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Abstract: Objective: To investigate the clinical efficacy and safety of levofloxacin (LEV) hydrochloride plus metronida-
zole (MNZ) in treating pelvic inflammatory disease (PID). Methods: This retrospective study included 80 PID patients
and grouped them based on their treatment regimens: a control group (n=40) treated with LEV hydrochloride injec-
tion and a research group (n=40) treated with MNZ plus LEV hydrochloride injection. Clinical efficacy, post-treatment
inflammatory indexes, hemorheology (high-/low-shear viscosity [HSV/LSV], plasma viscosity [PV]), symptom resolu-
tion time, disease recurrence, as well as pre- and post-treatment pelvic mass diameter, pelvic effusion depth, and
quality of life, were compared between the two groups. Adverse reactions during treatment and one-year recurrence
were also recorded. Results: Compared with the control group, the research group showed a significantly higher total
clinical effective rate and faster clinical symptom resolution (including lower abdominal pain, abnormal leucorrhea,
lumbosacral pain, urgent micturition, dysuria, and frequent micturition). Besides, the research group showed small-
er pelvic mass diameter and pelvic effusion depth, superior quality of life, lower serum inflammatory markers, and
reduced HSV, LSV, and PV levels. The one-year recurrence rate was also significantly lower in the research group.
Conclusions: LEV hydrochloride combined with MNZ is both effective and safe for the treatment of PID, demonstrat-
ing notable advantages in promoting inflammation resolution, improving hemorheological parameters, reducing

recurrence, and enhancing quality of life.
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Introduction

Pelvic inflammatory disease (PID) is a com-
mon gynecological reproductive tract infection
caused by the ascent of microorganisms from
the vagina or lining of the cervix to the endome-
trium and fallopian tubes [1]. PID is a general
term describing inflammation of the female
upper reproductive tract, covering salpingitis,
endometritis, oophoritis, tubo-ovarian abscess,
and pelvic peritonitis [2]. The disease is mainly
seen in young sexually mature women, with the
most common onset age being 20-35 years
old. An estimated 2.5 million American women
aged 18 to 44 have been diagnosed with PID
in their lifetime, and 1/8 women with a history
of PID experience complications during preg-
nancy [3]. PID is classified as either acute or
chronic, depending on its pathogenesis and
clinical manifestations. The symptoms of PID

may appear abruptly within a few days or slow-
ly over weeks to months. Long-term PID may
lead to tubal infertility, ectopic pregnancy, and
chronic pelvic pain [4]. Recent evidence has
strongly associated PID with the occurrence of
ovarian tumors, and that recurrent episodes of
chronic PID not only affect women’s reproduc-
tive health but also increase family and socio-
economic burdens [5]. The cost of treatment
was previously estimated at US$ 1,995 per
patient, excluding the cost of future evaluations
and treatment of complications [6]. Antibiotics
form the cornerstone of PID treatment. Empiric
broad-spectrum therapy covering a wide range
of pathogens is essential for treatment; howev-
er, the optimal regimen has not yet been deter-
mined. Currently, single antibiotic use for PID is
prone to drug resistance, which reduces treat-
ment efficacy. Therefore, PID is mostly treated
with a combination of drugs.
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This study investigated the clinical efficacy of
levofloxacin (LEV) hydrochloride combined with
antibiotics for PID, hoping to find a more effec-
tive medication scheme for the disease and
provide a reference for the clinical treatment of
PID. Meanwhile, this study offers several inno-
vative aspects. First and foremost, it utilizes
retrospective real-world data to provide a com-
prehensive analysis of the efficacy and safety
of the LEV-metronidazole (MNZ) combination
regimen in PID-affected individuals. Beyond
verifying that the combined treatment brings
about a far more notable down-regulation in
inflammatory biomarkers [C-reactive protein
(CRP), tumor necrosis factor-o« (TNF-&), and
interleukin-6 (IL-6)], this research also illustrat-
ed the therapy’s value in shrinking pelvic mass-
es, reducing fluid accumulation depth, easing
patients’ symptoms, and lowering the one-year
recurrence likelihood. Another standout fea-
ture is the innovative inclusion of quality-of-life
assessments as a metric for measuring effica-
cy. By utilizing multi-dimensional efficacy end-
points, the research successfully validates the
benefits of this regimen in actual clinical sce-
narios. It is necessary to emphasize that this
study has several innovative aspects. First,
through a rigorous control design, it verified the
significant efficacy of LEV plus MNZ compared
to LEV alone in PID treatment. Second, from
multiple dimensions such as inflammatory indi-
cators, hemorheological indicators, time to
symptom resolution, diameter of pelvic mass-
es, depth of pelvic effusion, quality of life, and
adverse reactions, the clinical effects of LEV +
MNZ in treating PID were systematically evalu-
ated. Finally, through follow-up analysis, it was
determined that the combined therapy can pre-
vent 1-year recurrence and can provide patients
with better therapy that balances efficacy, safe-
ty, and better clinical outcomes.

Patients and methods
Research participants

A retrospective analysis was performed on 80
patients with PID admitted to The First Affiliated
Hospital of Xi'an Medical University from July
2020 to July 2022. The patients were divided
into a control group (n=40) and a research
group (n=40) according to the treatment proto-
col. This retrospective study was approved by
the Ethics Committee of the First Affiliated
Hospital of Xi'an Medical University.

10018

Inclusion criteria: age between 18 and 50; diag-
nosis of PID according to the 2017 European
Guideline for the Management of PID [7]; con-
firmed by routine gynecological examinations
such as B-ultrasound, color Doppler ultra-
sound, diagnostic laparoscopy, and vaginal dis-
charge examination; complete clinical data; a
history of sexual life; no use of anti-infective
drugs in the past 3 months; without surgical
indication. Exclusion criteria: concomitant he-
art, liver, kidney, or other vital organ dysfunc-
tion; other infectious diseases; allergies to
study medication; irregular vaginal bleeding;
communication difficulties; or pregnancy or
lactation.

Treatment

Control group: Patients were instructed to rest
in bed and follow a high-protein diet. They were
advised to avoid spicy food and other irritants
such as smoking and alcohol to prevent the
aggravation of inflammation. Besides, moder-
ate daily physical activity was encouraged to
improve immune and defense capabilities.
Patients were given LEV hydrochloride injection
(Fuan Pharmaceutical (Group) Ningbo Team
Pharm Co., Ltd., State Drug Approval Document
Number: H20060509) via intravenous drip at a
dose of 0.4 g/time, once a day, for 2 weeks.

Research group: On the basis of the above
treatment, MNZ injection (Jiangsu Huayang
Pharmaceutical Co., Ltd., State Drug Approval
Document Number: H32024431) was further
administered intravenously at a dose 0.5 g/
time, once a day, for 2 weeks.

Outcome measures

The overall efficacy of the two groups was com-
pared. Marked effectiveness: clinical symp-
toms were completely resolved after treatment,
with imaging revealing basically normal uterine
appendages; Effectiveness: clinical symptoms
improved after treatment, and imaging indicat-
ed persistent uterine hypertrophy compared
with normal uterus, with the dark liquid area in
the abdominal cavity decreased by more than
65%; Ineffectiveness: no improvement in symp-
toms nor reduction in uterine hypertrophy or
inflammatory masses. Overall clinical effective
rate = (marked effectiveness + effectiveness)
cases/total cases x100%.

The time to resolution of various symptoms,
including lower abdominal pain, abnormal leu-
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corrhea, lumbosacral pain, urinary urgency,
dysuria, and frequent urination, were compared
between the two groups. Before and after treat-
ment, the pelvic effusion depth and mass
diameter were detected by B-ultrasound and
MRI, respectively.

The occurrence of adverse reactions during
the treatment was recorded, mainly including
abnormal liver function, nausea and vomiting,
abdominal pain, and dizziness and headache.

Enzyme-linked immunosorbent assays (ELISAS)
were performed to determine serum CRP, TNF-
o, and IL-6 levels. All the ELISA kits were ob-
tained from Shanghai Cellsolution Biotech Co.,
Ltd. (EKH159-P, EKH218-P, EKH207-P) and the
operation followed the instructions.

Patient hemorheological parameters, such as
high-/low-shear viscosity (HSV/LSV) and plas-
ma viscosity (PV), were assessed on a fully
automated blood rheology analyzer.

Pre- and post-treatment (4 weeks after treat-
ment) quality of life was assessed using the
Short-Form 36 Item Health Survey (SF-36), cov-
ering dimensions of general health (GH), role
physical (RP), mental health (MH), and bodily
pain (BP), each with the highest score of 100.
Higher score indicates better quality of life.

Patients were followed up every six months
over the one-year follow-up period, and a Do-
ppler ultrasound was performed at each follow-
up visit to observe recurrence.

Statistical processing

Sample size estimation was made using PASS
15.0, based on overall efficacy and the formula
for comparing two independent proportions.
The final calculated effect size (Cohen’s h) was
0.52, indicating a moderate effect. With a two-
sided significance level of a=0.05 and test
power (1-B) at 80%, the minimum required sam-
ple size for each group was calculated to be 39
cases. The actual sample size of 40 cases per
group met the minimum sample size require-
ment. The specific calculation formula was n =
[Z_(1-0/2) *N(2 * P * (1-P)) + Z_(1-B) * V(P (1-P,)
+P,(-P)%(P,-P,)? where P= (P, +P,))/2,and
Z_(1-a/2) and Z_(1-B) are the quantiles of the
standard normal distribution.

GraphPad Prism 6 was used for data analysis
and graphing. Count data were expression as n
(%) and compared using the chi-square test.
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Measurement data were subjected to Bartlett’'s
test for variance homogeneity and Kolmogorov-
Smirnov test for normality. Data adhering to
a normal distribution are presented in the form
of the mean % standard deviation (SD); inde-
pendent t-tests were used for comparisons
between two groups and paired t-tests for com-
parisons before and after treatment within the
group. For non-normally distributed measure-
ment data, the median (interquartile range)
[M(Q1, Q3)] was used for statistical description,
and the Mann-Whitney U test was employed to
evaluate between-group differences. A p-value
<0.05 was considered statistically significant.

Results

Comparison of general data between the two
groups

No statistical differences were observed be-
tween the two groups in terms of age, body
mass index (BMI), dietary status, working sta-
tus, education level, marital status, childbear-
ing history, or disease type (all P>0.05; Table
1).

Comparison of clinical efficacy between the
two groups

As shown in Table 2, the research group dem-
onstrated a significantly higher overall clinical
effective rate than the control group (95.00%
vs. 77.50; P=0.023).

Comparison of time to clinical symptom resolu-
tion between the two groups

As shown in Table 3, the research group dem-
onstrated significantly shorter times to clinical
symptom resolution, including lower abdominal
pain, abnormal leucorrhea, lumbosacral pain,
urgent micturition, dysuria, and frequent mi-
cturition, compared to the control group (all
P<0.05).

Comparison of mass diameter and pelvic effu-
sion depth between the two groups

As shown in Figure 1, there were no significant
differences in pre-treatment mass diameter or
pelvic effusion depth between the two groups
(P>0.05). However, both groups showed reduc-
tions in the mass diameter and pelvic effusion
depth after treatment (P<0.05), with more sig-
nificant reductions observed in the research
group (P<0.05).
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Table 1. Comparison of baseline characteristics between the two groups ([n (%)], X + sd)

Groups Control group (n=40) Research group (n=40) Z/x?/t P
Age (years old) 32.00 (25.25, 40.75) 33.00 (27.00, 42.75) -0.501 0.616
Body mass index (kg/m?) 23.85+2.11 23.80+2.10 0.106 0.916
Dietary status 0.853 0.356
Regular 17 (42.50) 13 (32.50)
Irregular 23 (57.50) 27 (67.50)
Working status 0.621 0.431
Unemployed 32 (80.00) 29 (72.50)
Employed 8 (20.00) 11 (27.50)
Educational level 2.257 0.133
< high school 26 (65.00) 32 (80.00)
> high school 14 (35.00) 8 (20.00)
Marital status 0.952 0.329
Married 26 (65.00) 30 (75.00)
Single 14 (35.00) 10 (25.00)
Childbearing history 1.257 0.262
With 19 (47.50) 24 (60.00)
Without 21 (52.50) 16 (40.00)
Disease type 0.912 0.340
Acute 15 (37.50) 11 (27.50)
Chronic 25 (62.50) 29 (72.50)

Table 2. Comparison of clinical efficacy between the two groups [n (%)]

Groups Markedly effective Effective Ineffective Total effective rate
Control group (n=40) 10 (25.00) 21 (52.50) 9 (22.50) 31 (77.50)
Research group (n=40) 22 (55.00) 16 (40.00) 2 (5.00) 38 (95.00)

X2 7.500 1.257 5.165 5.165

P 0.006 0.262 0.023 0.023

Table 3. Comparison of clinical symptom resolution time between the two groups (x £ sd, days)

Urgent micturition,

Groups Lower abdominal pain Abnormal leucorrhea Lumbosacral pain dysuria, and frequent
micturition

Control group (n=40) 9.60+2.01 9.10+2.37 9.65+2.36 6.33+2.54

Research group (n=40) 6.03+1.94 6.90+2.21 6.43+1.99 4.38+1.55

t 8.083 4.294 6.597 4.145

P <0.001 <0.001 <0.001 <0.001

Comparison of the incidence of adverse reac-
tions between the two groups

As shown in Table 4, the two groups didn’t dif-
fer significantly in adverse reactions such as
abnormal liver function, nausea and vomiting,
abdominal pain, or dizziness, yielding compa-
rable overall incidence of adverse reactions
(12.50% vs. 22.50%; P>0.05).
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Comparison of inflammatory factor levels be-
tween the two groups

The two groups exhibited comparable inflam-
matory factor levels in CRP, IL-6, and TNF-a
(P>0.05) before treatment. After treatment,
both groups showed notable reductions in
these markers (P<0.05), with the research
group showing significantly greater reductions
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[ Control group

Discussion

PID has become a common
health issue among women of
childbearing age in both devel-
oped and developing countries

* [8]. Research has indicated

that approximately 25% of PID
patients experience long-term
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Figure 1. Comparison of mass diameter (A) and pelvic effusion depth (B)
between the two groups before and after treatment. Note: *P<0.05 com-
pared with the pre-treatment level in the same group; *P<0.05 compared

with the control group during the same period.

compared with the control group (P<0.05,
Figure 2).

Comparison of hemorheological parameters
between the two groups

The hemorheological parameters, including
HSV, LSV, and PV were similar between the
groups at baseline (P>0.05), but decreased
notably in both groups after treatment (P<0.05).
Notably, the research group demonstrated sig-
nificantly greater reductions compared with the
control group (P<0.05), as detailed in Table 5.

Comparison of quality of life between the two
groups

As shown in Figure 3, there were no significant
differences in quality-of-life scores (determined
using SF-36 scale, including the domains of
GH, RP, MH, and BP) between the two groups
before treatment (P>0.05). After treatment,
these scores elevated statistically (P<0.05),
with notably higher scores in the research gr-
oup compared with the control group (P<0.05).

Comparison of the recurrence rate between
the two groups

The 6-month and 1-year recurrence rates of the
two groups were compared, and the results
showed similar recurrence rates between the
two groups at the 6-month follow-up (15.00%
vs. 5.00%; P>0.05); however, at the one-year
follow-up, the recurrence rate was significantly
lower in the research group compared with the
other group (30.00% vs. 10.00%; P=0.025), as
shown in Table 6.
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Afterl sequelae, including adnexitis,
menstrual disorders, infertility,
ectopic pregnancy, and chronic
pelvic pain [9]. PID is caused
by a variety of microorganisms,
with Chlamydia trachomatis,
Neisseria gonorrhoeae, Myco-
plasma genitalium, as well as some Gram-
negative and -positive bacteria being the com-
mon pathogens [10]. Antibiotics remain the cor-
nerstone of current treatments, but single
antibiotic therapy can easily lead to the devel-
opment of pathogen resistance, resulting in
unsatisfactory long-term efficacy [11]. Some
antibiotic regimens recommended in 1970s
and 1980s, such as clindamycin, cefoxitin,
cefotetan, and fluoroquinolones, are no longer
suitable for empiric treatment of PID [12].

LEV is a third-generation quinolone antibacte-
rial drug with potent and broad-spectrum anti-
microbial activity, which can inhibit bacterial
DNA gyrase and bacterial topoisomerase I,
thus blocking DNA replication and exerting anti-
bacterial effects [13]. Meanwhile, LEV is the
levorotatory form of ofloxacin, which avoids the
side effects produced by the dextrorotatory
form of ofloxacin and enhances the antiba-
cterial effect. MNZ is an anti-anaerobic drug
belonging to the nitroimidazole class, which
can effectively defend a variety of anaerobic
bacteria. In an oxygen-free environment, it is
reduced to amino derivatives that interfere with
the synthesis of bacterial DNA, thus preventing
bacterial reproduction and achieving antibacte-
rial effects [14].

The results of this study showed that compared
with the control group, the research group had
higher overall clinical efficacy, faster clinical
symptom resolution, smaller mass diameters,
less pelvic effusion depth, a lower one-year
recurrence rate, and higher quality of life; more-
over, there was no significant inter-group differ-
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Table 4. Comparison of incidence of adverse reactions between the two groups [n (%)]

Abnormal

Dizziness

Groups liver function and vomiting Abdominal pain and headache Total
Control group (n=40) 0 (0.00) 2 (5.00) 1(2.50) 2 (5.00) 5 (12.50)
Research group (n=40) 1(2.50) 2 (5.00) 3 (7.50) 3(7.50) 9 (22.50)
X2 1.013 1.053 0.213 1.385
P 0.314 0.305 0.644 0.239
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Figure 2. Comparison of serum inflammatory factors between the two groups before and after treatment. A: C-
reactive protein (CRP); B: linterleukin-6 (IL-6); C: Tumor necrosis factor-a (TNF-a). Note: *P<0.05 compared with the
pre-treatment level in the same group; *P<0.05 compared with the control group during the same period.

Table 5. Comparison of hemorheological parameters between the two groups [n (%)]

Groups Control group (n=40) Research group (n=40) t P
HSV (mPa-s)
Before treatment 13.25+4.14 14.03+£3.63 0.896 0.373
After treatment 5.97+1.19* 5.33+£1.25%* 2.345 0.022
LSV (mPa-s)
Before treatment 15.35+3.72 16.32+3.03 1.279 0.205
After treatment 9.70+1.87* 7.651£1.48** 5.437 <0.001
PV (mPas)
Before treatment 6.97+£2.02 7.35%£1.83 0.882 0.381
After treatment 5.12+1.86* 3.55+1.11** 4.584 <0.001

Note: HSV/LSV, high-/low-shear viscosity; PV, plasma viscosity; *P<0.05, **P<0.01 compared with baseline within each group.

ence in the incidence of adverse reactions.
Although the overall incidence of adverse reac-
tions (abnormal liver function, nausea and vom-
iting, abdominal pain, and dizziness and head-
ache) was higher numerically in the research
group, most of the reported events were mild to
moderate in severity and did not result in treat-
ment disruption or special medical interven-
tion. This suggests that the LEV + MNZ is both
effective and safe for PID management, with
treatment-emergent adverse events not signifi-
cantly compromising treatment adherence and
overall patient benefit. The reason is that MNZ
and LEV exert antibacterial effects through dif-
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ferent mechanisms, enabling them to simulta-
neously exert their respective antibacterial
effects. Although LEV has broad-spectrum anti-
bacterial activities, its effect on anaerobic bac-
teria is poor, while MNZ happens to be effective
against a variety of anaerobic bacteria. The
combination of the two broadens pathogen cov-
erage, thereby increasing the efficacy of treat-
ment. On the other hand, both LEV and MNZ
are primarily metabolized by the liver. Their
combination may, to some extent, increase the
metabolic burden on the liver. Meanwhile, both
agents can cause gastrointestinal discomfort
(e.g., nausea, vomiting, abdominal pain) and
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Figure 3. Comparison of quality-of-life scores between the two groups before and after treatment. A: General health
(GH) scores; B: Role-physical (RP) scores; C: Mental health (MH) scores; D: Bodily pain (BP) scores. Note: *P<0.05
compared with the pre-treatment level in the same group; *P<0.05 compared with the control group during the

same period.

Table 6. Comparison of recurrence rate between the two groups

of leukocytes and enhance

[N (%)] the production of chemokines,

Groups At 6-month follow-up At one-year follow-up lk?;n(::t% [;[g'etth: It(r:fr;w:zenctelcl);
ietic i u

Control group (n=40) 6 (15.00) 12 (30.00) and stimulating the prolifera-

Research group (n=40) 2 (5.00) 4 (10.00) tion and activation of leuko-

X 2.222 5.00 cytes, further exacerbating the

P 0.136 0.025 inflammatory reaction [24] and

central nervous system reactions (dizziness,
headache, etc.), thereby exerting cumulative
toxic effects on the patient’s gastrointestinal
and nervous systems. Therefore, the combined
medication showed a higher overall incidence
of adverse reactions numerically [15-18]. The
enhanced quality of life in patients in the
research group can be attributed to optimized
therapeutic effect and improved clinical symp-
tom alleviation on the premise of not increasing
adverse reactions, thereby maximizing patients’
quality of life. Mikamo H et al. [19] reported
that MNZ showed excellent efficacy and good
tolerance in patients with infectious peritonitis,
abdominal abscesses, and PID, similar to our
results.

PID is an inflammatory disease caused by acute
inflammatory processes in the pelvic cavity and
surrounding tissues [20]. When pathogens
invade the pelvic organs, the host immune sys-
tem activates defensive responses aimed at
eliminating these foreign invaders. During this
process, the immune system releases a variety
of cytokines and chemokines that recruit
immune cells to the infection site and trigger
inflammatory reactions [21]. CRP, IL-13, and
IL-6 are three key proinflammatory cytokines,
with elevated levels in the upper reproductive
tract during pathogen infection [22, 23]. At the
inflammatory site, these proinflammatory cyto-
kines stimulate the proliferation and activation
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increasing the risk of tissue

damage and structural diseas-
es in the upper reproductive tract. Therefore,
reducing pro-inflammatory mediators is a ther-
apeutic strategy for PID. The results of this
study showed that CRP, IL-6, and TNF-«a levels
were markedly reduced in both groups after
treatment, with even lower levels in the
research group, suggesting that LEV + MNZ is
effective in alleviating inflammation in PID.
Previous study indicates that MNZ intervention
for acute PID effectively reduces the risk of
infections caused by Atopobium, anaerobic
Gram-negative bacilli, or anaerobic Gram-
positive cocci, and decreases the possibility of
Gardnerella and aspergillosis development in
the endometrium [1]. Further evidence sug-
gests that LEV + MNZ for simple PID can eradi-
cate multiple pathogens (e.g., Escherichia coli,
anaerobic bacteria, Chlamydia trachomatis,
Mycobacterium hominis, Ureaplasma urealyti-
cum) [25]. These findings partially explain the
anti-inflammatory benefits of the combined
regimen in this study, attributing it to the syner-
gistic antibacterial effect. Hemorheology can
also serve as an indirect indicator of inflam-
matory response in PID [26]. In this study, LEV
+ MNZ exerted notable effects on hemorheol-
ogy, suggesting that the therapy mitigates
inflammatory responses at both systemic and
local levels, ultimately improving pelvic micro-
circulation and promoting inflammation clear-
ance. The treatment of chronic PID with MNZ +

Am J Transl Res 2025;17(12):10017-10025
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ceftriaxone sodium + Fukejing capsules has
been shown to significantly reduce hemorheo-
logical indicators (HSV/LSV, PV), thereby effec-
tively lowering blood viscosity [27], consistent
with our observations.

This study still has several shortcomings. First,
the optimal dosage of LEV plus MNZ in the
treatment of PID has not been investigated.
Second, the follow-up duration of this study
was only one year, making it impossible to eval-
uate the long-term reproductive-related out-
comes, such as recurrence, infertility, and ecto-
pic pregnancy. Third, the subjects of this study
are young and middle-aged women, so our
results may not be applicable to other patient
populations. Finally, the small sample size of
only 80 cases may affect the accuracy of the
research results. Future studies should con-
duct large-scale research to further verify these
findings.

Conclusion

The combined use of MNZ and LEV for PID man-
agement enhances therapeutic outcomes by
mitigating inflammation, normalizing hemorhe-
ological parameters, and accelerating symp-
tom resolution. Moreover, it is associated with
a reduced recurrence risk and an enhanced
quality of life, while exhibiting a high safety pro-
file, supporting its potential for broader clinical
application.
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