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Abstract 
Uterine fibroids are the most common benign tumours in the reproductive 
system. They are proliferations of smooth muscle cells of the myometrium 
containing a large quantity of extracellular matrix and they are surrounded by 
a pseudo capsule of compressed areolar tissue and smooth muscle cells. They 
can cause various symptoms such as menorrhage, pain and infertility and 
therefore they can be a traumatic experience for several women. The treat-
ment of choice is myomectomy. In the past, myomectomy was performed by 
relatively atraumatic techniques, which involved stretching the myoma from 
its pseudocapsule to extract the fibroid directly from the surrounding fibro-
muscular tissue, breaking up the fibrous bridge. Modern laparoscopic intra-
capsular myomectomy (LIM), however, leaves the fibrovascular network sur-
rounding the myoma (namely the “fibroid neurovascular bundle”) intact which 
reduces the bleeding and/or uterine musculature trauma, and spares the neu-
ropeptide fibers of the pseudocapsule. In this observational study, we com-
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pare the two techniques-laparoscopic intracapsular myomectomy (LIM) and 
conventional abdominal myomectomy (CAM) regarding the longterm ute-
rine healing and a significantly faster healing process of the uterine incision 
was achieved by LIM compared to CAM. 
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1. Introduction 

Uterine leiomyomas, (also known as fibroids or myomas), are the most common 
benign tumours in the reproductive system of childbearing age women, with a 
prevalence of 30% - 35% [1] [2] [3]. However, fibroids typically regress during 
menopause since they are oestrogen dependent.  

Uterine leiomyomas are proliferations of smooth muscle cells of the myome-
trium containing a large quantity of extracellular matrix (fibronectin, collagen, 
proteoglycan), and are surrounded by a pseudocapsule of compressed areolar 
tissue and smooth muscle cells. This pseudocapsule contains very few blood ves-
sels and lymphatic vessels. 

Myomectomy is the treatment of choice for symptomatic women who have 
symptoms and who wish to preserve their future fertility. The overall risk of ute-
rine rupture during pregnancy or labour after myomectomy is 2.4/1000 between 
29 and 35.5 weeks and is attributed to the extensive muscular damage or exces-
sive use of diathermocoagulation [3]. To minimize the risk, preservation of the 
uterine anatomical and functional integrity during myomectomy, especially in 
women of reproductive age, is of imminent importance. The restoration and 
maintenance of the physiologic function of the uterus is or should be, the ulti-
mate goal of surgical treatment. 

In the past, myomectomy was performed by relatively atraumatic techniques, 
which involved stretching the myoma from its pseudocapsule to extract the fi-
broid directly from the surrounding fibromuscular tissue, breaking up the fibr-
ous bridge. Modern laparoscopic intracapsular myomectomy (LIM), however, 
leaves the fibrovascular network surrounding the myoma (namely the “fibroid 
neurovascular bundle”) intact which reduces the bleeding and/or uterine mus-
culature trauma, and spares the neuropeptide fibers of the pseudocapsule. This 
more recent approach has a favourable impact on the uterine healing and suc-
cessive functionality, has simplified the surgical procedure and minimised the 
concerns over blood loss, post-surgical adhesion and wound healing [4] [5]. Us-
ing the LIM techniques, the risk of uterine rupture during future pregnancy or 
labour, appears to be decreased, although the issue is still under debate.  

The quality of healing of the myometrial incision after myomectomy can be 
evaluated by ultrasound [6] [7]. 
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The objective of the present prospective observational study was to compare 
conventional abdominal myomectomy with LIM in premenopausal women in 
order to assess the quality of uterine healing.  

2. Materials and Methods 

A prospective observational study was performed from January 2017 to Decem-
ber 2020 in order to compare laparoscopy intracapsular myomectomy (LIM) 
with conventional abdominal myomectomy (CAM) with removal of the pseu-
docapsule in premenopausal women. LIM was performed at IAKENTRO IVF 
Center and CAM was performed at the University Hospital of Ioannina.  

This study was approved by the local Ethics Committee of both institutions. 
Informed consent was obtained from all participants prior to their inclusion in 
the study.  

2.1. Inclusion and Exclusion Criteria  

Study participants were women of reproductive age with an indication of myo-
mectomy who required preservation of their future fertility. All of the partici-
pants were of caucasian origin. The myomas were intramural or sub-serous (FIGO 
types 3 - 6) of 4 - 14 cm diameter. The exclusion criteria included: no other gy-
naecological diseases detected on preoperative ultrasound, no previous history of 
pelvic or abdominal surgery or pelvic inflammation, suspicion of genital cancer 
and/or uncertain pathology of genital tract, presence of, adnexal masses, endo-
metrial hyperplasia with or without atypia. Suspected adenomyosis and/or ade-
nomyosis were also excluded from the study (Table 1). The patients’ demograph-
ics, such as mean age (standard deviation [SD]), parity, body mass index (BMI; 
kg/m2), were recorded (Table 2). 

2.2. Study Protocol 

Preoperatively all patients were evaluated preoperatively by transvaginal ultra-
sound within 30 days before surgery in which the number of myomas, size and 
location were recorded. A pelvic magnetic resonance imaging (MRI) with contrast  
 
Table 1. Inclusion and exclusion criteria.  

Inclusion Criteria Exclusion criteria 

1) Reproductive age 
1) No other gynaecological diseases detected on 
preoperative ultrasound 

2) Caucasian Origin 
2) No previous history of pelvic or abdominal 
surgery or pelvic inflammation or suspicion of 
genital cancer 

3) Fibroids (intramural or sub-serosal confirmed 
with investigation (pelvic scan, MRI, CT) 

3) No uncertain pathology of genital tract, such  
as presence of adnexal masses, endometrial 
hyperplasia with or without atypia. 

4) No suspected adenomyosis  
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Table 2. Epidemiologic characteristics of patients included in the study. LIM: laparoscopy 
intracapsular myomectomy; CAM: conventional abdominal myomectomy. 

Characteristics Overall (n = 106) LIM (n = 75) CAM (n = 31) 

Age (years) 32.5 34 31 

BMI (kg/m2) 27 25 29 

Nulliparous 88 62 26 

Infertility 93 65 28 

Number of Fibroids 2.6 2.2 3.1 

Previous Abdominal surgery 31 23 8 

Diameter of fibroids (mm) 77.5 75 80 

 
medium also was also performed the same period in order to confirm the find-
ings of the transvaginal ultrasound and detect a potential leiomyosarcoma. At 
the end of the surgery the extracted myomas were sent for histological evalua-
tion.  

Myomectomies were performed between day 7 and day 17 of the menstrual 
cycle. During this interval, oestrogen proliferative activity has not yet maximized 
endometrial thickness, while uterine vascularization is more limited compared 
to the second luteal phase of menstrual cycle. No preoperative treatment with 
GnRH analogues or Ulipristal Acetate was used in either group.  

In order to evaluate and compare the healing process, all patients were moni-
tored postoperatively by ultrasound on days 7, 30 and 90 after the operation 
(Table 3). All women were advised to avoid any pregnancy for the first three 
months postoperatively and were all asked subsequently to set report potential 
adverse outcomes or conception. 

The surgical protocol and LIM technique have been described in detail in pre-
vious studies [6]. Evaluation of wound healing assessed progressive decrease of 
uterine incision size (initial, final and % difference), time period of healing and 
the existence of anechoic areas, hematomata.  

As wounds fail to progress through normal stage of healing, they become 
more differential regarding shape, size and the extent of tissue damage, which is 
compounded by the absence of uniformly acceptable wound healing diagnostic 
methods. 

3. Statistics 

Continuous variables were expressed as mean ± SD, while categorical variables 
as n (%). Kolmogorov-Smirnov test was used to assess normality of values dis-
tribution for continuous variables. Chi-square test was used to compare categor-
ical variables, while continuous variables were compared with Independent 
samples t-test in case of normally distributed values or Mann-Whitney test in 
case of abnormally distributed values. Statistical analysis was performed with 
Statistical Package for Social Science 21.0. 
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Table 3. Final outcomes comparing the two techniques. 

Surgical Outcomes LIM (n = 75) CAM (n = 31) 

Primary Outcomes   

Uterine incision (maximum, cm) 2 ± 0.6 3 ± 0.8 

Time period to healing (days, mean ± SD) 28 ± 8.2 37 ± 9 

Operative time (min; mean & SD) 65.4 ± 24.3 87 ± 34 

Urologic injury 0 0 

Intestinal Injury 0 1 

Vascular Injury 0 0 

Decrease of postoperative Hb (gr/dl) 1.6 ± 0.8 2.8 ± 0.5 

4. Results 

Overall, 106 women were included in the study, out of which 75 in the LIM 
group (group 1I) and 31 in the CAM group (group II).  

Mean number of extracted myomas was 2.2 for group I and 3.1, for group II, 
while mean diameter of the largest myoma was 75 mm in group I and 80 mm in 
group II. Epidemiological characteristics of patients are presented in Table 1. 

On the 7th postoperative day, the site of the LM or AM scar appeared as a 
highly echogenic area with profuse blood flow at the periphery in all cases. Four 
patients (4%) had a hematoma, in group II, which appeared as a hypoechoic area 
with areas of echogenicity. The anechoic-hypoechoic area was almost avascular 
(volume 15 cm3, 21 cm3, 91 cm3 and 95 cm3).  

By the 9th postoperative month, the LM or AM healing area had regained the 
echogenicity of normal myometrium, however a hematoma appearing as a hy-
poechoic area, with decreased volume from 95 cm3 to 9 cm3 and from 91 cm3 to 
5 cm3 3 was still present in 2 cases. The non-operated myometrial areas showed 
significantly more prominent blood flow than the healing areas. 

The time period until healing was significantly increased in CAM (P = 0.001). 
Wound sign disappeared in 90% of the patients 30 days postoperatively in group 
I but in only 30% in group II. However, ultrasonographic wound signs disap-
peared in all study patients on the 90th postoperative day. Estimated blood loss 
and, operative time were significantly lower in cases treated with LIM. This is 
obvious as the dissection of myoma is easier leaving the pseudocapsule and the 
bed of the myomectomy is usually free from haemorrhage. 

5. Discussion 

This prospective observational study showed a significantly faster healing process 
of the uterine incision with LIM to sparing the psedocapsule compared to CAM.  

This finding reflects the clinical observation that sparing the pseudocapsule 
reduces surgical trauma, leaves less myometrial defects, uses less or no electro-
cautery and therefore enables a faster healing process. 

Generally, an optimal myomectomy aims to preserve the integrity of the extra-
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cellular matrix, either performed via laparoscopy or laparotomy, as this ensures 
the three-dimensional organization of the myometrium after myomectomy [8] 
[9]. This is especially important in women of reproductive age who have not yet 
completed their family.  

In recent years, laparoscopic myomectomy has been considered as an alterna-
tive of laparotomy with numerous advantages including shorter hospitalisation, 
less need for analgesia, lower intraoperative blood loss and a favourable outcome 
in a subsequent pregnancy. Although uterine rupture during pregnancy, labour 
or delivery may still occur, the risk is low. 

The wound healing process begins with the inflammatory phase lasting up to 
72 h during which pain, swelling, redness and increased local temperature are 
common symptoms. Accumulation of exudates and edema begins the process of 
tissue repair following injury when a blood clot forms and seals the area. In 
muscular injuries, a myofilament reaction takes place and peripheral muscle fi-
ber contraction occurs within the first 2 h. Edema and anoxia results in cell 
damage and death within the first 24 h, and the release of protein breakdown 
products from damaged cells leads to further edema, tissue hypoxia and cell 
death. Phagocytosis then begins to rid the area of cell debris and edema [10]. 
The muscular regeneration and repair occur during the fibro-elastic/collagen- 
forming phase, which lasts from 48 h up to 6 weeks. During this time, structures 
are rebuilt, and regeneration occurs. Fibroblast cells begin to produce Type III 
collagen at 4 days, and fiber organization is random and immature. Capillary 
budding occurs, bringing nutrients to the region, and collagen cross-linking be-
gins. As the process proceeds, the number of fibroblasts decreases as more col-
lagen is laid down. This phase ends with the beginning of wound contracture 
and shortening of the margins in the injured area. The last phase of healing is 
the remodeling phase, which lasts from 3 weeks to 12 months. Gradually, cross- 
linking and shortening of the collagen fibers promote the formation of a tight, 
strong scar. Final aggregation, orientation and arrangement of collagen fibers 
occur during this phase. Healing of the injured muscle does not fully restore 
muscle to its prior state, as fibrous scar tissue slows muscle healing. The two 
processes of healing and fibrosis compete and impair complete regeneration [11]. 
Many of these processes are catalysed by growth factors such as transforming 
growth factor-beta 1 (TGF-b1), a ubiquitous substance that initiates a cascade of 
events that activate both myogenesis and fibrosis, and decorin, a proteoglycan 
that impedes fibrosis by binding to TGF-b1 [12]. These growth factors are under 
active investigation to determine their role in muscle healing. 

Myomectomy always causes trauma due to the visceral peritoneal incision, 
opening of the myometrium, removal of the fibroid and closure of the muscle 
margins by suture. Each major structural and vascular disruption during myo-
mectomy leads to a classical inflammatory reaction and causes irreversible tissue 
damage and cell necrosis with two plausible options. A regenerative response 
results in an optimal reconstruction of the damaged tissue and a high-quality 
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muscle scar. A fibrotic response results in a poor reconstruction of the myome-
trium and a fibrotic and inelastic scar. In the first case, the myometrium returns 
to full function, while in the second case the result is tissue dysfunction charac-
terised by pain, inflammation and altered internal tissue stress. The injury may 
result in progressive functional disability and a higher risk of uterine rupture 
during pregnancy or during labour. The progressive evolution of the uterine scar 
from a highly echogenic area with an ill-defined heterogeneous myometrial tex-
ture to a normal echoic area confirms a normal healing process, whereas a fi-
brotic scar continues to display hyper or hypoechogenic areas and increased 
mean scar diameter. 

When surgeon gently removes the UF through the pseudocapsule with selec-
tive coagulation of its vessel, they preserve the muscle surrounding UF and avoids 
excessive bleeding, returning it to normal healthy uterine tissue. Extensive dia-
thermocoagulation and excessive i.m. bleeding generally worsens the healing pro- 
cess and myometrial function in subsequent pregnancy [12]. 

Moreover, some of the pseudocapsule vessels join at the base of the UF creat-
ing a little foot that often bleeds during an extra-capsular myomectomy, which 
creates a hematoma, manifestating as avascular echoic area. 

The myometrial area of the scar after myomectomy can be evaluated by 2D 
ultrasound and Doppler velocimetry, a non-invasive and, safe method that as-
sesses uterine perfusion, the presence of post-operative hematoma and disecho-
genic, heterogeneous, or an ill-defined scar area, all unfavourable signs for myo-
metrial scarring. 

6. Conclusions 

Intracapsular myomectomy enhances myometrium integrity peripheral to the 
fibroid site, by preserving the neurovascular bundle and neurotransmitters sur-
rounding fibroids, for uterine healing and myometrium restoration after sur-
gery. Moreover, allowing correct myometrial healing, intracapsular myomecto-
my could preserve reproductive outcomes and normal labour and delivery and 
permit less bleeding, better neurovascular bundle sparing for scar quality and 
reductions in post-operative adhesions. Increasing knowledge of the pseudo-
capsule angiogenesis and neurovascular fibers could play an important role in 
understanding the origin and recurrence of uterine leiomyomas, therefore al-
lowing for optimal treatments. 

In the present study, we demonstrated that dissection of the fibroid should 
run inside the avascular plane, leaving the pseudocapsule around the outside. 
The bed of the myomectomy is usually free from haemorrhage at the end of dis-
section if care has been taken to follow the avascular cleavage plane; there is no 
need to take further steps for haemostasis. Therefore, independent of the way of 
surgery laparoscopy or abdominal this study has demonstrated that there is no 
need to. Remove the pseudocapsule during myomectomy, which is independent 
of the use of a laparoscopic or abdominal surgical procedure. 
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In conclusion, the current study has shown that a faster healing process is ex-
pected after laparoscopic myomectomy when the intamural myoma’s pseudo-
capsule is spared compared with its removal during open myomectomy. 
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