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Abstract

Background: This study aimed to evaluate the clinical utility of shear wave elastography
(SWE) in assessing abscess wall stiffness and its potential contribution to predicting the
need for surgical intervention in patients with tubo-ovarian abscess (TOA). Materials and
methods: This prospective cross-sectional study included 34 women diagnosed with TOA
who underwent SWE evaluation upon admission. Demographic characteristics, labora-
tory parameters, abscess size, abscess wall elasticity, and abscess content elasticity were
recorded. These patients were categorized as either medically managed or surgically
treated. Group comparisons, receiver operating characteristic (ROC) curve analysis, and
multivariable binary logistic regression were performed to identify independent predic-
tors of surgical intervention. Results: There were no significant differences between the
operated and non-operated groups regarding age, body mass index, and laboratory pa-
rameters (p > 0.05). The median length of hospital stay was significantly longer in the op-
erated group (15 vs. 12 days, p = 0.017). Abscess diameter was significantly larger in the
operated group (6.75 +1.17 cm vs. 4.65 £ 1.20 cm; p = 0.001). Likewise, the median abscess
wall SWE value was significantly higher in the operated group (3.12 vs. 1.47 kPa; p = 0.027).
The optimal cut-off value for abscess wall SWE was 2.04 kPa (AUC: 0.721, 95% CI: 0.551-
0.892, sensitivity: 64.7%, specificity: 70.6%). Abscess size demonstrated a higher predictive
performance (AUC: 0.905, 95% CI: 0.796-1.000). However, in the multivariable logistic re-
gression analysis, only abscess size remained an independent predictor of surgical inter-
vention (OR: 4.14, 95% CI: 1.50-11.39, p = 0.006), whereas abscess wall SWE and baseline
C-reactive protein were not independently associated with treatment failure. Conclu-
sions: Increased abscess wall stiffness measured by SWE was associated with the need for
surgical intervention in patients with TOA. Although SWE was not an independent pre-
dictor after adjustment for abscess size and baseline C-reactive protein, it may serve as a
complementary imaging biomarker when interpreted together with established clinical,
laboratory, and conventional ultrasonographic findings.
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1. Introduction

Pelvic inflammatory disease (PID) is defined as an infection of the upper female gen-
ital tract and typically results from the ascending spread of pathogens originating in the
lower genital tract [1]. PID encompasses a broad spectrum of infections involving the up-
per genital structures such as salpingitis, endometritis, and peritonitis, and in advanced
cases may progress to the formation of pelvic abscesses. Tubo-ovarian abscess (TOA) is
considered one of the most severe complications of PID and, if left untreated, may lead to
sepsis, peritonitis, and multi-organ failure, resulting in substantial morbidity and mortal-
ity [2]. Despite appropriate treatment, TOA develops in approximately 15-34% of patients
diagnosed with PID [3]. TOA and pelvic abscesses are typically characterized by an in-
flammatory mass involving the ovaries, fallopian tubes, and/or adjacent pelvic tissues [4].

Abdominal adhesions developing after PID or TOA may result in long-term compli-
cations such as infertility, ectopic pregnancy, and chronic pelvic pain. These adhesions
disrupt the normal anatomical relationships of pelvic organs, adversely affecting repro-
ductive function [5].

Ultrasound elastography (USE) is a non-invasive imaging technique that assesses tissue
elasticity or stiffness based on the characteristics of acoustic waves as they propagate through
biological tissues [6,7]. In this technique, the acoustic force generated by the transducer in-
duces tissue displacement, producing shear waves that travel perpendicular to the applied
force. The velocity of these shear waves is measured quantitatively and converted into
Young’s modulus, expressed in kilopascals (kPa) [7]. Numerous studies have demonstrated
the clinical utility of shear wave elastography (SWE) in applications such as liver fibrosis stag-
ing and characterization of breast lesions [8,9]. The method’s high reproducibility and ease of
use have further increased its popularity in clinical and research settings.

In this study, SWE was performed in patients diagnosed with TOA in our clinic to
evaluate its ability to predict the response to medical therapy. The aim was to investigate
whether SWE can serve as a useful imaging modality for assessing treatment success in
TOA and to provide scientific support for its potential integration into clinical manage-
ment. This study represents one of the first investigations evaluating SWE findings as pre-
dictors of medical treatment response in TOA.

2. Materials and Methods

This prospective cross-sectional study was conducted at the Obstetrics and Gynecol-
ogy Clinic of the Health Sciences University Adana City Training and Research Hospital
between February and June 2025. The study included 34 women who were hospitalized
with a diagnosis of TOA and who underwent SWE to evaluate treatment response. Ethical
approval was obtained from the Clinical Research Ethics Committee of Adana City Train-
ing and Research Hospital (date: 6 February 2025; Decision No.: 343), and written in-
formed consent was obtained from all participants prior to study enrollment.

Women aged 18 years or older who were admitted with a diagnosis of tubo-ovarian
abscess (TOA), had an abscess measuring <9 cm on initial ultrasonographic evaluation,
and whose abscess location and depth were suitable for SWE assessment were eligible for
inclusion. Patients who refused to participate, required urgent surgery before SWE could
be performed because of an acute abdomen, were pregnant, had a known or newly diag-
nosed malignancy, or had an abscess measuring >9 cm were excluded. Of the initial 37
women diagnosed with TOA, three were excluded because a malignancy was identified
during the diagnostic work-up.
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Demographic and clinical variables, including age, body mass index (BMI), and his-
tory of previous abdominal surgery, were recorded. Length of hospitalization (days) and
laboratory parameters —including hemoglobin (Hb), white blood cell count (WBC), plate-
let count (PLT), C-reactive protein (CRP), and procalcitonin (PCT) —were monitored dur-
ing follow-up. All patients were evaluated by the same radiologist using the same device
as soon as possible after admission. In the majority of patients, SWE examinations were
performed before the initiation of intravenous antibiotic therapy. However, a small num-
ber of patients referred from other healthcare centers had received up to two doses of
intravenous antibiotics prior to imaging.

Treatment decisions were made according to the institutional management protocol
and current clinical practice. Surgical intervention was considered to represent medical
treatment failure and was performed in patients who demonstrated persistent fever de-
spite 48-72 h of appropriate intravenous antibiotic therapy, persistent elevation or lack of
improvement in inflammatory markers (particularly C-reactive protein [CRP] and procal-
citonin levels and white blood cell count [WBC]), worsening abdominal pain despite treat-
ment, increasing abscess size on follow-up imaging, suspected abscess rupture, general-
ized peritonitis, sepsis, or hemodynamic instability, or when the attending multidiscipli-
nary team considered that conservative management was unlikely to succeed based on
the patient’s overall clinical, laboratory, and imaging findings.

All ultrasonographic assessments, including SWE, were performed using a Philips
EPIQ 7 ultrasound system equipped with a C5-1 high-resolution convex probe (Philips
Healthcare, Bothell, WA, USA). All SWE examinations were performed using the manu-
facturer’s standard two-dimensional ElastQ shear wave elastography preset. Acoustic ra-
diation force impulses were generated automatically by the system using the default
acoustic output settings. No manual adjustments were made to the acoustic output pa-
rameters during image acquisition. All examinations were performed within established
diagnostic ultrasound safety limits (Mechanical Index < 1.9 and derated ISPTA.3 < 720
mW/cm?), in accordance with international regulatory recommendations. The C5-1 con-
vex transducer was used within its standard abdominal frequency range of 1-5 MHz. The
same preset, gain, depth, focus, and elastography settings were maintained for all patients.
The pulse repetition frequency and frame rate were automatically optimized by the device
according to lesion depth and tissue characteristics and were not manually modified dur-
ing the examinations.

Patients were positioned to obtain optimal lesion visualization (supine or lateral de-
cubitus), and sufficient gel was applied to eliminate potential artifacts. Abscess formation
was first assessed in B-mode to determine the anteroposterior and mediolateral diameters.
After dimensional evaluation, SWE measurements were performed by placing a rectan-
gular region of interest (ROI) on the thickest visually continuous portion of the abscess
wall while avoiding visible septations, cystic or necrotic areas, calcifications, major vessels,
and regions affected by acoustic shadowing or motion artifacts. Care was taken to position
the ROI entirely within the abscess wall without including adjacent pelvic tissues. Subse-
quently, SWE measurements were obtained from the abscess content using the same
standardized approach whenever technically feasible. All ROIs were positioned perpen-
dicular to the anterior margin, with a maximum ROI depth of 8 cm and an average ROI
size of 1 cm. Measurements were performed in the axial plane, and elasticity values were
recorded in kilopascals (kPa). To minimize measurement variability, minimal transducer
compression was applied during image acquisition, and all measurements were obtained
after a stable elastography color map had been achieved. All data were stored digitally.
The radiologist performing the examinations had eight years of professional experience
and performs approximately 100 SWE procedures annually. Each assessment session
lasted approximately 10-15 min.
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Statistical analyses were conducted using IBM SPSS Statistics version 26.0 (IBM Corp.,
Armonk, NY, USA). Continuous variables are presented as the mean + standard deviation
or median (minimum-maximum), while categorical variables are expressed as numbers
and percentages. The Shapiro-Wilk test was used to assess normality. For group compar-
isons, the independent samples t-test was applied to normally distributed variables,
whereas the Mann-Whitney U test was used for non-normally distributed variables. Chi-
square testing was used for categorical comparisons. Receiver operating characteristic
(ROC) curve analysis was performed to determine the optimal cut-off values for predict-
ing treatment response. Variables considered clinically relevant (baseline C-reactive pro-
tein [CRP], abscess size, and abscess wall SWE) were entered into a multivariable binary
logistic regression model using the enter method to identify independent predictors of
surgical intervention (medical treatment failure). Odds ratios (ORs) with 95% confidence
intervals (Cls) were calculated. A p-value <0.05 was considered statistically significant.

3. Results

Thirty-four patients diagnosed with TOA were evaluated. The demographic charac-
teristics and laboratory findings of the patients are summarized in Table 1. No statistically
significant differences were found between the operated and non-operated groups in
terms of age, BMI, previous abdominal surgery, and laboratory findings (p > 0.05). The
median length of hospital stay was 15 [12-28] days in the operated group and 12 [10-15]
days in the non-operated group. A statistically significant difference in hospitalization
duration was observed between the groups (p = 0.017).

Table 1. Demographic characteristics and laboratory findings of the participants.

Variable Operated (n=17) Non-Operated (n =17) p-Value
Age (years) 36.47 +9.13 39.58 +8.93 0.322
BMI (kg/m?) 25.48 +3.75 26.51 +3.91 0.440
History of abdominal surgery, n (%)

+) 11 (64.7%) 2 11 (64.7%) 2 0.640
) 6 (35.3%) 2 6(35.3%) @

Hb (g/dL) 11.06 +1.84 10.81 £1.80 0.695
WBC 16.84 +5.84 14.5+5.01 0.226
Platelets (10%/pL) 382.41 +148.87 392.8 +158.64 0.844
CRP 167.93 £ 96.73 166.66 +111.82 0.970
Procalcitonin 0.23 [0.05-1.88] 0.1 [0.03-0.28] 0.202
Length of hospital stay (days) 15 [12-28] 12 [10-15] 0.017

Abbreviations: BMI: body mass index; Hb: hemoglobin; WBC: white blood cell count; CRP: C-reac-

tive protein. 2 Chi-square test.

Abscess size and SWE measurements were compared between the groups (Table 2).
The mean abscess diameter and median abscess wall SWE value were significantly higher
in the operated group compared to the non-operated group (6.75 + 1.17 cm vs. 4.65 + 1.20
cm, p =0.001; 3.12 [1.26-6.49] kPa vs. 1.47 [0.86-3.15] kPa, p = 0.027). The median abscess
content SWE value was also higher in the operated group than in the non-operated group,
but the difference was not statistically significant (1.11 [0.85-4.03] kPa vs. 0.90 [0.63-1.18]
kPa, p=0.071).
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Table 2. Abscess size and sonoelastography findings of the participants.

Variable Operated (n =17) Non-Operated (n=17) p-Value

Abscess Size (cm) 6.75+1.17 4.65+1.20 0.001

Abscess Wall Elastography (kPa) 3.12 [1.26-6.49] 1.47 [0.86-3.15] 0.027

Abscess Content Elastography (kPa) 1.11 [0.85-4.03] 0.9 [0.63-1.18] 0.071

Abbreviations: cm: centimeter; kPa: kilopascal.

ROC analysis was performed to evaluate the predictive performance of abscess wall
shear wave elastography (SWE) and abscess size for identifying patients requiring surgi-
cal intervention (Table 3). The optimal cut-off value was 2.04 kPa for abscess wall SWE
and 5.5 cm for abscess size. The area under the curve (AUC) was 0.721 (95% CI: 0.551-
0.892, p = 0.012) for abscess wall SWE and 0.905 (95% CI: 0.796-1.000, p <0.001) for abscess
size. Using these thresholds, abscess wall SWE demonstrated a sensitivity of 64.7% and
specificity of 70.6%, whereas abscess size showed a sensitivity of 88.2% and specificity of
76.5% for predicting the need for surgical intervention (Figure 1).

ROC Curve
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0.4 Abscess Size SWE
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Sensitivity

0.2

0.0 0.2 04 0.6 0.8 1.0
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Diagonal segments are produced by ties.

Figure 1. ROC curve.

Table 3. Predictive performance of shear wave elastography parameters for determining surgical

intervention in patients with TOA.

Variable Cut-Off Value AUC (95% CI) p-Value Sensitivity (%) Specificity (%)
Abscess wall SWE (kPa) 2.04 0.721 (0.551-0.892) 0.012 64.7 70.6
Abscess size (cm) 5.5 0.905 (0.796-1.000) 0.001 88.2 76.5

Abbreviations: TOA: tubo-ovarian abscess; SWE: shear wave elastography; AUC: area under the

curve; kPa: kilopascal.

A multivariable binary logistic regression analysis was subsequently performed to
identify independent predictors of surgical intervention (Table 4). Baseline CRP, abscess
size, and abscess wall SWE values were included in the model. Among these variables,
only abscess size remained independently associated with the need for surgical interven-
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tion (OR: 4.14, 95% CI: 1.50-11.39, p = 0.006). Neither baseline CRP (p = 0.332) nor abscess
wall SWE (p = 0.537) remained significant independent predictors after adjustment.

Table 4. Multivariable binary logistic regression analysis of predictors of surgical intervention in
patients with TOA.

Variable OR 95% CI p

Baseline CRP 0.995 0.984-1.006 0.332
Abscess size (cm) 4.135 1.502-11.386 0.006
Abscess wall SWE (kPa) 1.141 0.750-1.737 0.537

Abbreviations: OR, odds ratio; CI, confidence interval; CRP, C-reactive protein; SWE, shear wave

elastography.

4. Discussion

In recent years, there has been a shift away from aggressive surgical approaches in
the management of TOA, with an increasing preference for medical and minimally inva-
sive strategies, as highlighted in several publications [10-13]. The literature similarly em-
phasizes the high success rates of conservative methods such as ultrasound- or CT-guided
drainage and their ability to reduce unnecessary surgical interventions [10]. However,
there is still no standardized set of criteria to determine which patients require surgery.
Therefore, the need for new predictive markers remains. In our study, the median abscess
wall SWE value was significantly higher in the operated group (3.12 [1.26-6.49] kPa) com-
pared with the non-operated group (1.47 [0.86-3.15] kPa) (p = 0.027). The optimal cut-off
for abscess wall SWE was 2.04 kPa, with an area under the curve (AUC) of 0.721 (p < 0.012).
At this threshold, abscess wall SWE predicted the need for surgery with a sensitivity of
64.7% and specificity of 70.6%. However, multivariable binary logistic regression analysis
demonstrated that only abscess size remained independently associated with the need for
surgical intervention, whereas abscess wall SWE did not remain an independent predictor
after adjustment for baseline CRP and abscess size. These findings suggest that SWE
should be considered a complementary imaging biomarker rather than a stand-alone pre-
dictor of medical treatment failure.

Recent studies have emphasized the substantial potential of SWE in the diagnosis of
inflammatory diseases, given its ability to objectively quantify tissue stiffness. In acute
surgical conditions such as appendicitis, elevated elasticity modulus values obtained
through SWE have been shown to correlate with the presence of inflammation. Notably,
a threshold value of 12.5 kPa was reported to yield 100% specificity in SWE-based evalu-
ation of the appendix, demonstrating that this technique provides a reliable biomechani-
cal parameter for detecting inflammatory processes [14]. These findings are consistent
with the results of our study where increased abscess wall stiffness was associated with
the need for surgical intervention in the univariable analysis. Although this association
did not persist after adjustment for abscess size and baseline CRP, SWE may still provide
valuable complementary information regarding the severity of the inflammatory process.
Increased wall stiffness may reflect a more organized and treatment-resistant inflamma-
tory response, supporting the potential role of SWE as an adjunct to conventional clinical
and ultrasonographic assessment rather than as an independent predictor of treatment
failure. Increased wall stiffness appears to reflect a more severe and resistant inflamma-
tory process, thereby indicating a higher likelihood of requiring surgical intervention. Ac-
cordingly, it may be concluded that clinical decision-making should incorporate not only
morphological characteristics, but also biomechanical parameters that capture tissue stiff-
ness. SWE thus holds value as a complementary tool for assessing the severity of inflam-
mation and guiding the selection of appropriate treatment strategies.
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Destegiil et al. demonstrated that shear wave elastography could predict the depth
of myometrial invasion in endometrial cancer with good diagnostic performance, sup-
porting its potential as a non-invasive tool for preoperative assessment [15]. These find-
ings suggest that SWE may provide clinically relevant information beyond conventional
morphological imaging by reflecting underlying tissue characteristics. Nevertheless, fur-
ther studies are required to better define its role in clinical decision-making.

Sirinoglu et al. reported increased placental stiffness in patients with gestational dia-
betes mellitus, suggesting that SWE may serve as a non-invasive and quantitative imaging
tool for assessing tissue changes associated with inflammatory and fibrotic processes.
However, further studies are needed to validate its clinical utility [16].

SWE has also been increasingly applied in the evaluation of breast lesions. Although it
improves diagnostic performance when combined with conventional ultrasound, variability
between devices and tumor heterogeneity require elastography findings to be interpreted
alongside morphological imaging rather than as a stand-alone diagnostic tool [17].

Beyond breast imaging, SWE has been increasingly applied to the thyroid, liver, and
gastrointestinal system [18], and its utility in infectious conditions, particularly in distin-
guishing fibrotic from necrotic tissue within abscesses, has also been demonstrated. It
should be noted that the absolute SWE values observed in the present study were lower
than those reported for certain other inflammatory conditions, such as acute appendicitis.
This difference is not unexpected, as SWE measurements are influenced by tissue compo-
sition, anatomical location, lesion depth, and technical factors related to ultrasound acqui-
sition. Tubo-ovarian abscesses are complex lesions containing variable proportions of pu-
rulent fluid, necrotic material, inflammatory tissue, and surrounding adnexal structures,
all of which may affect tissue stiffness measurements. In addition, the deep pelvic location
of TOAs may reduce shear wave propagation and measurement stability compared with
more superficial organs. Therefore, absolute SWE values should not be directly compared
across different organs and disease entities but should instead be interpreted within the
specific clinical context of tubo-ovarian abscess. In our study, SWE values were found to
be more informative when interpreted in conjunction with clinical parameters such as ab-
scess diameter and length of hospitalization, suggesting that multifactorial assessment
enhances the ability to predict medical treatment success.

This study has several limitations. First, the relatively small sample size and single-
center design may have limited the statistical power and external validity of our findings.
In addition, the multivariable logistic regression analysis was based on only 17 surgical
events. Although the number of variables included in the model was intentionally re-
stricted to minimize the risk of overfitting, the limited number of events may still have
affected the stability of the regression estimates. Therefore, the multivariable findings
should be interpreted with caution. Thus, the results should be considered preliminary
and require confirmation in larger prospective multicenter studies. Second, SWE meas-
urements were performed using a standardized acquisition protocol by a single experi-
enced radiologist and, therefore, interobserver and intraobserver reproducibility were not
evaluated. Consequently, operator-related variability could not be assessed. Finally, alt-
hough the SWE examinations were performed before antibiotic therapy in the vast major-
ity of patients, a small number of participants had received up to two doses of intravenous
antibiotics prior to imaging. Early antibiotic treatment may have partially modified the
inflammatory process and tissue stiffness, thereby contributing to variability in elasto-
graphic measurements. Although this effect is likely to have been limited, it cannot be
excluded and should be considered when interpreting the findings. Future studies should
include reproducibility analyses and larger multicenter cohorts to further establish the
clinical utility of SWE in patients with TOA.
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5. Conclusions

In conclusion, increased abscess wall stiffness measured by shear wave elastography
was associated with a higher likelihood of surgical intervention in patients with tubo-
ovarian abscess. However, after adjustment for abscess size and baseline C-reactive pro-
tein, SWE was not an independent predictor of treatment failure. Therefore, SWE may
serve as a complementary imaging biomarker when interpreted together with established
clinical, laboratory, and conventional ultrasonographic findings, particularly abscess size,
rather than as a stand-alone predictor. The proposed SWE cut-off value of 2.04 kPa should
be considered exploratory and should not be used in routine clinical practice until vali-
dated in larger prospective multicenter studies and independent external cohorts.
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