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Abstract

Purpose To evaluate the clinical outcomes and prognosis of patients undergoing laparoscopic surgery for tubo-ovarian
abscess (TOA) and identify risk factors for pelvic inflammatory disease (PID) recurrence.

Methods We conducted a retrospective cohort analysis including 98 women who underwent laparoscopic surgery for TOA at
the Department of Obstetrics and Gynecology at the Bern University Hospital from January 2011 to May 2021. The primary
outcome studied was the recurrence of PID after TOA surgery. Clinical, laboratory, imaging, and surgical outcomes were
examined as possible risk factors for PID recurrence.

Results Out of the 98 patients included in the study, 21 (21.4%) presented at least one PID recurrence after surgery. In the
univariate regression analysis, the presence of endometriosis, ovarian endometrioma, and the isolation of E. coli in the
microbiology cultures correlated with PID recurrence. However, only endometriosis was identified as an independent risk
factor in the multivariate analysis (OR (95% CI): 9.62 (1.931, 47.924), p <0.01). With regard to the time of recurrence after
surgery, two distinct recurrence clusters were observed. All patients with early recurrence (<45 days after TOA surgery) were
cured after 1 or 2 additional interventions, whereas 40% of the patients with late recurrence (> 45 days after TOA surgery)
required 3 or more additional interventions until cured.

Conclusion Endometriosis is a significant risk factor for PID recurrence after TOA surgery. Optimized therapeutic strategies
such as closer postsurgical follow-up as well as longer antibiotic and hormonal therapy should be assessed in further studies
in this specific patient population.

Keywords Chronic pelvic abscess - Endometriosis - Ovarian endometrioma - Pelvic inflammatory disease - Recurrence -
Tubo-ovarian abscess

What does this study add to the clinical work Introduction

Endometriosis is a risk factor for recurrence of pel-
vic inflammatory disease after tubo-ovarian abscess
surgery. Closer postsurgical follow-up and longer
antibiotic or hormonal therapy may be considered
for these patients.

Pelvic inflammatory disease (PID) is an infection affecting
the uterus, ovaries, and fallopian tubes. This major global
health problem leads to severe long-term complications
such as chronic pelvic pain, infertility, and ectopic preg-
nancy [1, 2, 3]. It is estimated that 4% of women will have
PID at some point in their lifetime and 1 in 8 women with
a history of PID will experience difficulty getting pregnant
[1]. In approximately one-third of the patients with PID,
tubo-ovarian abscesses (TOA) occur, which are associated
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However, previous work has failed to address the problem
of PID recurrence, which appears in 15-20% of the patients
and is associated with an almost two-fold increase in infertil-
ity [5]. A first step for the establishment of prevention strate-
gies to avoid recurrence is the identification of risk factors
leading to PID recurrence.

The aim of this study, therefore, was to evaluate the clini-
cal outcomes and prognosis of patients undergoing laparo-
scopic surgery for TOA and identify possible risk factors
for PID recurrence.

Material and methods
Study population

A retrospective analysis of all laparoscopically treated TOA
managed at the Department of Obstetrics and Gynecology
at the Bern University Hospital from January 2011 to May
2021 was conducted. The primary outcome studied was the
recurrence of PID after TOA surgery. Recurrence was defined
as the occurrence of typical clinical signs such as fever or pel-
vic pain with increasing inflammatory markers or suspicion
of recurrent tubo-ovarian complex in the imaging after TOA
surgery (computer tomography (CT) scan or ultrasound (US)).
All patients with PID or TOA who received only a
conservative antibiotic treatment without surgery were
excluded. The clinical and imaging diagnostic standards for
the diagnosis of TOA were in accordance with the BASHH
Guidelines and the CDC Guidelines 2021 [12, 13]. TOA was
confirmed intraoperatively by the presence of inflammatory
exudate in the pelvis or the presence of pyosalpinx. The
pre- and postsurgical course was documented in detail and
Patients were divided into 2 groups (Group 1 =PID recur-
rence, Group 2 =non-recurrence).
Data collection

We extracted data from patients’ hospital admission
records, laboratory and imaging scan reports, operation
reports, and discharge letters, all of which were stored in
the electronic medical record databases of the gyneco-
logical unit in our medical center. For the patients who
were referred to us at the time of recurrence and had a
previous TOA surgery in other hospitals, we reviewed the
discharge letters and operation reports from the other hos-
pitals. Records were reviewed by a single reviewer (M.Z.)

Data on patient characteristics (age, gravidity, parity,
history of PID, mode of contraception), presence of clini-
cal signs such as fever or lower abdominal pain, C reactive
protein (CRP) serum level, white blood cell (WBC) count,
and the dimension and side of the tubo-ovarian complex
in the imaging at the time of admission were extracted.
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Leukocytosis was defined as a white blood cell count
greater than 11,000/mm? (11 x 10%/1) [14, 15]. High cutoff
levels of CRP (> 60 mg/L) were used to identify patients
with severe pelvic inflammatory disease or TOA [16].

Data on medical and surgical treatment outcomes
(antibiotic regimen and its duration, type of operation,
intraoperative findings, need for a second operation or an
imaging-guided drainage postoperatively) as well as other
clinical outcomes such as the length of hospitalization at
first TOA episode and the presence of complications were
extracted. We also extracted laboratory findings, such as
the microbiology results of the vaginal, cervical, IUD, and
pelvic swabs, blood culture results, postoperative CRP and
WBC levels, and the histology findings.

TOA management

Inpatient antibiotic regimens were administered empiri-
cally in accordance with the hospital’s internal guidelines.
The most used antibiotic regimens were (a) ampicillin/
clavulanic acid administered at a daily dose of 1gr every
8 h plus Doxycycline 100 mg daily every 12 h; (b) ampi-
cillin/clavulanic acid plus Metronidazol in a daily dose of
500 mg every 8 h; and (c) a combination of ampicillin/
clavulanic acid plus Doxycycline plus Metronidazol. An
alternative regimen consisted of a combination of Doxy-
cycline, Metronidazol, and ceftriaxone (2gr daily). Lapa-
roscopic surgery took place after 24—48 h of intravenous
antibiotic therapy while imaging-guided drainage was not
considered as a primary management option.

All laparoscopic surgeries in our clinic were performed
using a standard technique and were video recorded. The
abscess was drained and an adhesiolysis and restoration of
the pelvic anatomy was performed. Tube or ovarian removal
was avoided. In the event of pyosalpinx, a small fenestration
was placed on the antimesenteric side of the tube. Lavage
of the pelvic and abdominal cavity with saline solution was
performed, and an intra-abdominal drain was inserted in
the pelvic cavity at the end of the surgery. According to the
available surgical reports a similar surgical technique was
followed for patients primarily treated in external clinics.

The diagnosis of endometriosis intraoperatively was
based on the typical visual appearance and/or the results of
histopathology.

The antibiotic regimens were adjusted postoperatively
according to the microbiology results of the pelvic swabs
and continued for at least 10 days.

In case of recurrence, antibiotic therapy, imaging-guided
drainage (with CT or US) and laparoscopic or laparo-
tomic surgery were considered as possible therapeutic
interventions.
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Follow-up data

The postoperative course was documented for all patients.
The time and type of intervention at recurrence and the
further course were documented. Due to the retrospective
character of the study, the follow-up times varied, while the
first follow-up appointment was mostly arranged 2—4 weeks
after the first TOA surgery, when the patient was already
discharged from the hospital.

Statistical analysis

An available case analysis was performed. Mean val-
ues + standard deviation or median values and ranges were
calculated for continuous variables and percentages for qual-
itative variables. The variables of patients with and without
PID recurrence were analyzed and compared. The 7 test was
used for continuous variables with normal distribution, the
chi-square test or the Fisher’s exact test for categorical vari-
ables, and the Mann—Whitney U test for continuous vari-
ables with skewed distribution. Possible risk factors for PID
recurrence were further assessed using a multivariate logis-
tic regression analysis. A p value < 0.05 indicated statistical
significance. Statistical analysis was performed using the
SPSS 25.0 Software (SPSS USA).

Results

Between January 2011 and May 2021, 120 patients with TOA
were treated in our clinic. Of these patients, 22 were excluded
since they had received only an antibiotic conservative treat-
ment and no surgery. From the 98 patients who underwent a
laparoscopic surgery for TOA, 21 patients (21.4%) presented
PID recurrence after surgery. Six of them (28.6%) underwent
their first TOA surgery in another hospital in Switzerland and
were referred to us at the time of recurrence. Thus, from the
92 patients who underwent their first surgery in our hospital,
14 patients (15.2%) presented a recurrence.

Risk factors for PID recurrence

In Table 1, we present the most important clinical outcomes
and compare them in the two groups (patients with and with-
out PID recurrence). The total number of patients differs in
some cells due to missing (unknown) outcomes for some
patients. Preoperative characteristics at the time of TOA
diagnosis, such as age, parity, type of contraception, WBC
count, CRP, clinical symptoms, and TOA size did not dif-
fer between the two groups. The most common symptoms
were pelvic pain and fever, with most patients presenting a
leukocytosis and a CRP > 60 mg/1.

No differences between the two groups in the duration
of surgery, intraoperative blood loss, and the quantity of
saline solution used for lavage of the abdominal cavity were
identified. However, the presence of endometriosis intraop-
eratively was more frequent in the recurrence group (13/21,
61.9% vs 12/77, 15.6%, p value <0.001). In the most cases
the presence of endometriosis was histologically confirmed,
except from the cases with DIE (deep infiltrating endome-
triosis). In the last cases the diagnosis of endometriosis and
the classification according to rASRM (revised American
Society for Reproductive Medicine Score) or ENZIAN score
has been made mainly during previous surgeries [17]. The
incidence of an ovarian endometrioma was also higher in the
recurrence group (Table 1). Nine patients from the recur-
rence group presented an endometrioma during TOA sur-
gery. This involved 5 times the left ovary, one time the right
ovary and 3 times both ovaries. In all cases with ovarian
endometrioma, the TOA was developed on the side of the
endometrioma. Furthermore, out of 98 patients, 57 patients
(58%) in both groups presented a pyosalpinx intraopera-
tively. Most patients had a fertility sparing surgery (76%) at
first episode due to the young age, as well their wishes for
fertility preservation and hormonal preservation.

The mean CRP value on the second day after surgery
remained high (>60 mg/l in both groups), while the mean
WBC count showed a slight decrease (<1 1,000/mm?).
Although these blood values were generally higher in the
recurrence group, the difference did not reach statistical
significance. Moreover, the differences between pre- and
postsurgical WBC count and CRP were not statistically sig-
nificantly different between groups. These results did not
change even when only patients with early recurrence were
analyzed.

E. coli isolated in the vaginal, pelvic swab, blood culture,
or urine culture was the only bacterium that was signifi-
cantly associated with recurrence (8/19, 42.1% in the recur-
rence group vs 15/75, 20% in the non-recurrence group, p
value =0.045). The mean length of hospital stay after the
first TOA surgery was 9.6 +10.2 days in the recurrence
group and 5.09 +2.07 days in the non-recurrence group (p
value =0.0005).

Endometriosis, ovarian endometrioma, and E. coli were
further evaluated as possible independent risk factors for
PID recurrence using a multivariate logistic regression anal-
ysis. Four patients were not included in the analysis due to
missed values. The analysis confirmed a significant associa-
tion of endometriosis with disease recurrence [OR (95% CI):
9.62 (1.931, 47.924), p<0.01] (Table 2).
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Table 1 Characteristics between 2 groups and univariate analysis of predictive factors for recurrence

Group 1: recurrence/ Group 2: no recur-  p value
persistence after surgery rence after surgery  (Chi-square
N=21 N=T77 test)
Age (mean + SD) 37.9+9.4 39.9+10.8 ns
Gravidity (median, minimum-maximum) 1,0-6 1,0-5 ns
Parity (median, minimum—maximum) 1,0-3 1,04 ns
Type of contraception None 9/21(42.9%) 34/76 (44.7%) ns
Condom 1721 (4.8%) 5/76 (6.6%) ns
cocC 2/21 (9.5%) 4/76 (5.3%) ns
POP 1/21 (4.8%) 0 ns
Cu IUD 3/21 (14.3%) 18/76 (23.7%) ns
Hormonal IUD  5/21(23.8%) 11/77 (14.3%) ns
Other/NA 0 4/76 (5.2%) ns
Lc prior to surgery (mean +SD) 124+53 14.56+6.2 ns
CRP prior to surgery (mean =+ SD) 162.7+129.3 164.1+103.7 ns
Antibiotics prior to surgery 17/20(85%) 67/77(87%) ns
Fever prior to surgery 9/21 (42.9%) 30/77 (39%) ns
Pain prior to surgery 19/21 (90.5%) 76/77(98.7%) ns
Size Abscess (mm) (mean + SD) 59+14 59+2 ns
Pyosalpinx 7/20 (35%) 50/76 (65.8%) 0.013
Removed organ during surgery (Tubes, Adnexe, Appendix) 5/21 (23.8%) 19/77 (24.7%) ns
Pyosalpinx and non-organ removal at first surgery 18/20 (90%) 68/77 (88.3%) ns
Ascites 4/21 (19%) 14/77 (18.2%) ns
Duration of surgery (mean + SD) 128.29 +62.8 103.2+54.8 ns
Liters of saline solution for lavage during surgery (mean + SD) 9+5.2 8+2.7 ns
Blood loss (mean + SD) 107.1£192.5 90.5+405.2 ns
Bilateral Side of TOA 7/20 (35%) 13/74 (17.6%) ns
LOS at first episode 9.6+10.2 5.09+2.07 0.0005
Isolated bacterium E. coli 8/19 (42.1%) 15/75 (20%) 0.045
C. trachomatis ~ 1/20 (5.0%) 11/75 (14.7%) ns
G. vaginales 2/20 (10%) 23/74 (31.1%) ns
Streptococcus 4/20 (20%) 10/74 (13.5%) ns
Staphylococcus 1120 (5%) 2/74 (2.7%) ns
Lc day 2 (mean+SD) 8.5+2.8 10.5+4.6 ns
CRP day 2 (mean =+ SD) 149.29+136.5 167.57+99.2 ns
DLc_day 0-2 (mean + SD) 45+4.9 44+5 ns
DCRP_day 0-2 (mean + SD)° 39.9+120.5 0.6+98.9 ns
Endometriosis 13/21 (61.9%) 12/77 (15.6%) 0.000016
Ovarian endometrioma 9/21 (43%) 6/77 (7.8%) 0.0004*"
DIE (rASRM 1II/IV) 5121 (24%) 9/77 (11.7%) ns
Cancer 0/21 3/77 (3.9%) ns
Infertility/IVF 2/21 (9.5%) 6/77 (7.8%) ns
Uterus malformation 1721 (4.8%) 3/77 (3.9%) ns
Complications 6/21 (28.6%) 7177 (9.1%) 0.03*

TOA tubo-ovarian abscess, COC combined oral contraceptive, POP progesterone-only pill, /UD intrauterine device, Lc Leucocytes, CRP c-reac-
tive protein, LOS length of stay, E. coli Echerichia coli, C. trachomatis Chlamydia trachomatis, G. vaginales Gardnerella vaginales, /VF in-
vitro-fertilization, DIE deep infiltrating endometriosis, rASRM revised American Society for Reproductive Medicine score, NS not significant,
DLc difference leucocytes, DCRP difference CRP

Calculated with Fisher’s test
*Day 0-2, 0=day of the operation, 2 =second postoperative day

Bold values indicate statistically significant
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Complications

Complications during hospitalization at first PID episode
occurred in 13/98 patients (13.2%). These were more fre-
quent in the recurrence group compared to the non-recur-
rence group (6/21, 28.6% vs 7/77, 9.1%, p=0.03, Table 1).
The most significant complication was septic shock (positive
shock index or SOFA Score > 2). E. coli was identified in
the blood culture or in the pelvic swab in 4/6 cases of sep-
tic shock. Other complications included Covid-19-related
pneumonia, pelvic hematoma, bowel perforation, and other
complications such as pulmonary edema, left ovarian vein
thrombosis, pleural effusion, and transfusion-related anemia

(Fig. ).
Time to recurrence and management

The mean time from TOA surgery to recurrence was
611+ 1142 days. As seen in the scatter plot in Fig. 2, two

Table 2 Multivariate logistic regression analysis of predictive factors
for PID recurrence

OR (95% CI) p value
N =94 included patients in
the analysis*
E. coli 0.522 (0.073, 3.717) ns
Endometriosis 9.62 (1.931, 47.924) <0.01

Ovarian endometrioma 1.585 (0.276, 9.123) ns

Goodness-of-fit test Hosmer & Lemeshow: y>=4.440. df=2.
p=0.109

#Cox and Snell R?=0.198. Nagelkerke R>=0.307

Bold values indicate statistically significant

Fig.1 Complications during
hospitalization time. This figure
shows the complications during

different clusters of patients can be observed: the patients
with early recurrence or persistence (up to 45 days after
surgery) (N=10) and the patients with late recurrence
(>45 days after surgery) (N=10). For one patient the time
of recurrence was unknown and therefore excluded from the
further analysis.

Half of the patients (5/10) with early recurrence after
TOA surgery were first treated only with antibiotics or
with antibiotics and an imaging-guided drainage. The
other 5 patients with early recurrence and all patients with
late recurrence were treated with antibiotics and a laparo-
scopic or laparotomic procedure (Table 3, Fig. 3). In total,
7 patients (5 patients from early recurrence group, and 2
patients from the late recurrence group) ultimately required
a laparotomic intervention to be cured.

All patients with early recurrence were cured after 1 or
2 interventions (antibiotics only, antibiotics and imaging-
guided drainage, antibiotics and laparoscopic or open sur-
gery), whereas 40% of the patients with late recurrence
required 3 or more of these interventions until cured (Fig. 4).

Discussion

Among the 98 patients with TOA requiring laparoscopic
treatment, 21 (21.4%) presented a recurrence. Interest-
ingly, the presence of endometriosis at the time of surgery
was identified as the only independent risk factor for PID
recurrence. The isolation of E. coli as well as the ovarian
endometrioma were also associated with PID recurrence
but were not statistically significant in the multivariate
logistic regression analysis.

Our results are in line with Clarizia et al. demonstrat-
ing a four-fold higher prevalence of endometriosis found

Complications during hospitalization time
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Fig.2 Time until first recur-
rence after TOA surgery (in
days). This figure shows the
time in days until first recur-
rence after first TOA surgery.
Red color refers to the patients
without endometriosis and
green color refers to the patients
with endometriosis

Time until first recurrence after TOA surgery (in days)

Endometriosis

o0 ® No
® Yes

Table 3 Characteristics of patients in groups early and late recurrence

100 1000
Time to recurrence (days in log10)

Early recurrence  Late recurrence  p value
(<45 days), (>45 days),
Type of intervention at first recurrence Antibiotics only 4/10 (40%) 0/10 0.03
Antibiotics 5/10(50%) 10/10
and surgery
(laparoscopy
or open)
Antibiotics 1/10 (10%) 0/10
and imaging-
guided drain-
age
Total number of interventions (antibiotics, surgery, imaging-guided drainage) 1 3/10 (30%) 5/10 (50%) ns
after 1. recurrence until cure 2 7/10 (70%) 1/10 (10%)
3 0 2/10 (20%)
4 0 1/10 (10%)
6 0 1/10 (10%)

Bold values indicate statistically significant

in PID patients when compared to the general popula-
tion [18]. Furthermore, Tai et al. in a large cohort study
demonstrated that patients with a PID had a three-fold
increase in the risk of developing endometriosis compared
with women without PID [19]. Women with endometrio-
sis also seem to be at higher risk for developing a severe
pelvic inflammatory disease, which involves antibiotic

@ Springer

treatment failure and need for surgical intervention [20]
while advanced stage of endometriosis (stage III and IV) is
significantly associated with the occurrence of TOA [21].
It is also known that the incidence of TOA is higher in
patients with ovarian endometrioma. Gao et al. reported
that lower genital tract infection and rupture of ovarian
endometriosis cysts are significantly associated with the
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Fig.3 Type of intervention at

first PID recurrence (early vs 12
late recurrence). The figure
shows the type of intervention, 10

which had the patients at first
PID recurrence after surgery.
y-axis: number of patients,
x-axis: type of intervention,
blue color: patients with early
recurrence or persistence
(<45 days), orange color:
patients with late recurrence
(>45 days)

Number of patients
(o))

Antibiotics only

M Early Recurrence (<45 days)

Fig.4 Total number of inter-

ventions at PID recurrence. This 8

figure shows the total number

of interventions (surgery, 7

antibiotics, CT-guided drain-

age) after first PID recurrence 6

in both groups (patients with

early vs late recurrence) until 5

cure. Blue refers to the group of

patients with early recurrence or 4

persistence (<45 days), orange

to the group of patients with late 3

recurrence (after 45 days) 5
1
0

M Early recurrence (<45 days)

development of TOA in women with ovarian endometrio-
sis [22]. Furthermore, there are several case series, which
have reported that IVF or oocyte retrieval are associated
with the development of a TOA in patients with ovarian
endometriosis [23, 24, 25].

Our study is the first to determine that endometriosis is
not only a risk factor for PID but also a significant risk factor
for PID recurrence after TOA surgery.

Regarding the pathogenic mechanisms leading to PID or
TOA in patients with endometriosis, these include the static
peritoneal milieu and cystic formation favorable to bacteria
proliferation, the distorted anatomy of the ovaries and the
tubes, an impairment in immune response [26], an increased
inflammatory cytokines production [26, 27, 28] and altera-
tions of the microbioma [27].

Other risk factors for PID or TOA are well recognized
and described in previous studies. These include young age
(<25 years), multiple sexual partners, frequent change of

Type of intervention at first PID recurrence

Antibiotics and imaging-
guided drainage

Antibiotics and Surgery
(laparoscopy or laparotomy)

M Late Recurrence (>45 days)

Total number of interventions after first PID recurrence

B Late recurrence (>45 days)

sexual partner, previous history of PID, no history of con-
traceptive use, previous history of intrauterine device (IUD)
insertion, drug consumption, and cigarette smoking [4, 5,
29, 30].

PID is usually polymicrobial with a mixture of aerobic,
anaerobic, and facultative bacteria. The most frequent patho-
gens isolated from TOAs are E. coli (37%) and Bacteriodes
Fragilis (22%) [4, 7, 31, 32]. Saini et al. showed in 2003
that the predominant aerobic bacteria isolated from Douglas
specimens from women with PID was E. coli (33.2%) [33].
Furthermore, E. coli is one of the most common causative
pathogens for severe infections and also the second most
common cause of sepsis [34]. These results are in agree-
ment with the results of our study in which E. coli was the
predominant pathogen bacterium isolated in 42.1% of the
patients in the recurrence group and in 4/6 blood cultures of
patients with septic shock.
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Referring to the management of TOA, the traditional
treatment is the use of broad-spectrum antibiotics with a
success rate of about 70% [35, 36, 37]. However, the recur-
rence rate after antibiotics alone is high. It has been shown,
that the failure of antibiotic treatment and the need of surgi-
cal intervention is correlated with the size of the abscess
[37]. More specifically, abscess size > 5-6.5 cm is an inde-
pendent risk factor for failure of antibiotic treatment and an
independent predictor of patients requiring a surgical treat-
ment [38, 39, 40, 41]. Nowadays, laparoscopic treatment,
imaging-guided drainage (transvaginal ultrasound (US) or
computerized tomography (CT)-guided) are established
minimally invasive treatments in the management of TOA
[42]. Comparing the three minimal invasive techniques,
early laparoscopy has the key advantage that allows sam-
pling of tissue for histopathology diagnosis, allows assess-
ment of the intraoperative situs, and is associated with less
complications and better clinical prognosis in the appropri-
ate populations’ groups [39, 40, 43]. In our study, the mean
size of abscess according to US or CT was 5.9 cm in both
groups of patients. For these reasons, our first line therapy
approach was the laparoscopy and not the imaging-guided
drainage.

Interestingly, all patients with late recurrence (> 45 days)
underwent a laparoscopic or open surgery. However, 50% of
them needed 2 or more interventions until cure. On the con-
trary, patients with early recurrence were cured with 1 or 2
interventions. Obviously, the chronic tubo-ovarian abscesses
with recurrent episodes and extensive adhesions are more
challenging to manage, resulting in more interventions until
cure [44].

In our study population, the PID recurrence rate after
surgical therapy for PID was 21.4%, a little higher than the
reported recurrence rate of PID in the literature [5]. This
reflects the fact that our department is a tertiary referral
center to which the more complex cases are referred. As a
result, 6 of the 98 patients with PID recurrence were referred
to us after first surgery in another hospital; this results in
the overstatement of the recurrence rate. Excluding these
patients and considering only the patients treated in our hos-
pital, the recurrence rate was 15.2%. On the other hand, we
might have missed patients with PID recurrence who were
treated in other hospitals after TOA surgery in our depart-
ment. However, since our department is the tertiary center
in the broader area, we estimate this likelihood to be very
small.

Some other potential limitations need to be considered.
First, it is a single-center study, and consequently there were
small numbers of events for some of the investigated out-
comes; this resulted in a lower statistical power for these
outcomes. Second, the design of this study was retrospec-
tive, with all the associated inherent limitations. On the other
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hand, the structured surgical approach to TOA and the rela-
tively high data availability constitutes its strengths.

In conclusion, the laparoscopic management of TOA
results in PID recurrence in more than 15% of the patients.
This might be early or late recurrence, with the latter being
more challenging, often requiring many interventions until
cure. Endometriosis is a risk factor for recurrence and should
therefore been taken into consideration when identified dur-
ing TOA surgery. Optimized therapeutic strategies such as
closer postsurgical follow-up as well as longer antibiotic and
hormonal therapy should be assessed in further studies in
this specific patient population.
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