study was
received from the local Institutional Review
Board. All procedures followed were in
accordance with the ethical standards of the
responsible committee on human
experimentation (institutional and national) and

with the Helsinki Declaration of 1975, as revised
in 2000. Informed consent was obtained from all
patients for being included in the study.
Data were collected retrospectively from the
patients' medical records (hard charts and
electronic records). The abstracted data included
the following demographics, pre-operative and
peri-operative characteristics of patients: age,
indications for surgery, body mass index (BMI),
previous abdominal operations, mode of delivery
(vaginal or cesarean section), number of the
vaginal childbirths, operative time, uterine size,
hospital length-of-stay (LOS), post-operative
hemoglobin and hematocrit levels, and
complications. To assess the parameters with
probable impact on the operative time, the
following variable factors were investigated: age,
indication for surgery, year of surgery
performance, delivery mode, and number of
vaginal deliveries, uterine size, BMI, previous
operation, accompanying operative procedure,
complications, hemotransfusion, and conversion.
The operative time was measured in minutes
as the interval from skin incision of the anterior
abdominal wall (LH, TAH, and RAH) or vaginal
mucosa (TVH) to placement of the last skin (LH,
TAH, and RAH) or mucosa stitch (TVH). Uterus
size was determined according to the size of
pregnant uterus in weeks of gestation (GW), the
categories being: normal uterus and enlarged
uterus, respectively, from 4 GW up to and over 24
GW. The values of the hemoglobin (g/L) and
hematocrit on the first post-operative day were
examined. The LOS (in days) was determined as
the time period from the date of operation to the
date of discharge. The complications were
defined as major or minor, and as intra-operative
and post-operative. Post-operative complications
were reported up to 4 weeks after the surgery.
Bleeding that required re-operation as well as
injury of the intestines, ureters, bladder and large
vessels were defined as major complications.
Operative wound complications, hematomas of
the anterior abdominal wall, vaginal cuff
cellulitis and bleedings that did not require reoperations were defined as minor complications.
The blood transfusions performed intrath
operatively and to the 24 post-operative hour
were also registered. When it was necessary to
switch from laparoscopic or robotic-assisted
hysterectomy to abdominal during the operation,
the case was assessed as conversion.
The laparoscopic hysterectomies performed
included three sub-types of hysterectomies
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according to the definitions offered by Reich and
Roberts and modified by Johnson et al as: i)
laparoscopic-assisted vaginal hysterectomy
(LAVH), ii) LH with uterine artery ligation
[LH(a)], and iii) total laparoscopic hysterectomy
(TLH) [12,13]. The technique of LAVH that we
utilized corresponded to type IB3 laparoscopic
hysterectomy [in accordance with the
classification of the American Association of
Gynecologic Laparoscopists (AAGL)], and those
of LH(a) and TLH – to type IIB3 (AAGL) and
type IVE (AAGL), respectively [14]. Further
details of our surgical protocol for application of
®
the da Vinci S robotic system for hysterectomy is
similar to the one recently described [15]. The
technique of the TAH and TVH procedures was
th
fairly similar to that described in the 9 edition of
Te Linde's Operative Gynecology [16].
Vaginal surgery was offered to patients with
uterine prolapse, at least one vaginal birth, unenlarged uterus and without prior abdominal
surgery. For large and very-large uteri, TAH was
recommended. In all the other cases, MIS was
offered, and RAH was the preferred approach in
malignant pathology and high BMI cases. The
advantages and disadvantages of the various
accesses were discussed with all patients, and
their desires were taken into considerations.
Data were entered and processed with the
statistical package IBM SPSS Statistics 19.0. The
p-value with <0.05 was chosen as a significance
level, to reject the null hypothesis. Descriptive,
variation, alternative, and graphical analysis,
Chi-square test, Fisher's exact test, Student t-test,
non-parametric test of Kruscal-Wallis, MannWhitney U test and regression analysis were used.

Results
Four types of simple hysterectomies were
performed on a total of 1,023 gynecologic
patients during the 6-year period of the study. The
distribution of the cases was as follows: LH = 635
(62.1%), TAH = 289 (28.3%), TVH = 45 (4.4%),
and RAH = 54 (5.3%). Within the LH sub-group,
the distribution of the cases was as follows:
LAVH = 168 (16.4%), LH(a) = 435 (42.5%), and
TLH = 32 (3.1%). Basic pre-operative
characteristics of the patients according to the
type of operation are presented in Table 1. The
most common indication for surgery in the LH
cohort (n=635) was uterine myoma – 462 cases
(72.8%). Highest median BMI was documented
2
in patients who underwent RAH (27.3 kg/m ) and
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TVH (27.3 kg/m2) procedures, as compared to the
LH group (24.2 kg/m2; p<0.001) and the TAH
group (25.4 kg/m2; p=0.002). Patients in the RAH
group had had a relatively larger number of
previous operations (44.4%) than all the other
groups. This was found to be statistically
significant as compared to TVH (22.2%;
p=0.033) (Table 1).
The basic intra- and postoperative
characteristics of the types of hysterectomies
performed are shown in Table 2. The mean
operative time in the LH group was as compared
to that of the TAH and TVH groups (p<0.05), and
the hospital LOS was significantly shorter as
compared to the TAH, RAH or TVH group
(p<0.05). The mean hemoglobin level on the first
post-operative day with LH was significantly
higher than the one found in the TAH and lower
than that of the TVH group (p<0.05). (Table 2)
Basic peri-operative characteristics in the subgroup of LH are presented in Table 3. The TLH
group had a significantly shorter operative time
as compared to the LAVH and LH(a) sub-groups.
Hemoglobin and hematocrit levels in the subgroups were comparable (Table 3).
The analysis of factors with possible impact
on the operative time of LH revealed that uterine
prolapse as an indication for surgery, and
enlarged as 16 GW to 20 GW uterus, significantly
prolonged the time (p<0.05). Regression analysis
revealed a statistically significant linear
correlation between the operative time and BMI
of patients who underwent LH (R2=0.008;
p=0.026). Complications emergence and
hemotransfusion often prolonged the mean
operative time significantly: by 17.8 min
(p=0.002) and 15.5 min (p<0.001), respectively.
History of conization resulted in a significant
reduction in the mean operative time (2.8 min;
p<0.05). As shown in Figure 1, regression
analysis revealed a linear relationship between
the operative time and each subsequent year of
LH procedures, when compared to the year of the
first operation performed by the same team
2
(R =0.144; p<0.001). All other parameters
studied did not significantly affect the duration of
LH (p>0.05).
Table 4 shows the rate of complications
according to the surgical type of hysterectomies
performed. The analysis revealed no significant
correlation between the type of hysterectomy,
respective to the sub-groups of LH and the
appearance of complications (p>0.05). The rate
of major complications was significantly higher
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Table 1. Patients' preoperative characteristics according to the type of hysterectomy procedures
Characteristics

LH

TAH

TVH

RAH

(n=635)

(n=289)

(n=45)

(n=54)

45 (41 - 49)

46 (42 - 51)

60 (55.5 - 72)

53.5 (43.5-64.2)

<0.001

<0.001

0.001

0.004

<0.001

Age (year)
(IQR)a

Median
b

p-value comparisons with RAH
Comparisons with LH
Comparisons with TAH

<0.001

Indications for surgery, n (%)
Myoma of the uterus

462 (72.8)

201 (69.6)

6 (13.3)

11 (20.4)

Cervical carcinoma in situ

75 (11.8)

14 (4.8)

0 (0)

10 (18.5)

Adenomyosis

9 (1.4)

3 (1.0)

0 (0)

2 (3.7)

Endometrial carcinoma

19 (3.0)

18 (6.2)

0 (0)

22 (40.7)

Ovarian carcinoma

4 (0.6)

9 (3.1)

0 (0)

0 (0)

Uterine prolapse

8 (1.3)

0 (0)

38 (84.4)

0 (0)

Atypical endometrial hyperplasia

14 (2.2)

6 (2.1)

1 (2.2)

2 (3.7)

Endometrial polyposis

7 (1.1)

1 (0.3)

0 (0)

1 (1.9)

Microinvasive cervical carcinoma

11 (1.7)

3 (1.0)

0 (0)

1 (1.9)

Bening ovarian tumor

26 (4.1)

34 (11.8)

0 (0)

3 (5.6)

Median (IQR)a

24.2 (21.4-27)

25.4(22.9-30.1)

27.3 (23.3-30.3)

27.3(23.9-34.8)

p-valueb comparisons with RAH

<0.001

0.002

0.116

<0.001

<0.001

2

BMI (kg/m )

Comparisons with LH
Comparisons with TAH

0.299

Prior operations, n (%)
1 Laparotomy

192 (30.3)

78 (27.0)

9 (20.0)

19 (35.2)

2 Laparotomies

23 (3.6)

16 (5.5)

0 (0)

4 (7.4)

≥3 Laparotomies

8 (1.3)

3 (1.0)

0 (0)

0 (0)

Laparoscopies

11 (1.7)

1 (0.3)

1 (2.2)

1 (1.9)

Total

234 (36.9)

98 (33.9)

10 (22.2)

24 (44.4)

0.306

0.163

0.033

0.416

0.054

c

p-value comparisons with RAH
Comparisons with LH
Comparisons with TAH

0.127

а

IQR = Inter Quartile Range (25 and 75 percentiles)
p-value from two independent samples (Mann-Whitney U test)
c
p-value from Chi-square test or Fisher's exact test
Abbreviations: LH = laparoscopic hysterectomy; TAH = total abdominal hysterectomy; TVH = total vaginal hysterectomy; RAH
= robotic-assisted hysterectomy; BMI = body mass index
b
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Table 2. Perioperative characteristics of patients in the types of hysterectomies
LH (n=635)

TAH (n=289)

TVH (n=45)

RAH (n=54)

X ±SD

X ±SD

X ±SD

X ±SD

Operative time (min)

76,58a±26,61

94,01b±26,71

97,78b±30,89

85,00a±34,79

Hospital length-of-stay (days)

3,14a±1,23

4,66b±1,96

5,29c±1,42

3,76d±1,68

Post-operative hemoglobin (g/L)

111,41 a±13,15

109,98bc±12,82

116,13 bd±14,16

111,74 acd±14,81

Post-operative hematocrit (l/L)

0,32a±4,22

0,32a±4,31

0,33a±4,77

32,02a±4,22

Factors

* = the identical letters horizontally mean that there is no significant difference, and the presence of such (p<0.05) is marked by the
different letters (such as a, b, c)
Abbreviations: LH = laparoscopic hysterectomy; TAH = total abdominal hysterectomy; TVH = total vaginal hysterectomy;
RAH = robotic-assisted hysterectomy

Table 3. Pre-, intra- and postoperative characteristics of patients in the laparoscopic hysterectomies sub-groups

Factors
Age (year)
2
BMI (kg/m )
Operative time (min )
Hospital length -of -stay (days )
Post -operative hemoglobin (g/L)
Post -operative hematocrit (l/L)

LAVH (n=168)

LH(a) (n=435)

TLH (n=32)

X ± SD

X ± SD

X ± SD

a

a

46,24 ± 6,56
a
25,05 ± 4,27
a
89.6 ± 31.5
a
3.51 ±1.69
a
109.9 ± 14.4
a
0. 31± 4.63

a

45,20 ± 6,25
a
24,33 ± 3,81
b
72.4 ±22.7
b c,
3 .0 ±1.01
a
1 11.5 ± 12.4
b,c
0. 32± 4.04

45,31 ± 8,21
a
24,55 ± 5,00
c
65.8± 25.3
a,c
3.03 ± 0.47
b
117.7 ± 14.5
a,c
0. 33 ± 4.28

* - the identical letters horizontally mean that there is no significant difference, and the presence of such (p<0.05) is
marked by the different letters (such as a, b, c)
Abbreviations: LAVH = laparoscopic-assisted vaginal hysterectomy; LH(a) = laparoscopic hysterectomy “type a”;
TLH = total laparoscopic hysterectomy

Table 4. Types of complications in patients who underwent hysterectomy procedures with different surgical
approaches

Complications, n (%)
Major complications
Urinary bladder injury
Ureteral injury
Bleeding requiring re-operation
Minor complications
Anterior abdominal wall hematoma
Vaginal cuff cellulites
Vaginal cuff bleeding
Surgical wound infection
Surgical wound bleeding
Total complications

56

LH
(n=635)
14 (2.2)
5 (0.8)
0
9 (1.4)
4 (0.6)
3 (0.5)
0
1 (0.1)
0
0
18 (2.8)

TAH
(n=289)
4 (1.3)
1 (0.3)
1 (0.3)
2 (0.7)
9 (3.1)
0
0
0
8 (2.8)
1 (0.3)
13 (4.4)

TVH
(n=45)
0
0
0
0
0
0
0
0
0
0
0

RAH
(n=54)
1 (1.9)
1 (1.9)
0
0
2 (3.7)
0
1 (1.9)
1 (1.9)
0
0
3 (5.6)

Total
(n=1,023)
19 (1.9)
7 (0.7)
1 (0.1)
11 (1.1)
15 (1.4)
3 (0.3)
1 (0.1)
2 (0.2)
8 (0.7)
1 (0.1)
34 (3.3)

Abbreviations: LH = laparoscopic hysterectomy; TAH = total abdominal hysterectomy; TVH = total vaginal hysterectomy;
RAH = robotic-assisted hysterectomy
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Figure 1. Regression analysis for linear correlation between the operative time and the year of operations for
patients who underwent laparoscopic hysterectomies (n=635).

Discussion
In most of the published literature (both
retrospective and prospective randomized
studies) two or three surgical approaches for
hysterectomy are compared, e.g. laparoscopic vs.
abdominal, laparoscopic vs. vaginal, abdominal
vs. vaginal, or laparoscopic, vaginal and
abdominal [17-25]. Fewer studies have analyzed
complex perioperative factors of the four surgical
types of hysterectomies, i.e. laparoscopic,
abdominal, vaginal, and robotic [5, 6, 11, 26].
The emphasis in two of the retrospective studies
were cost analysis, and in one of them, histologic
artifacts in hysterectomy specimens [5, 6, 26].
Landeen et al. focused on the perioperative
parameters of RAH, the largest group of cases in
their study (n=569) [5]. The design of our study
was similar to that of Smorgick et al. [11]. In their
study, they examined retrospectively the
experience of a 6-year period of hysterectomy
patients and the surgical characteristics of 623
patients, operated on by three surgeons at a single
institution. In the present study, we investigated
t h e d i ff e r e n c e s i n t h e p e r i o p e r a t i v e
characteristics of four types of simple
hysterectomies (i.e. LH, TAH, RAH, and TVH),
performed at a single institution because of
benign, pre-cancerous and early malignant
gynecologic tumors during a 6-year period. The
largest group included LH cases. We also
compared three sub-types of hysterectomies

within the LH group (i.e. LAVH, LH(a), and
TLH).
Regarding the operative time, most of the
studies indicate significantly longer operative
time for LH cases in comparison with the
abdominal and vaginal approach. However, there
are several studies that did not find any
significant difference [13, 23, 24, 27-29]. Most of
the studies comparing LH with RAH reported
that the mean operative time was significantly
shorter in the LH group as compared to that in the
RAH group [30-32]. In our study, the LH group
of patients had a significantly shorter mean
operative time as compared with the TAH and
TVH groups. The LH group operative time was
insignificantly shorter as compared to the RAH
group.
The duration of an operative intervention is
directly related to the severity of the operative
trauma that the patient is exposed to. Therefore,
the factors that can influence the operative time
were analyzed. It is reasonable to assume that if a
complication occurs, additional operative time
will be required. The effect of both major and
minor complications on the operative time was
examined, as well as the incidence of
complications in general. The mean operative
time was significantly longer in the group with
complications (93.9±27.6 min), as compared
with the group with no complications (76.1±26.4
min) (p=0.002).
A surgeon's experience is usually associated
with the number of operative interventions
57

J Biomed Clin Res Volume 8 Number 1, 2015

58

carried out, and the operative time is directly
associated with this factor. The data from several
studies indicated that after the first 30
laparoscopic hysterectomies, the operative time
and incidence of complications were
significantly reduced [9,27,33]. In the current
study, we included all LH cases performed b y the
team during the investigated period and
calculated the mean operative time for each
calendar year. Regression analysis proved that
the operative time decreased by six minutes per
year on average (p<0.001). (Figure 2).
Hospital LOS is the principal parameter,
influenced by the perioperative factors, e.g.
“operative time, blood loss, time for recovery of
the intestinal function, early post-operative
complications” [34]. In our study, the mean
hospital stay for the LH cases was significantly
shorter (3.14±1.23 days) in comparison with the
other types of hysterectomies – RAH (3.76±1.68
days), TAH (4.66±1.96 days), and TVH
(5.29±1.42 days). Somewhat similar to our data
are those reported by Wright et al. [6]. Our LOS
results in the TAH cases are comparable to those
reported by Vaisbuch et al. [27] and O'Hanlan et
al. [29].
According to literature reports, the rate of
complications in laparoscopic hysterectomy vary
widely (from 0.3% to 19%) [9,35]. No significant
difference was found between the type of surgical
approaches and the total rate of complications in
our study (p>0.05). The notable major
complications requiring re-operation in our study
included injury of the urinary tract, intestines,
large vessels, and post-operative bleeding. This is
understandable, since such complications can
endanger the lives of the patients if the
complication management approach is
inadequate and untimely. Literature data are quite
diverse. However, most studies reported are
similar to ours, which means that the rate of these
complications is significantly higher in LH than
TAH groups [4, 9, 13]. Like Johnson et al, we
found significantly lower frequency of the minor
complications in the LH group in comparison
with the TAH group (p<0.05) and most were due
to surgical wound infections [13].
Despite the large number of patients included
in the present study, some limitations for the
abatement of the statistical significance of the
comparative analyses between the four methods
of hysterectomy should be acknowledged. The
non-randomized retrospective nature of the study
is a potential reason for certain selection bias. The
period for mastering the technique (learning

curve) is included in the group of minimallyinvasive hysterectomies, while the abdominal
and vaginal hysterectomy group included
operations with a well-mastered technique. The
group of patients with vaginal hysterectomy was
the largest, which is presumably a pre-requisite
for better outcomes. The selection of surgical
approach in hysterectomy and the surgeon's
preferences obviously explain some of the
differences in the patient characteristics.

Conclusion
The development of a mature gynecologic
surgery program at our institution during the past
several years evolved
from a period of
abdominal and vaginal hysterectomies to the
period of contemporary MIS techniques for
hysterectomies (i.e., laparoscopic and roboticassisted). The present comprehensive analysis
provides insights into the current status of the
surgical methods of hysterectomy at a single
institution, driven by a number of specific
circumstances, such as institutional, regional and
national opportunities. Laparoscopic
hysterectomy is an alternative to abdominal and
vaginal hysterectomy. It is a safe minimally
invasive surgical procedure leading to less
operative trauma and faster recovery of patients
when performed by a well-experienced surgical
team. Prospective randomized multi-center
studies would be desirable to further define the
place of modern minimally invas ive
hysterectomy approaches.
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