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Objective

Geriatric patients requiring gynecological surgery is increasing worldwide. However, older patients are at higher risk
of postoperative morbidity and mortality, particularly cardiopulmonary complications. Laparoscopic surgery is widely
used as a minimally invasive method for reducing postoperative morbidities. We compared the outcomes of open and
laparoscopic gynecologic surgeries in patients older than 55 years.

Methods

We included patients aged >55 years who underwent gynecological surgery at a single tertiary center between 2010
and 2020, excluding vaginal or ovarian cancer surgeries were excluded. Surgical outcomes were compared between
the open surgery and laparoscopic groups, with age cutoff was set at 65 years for optimal discriminative power. We
performed linear or logistic regression analyses to compare the surgical outcomes according to age and operation
type.

Results

Among 2,983 patients, 28.6% underwent open surgery and 71.4% underwent laparoscopic surgery. Perioperative
outcomes of laparoscopic surgery were better than those of open surgery in all groups. In both the open and
laparoscopic surgery groups, the older patients showed worse overall surgical outcomes. However, age-related
differences in perioperative outcomes were less severe in the laparoscopic group. In the linear regression analysis,
the differences in estimated blood loss, transfusion, and hospital stay between the age groups were smaller in the
laparoscopy group. Similar results were observed in cancer-only and benign-only cohorts.

Conclusion
Although the surgical outcomes were worse in the older patients, the difference between age groups was smaller for
laparoscopic surgery. Laparoscopic surgery offers more advantages and safety in patients aged >65 years.
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Introduction

With prolonged life expectancies owing to advances in
medicine, the age of patients with gynecological diseases is
increasing. Consequently, the number of geriatric patients
requiring gynecological surgery is increasing [1,2]. Age is a
well-known independent risk factor for perioperative mor-
bidity and mortality [3-5]. Therefore, finding an optimal
treatment for older patients is a pressing issue that requires a
solution.

Recently, the number of laparoscopic gynecological surger-
ies has increased significantly for both benign and malignant
conditions. Laparoscopy and minimally invasive surgery have
become major trends, with studies consistently reporting
improved perioperative outcomes with the laparoscopic ap-
proach compared with open surgery [6-8]. Given that older
patients are vulnerable to surgery, the benefits of laparos-
copy may be magnified in this population.

However, older patients are vulnerable to laparoscopy for
several reasons, including longer operation time and the in-
fluence of pneumoperitoneum [4]. Anesthesiological studies
have demonstrated that increased systemic carbon dioxide
resulting from pneumoperitoneum can exert a burden on
the heart and lungs, especially in patients with impaired car-
diopulmonary function, which is common in older patients
[9,10]. In contrast, there are reports showing the safety of
laparoscopic surgery compared with open surgery in colorec-
tal cancer patients, with a shorter hospital stay and reduced
cardiopulmonary morbidity [11,12].

Previous studies have evaluated the safety and feasibility of
laparoscopy in gynecological surgery for older patients [13-15].
However, the definition of “older patients” is arbitrary and
varies between studies. In this study, we evaluated the safety
of laparoscopic surgery in older patients with gynecological
diseases. In addition, we compared age-related increases in
surgical morbidity between open and laparoscopic surgery.

Materials and methods

The study population included patients aged >55 years who
underwent gynecologic surgery between 2010 to 2020 at
a single tertiary center in the Republic of Korea. The list of
patients and data was obtained from the clinical data ware-
house, Data Analytics and Research Window for Integrated
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Knowledge, of the institution. The medical records of these
patients were retrospectively reviewed. Approval from the
Institutional Review Board (IRB) of Samsung Medical Center
was obtained (No. 2022-03-102-001), and informed consent
was waived by the IRB because this was a retrospective study.

Surgical indications included benign or malignant uterine
and adnexal pathologies. Benign diseases included benign
ovarian cysts (serous/mucinous cystadenoma, mature cystic
teratoma, and endometriosis etc.), paratubal cysts, uterine
myomas, adenomyosis, intraepithelial lesions of the uterine
cervix, endometrial polyps, endometrial hyperplasia, or pelvic
organ prolapse. Malignant diseases included endometrial
cancer, cervical cancer, uterine sarcoma, vulvar cancer, and
Krukenberg cancer of the ovaries. Surgeries for the staging
or cytoreduction of ovarian cancer were excluded from the
study. Surgery for biopsy was also excluded. The main surgi-
cal procedures included in this study were hysterectomies
and salpingo-oophorectomies. Since our study population
consisted of individuals aged 55 or older, all of whom were
either in a menopausal or perimenopausal state. Conse-
quently, ovarian cystectomy was not performed on any
patient. Instead, risk-reducing salpingo-oophorectomy was
performed in 52 patients, with one patient undergoing con-
current hysterectomy, and all surgeries were performed lapa-
roscopically. The attending physician determined the surgical
method at the time of treatment. The single-port approach,
dual-port approach, conventional multiport laparoscopy,
and robotic surgery were considered laparoscopic surgeries.
Cases that were converted from the laparoscopic approach
to the open approach during surgery were considered open
surgeries. Patients who underwent surgery via the vaginal
approach were excluded. Fig. 1 shows the detailed selection
process for the study population.

Patients were divided into two groups according to wheth-
er the surgical approach was laparoscopic or open. The pa-
tients were divided into younger and older groups according
to whether they were above or below 65 years of age at the
time of surgery. The age cutoff was set at 65 years, which
showed the most statistically significant difference between
the younger and older groups. Preoperative variables, includ-
ing age, body mass index, and American Society of Anesthe-
siologists physical status score (ASA score) were investigated
by reviewing medical records. Surgical outcomes, including
estimated blood loss (EBL), transfusion, operation time,
length of hospital stay, hospital readmission within 6 weeks
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after surgery, and mortality within 6 months after surgery,
were also evaluated.

The data obtained were analyzed using R software version
4.0.4 (R Institute for Statistical Computing, Vienna, Aus-
tria). Statistical analyses were performed using the Student
t-test or Mann-Whitney U-test for continuous data and the
Pearson chi-squared test or Fisher's exact test for categorical
data. Linear regression or logistic regression analyses were
performed to compare surgical outcomes according to age
and operation type. Skewed data were analyzed using a vari-
able-root transformation. Values of P<0.05 were considered
statistically significant.

4,762 patients
Undergone gynecologic surgery
at over 55 years of age
between 2010 to 2020
data extracted from DARWIN-C

> 1,779 patients excluded due to
-Surgery for ovarian cancer (n=1,027)
-Surgery for biopsy only (n=47)
-Vaginal approach (n=681)

-Missing perioperative data (n=24)

A 4
Study population (n=2,983)

Fig. 1. Flowchart of patient selection. Patient selection was done
by DARWIN-C (data analytics and research window for integrated
knowledge-clinical data).

Table 1. Baseline characteristics of the patients

Results

1. Patients

A total of 2,983 patients were included in this study. Among
them, 28.6% (n=853) underwent open surgery and 71.4%
(n=2,130) underwent laparoscopic surgery. After dividing the
patients into younger and older groups, with 65 years as the
base, 68.3% (n=2,036) were younger and 31.7% (n=947)
were older. The baseline characteristics of the patients are
summarized in Table 1. The mean age of the patients in the
older group that were in the open surgery group was 71.4
and 70.5 for the laparoscopy group (P=0.013). Laparotomy
was preferred in patients with ASA scores of 3 and 4. There
were more cases of malignant disease in those who un-
derwent open surgery and more cases of benign disease in
those who underwent laparoscopic surgery in both the older
and younger groups.

2. Safety of laparoscopy in the older patients

We compared the outcomes of open and laparoscopic sur-
geries between the two age groups. In both the younger
and older groups, patients who underwent laparoscopic
surgery showed better surgical outcomes than those who
underwent open surgery (Table 2). Particularly, in the older
group, the perioperative outcomes of laparoscopic surgery
were better than those of open surgery (EBL, 336.7 vs. 100.0
mL, P<0.001; transfusion, 1.4 vs. 0.1 pints, P<0.001; opera-

<65 years old (n=2,036)

>65 years old (n=947)

Open Laparoscopy

Open Laparoscopy

(n=545) (n=1,491) P-value (n=308) (n=639) P-value
Age (yr) 58.9+2.9 58.6+2.7 0.035 71.4+5.0 70.5+4.8 0.013
BMI 24.4+3.3 24.3+3.3 0.316 24.5+3.7 24.7+3.4 0.285
ASA score <0.001 0.005
1 150 (27.6) 564 (37.9) 35(11.4) 81(12.7)
2 369 (68.0) 883 (59.4) 222 (72.3) 494 (77.6)
3 22 (4.1) 40 (2.7) 45 (14.7) 61(9.6)
4 2(0.4) 0(0.0) 5(1.6) 1(0.2)
Diagnosis <0.001 <0.001
Benign 207 (38.0) 919 (61.6) 116 (37.7) 403 (63.1)
Malignant 338 (62.0) 572 (38.4) 192 (62.3) 236 (36.9)
Values are presented as meanzstandard deviation or number (%).
BMI, body mass index; ASA score, American Society of Anesthesiologists physical status score.
www.ogscience.org 245
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Table 2. Comparison of surgical outcomes between open and laparoscopic surgeries by age group

<65 years old >65 years old

(345 oevaen, v (RGN s Pvale
EBL (mL) 329.9+409.1 114.1+153.6 <0.001 336.7+497.1 100.0+110.1 <0.001
Transfusion (pints) 0.8+2.0 0.1£0.5 <0.001 1.4+3.2 0.1+0.4 <0.001
Operation time (minutes) 207.0+£90.7 114.3£71.5 <0.001 209.3+93.4 141.4+67.5 <0.001
Hospital stay (days) 9.8+6.8 5.1£2.6 <0.001 11.6£11.7 5.4+3.0 <0.001
Readmission in 6 weeks 90 (16.5) 49 (3.3) <0.001 56 (18.2) 26 (4.1) <0.001
Death in 6 months 10(13.2) 3(9.4) 0.820 14 (28.0) 3(16.7) 0.526

Values are presented as meanzstandard deviation or number (%).
EBL, estimated blood loss.

tion time, 209.3 vs. 141.4 minutes, P<0.001; hospital stay,
11.6 vs. 5.4 days, P<0.001), and similar better outcomes
with laparoscopic surgery were observed in the younger
group. The readmission rate in 6 weeks was also lower in the
laparoscopy group than in the open surgery group in both
age groups (age <65 years, 16.5% vs. 3.3%, P<0.001; age
>65 years, 18.2% vs. 4.1%, P<0.001). Mortality at 6 months
after surgery did not differ between the surgical approaches
in either age group.

3. Comparison of age-deteriorated surgical morbidity
between open and laparoscopic surgery

Fig. 2 shows a comparison of surgical outcomes between
the younger and older groups according to the surgery type.
In the open surgery group, patients older than 65 years had
worse overall outcomes. The operation time and readmis-
sion rate at 6 weeks did not show any difference between
the young and old groups. In the laparoscopy group, older
patients showed a lower EBL than younger patients (114 vs.
100 mL, P=0.016). Patients older than 65 years had a lon-
ger operation time and duration of hospital stay (operation
time, 114 vs. 141 minutes, P=0.389; hospital stay, 5.1 vs. 5.4
days, P=0.069) and higher rates of readmission and death
(readmission in 6 weeks, 3.3% vs. 4.1%, P=0.433; death in
6 months: 9.4% vs. 16.7%, P=0.724) than younger patients,
but the difference was not statistically significant.

Linear regression analysis was performed to simultaneously
evaluate the effects of age and surgical approach on surgical
outcomes. The differences in EBL, transfusion, and duration
of hospital stay between the younger and older groups were
smaller in the laparoscopy group than in the open surgery
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group with a statistical significance (EBL, P=0.040; transfu-
sion, P<0.001; hospital stay, P=0.003). Logistic regression
analysis was also done to compare the age-related deteriora-
tion rates of readmission and death according to the surgical
approach, but it did not show statistical significance (read-
mission at 6 weeks, P=0.734; death at 6 months, P=0.775).

4. Results in the cancer and benign cohort

Since malignant disease surgery is more extensive and takes
longer than benign disease surgery, surgical outcomes were
compared between patients with cancer. The results showed
better surgical outcomes in patients who underwent laparo-
scopic surgery than in those who underwent open surgery in
both the younger and older groups (Table 3). In the cancer
cohort, the differences in EBL, transfusion, and duration of
hospital stay between the younger and older groups were
also smaller in the laparoscopy group than in the open sur-
gery group with statistical significance (EBL, P=0.027; trans-
fusion, P=0.001; hospital stay, P=0.033; Fig. 3).

We also compared the surgical outcomes between patients
with benign diseases. Similar to the cancer cohort, the results
showed better surgical outcomes in patients who underwent
laparoscopic surgery than in those who underwent open
surgery in both younger and older groups (Table 4). In the
benign disease cohort, the differences in transfusion and
duration of hospital stay between the younger and older
groups were smaller in the laparoscopy group than those in
the open surgery group with statistical significance (transfu-
sion, P=0.008; hospital stay, P=0.007; Fig. 4).

www.ogscience.org
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Fig. 2. Comparison of surgical outcomes between the age groups by surgical approach with linear regression analysis. (A) Comparison of
EBL (mL) between age groups by surgical approach. (B) Comparison of transfusion (pints) between age groups by surgical approach. (C)
Comparison of operation time (minutes) between age groups by surgical approach. (D) Comparison of hospital stay (days) between age
groups by surgical approach. EBL, estimated blood loss.

Table 3. Comparison of surgical outcomes between open and laparoscopic surgeries by age group (cancer only)

<65 years old >65 years old
R R
EBL (mL) 411.5+£482.8 165.8+207.1 <0.001 461.1£539.8 140.4+£123.2 <0.001
Transfusion (pints) 1.1+£2.3 0.1£0.7 <0.001 1.74£3.3 0.1£0.4 <0.001
Operation time (minutes) 240.9493.5 196.8+77.9 <0.001 238.4+97 1 190.4+73.1 <0.001
Hospital stay (days) 11.5+6.4 7.0£2.8 <0.001 13.2+£11.6 7.0£2.7 <0.001
Readmission in 6 weeks 87 (25.7) 45 (7.9) <0.001 49 (25.5) 23(9.7) <0.001
Death in 6 months 10 (13.7) 3(12.5) 1.000 13 (27.7) 3(23.1) 1.000
Values are presented as meanzstandard deviation or number (%).
EBL, estimated blood loss.
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Fig. 3. Comparison of surgical outcomes between the age groups by surgical approach with linear regression analysis (cancer only).
(A) Comparison of EBL (mL) between age groups by surgical approach (cancer only). (B) Comparison of transfusion (pints) between age
groups by surgical approach (cancer only). (C) Comparison of operation time (minutes) between age groups by surgical approach (cancer
only). (D) Comparison of hospital stay (days) between age groups by surgical approach (cancer only). EBL, estimated blood loss.

Table 4. Comparison of surgical outcomes between open and laparoscopic surgeries by age group (benign only)

<65 years old >65 years old

oy S pane O e e
EBL (mL) 196.6+178.4 82.0+94.4 <0.001 210.5+369.1 76.3+94.0 <0.001
Transfusion (pints) 0.4+1.3 0.0£0.2 <0.001 0.9+3.0 0.1+0.4 0.005
Operation time (minutes) 151.6+49.4 111.6+41.6 <0.001 161.1+62.3 112.7+43.2 <0.001
Hospital stay (days) 7.0£6.5 40+1.4 <0.001 8.9+11.3 4.4+2.7 <0.001
Readmission in 6 weeks 3(1.4) 4(0.9) 0.235 7 (6.0) 3(0.7) <0.001
Death in 6 months 0(0.0) 0(0.0) 1.000 1(33.3) 0(0.0) 0.783

Values are presented as meanzstandard deviation or number (%).
EBL, estimated blood loss.
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Fig. 4. Comparison of surgical outcomes between the age groups by surgical approach with linear regression analysis (benign only).
(A) Comparison of EBL (mL) between age groups by surgical approach (benign only). (B) Comparison of transfusion (pints) between age
groups by surgical approach (benign only). (C) Comparison of operation time (minutes) between age groups by surgical approach (benign
only). (D) Comparison of hospital stay (days) between age groups by surgical approach (benign only). EBL, estimated blood loss.

Discussion

Older patients have poor perioperative outcomes across
multiple fields, with an increased risk of postoperative com-
plications, medical complications, and mortality [16-18].
Many studies have demonstrated that laparoscopic gyneco-
logical surgeries are safe in older patients, with fewer side
effects and better perioperative outcomes than open surgery
[6-8,19]. This study showed that perioperative morbidity,
which increases with age, can be reduced by using laparos-
copy as a surgical method. Surgical outcomes were signifi-

www.ogscience.org

cantly worse in older patients in the open surgery group;
however, the differences were not significant between the
age groups in the laparoscopy group. Similar results were
obtained when comparing patients with malignant diseases.

While it is evident from previous studies and our findings
that open surgery may lead to less favorable outcomes than
laparoscopic surgery, it is crucial to highlight noteworthy
observations. Specifically, when we focused on cases involv-
ing the same type of surgery, there appeared to be less sig-
nificant age-related deterioration in laparoscopic procedures
than in open surgery. This suggests that laparoscopy may
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play a substantial role in mitigating the potential impact of
advanced age on surgical outcomes. This finding underscores
the importance of considering the surgical approach in the
context of age and may have implications for optimizing
treatment strategies in geriatric patients undergoing gyneco-
logic surgery.

As the number of older patients increases, the need for
surgery with reduced postoperative morbidity also increases.
Pneumoperitoneum is an essential part of laparoscopic sur-
gery, and there are concerns as to whether increased intra-
abdominal pressure is safe for older patients, especially those
with significant comorbidities [4,20-22]. Consequently, stud-
ies have been conducted on the safety and benefits of lapa-
roscopic surgery in older patients. The LACC trial revealed
lower rates of disease-free survival and overall survival after
minimally invasive radical hysterectomy than after open ab-
dominal radical hysterectomy for early-stage cervical cancer
[23]. In the LAP2 trial, laparoscopic surgical staging showed
better perioperative and postoperative morbidity rates than
open surgery [6]. Bishop et al. [24], compared laparoscopic
approach and open surgery for surgical staging with patients
of early-stage uterine cancer, aged 60 years or older. The
findings indicated that open staging surgery was more as-
sociated with postoperative complications, such as longer
hospital stays, ileus, pneumonia, deep vein thrombosis, and
arrhythmia [24]. Ciavattini et al. [13] also proved that gy-
necologic laparoscopy is feasible and safe in older patients,
regardless of medical comorbidities. However, some stud-
ies have compared the safety of minimally invasive surgery
between younger and older patients [24-26]. Unlike previ-
ous studies, our study has the advantage of simultaneously
considering and analyzing two variables: age and surgical
method.

Although many previous studies have highlighted the
safety of laparoscopic surgery in older patients, it is essential
to not disregard the potential impact of the disease itself,
as cancer can act as a risk factor for patient deterioration,
increased thrombosis risk, and other adverse effects on their
condition. Therefore, we compared the surgical outcomes
between open and laparoscopic surgeries by age group with
only cancer and benign disease (Tables 3, 4), and similar
results were found in each group. In addition, when consid-
ering the impact of cancer, it is important to account for po-
tential differences in prognosis that may arise when patients
undergo the same surgery but have different diagnoses (be-
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nign vs. cancerous).

Although there are different ways to classify a population,
the definition of “older adults” varies from study to study.
Some authors consider older age to be over 65 years, where-
as others insist on more limited criteria, such as those older
than 70 or 75 years [27-29]. Some studies have classified
older adults aged 65-74 years as youngest-old, those aged
75-84 years as middle-old, and those aged over 85 years as
oldest-old [30,31]. In this study, the reference point with the
largest difference in perioperative outcomes was set as the
standard for older patients through statistical analysis. These
data can serve as a scientific basis for defining the older
population (>65 years old).

This study had some limitations. First, this study was mainly
based on medical charts, and its retrospective nature may
have caused information bias. Specific surgery-related com-
plications have not been investigated. Second, stratification
analysis was not performed on very old age groups, such as
75 and 80 years old, since the number of those patients was
too small in our cohort. Third, with the recent active intro-
duction of robotic surgery, a comparison of the performanc-
es of robotic surgery is necessary. Fourth, our study did not
specifically examine tumor staging. However, a greater tumor
burden may increase the likelihood of opting for open sur-
gery, with potential repercussions on surgical outcomes. As
emphasized earlier, our primary objective was to underscore
the disparities attributable to age rather than conducting a
direct head-to-head comparison of outcomes between open
and laparoscopic approaches. It is important to acknowledge
that the tumor stage may have a significant influence on the
choice of surgical approach and subsequent outcomes. This
underscores the potential value of conducting further inves-
tigations on the interplay between tumor characteristics and
surgical approaches.

In conclusion, adverse surgical outcomes in older patients
were reduced by laparoscopic surgery. Therefore, laparo-
scopic surgery offers more advantages and is safer than open
surgery in older patients over 65 years of age.
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