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Abstract
Objective: To analyze the differences in the incidence of postoperative complications in the bladder and urinary system between patients who received modified 
laparoscopic-assisted vaginal hysterectomy (LAVH) and those who received classical LAVH to reduce bladder and urinary system complications.

Method: Patients who underwent LAVH for uterine disease at Inje University Haeundae Paik Hospital between March 2010 and June 2015 were included in this 
retrospective study. The incidence of postoperative urinary complications was compared between patients who received modified LAVH and those who received 
classical LAVH group.

Result: Among a total of 463 patients, there was no significant difference in the incidence of bladder complications between the classical LAVH group and modified 
LAVH group (9/234 vs. 4/229, P = 0.172). However, the incidence of intraoperative bladder injury was significantly different between the two groups (7/234 vs. 
1/229, P = 0.035).

Conclusion: The incidence of intraoperative bladder injuries was significantly reduced in the patients who received modified LAVH.
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Introduction 
Hysterectomy is a common surgery performed in obstetrics and 

gynecology. Along with the recent development of laparoscopic devices, 
laparoscopic hysterectomy has been widely used [1]. A study by Müller 
et al. [2] showed the rapid decline of hysterectomy by laparotomy 
over time, which had been predominantly used until 2002, and a 
gradual increase in laparoscopic hysterectomy replacing the former. 
Laparoscopic hysterectomy is a surgical method mainly used for 
benign disease, particularly uterine myoma, adenomyosis, endometrial 
hyperplasia, and emmeniopathy. Laparoscopic hysterectomy is 
currently a preferred method due to reduced postoperative pain and 
a smaller scar compared to open hysterectomy [3]. Laparoscopic 
hysterectomy can be performed as laparoscopic-assisted vaginal 
hysterectomy (LAVH) and total laparoscopic hysterectomy (TLH). 
LAVH is a surgical method of intra-abdominally resecting the whole 
uterus using a laparoscope as follows. Suspensory ligament of the 
ovary, funnel pelvic ligament, and broad ligament are resected and 
the uterine corpus is dissected and resected with the surrounding 
tissues. In the next step, the uterine cervix is separated from the vagina, 
bladder, and the pouch of Douglas through the vagina in the same way 
as previous vaginal hysterectomy techniques. Then, the uterosacral and 
broad liganment are resected and the remaining uterine corpus tissues 
after ligation of the uterine artery are separated. As shown by not only 
retrospective blinded studies but also meta-analyses and numerous 
prospective studies, the advantage of this surgical method is that 
it has a shorter hospital admission period and reduced scarring and 
postoperative pain compared to laparotomy, and a shorter operation 
time, ease of operation on a large uterus, and less urinary system 
complications compared to TLH [4]. However, LAVH has a more 
difficult training process than TLH. In addition, according to a study 
by Horng et al. [1], classical LAVH has less overall urinary system 

complications but it is reported to have a higher incidence of bladder 
injury, such as intraoperative bladder injury or postoperative bladder 
fistula.

In TLH, the whole uterus is intra-abdominally resected from the 
uterine corpus to the uterine cervix through the abdominal cavity. 
Particularly in the process of separating the uterine cervix and vagina, 
circular separation from anterior to posterior requires a certain degree 
of space and visual scope. Thus, when the uterus is too big surgery is 
difficult, switching to LAVH is required in certain cases [3]. Urinary 
tract injury may occur on the region that is in contact with uterine 
artery, particularly when resecting the uterine cervix in a circle during 
TLH. Hence, urinary tract complications, which rarely occur in LAVH, 
have been reported to occur more frequently. In addition, the vagina 
and cervix are separated by galvanocautery, which has a higher chance 
of causing problems at the vaginal suture site. Hence, although LAVH 
has more advantages than other surgical methods, the high incidence 
of bladder injury can restrict the choices of surgical methods and make 
the training process more difficult. In this study, the surgical method 
was partially revised to reduce the risk of bladder injury in patients 
who received LAVH, and this modified method was compared with the 
classical method to examine whether it actually reduced the bladder-
related complications and the risk of other complications. Therefore, 
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this study aimed to determine whether the modified LAVH is a safer 
surgical method with other advantages. 

Although LAVH has more advantages than other surgical methods, 
the incidence of bladder injury is high, which can restrict the choices 
of surgical methods and make the training process more challenging. 
To reduce bladder and urinary system complications in patients who 
receive LAVH, this study aimed to perform a novel surgical technique 
that complemented the existing method, and analyze the differences 
in the incidence of bladder, urinary system and other complications.

Subjects and methods
Patients who underwent LAVH for uterine disease at one University 

Hospital between March 2010 and June 2015 were included in this 
study. The modified surgical method has been performed since 2013, 
and the differences in surgical methods were verified from the surgical 
records. The classical and modified methods were both performed by 
the same surgeon. In the previous method, the whole uterus is separated 
during intra-abdominal surgery using a laparoscope and the cervix and 
bladder are separated. Then, when the anterior boundary of the vagina-
cervix is determined (Figure 1A, B), vaginal hysterectomy was initiated. 

Prior to the introduction of the modified technique conducted in 
this study, various forms of LAVH have been introduced by numerous 
other studies to avoid the shortcomings of classical LAVH. The method 
introduced by Lee et al. [5] used a Biswas uterovaginal elevator and 
was developed for easier manipulation of the uterus, which enhances 
anteroposterior manipulation of the uterus and retraction and 
makes securement of the visual scope and dissection easy, thereby 
complementing the shortcomings of the classical method.

In addition, the method introduced by Song et al. [6] only used a 
laparoscope until the dissection of the appendages, which is the step 
prior to the dissection of the uterus and bladder, and then switching to 
vaginal hysterectomy. Then, by suturing the vaginal fornix differently 
from the classical method, it focused on preventing vaginal vault 
prolapse.

In the surgical method used in this study, the vagina and cervix 
are resected only on the anterior side without extension to the uterine 
artery on both sides after the vagina-cervix boundary is determined, 
similarly to TLH. Later, when the surgery is performed through the 

vagina, it can be proceeded by checking the anterior boundary of the 
bladder and vagina (Figure 1C, D).

Bladder injury was largely divided into two categories for the 
analysis: laparoscopic injury that occurred while using a laparoscope, 
and intraoperative injury that occurred during vaginal hysterectomy 
after using a laparoscope, which also induced cases undergoing 
restoration surgery or receiving cystoscopy or other urological 
treatment due to the suspicion of postoperative bladder injury. 
The incidence of these two bladder complications was compared 
between the classical LAVH patients and modified LAVH patients. 
For other complications, the incidence of wound complications at 
the anastomosis site that could be caused by the resection of anterior 
vagina using galvanocautery, and other complications of the urinary 
system and intestinal tract, was compared.

Uterine diseases included in the surgery were uterine myoma, 
adenomyosis, carcinoma of the uterine cervix, and abnormal uterine 
bleeding diagnosed with benign tumor from postoperative histological 
examination. Patients who received laparotomy regardless of 
malignant disease or bladder injury were excluded from the study. 
Using IBM SPSS statistical software (version 18) for statistical analysis, 
chi-square test was used to comparatively analyze the two groups. 
Because crossover analysis could not be performed when the expected 
frequency was smaller than 5, Fisher’s exact test was performed to 
examine the significance. 

Results
A total of 517 patients planned to receive LAVH. Among them, 

30 patients who switched to laparotomy regardless of intraoperative 
bladder injury and 24 patients diagnosed with malignant uterine 
disease in the histological examination were excluded. In total, 463 
patients received classical LAVH due to non-malignant uterine disease, 
234 of which received classical LAVH and 229 received modified 
LAVH (Figure 2).

Comparison of the classical LAVH and modified LAVH patient 
groups showed that patients aged between 40 and 49 had the highest 
ratio in both groups and, for diagnosis, uterine myoma exhibited a 
significantly higher ratio than adenomyosis or endometrium disease 
in both groups. In addition, 37 and 45 patients from each group had a 
history of cesarean section, respectively (Table 1).

Figure 1. Modified laparoscopic-assisted vaginal hysterectomy (LAVH) operation due to 
uterine disease. A) Bladder serosa cutting, B) Separate bladder and cervix, C) Anterior 
colpotomy, D) Vaginal view of modified LAVH, (arrow: transverse incision beginning 
point). Figure 2. Flow of study participants.
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Discussion 
LAVH has been widely used since Reich et al. first introduced 

laparoscopic hysterectomy in 1989, which accelerated the development 
of surgical techniques and led to the emergence of LAVH [7]. 
As laparoscopic surgical techniques have been rapidly developed 
worldwide recently, laparoscopic hysterectomy is performed not only on 
patients with benign gynecological disease but also on those diagnosed 
with malignant gynecological disease [8]. Hence, the percentage of 
patients receiving laparoscopic hysterectomy is gradually increasing 
compared to the percentage of patients receiving open hysterectomy 
[9]. However, despite the constant development of laparoscopic 
surgical techniques, the risk of bladder complication remains high 
[10]. Bladder complications include intraoperative bladder injury 
and postoperative vesicovaginal fistula. The probability of bladder 
complications occurring in LAVH is between 0.02% and 8.3%, and it is 
the most common complication of LAVH. Its incidence is higher than 
that of other surgical methods, such as open hysterectomy or vaginal 
hysterectomy [10-13]. 

In this study, bladder complications occurred in 13 of 463 patients 
who received LAVH, accounting for 2.8% of the incidence. This is 
because pressing the bladder below pubovesical cervical fascia and 
vesicocervical ligament with a strong force using a laparoscopic surgical 
device in the process of LAVH weakens the bladder wall and can cause 
laceration [10]. Moreover, bladder injury predominantly occurs upon 
approach from the vaginal orifice to the inner peritoneum during 
LAVH [14]. In contrast, ureteral injury complication is reported to 
have a low incidence in LAVH, ranging from 0% to 2% [15,16]. In a 
study by Shin et al. [3], comparison of urinary system complications 
between 96 patients who received TLH and 72 patients who received 
LAVH demonstrated a total of 2 cases of urinary system injury. One 
was ureteral injury in the TLH group (0.6%) and the other was bladder 
injury in the LAVH group (0.6%).

The reason why LAVH is widely used despite the high incidence of 
bladder injury complications is its high preference in patients due to a 
reduced hospital stay, fast recovery, lower postoperative pain, and lower 
incidence of overall complications compared to open hysterectomy 
[17-20]. Meanwhile, because surgical manipulation through the vagina 
is reduced in TLH compared with LAVH, the incidence of surgical 
wound infection is relatively lower and the length of the vagina can be 
maintained to be greater extent during surgery. Furthermore, all the 
structures in the pelvic cavity can be visualized through a laparoscope 
during surgery, thus the incidence of postoperative vaginal prolapse is 
lower [21].

However, because a laparoscope is used during the entire process 
of uterine resection, separation of the uterine cervix from the vagina 
requires circular resection along the whole section of the pelvic cavity. 
Because this requires sufficient operative space and visual scope, 
surgery performance is difficult when the uterus is particularly large. 
The incidence of ureteral injury is high at the contact site of the uterus 
and uterine artery, particularly during anterior and posterior circular 
resection of the uterine cervix. 

In addition, circular resection from the vagina to the uterine cervix 
is performed by galvanocautery in TLH, which can trigger extensive 
tissue damage due to heat and delay the recovery time of the vaginal 
formix. Hence, there is a risk of postoperative vaginal vault dehiscence 
before its full recovery [22]. However, there is a reduced chance of such 
a problem in LAVH. It is reported that the complication of vaginal vault 
dehiscence has the highest incidence in TLH at 1.35% and relatively 

Comparing the incidence of complications in the classical LAVH 
and modified LAVH patient groups indicated that, among a total of 
463 patients, the complications of intestinal tract injury, ureteral 
injury, and vesicovaginal fistula did not occur in both patient groups. 
However, 13 patients (2.8% of total) had bladder injury and 5 patients 
(1.1% of total) exhibited surgical site infection.

Bladder injury occurred in 9 cases (3.8%)  from the classical 
LAVH group and 4 cases (1.7%) from the modified LAVH group 
(p  value  =  0.172).  Surgical site infection occurred in 4 cases (1.7%) 
from the classical LAVH group and 1 case (0.4%) from the modified 
LAVH group (p value = 0.185). Among bladder injury complications, 
intraoperative bladder injury occurred in 8 cases (1.7%) from the total 
patients with 7 cases (3.0%) from the classical LAVH group and 1 case 
(0.4%) from the modified LAVH group (p  value  =  0.035).  Bladder 
perforation occurred in 3 cases (0.6%) from the total patients, of which 
all 3 cases (1.3%) were from the classical LAVH group and none from 
the modified LAVH group (p  value  =  0.086).  Bladder injury caused 
by laparoscopic technique occurred in 5 cases (1.1%)  from the total 
patients with 2 cases (0.9%) from the classical LAVH group and 3 cases 
(1.3%) from the modified LAVH group (p value = 0.635) (Table 2). 

In addition, comparing patients with a history of cesarean section 
who could possibly develop bladder adhesion and injury showed that 
no bladder complications were observed in 37 patients who received 
classical LAVH and 45 patients who received modified LAVH. 
Furthermore, other complications, such as surgical site infection or 
intestinal tract and ureteral injury, did not significantly increase in both 
groups. 

Characteristics Classical LAVH
(n = 234)

Modified LAVH
(n = 229)

P-value

Age 48.4 ± 6.8 47.6 ± 4.3 0.105
Diagnosis

Uterine myoma
Uterine adenomyosis
Endometrial disease
Carcinoma in situ

Other

150
33
5
43
3

146
34
7
38
4

†NA
NA
NA
NA
NA

Previous C-section
Yes
No

37
197

45
184

NA
NA

Age outcomes are mean ± S.D; tested by Student’s t test.
To calculate the P-values, Chi-square test was used when n>5, Fisher’s exact test was used 
when n≤5.
†NA: Not available

Table 1. Characteristics of laparoscopic-assisted vaginal hysterectomy surgery (LAVH) for 
uterine disease.

Complications Classical 
LAVH

(n = 234)

Modified 
LAVH

(n = 229)

Odds 
ratio

P-value Total
(n = 463)

Bladder injury
Intraoperative injury

Perforation
Laparoscopy-insertion injury

9 (3.8%)
7 (3.0%)
3 (1.3%)
2 (0.9%)

4 (1.7%)
1 (0.4%)
0 (0.0%)
3 (1.3%)

2.25
7.03
1.99
0.64

0.172
0.035
0.086
0.635

13 (2.8%)
8 (1.7%)
3 (0.6%)
5 (1.1%)

Ureter injury 0 0 †NA NA 0
Wound infection 4 (1.7%) 1 (0.4%) 3.96 0.185 5 (1.1%)

Vesicovaginal fistula 0 0 NA NA 0
Bowel injury 0 0 NA NA 0

To calculate the P-values, Chi-square test was used when n>5, Fisher’s exact test was used 
when n≤5.
†NA: Not available

Table 2. Complications between classical laparoscopic-assisted vaginal hysterectomy 
(LAVH) and modified laparoscopic-assisted vaginal hysterectomy
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low incidence in LAVH at 0.28% [23]. 

Using modified LAVH, which revised a few items of the existing 
LAVH, this study aimed to reduce bladder complications and examine 
whether the modified LAVH significantly decreased the incidence of 
bladder complications. A total of 9 out of 234 patients who received 
classical LAVH had bladder complications, which corresponded to an 
incidence of 3.8%, which is consistent with previous study reports. The 
incidence of bladder complications was 1.7% in the modified LAVH 
group, demonstrating a decrease to some extent, but there was no 
statistical significance when compared with the incidence of bladder 
injury in previous methods. 

Among bladder injury complications, the incidence of bladder 
complications caused by intraoperative damage was significantly 
different between the two groups. This suggests that the modified 
LAVH can be performed in a safer manner and, although laparoscopic 
training is a difficult process, it can be recommended as an easier 
technique to learn during training.

However, comparative analysis of the incidence of surgical site 
infection showed that there was no significant difference between 
the two groups. Although modified LAVH had galvanocautery on 
the anterior vaginal fornix to a greater degree, it did not increase the 
incidence of surgical site infection. When conducting hysterectomy, 
the risk factors increasing the incidence of bladder complications 
include history of pelvic surgery, history of gynecological surgery, 
severe adenomyosis, multigravida, and large uterus [24].

Among them, our study aimed to additionally examine whether 
a history of cesarean section acts as a risk factor for the incidence of 
bladder complications. However, there was no incidence of bladder 
complications in the group with a history of cesarean section in this 
study. Thus, we could not determine its effect on the incidence of 
bladder complications.

This is the biggest study introducing a new LAVH that revised 
and modified the existing surgical method in order to reduce the 
high incidence of bladder complications in LAVH and comparatively 
analyze its effects. However, selection bias may occur when conducting 
a retrospective study and the incidence of complications was low in 
both the experimental and control groups, which could be a limitation 
of this study.

Numerous studies have recently been conducted to reduce the 
incidence of bladder complications in LAVH, including the introduction 
of a way to firmly spread the vaginal space using a manipulator, and a 
technique to generate a window through the vaginal space that can pass 
through the anterior pouch of Douglas [25].

Thus, we expect that new kinds of surgical methods that are better 
than the existing ones will be developed and attempted in further 
studies in order to reduce the incidence of bladder complications in 
LAVH. A large-scale study conducted over a long time will verify this.

 Conclusion
Although the modified LAVH attempted in this study did not 

statistically reduce the incidence of bladder and urinary system 
complications compared to the classical LAVH, it reduced the incidence 
of bladder injury during vaginal surgery, among complications of 
bladder and urinary system caused by surgery, and did not increase 
surgical site infection and other complications. Therefore, we propose 
that the modified LAVH is a safe surgical method that can replace the 
existing method.
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