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Introduction

Most hysterectomies are performed for benign conditions, 
such as fibroids, endometriosis, abnormal menstrual bleeding, 
and uterine prolapse [1]. Established approaches are laparotomy 
and minimally invasive approaches by the vaginal and laparo-
scopic routes, with or without robotics. In the 1980s and 1990s, 
more than 70% of hysterectomies were carried out by laparot-
omy [2]. In the last 20 years, numerous studies have been pub-
lished demonstrating the benefits of less invasive approaches 

[3]; as a result, the use of laparotomy has fallen by more than 
30% in Western countries [4]. 

Each approach has an impact on the patient and on their 
return to daily activity, and affects the risk of intraoperative 
injury [5]. According to several studies, the recovery of patients 
after hysterectomy for benign disease, performed by minimally 
invasive approaches, is faster than after laparotomy [6]. 

Laparotomy has also been associated with an increased risk 
of surgical wound infections, venous thromboembolism, and 

prolonged hospital stay in patients with endometrial carcinoma 

[7]. However, the implementation of less invasive approaches 
varies widely among different countries and healthcare centers, 
depending on factors such as patient characteristics, surgeons’ 
skill level, and hospital characteristics [8]. 

In this setting, we conducted a study in our region of the ap-
proaches most commonly used in benign hysterectomies, and 
of patient outcomes according to the characteristics of surgeons 
and hospitals.
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Materials and methods

This was a prospective observational study performed in 4 
participating centers affiliated with the Spanish public health 
system in the Autonomous Community of the Canary Islands: 
Complejo Hospitalario Universitario Insular Materno Infantil 
de Las Palmas, Gran Canaria; Hospital Universitario Nuestra 
Señora de La Candelaria, Tenerife; Hospital Clínico Univer-
sitario, Tenerife; and Hospital José Molina Orosa, Lanzarote.

Participating hospitals were classified according to the num-
ber of beds as: large (>800 beds); medium-size (500-800 beds); 
and small (<500 beds); they were also classified according to 
the average number of hysterectomies performed annually for 
benign conditions: hospitals performing >250 hysterectomies 
per year; hospitals performing >100 and <150 hysterectomies 
per year; and hospitals performing <100 hysterectomies per 
year. We also took into account whether or not the hospital had 
an accredited teaching program for medical residents. 

During the study period, from February 2019 to Febru-
ary 2020, all patients who attended the different hospitals for 
scheduled hysterectomy for benign disease by any approach on 
an outpatient or in-hospital basis were invited to participate in 
the study, and those who agreed signed an informed consent 
document. In this period, 390 hysterectomies were performed 
in a large hospital (>800 beds), of which 349 (90.4%) were 
included in this study; 127 hysterectomies were performed in 
a medium-size hospital (500-800 beds), of which 95 (74.80%) 
were included in the study; 62 hysterectomies were performed 
in a hospital with <500 beds, and all were included in the study.

Medical indications for hysterectomies included fibroids, en-
dometriosis, uterine prolapse, and other benign conditions, this 
latter category mainly including patients undergoing sex change 
procedures and patients with abnormal menstrual bleeding. 

Data from the study patients’ records were collected indi-
vidually from the electronic medical records at each facility. 
Variables related to patients’ epidemiological characteristics 
were collected: age; body mass index (BMI); American So-
ciety of Anesthesiologists (ASA) classification (an index that 
defines the patient’s health status and is used to estimate the 
risk posed by anesthesia in the surgical procedure – a high ASA 
index is associated with an increased risk of surgical complica-
tions); history of previous abdominal surgery; current surgical 
indication; type of procedure performed (simple hysterectomy, 
hysterectomy with uni- or bilateral adnexectomy, hysterectomy 
with salpingectomy, subtotal hysterectomy); and surgical ap-
proach (laparotomy, vaginal, laparoscopy, laparoscopy-assist-
ed vaginal route). Robotic surgery is not performed for benign 
conditions in any of the participating hospitals. 

Minimally invasive surgery (MIS) was defined as a proce-
dure performed by the vaginal route, by laparoscopy, or by the 
laparoscopy-assisted vaginal route. 

For each case, characteristics of the healthcare center and 
of the principal surgeon were recorded. Specifically, it was 
recorded whether or not the healthcare center had a resident 
teaching program, while the following principal surgeon de-
tails were recorded: gender, resident physician or not, years of 
experience, and number of hysterectomies performed in the 
previous year. 

According to the number of hysterectomies performed in 
the year prior to the study, surgeons were classified as: sur-
geons with high surgical volume, if they had performed more 
than 20 hysterectomies; medium-volume surgeons (10-20 hys-
terectomies); low-volume surgeons (less than 10 hysterecto-
mies), or residents. 

The latter two subgroups (low-volume surgeons and resi-
dents) were pooled for the purposes of data analysis. Gynecolo-
gists were also classified into the following subgroups based on 
thier years of experience in the profession: highly experienced 
gynecologists (20 or more years of experience); medium ex-
perience (10-19 years); low experience (less than 10 years of 
experience); and residents. The less experienced surgeons and 
residents were pooled for the purposes of data analysis. 

Complications were analyzed using the classification used 
by Dicker et al. [9] and recommended by The Collaborative Re-
view of Sterilization Project (CREST); we built our database 
based on this classification years ago, and felt that it catego-
rized complications clearly and in detail. Accordingly, compli-
cations were classified as:
1. �Infection: surgical wound infection, cellulitis or abscess in 

the vaginal dome, pelvic abscess, and infections in a site oth-
er than the surgical site (urinary tract infection, pneumonia, 
sepsis, others).

2. �Bleeding requiring transfusion (intraoperative or postoper-
ative). 

3. �Major complications: lesions in the intestine, bladder, or ure-
ter that required intraoperative surgical repair (including con-
version to laparotomy to complete a vaginal hysterectomy, 
bladder injury repair, ureter injury repair, vascular injury re-
pair), or postoperative events (re-intervention within 30 days 
of the original operation for control of bleeding or hematoma 
drainage; other re-interventions, such as correction of evis-
ceration, pelvic abscess drainage, or wall dehiscence repair).

4. �Life-threatening adverse events: pulmonary thromboembo-
lism, acute myocardial infarction, acute pulmonary edema, 
anaphylactic reaction, disseminated intravascular coagulation. 

5. �Readmission: unscheduled admission within 30 days of dis-
charge for the treatment of a complication related to the pre-
vious surgery. 

6. �Death: death or a complication that caused death during the 
surgical procedure or within 42 days. 

7. �Minor or uncategorized complications: urinary retention, 
paralytic ileus, nerve injury, deep vein thrombosis, throm-
bophlebitis.

Mean stay was defined as the average number of days that the 
patient remained in hospital. The study was approved by the 
Research Ethics Committee of the province of Las Palmas de 
Gran Canaria with reference code: 1.007/2018-065-1.

Statistical analysis
Mean, standard deviation, median, and 25th and 75th percentiles 
were calculated for the quantitative variables. The Kolmogo-
rov-Smirnov test (if the sample size was greater than 50) or 
Shapiro-Wilk test (if the sample size was equal to or less than 
50) were used to check the normality of the data. Frequency 
and percentage were calculated for qualitative variables, using 
the Fisher test to compare nominal qualitative variables and the 
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linear trend test to compare ordinales variables with dichoto-
mous variables. 
The Kruskal-Wallis test was used to compare a numerical var-
iable between several groups. Two-by-two comparisons were 
made with the Bonferroni correction, and dichotomous vari-
ables were predicted by logistic regression. A p-value of less 
than .05 was considered significant. Statistical analyses were 
performed using R Core Team 2020, version 4.0.0.

Results

The study population consisted of 506 patients who under-
went hysterectomy for benign disease at one of the participat-
ing centers during the study period. Baseline patient character-
istics are shown in Table 1.

Patients who underwent vaginal hysterectomy were older 
(63.93 years ±11.35) than those who underwent laparotomy 
(46.52 years ±5.25) and laparoscopy (42.8 years ±12.8) (p 
<.001).

The most common indication for hysterectomy was myo-
matous uterus. The most common approach was laparotomy 
(55% of patients), while 45% of patients underwent MIS. Only 
5 laparoscopic-assisted vaginal procedures were performed, 
and these were pooled with the laparoscopic surgeries for the 
analysis of the results. The most frequent intervention was sim-
ple hysterectomy (55.1% of cases). 

A total of 70 surgeons participated in the study, each per-
forming at least 1 hysterectomy during the study period. The 
surgeries were mainly performed by female gynecologists 
(57.3% of cases), and more than 60% of hysterectomies were 
performed by medium- and high-volume gynecologists with 
more than 10 years of experience. By contrast, surgeons with 
a lower surgical volume performed more laparotomies than 
the more experienced ones. A third of the procedures were 
performed by surgeons with less than 10 years of experience, 
while residents participated as principal surgeon in less than 
20% of the interventions (Table 1).

In terms of hospital characteristics and surgical approach, 
we found that laparotomies were more frequently performed in 
small hospitals (<500 beds) (p =.026) (Table 1). 

More than 85% of hysterectomies were performed in teach-
ing hospitals, and more MIS procedures were performed in 
centers of this type than in centers without this accreditation (p 
=.001) (Table 2).

When the indication (disease) and approach were compared, 
one approach was seen to prevail over the others (p <.001): 
laparotomy was the approach used for 87.4% (n=270) of cases 
with myomatous uterus as the indication; the vaginal route was 
most often selected for uterine prolapse (96.8%, n=150), and 
laparoscopy was the approach used in 58.3% (n=7) of cases 
of heavy menstrual bleeding, and in 86.4% (n=19) of the other 
benign indications. 

For endometriosis (n=8), 50% of hysterectomies were per-
formed by laparotomy and 50% by laparoscopy.

Sixty-nine patients (13.6%) experienced some complica-
tion related to the surgery; the laparoscopy approach was as-
sociated with the highest incidence of complications (24.2%, 

Table 1 Patient characteristics, types of procedure, and principal 
surgeon characteristics.

Patient characteristics Mean (± SD)

Age 51.71 ± 12.24 years

BMI 27.56 ± 5.11 Kg/m2

Total 506

n %

ASA I 113 22.5%

ASA II 360 71.7%

ASA III 29 5.7%

TOTAL SURGERIES 502

Previous surgery YES 168 33.2%

Previous surgery NO 338 66.8%

TOTAL SURGERIES 506

Indication for surgery n %

Fibroids 309 61%

Heavy menstrual bleeding 12 2.3%

Prolapse 155 30.6%

Other benign disease 22 4.3%

TOTAL SURGERIES 506

Procedure type n %

Simple hysterectomy 279 55.1%

Subtotal hysterectomy 10 1.9%

Hysterectomy + uni- or bilateral annexectomy 80 15.8%

Hysterectomy + uni- or bilateral salpingectomy 137 27%

TOTAL SURGERIES 506

Laparotomy 280 55.3%

Vaginal surgery 164 32.4%

Laparoscopic surgery 62 12.2%

TOTAL SURGERIES 506

Experienced, male 180 42.6%

Resident physician (male or female) 84 16.6%

TOTAL SURGERIES 506

Surgeon case volume n %

High-volume surgeons 170 33.6%

Medium-volume surgeons 161 31.8%

Low-volume surgeons + residents 175 34.5%

Total surgeries 506

Years of surgical experience n %

Surgeons with ≥ 20 years experience 210 33.6%

Surgeons with 10-19 years experience 109 31.8%

Surgeons <10 years experience/residents 187 34.5%

Total surgeries 506

SD, standard deviation; BMI, body mass index; ASA, American Society of Anesthesiologists 
classification 
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n=15) (p=0.005). The incidence of complications with the 
laparotomy approach was 14.6% (n=41), and with the vaginal 
approach it was 7.9% (n=13). 

Twenty-three (4.5%) patients experienced a major adverse 
event, with no significant differences between the different ap-
proaches (Table 3).

Infections occurred in 25 patients (4.9%), with no significant 
difference between the different approaches. Blood transfusion 
was required as a result of the intervention in 20 patients (3.9%), 
almost all of whom had undergone laparotomy. The prevalence 
of minor complications was 2.1% (n = 11) (Table 4). 

The incidence of readmissions was 2.5% (n = 13), and was 
higher among patients undergoing laparoscopy. The mean length 
of stay was significantly higher for laparotomies (Table 4).

Surgeons with the highest surgical volumes performed 
more MIS procedures than the other surgeons (p <.001), par-
ticularly laparoscopies; and those with more years of experi-
ence performed more laparoscopic procedures than the less 
expert surgeons (p =.002) (Table 5).

For the univariate and multivariate analysis, the vaginal and 
laparoscopic surgery groups were pooled in the MIS group. The 
univariate analysis showed the following risk factors for the se-
lection of less invasive approaches: patient age (OR: 1.11; 95% 
CI: 1.09 -1.14), ASA classification III (OR: 2.79; 95% CI: 1.22-
6.67), intervention in a hospital with 500 beds or more (OR: 
1.69; 95% CI: 1.07-2.69), and intervention in a teaching hos-
pital (OR: 2.81; 95% CI: 1.55-5.34). The risk factors for MIS 
that emerged in the multivariate analysis were patient age (OR: 
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Table 2 Characteristics of hospital and surgical approach. The data in each cell is displayed as n (%).

Table 3 Major adverse events (n = 23) by surgical approach.

Table 4 Incidence of different types of complications by surgical approach. The data in each cell is displayed as n (%).

Size of hospital and approach Laparotomy Vaginal Laparoscopy TOTAL

> 800 beds 193 (55.3%) 107 (30.7%) 49 (14%) 349 (69%)

500-800 beds 40 (42.1%) 44 (46.3%) 11 (11.6%) 95 (18.8%)

< 500 beds 47 (75.8%) 13 (21%) 2 (3.2%) 62 (12.3%)

Teaching hospital YES/NO Laparotomy Vaginal Laparoscopy TOTAL

Hospital with resident teaching program 233 (52.5%) 151 (34%) 60 (13.5%) 444 (87.7%)

Hospital without resident teaching program 47 (75.8%) 13 (21%) 2 (3.2%) 62 (12.3%)

Major adverse event Laparotomy Vaginal Laparoscopy TOTAL

Bladder injury 6 1 2 9

Ureter injury 3 0 3 6

Reintervention for pelvic abscess drainage 1 1

Reintervention for control of bleeding 3 3 1 7

Type of complication and approach Laparotomy Vaginal Laparoscopy TOTAL

Bleeding with transfusion 19 (6.8%)** 1 (0.6%) 0 20 (3.9%)

Infection 14 (5%) 6 (3.7%) 5 (8.1%) 25 (4.9%)

Major adverse event 12 (4.3%) 5 (3%) 6 (9.7%) 23 (4.5%)

Death 0 0 0 0

Readmission within 30 days 4 (1.4%) 3 (1.8%) 6 (9.7%)* 13 (2.5%)

Minor complications 5 (1.8%) 3 (1.8%) 3 (4.8%) 11 (2.1%)

Mean stay 3.1** 1.8 2.1 -

* p <.005; ** p <.001
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1.14; 95% CI: 1.11-1.17) and surgery performed in a teaching 
hospital. The variable number of beds could not be included in 
the multivariate analysis because of the small number of proce-
dures performed in the <500 bed group (Table 6).

Risk factors for perioperative complications were analyzed. 
ASA classification III was identified in the multivariate anal-
ysis as the only variable associated with an increased risk of 
perioperative complications, while age was not. The variable 
number of beds could not be included in the multivariate analy-
sis because of the small number of procedures performed in the 
<500 bed group (Table 7).

Discussion

Choice of surgical approach 
Despite the advantages of MIS in the treatment of benign gyne-
cological conditions, its use in practice is variable and dependent 
on several factors [10]. In our study, as in other centers [11], the most 
widely used approach was laparotomy (55% of cases), selected 
in 87% of surgeries indicated for myomatous uterus. This ap-
proach is generally used when uteri are larger and in cases that 
are refractory to more conservative treatments. If we had deter-
mined the uterine weight in each patient, we could have analyzed 

Hysterectomies for benign disease: variability in techniques and outcomes depending on patients, surgeons, and type of hospital

Table 5 Approach according to surgeon case volume and experience. The data in each cell is displayed as n (%). 

Table 6 Multivariate analysis of risk factors for minimally invasive surgery.

Surgeon case volume Laparotomy Vaginal Laparoscopy TOTAL

High 64 (37.6%) 67 (39.4%) 39 (22.9%) 170 (33.6%)

Medium 93 (57.8%) 54 (33.5%) 14 (8.7%) 161 (31.8%)

Low + residents 123 (70.3%) 43 (24.6%) 9 (5.1%) 175 (34.6%)

TOTAL 280 (55.3%) 164 (32.4%) 62 (12.3%) 506

Surgeons’ experience Laparotomy Vaginal Laparoscopy TOTAL

>20 years experience 115 (54.8%) 47 (22.4%) 48 (22.9%) 210 (41.5%)

10-19 years experience 59 (54.1%) 41 (37.6%) 9 (8.3%) 109 (21.5%)

<10 years experience + residents 106 (56.7%) 76 (40.6%) 5 (2.7%) 187 (37%)

TOTAL 280 (55.3%) 164 (32.4%) 62 (12.3%) 506

Surgeon case volume
Multivariate analysis

OR 95% CI p-value

Age 1.14 1.11 - 1.17 <.001

ASA: I 1 (ref)

ASA: II 0.64 0.36 - 1.16 0.14

ASA: III 0.24 0.06 - 0.93 0.03

Previous surgery: No 1 (ref)

Previous surgery: Yes 0.97 0.57 - 1.62 0.90

BMI 1.00 0.96 - 1.05 0.74

Surgeon with <20 years’ experience 1 (ref)

Surgeon with ≥20 years’ experience 1.23 0.70 - 2.17 0.46

High-volume surgeon 1 (ref)

Medium-volume surgeon 0.17 0.09 - 0.32 <.001

Low-volume surgeons or resident 0.03 0.01 - 0.07 <.001

Teaching hospital: No 1 (ref)

Teaching hospital: Yes 4.56 1.91 - 11.54 <.001

95% CI, 95% confidence interval; ASA, American Society of Anesthesiologists Classification; BMI, body mass index; OR, odds ratio 
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this variable in greater depth. Recent studies suggest a rate of 
abdominal hysterectomies of less than 40% [12], and clinical prac-
tice guidelines recommend increasing the number of less inva-
sive approaches [13], especially through use of the vaginal route [6]. 
In our study, 32% of surgeries were vaginal procedures, almost 
all undertaken for prolapsed uterus. This proportion could have 
been greater, had more procedures been performed on non-pro-
lapsed uteri, for which experienced surgeons are required. Most 
hysterectomies can be completed by vaginal or laparoscopic 
procedures when performed by high-volume surgeons [14]. The 
volume of surgeries performed by residents as principal sur-
geon must be analyzed in more depth, since the proportion was 
found to be low (17%). The progressive increase in the number 
of residents and the emergence of more conservative treatments 
for benign uterine disease are likely to have contributed to this. 
The increased use of surgical simulation programs or training 
in specific techniques could change this situation [15]. The type 
of hospital also influenced the choice of approach, as previous-
ly reported [16]. We found that laparotomy was more common in 
smaller hospitals that do not have a teaching program for resi-
dents, characteristics that usually go hand in hand. This may be 
because professionals in these centers are predominantly medi-
um- and low-volume surgeons who opt for laparotomy because 
this technique is the one that they are most familiar with. In our 
study, the age of the patient appeared to be a determining factor 
in the choice of less invasive approaches; this is explained by the 
higher mean age of the subgroup of patients undergoing vaginal 
hysterectomies, indicated mainly for uterine prolapse. 

Perioperative complications
In our study, the laparoscopic approach was associated with a 
greater number of complications. We found a 9.7% incidence 
of major adverse events associated with this approach, mainly 
urinary tract injury (8%). The latest Cochrane database review 
describes a higher percentage of major complications for lapa-
roscopic versus abdominal hysterectomies [6]. 

Our figure is striking because these procedures were most-
ly performed by surgeons with greater experience and higher 
surgical volumes, and, as has been demonstrated in different 
surgical disciplines, the risk of complications falls as the expe-
rience of the surgeon grows [17]. 

According to several authors, the definition of a high-vol-
ume surgeon varies and the learning curve is different for each 
of the approaches [18-20]. Although we cannot draw definitive 
conclusions, given the small number of laparoscopic proce-
dures included in our series, this is an indicator that must be 
taken into account and monitored prospectively.

The published incidence of intraoperative bleeding compli-
cations varies: 2.1% in abdominal hysterectomy, 3.1% in vag-
inal hysterectomy, and 2.7% in laparoscopic hysterectomy [19]. 
In our series, the percentage of bleeding complications during 
and after surgery was 3.9%. The abdominal route was most fre-
quently associated with this type of complication, a finding also 
described by other authors [21].   

Infections are more prevalent in abdominal hysterectomy 

[21,22]. In our series, the infection rate, irrespective of the surgical 
approach, was 4.9%.

Table 7 Multivariate analysis of risk factors for perioperative complications.

Variables
Multivariate analysis

OR 95% CI p-value

Surgery by laparotomy 1 (ref)

Minimally invasive surgery 0.94 0.48 - 1.82 0.87

Age 0.97 0.94 - 0.99 0.03

ASA: I 1 (ref) 0.06 - 0.93 0.03

ASA: II 1.21 0.62 - 2.50 0.57

ASA: III 4.18 1.26 - 13.4 0.01

Previous surgery: No 1 (ref)

Previous surgery: Yes 1.33 0.75 - 2.32 0.30

BMI 0.99 0.94 - 1.05 0.98

Surgeon with <20 years experience 1 (ref)

Surgeon with ≥20 years experience 1.30 0.69 - 2.45 0.41

High-volume surgeon 1 (ref)

Medium-volume surgeon 0.93 0.46 - 1.85 0.84

Low-volume surgeons or resident 0.99 0.40 - 2.43 0.98

Teaching hospital: No 1 (ref)

Teaching hospital: Yes 2.57 0.88 - 9.40 0.10

95% CI, 95% confidence interval; ASA, American Society of Anesthesiologists Classification; BMI, body mass index; OR, odds ratio 
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The risk of surgical complications is higher in elderly pa-
tients due to their greater comorbidity burden [23]. This is reflect-
ed in our study by the identification of ASA III as a risk factor 
for perioperative complications, but we did not find that age 
per se was associated with an increased risk of perioperative 
complications. However, these data should be interpreted with 
caution since older patients were mainly operated for uterine 
prolapse by the vaginal route, an approach that is associated 
with a reduced number of complications.

In our series, hospital stay, an important variable that im-
pacts on hospital costs, quality of life and patient satisfaction 

[24], was significantly lower in patients who underwent MIS. 
The development of perioperative complications is an im-

portant risk factor for readmission within the first 30 days after 
surgery [1]. This finding clearly emerged from our study too: 
the number of readmissions was significantly higher for laparo-
scopic hysterectomies, and this procedure was also associated 
with a greater number of perioperative complications.

Conclusions

The data from our study show the impact of variations in 
clinical practice on outcomes in gynecological surgery that de-
pend on factors such as the type of hospital and the characteris-
tics of surgeons, and lead to inequitable access to healthcare for 
patients and an increase in health costs resulting from the treat-
ment of complications, readmissions and longer average stays.

Our results highlight the need to reduce the practice of 
abdominal hysterectomy, especially in small hospitals, and to 
promote less invasive approaches, mainly by the vaginal route. 
To this end, the implementation of specific training programs 
supervised by expert surgeons, surgical teams consisting of an 
expert surgeon and a more inexperienced professional, training 
courses in endoscopic and vaginal surgery, and the appoint-
ment of expert surgeons to provide support in smaller hospitals 
may be of interest. 

Complications associated with laparoscopic approaches 
should be monitored and the surgical experience of surgeons 
in these techniques should be improved in order to reduce the 
incidence of these events. Another very important objective is 
to monitor the surgical volume of residents to ensure that they 
achieve adequate surgical competence.
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