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Efficacy of recombinant bovine basic
fibroblast growth factor to reduce
hemorrhage after cervical loop electrosurgical
excision procedure
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Abstract

Objective It has been reported that recombinant bovine basic fibroblast growth factor (roFGF) may possess possible
biological functions in promoting the process of wound healing. Consequently, our study aimed to investigate the
hemostatic effect of topically applied rbFGF in patients who underwent a loop electrosurgical excision procedure
(LEEP).

Methods In this retrospective analysis, we meticulously examined clinicopathologic data from a cohort of 90
patients who underwent LEEP at our institution between 2020 and 2021. Subsequently, we conducted inquiries with
the patients to ascertain the degree of vaginal bleeding experienced during the postoperative periods of 3 and 6
weeks, comparing it to their preoperative menstrual flow. The magnitude of the menstrual volume alteration was
then quantified using a menstrual volume multiplier(MVM). The primary endpoints of our investigation were to assess
the hemostatic effect of rbFGF by means of evaluating the MVM. Additionally, the secondary endpoints encompassed
the assessment of treatment-related side effects of such as infection and dysmenorrhea.

Results Our findings demonstrated a significant reduction in hemorrhage following cervical LEEP. Specifically, in the
per-protocol analysis, the study group exhibited a statistically significantly decrease in MVM after 3 weeks (0 [0-0] vs.

1 [0-1], respectively; p <0.001) and after 6 weeks (1 [1]vs. 2 [1-3], respectively; p <0.001) of the procedure. No notable
disparities were observed in the remaining outcomes between the two groups. Moreover, a logistic regression
analysis was employed to explore the relationship between significant bleeding and rbFGF treatment (p <0.001, OR =
-2.47,95% Cl-4.07 ~-1.21), while controlling for confounding factors such as age, BMI, and surgical specimen.

Conclusions In conclusion, our study findings highlight that the application of recombinant bovine basic fibroblast
growth factorcan effectively mitigate hemorrhage subsequent to cervical loop electrosurgical excision procedure.
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Introduction

Cervical intraepithelial neoplasia (CIN) represents a pre-
malignant lesion diagnosed through histological exami-
nation. Treatment options for CIN include cryotherapy,
loop electrosurgical excision procedure (LEEP), and
cold knife conization (CKC) [1]. Since 1989, LEEP has
emerged as a frequently employed management modal-
ity for women with cervical intraepithelial neoplasia [2].
When compared with other types of conization therapy,
LEEP offers the advantages of cost-effectiveness, expe-
ditiousness, simplicity, and the procurement of high-
quality specimens [3, 4]. Additionally, LEEP is associated
with 1 ower recurrence rates of CIN 2-3 and reduced
incidences of both major and minor complications [5]. Y
Hurtado-Roca, et al. conducted a comprehensive review
of 72 studies spanning the period from January 1993 to
September 2018 (covering the past 25 years), conclud-
ing that the utilization of LEEP for managing premalig-
nant lesions significantly reduces the risk of infections
(p<0.001) [6]. However, the review also highlights that
LEEP is linked to an increased risk of minor bleeding [6].
In clinical practice, we have observed that delayed hem-
orrhage following LEEP engenders patiens anxiety and
disrupts daily activities.

Several studies have investigated interventions aimed
at mitigating blood loss during the treatment of cervical
intraepithelial neoplasia, with a primary focus on knife
and laser cone biopsy. These investigations have revealed
that vasopressin, tranexamic acid, hemostatic sutures,
Amino-Cerv, Monsel’s solution, Tissucol-R [7] exhibit
certain degrees of efficacy in reducing vaginal bleeding
[8]. Nonetheless, only a limited number of studieshave
specifically addressed the prevention of postoperative
hemorrhage after LEEP, demonstrating that Tacho-
sil (Nycomed, Zurich, Switzerland) [9, 10] and chitosan
tampon (Hemoblock-Tampon; Incore, Daegu, Korea)
[11] effectively mitigate delayed vaginal bleeding.

Fibroblast growth factor is a class of significant growth
factors involved in the wound repair process in organ-
isms [12]. Topical application of recombinant bovine
basic fibroblast growth factor (rbFGF) has gained wide-
spread use in the management of burns, fresh wounds,
and chronic wounds [12]. We posit that the topical appli-
cation of rbFGF on cervical wounds facilitates wound
repair and prevents delayed vaginal bleeding. However,
to our knowledge, no studies have addressed this issue.
Therefore, we conducted a retrospective study to eluci-
date the efficacy of rbFGF in reducing hemorrhage sub-
sequent to LEEP.

Materials and methods

RbFGF gel

The API of Beifuxin Gel (Zhuhai Essex Bio-Pharmaceuti-
cal Co., Ltd., Zhuhai, China) is recombinant bovine basic
fibroblast growth factor (rbFGF), which can stimulate
the repair and regeneration of tissues and cells derived
from the mesoderm and ectoderm (such as epithelial
cells, dermal cells, fibroblasts, vascular endothelial cells,
osteoblasts, nerve cells, etc.). The specific combination
of rbFGF with the wounded target cell surface can trig-
ger the cells to repair actively and stimulate cell division,
proliferation, migration, and differentiation, accelerating
wound healing and improving the healing quality.

Design of the study

This study retrospectively collected information from 90
patients who underwent loop electrosurgical excision
procedure (LEEP) for cervical conization at our medical
institution between 2020 and 2021. The inclusion crite-
ria consisted of patients who met all the indications for
cervical conization and underwent LEEP surgery at our
institution. Additionally, these patients had follow-up
data available at 3 and 6 weeks postoperatively, and were
premenopausal. The exclusion criteria included patients
with comorbidities such as coagulation disorders,
patients with a history of medication usage that could
impact bleeding or other long-term medications, and
other factors that could potentially affect data collection.

All patients underwent LEEP surgery using an electro-
surgical knife for the procedure and achieved hemostasis
through electrocoagulation. Vaginal packing was subse-
quently applied.

In the experimental group, a subset of patients received
local application of recombinant human basic fibroblast
growth factor (rbFGF) on the cervix after the use of the
electrosurgical knife and before the placement of vaginal
packing (Fig. 1).

Postoperative follow-up involved telephone interviews
conducted at 3 and 6 weeks after surgery. Nurses inquired
about postoperative bleeding, infection, and other rel-
evant conditions to assess the need for further inter-
vention. When assessing postoperative bleeding, nurses
asked patients about the volume of bleeding in relation to
their normal menstrual flow before the procedure. This
assessment involved calculating a value called menstrual
volume multiple (MVM), which represents the ratio of
postoperative vaginal bleeding volume to the patient’s
normal menstrual flow. An MVM of 1 indicated that the
postoperative vaginal bleeding volume was equivalent to
the patient’s normal menstrual flow, while an MVM of 2
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Fig. 1 LEEP procedure and rbFGF gel application

indicated that the postoperative vaginal bleeding volume
was twice that of the patient’s normal menstrual flow. The
MVM provided a straightforward and intuitive approach
to quantifying postoperative vaginal bleeding, facilitating
timely intervention when necessary.

Statistical analysis

The statistical analyses entailed utilization of the Mann-
Whitney U test to compare continuous variables that did
not satisfy the Shapiro-Wilk normality test. For categori-
cal data, the chi-square test or Fisher’s exact test (in cases
of small counts) was employed to compare frequencies.
To assess significant hemorrhage at the 6-week mark, a
logistic regression model was employed, and the result-
ing estimated odds ratios (ORs) with corresponding 95%
confidence intervals (95% Cls) were reported. All p val-
ues are 2-tailed and a p value<0.05 denoted statistical

significance. The statistical analyses were performed
using the R software (version 4.2.0) and GraphPad Prism
7 software (version 7.0).

Results

Ninety female participants were enrolled in this study,
with a mean age of 37 years (range 21-49 years). All
participants were premenopausal. Table 1 displays
the patients’ characteristics and pathological features
for both study groups. No significant differences were
observed between the two groups in terms of- age, BMI,
parity and histopathology. The patient population exhib-
ited a well-balanced distribution.

We did the LEEP procedure between two groups of
patients. And both of them share nearly the same sur-
gery characteristics, including operative time, intraop-
erative blood loss, diameter and depth of cervical cone
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Table 1 Baseline characteristics of study participants

LEEP LEEP with rbFGF
Variables control(n=43) treatment(n=47) p-value
Age(years) 37.0(32.0-40.0) 38.0(31.0-44.0) 0.5576
BMI(kg/m 2) 21.4(20.5-24.2) 21.8(20.7-23.0) 05771
Parity 1(1-1) 1(1-1) 0.9354
Histopathology
<LSIL 17(39.5) 16(34.0) 0.7481
>HSIL 26(60.5) 31(66.0)

LEEP, loop electrosurgical excision procedure
LSIL, low-grade squamous intraepithelial neoplasia
HSIL, high-grade squamous intraepithelial neoplasia

Data are presented as number (percentage) or median (interquartile range)

Table 2 The LEEP procedure between two group

LEEP LEEP with rbFGF
Variables control(n=43) treatment(n=47) p-value
Operative time(min)  20.0(16.0-30.0)  22.0(12.0-30.0) 0.7477
Intraoperative blood loss
sponge weight(g) 10.0(10.0-20.0) 10.0(5.0-25.0) 0.9438
Surgical specimen
Diameter(cm) 3.5(3.0-3.8) 3.5(2.0-3.5) 0.5555
Depth(cm) 1.5(1.25-1.5) 1.5(1.0-1.5) 0.7999
Transformation
zone visible 38(88.4) 40(85.1) 0.8848
Positive margin 2(4.7) 1(2.1) 0.6043

LEEP, loop electrosurgical excision procedure

Data are presented as number (percentage) or median (interquartile range)

Table 3 Outcome results of the study group

LEEP LEEP with rbFGF
Variables control(n=43) treatment(n=47) p-value
Dysmenorrhea 8(18.6) 8(17.0) 1
Postoperative infection  1(2.3) 0(0.0) 04778
Postoperative hemorrhage
at 3 weeks 1(0-1) 0(0-0) <0.001
at 6 weeks 2(1-3) 1(1-1) <0.001
Significant bleeding 18(41.9) 3(64) <0.001

LEEP, loop electrosurgical excision procedure

Data are presented as number (percentage) or median (interquartile range)

specimens, the percentage of transformation zone visible,
and positive margin (Table 2).

Table 3 presents the outcome results of the study,
including the potential side effects of the rbFGF treat-
ment, namely dysmenorrhea (8 cases [18.6%] in the LEEP
control group vs. 8 cases [17.0%] in the LEEP with rbFGF
treatment group; p=1) and postoperative infection (1
case [2.3%] in the LEEP control group vs. 0 cases [0.0%]
in the LEEP with rbFGF treatment group; p=0.478). the
primary outcomes, postoperative hemorrhage, were also
examined. theThe study group (using rbFGF after LEEP)
exhibited a significant reduction in postoperative hemor-
rhage in 3 weeks (1 case [0—1] in the LEEP control group
vs. 0 cases [0-0] in the LEEP with rbFGF treatment
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group; p<0.01) (Fig. 2). Similarly, postoperative hemor-
rhage at 6 weeks decreased in patients receiving rbFGF
treatment (2 cases [1-3] in the LEEP control group
vs. 1 case [1] in the LEEP with rbFGF treatment group;
p<0.01) (Fig. 2). Patients were further stratified based
on their reported MVM (menstrual volume multiplier)
at 6 weeks, with MVM values greater than 2 indicating
significant bleeding after surgery. The case group exhib-
ited a substantially lower rate of patients with significant
bleeding ((18 cases [41.9%] in the LEEP control group vs.
3 cases [6.4%] in the LEEP with rbFGF treatment group;
p<0.01)

In the multivariate analysis, with significant bleeding as
the dependent variables, the allocation to the study group
was found to have a significant influence (p<0.001, OR =
-2.47, 95% CI -4.07 ~-1.21) on postoperative hemorrhage,
while age, BMI, and surgical specimen did not indepen-
dently impact the occurrence of postoperative hemor-
rhage (Fig. 3).

Multiple logistic regression analyses with postopera-
tive hemorrhage, stratified through whether significant
bleeding in 6 weeks after the LEEP procedure, as depen-
dent variables and study group (use of rbFGF), age, body
mass index, surgical specimen (cone diameter and cone
depth) as independent variables.

Discussion

The use of LEEP is considered the optimal choice com-
pared to other alternatives in terms of recurrence and
postoperative infection [1]. However, postoperative
hemorrhage remains a significant concern for physicians
in outpatient settings. Therefore, reducing the delayed
vaginal bleeding after LEEP has become a focus of clini-
cal attention. In this study, we investigated the efficacy of
rbFGF in addressing this issue.

While several studies have reported the risk of minor
bleeding after LEED, objective quantification of this bleed-
ing remains lacking. We study the assessment of vaginal
blood loss including the alkaline haematin method, the
Pictorial Blood Loss Assessment Chart (PBAC), the men-
strual diary, and the laboratory data method [13-16]. We
propose the use of MVM (measured through menstrual
blood loss) as a quantifiable measure for delayed vaginal
bleeding. Clinically, we found this method to be easy to
implement and the analysis to be objective.

The study by Fu X, et al.,, published in The Lancet in
1998, revealed the role of rbFGF in reducing healing
time and improving healing quality [17]. Subsequently,
several clinical studies conducted in China by scientists
explored the effects of rbFGF on wound healing [18, 19].
In 2000, the Chinese Food and Drug Administration
approved recombinant human basic fibroblast growth
factor for the treatment of chronic wounds, including
chronic granulating wounds, ulcers, bedsores, traumatic
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Fig. 3 Multivariate analysis: influence of significant variables on postoperative hemorrhage

and surgical wounds, and burn wounds, without appar-
ent adverse effects [20].

Our results findings demonstrate that Rb-FGF effec-
tively reduces postoperative bleeding without significant
complications. We postulated that rbFGF may exert its
effects by promoting wound healing. Wound healing is a
complex and dynamic process involving various mecha-
nisms, such as coagulation, inflammation, cellular pro-
liferation, neovascularization, and extracellular matrix
remodeling. However, the precise mechanisms underly-
ing the enhanced wound healing and improved healing
quality facilitated by exogenous fibroblast growth factors
remain unclear [17]. Recent studies have suggested that
FGF promotes cell proliferation, reduces inflammatory
responses [21, 22], and facilitates angiogenesis [21, 23],
among other mechanisms, offering potential insights.

Fibroblast growth factors hold promise in promot-
ing optimal cervical healing postoperatively, thereby

reducing delayed vaginal bleeding. Systematic analy-
ses have indicated that surgical treatment of cervical
intraepithelial neoplasia (CIN) may have adverse effects
on obstetric outcomes, including an increased risk of
preterm birth, low birth weight, and preterm premature
rupture of membranes before 37 weeks [24]. By improv-
ing the quality of cervical healing, the use of rbFGF may
positively impact the obstetric outcomes of patients
undergoing cervical conization.

Recurrence risk is a critical consideration in cervical
conization. Studies have reported that approximately
10.4% of patients with persistent HPV infection and
positive surgical margins after conization experienced
CIN2+recurrence during a 5-year follow-up period
[25]. Large-scale retrospective multicenter studies have
further suggested an increased risk of CIN recurrence
in patients with positive high-risk HPV infection [26].
Although the use of rbFGF is generally not believed to
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prevent recurrence or increase its risk, definitive conclu-
sions require further long-term follow-up.

Our study has several limitations. Firstly, it is a ret-
rospective study, and as such, various biases may have
influenced the collected data. Additionally, the small
study population is another limitation that should be
acknowledged.

In conclusion, rbFGF shows promise as a drug for
reducing postoperative hemorrhage after LEEP. Through
its potential to promote tissue repair, rbFGF may also
mitigate other complications after LEEP such as prema-
ture delivery and abortion. Further studies involving a
large number of patients and long follow-ups are war-
ranted to validate our findings.
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