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Background: This study investigated the clinical efficacy of different mass concentrations of
pingyangmycin in the local injection treatment of lip venous malformation. An animal experimental study of
the histopathological effects of different mass concentrations of pingyangmycin on the normal lip tissue of
rabbits was also conducted.

Methods: (I) We retrospectively analysed 98 out-patients with lip venous malformation in the
Stomatological Hospital and the Fourth Affiliated Hospital of China Medical University from January 2008
to June 2013. The 98 cases were treated by local injection of different mass concentrations (8 mg/3 mL
and 8 mg/5 mL) of pingyangmycin for the different sites of the lips. The clinical efficacy was observed, and
adverse reactions were recorded. (IT) 60 healthy male rabbits were randomly divided into three groups: a
8 mg/5 mL pingyangmycin group, a 8 mg/3 mL pingyangmycin group, and a control group. The right upper
lips of the experimental groups were injected with 1ml pingyangmycin (8 mg/5 mL) and 1ml pingyangmycin
(8 mg/3 mL) respectively, and the control group was injected with the same volume of normal saline. The
thickness of the right upper lip of rabbits in the experimental groups and the control group was measured
on the 21st, 28th, 35th, and 60th days after the first injection. Histopathological changes at the injection site
were observed by light microscope and transmission electron microscope.

Results: Venous malformations involving the skin tissues of the lips (pingyangmycin 8 mg/3 mL) had an
effective rate of 93.62%, and those involving the labial mucosa tissues (pingyangmycin 8 mg/5 mL) had an
effective rate of 98.04 %. In the animal experiment, there were statistically significant differences in the
thickness of the injection site among the 8 mg/3 mL group, 8 mg/5 mL group, and the control group at
different time points (P<0.01).

Conclusions: The local injection of pingyangmycin in the treatment of lip venous malformations
was efficient, safe and reliable. In the process of clinical application, attention should be paid when the

concentration is 8 mg/3 mL to avoid local tissue atrophy and other complications.
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Introduction

Vascular malformations are a group of congenital diseases
characterized by vascular structural dysfunction caused by
primitive vascular development disorders or abnormalities
in the embryonic period. In a study by Redondo (1),
the main pathological features were found to be a thin
and monolayer basement membrane, vascular wall
dysplasia, and a lumen lining formed by flat and static
vascular endothelial cells. The incidence rate of vascular
malformation is about 1:5,000 to 10,000, and while the
disease can occur in all parts of the body, about 40% occur
in the head and neck (2,3). Waner and Suen classified
the disease according to the anatomical characteristics of
diseased vessels into microvenous malformations, venous
malformations, arteriovenous malformations, lymphatic
vascular malformations, and mixed vascular malformations,
among which venous malformations were the most
common clinically (4,5). Venous malformations often
occur in the cheek, lip, tongue, floor of the mouth, soft
palate, parapharynx, and neck. These lesions exist at birth
and do not regress naturally. Expansion of the lesions can
cause deformities and dysfunction of the face, lip, cheek,
tongue and neck, causing great mental and psychological
stress to patients and their families, and may also block the
respiratory and digestive tracts and hinder pronunciation
and eating, leading to infection, ulceration, bleeding,
asphyxia, and even death (5,6).

Pingyangmycin is an antibiotic antitumor drug isolated
from actinomycin culture medium in the soil of Pingyang
County, Zhejiang Province, China and is similar to
bleomycin A5, which is a mature antitumor drug in
clinical application (7). In recent years, several clinical
reports on the treatment of venous malformations by
pingyangmycin have produced satisfactory results (8-12).
The most common site of venous formation is the lip,
and as this is an important symbol of facial aesthetics,
the treatment of venous malformation of the lip should
not only achieve the purpose of cure, but also take into
account these cosmetic considerations. In clinical work,
our research group found that the local injection of
pingyangmycin with different mass concentrations could
achieve a greater clinical effect according to the different
incidence sites of lip venous malformations. It is worth
noting that we also observed some adverse reactions such
as local tissue atrophy of the lip during the treatment. In
view of this, we investigated the histopathological effects
of local pingyangmycin injection with different mass
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concentrations on rabbit normal lip tissues to provide
a valuable reference dose and concentration for clinical
application.

We present the following article in accordance with the
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/atm-21-2018).

Methods
Clinical case data

We enrolled 98 outpatients with lip venous malformation
who were treated by the local injection of pingyangmycin
in the Department of Oral and Maxillofacial surgery, at
the Affiliated Stomatological Hospital of China Medical
University and the Fourth Affiliated Hospital of China
Medical University from January 2008 to June 2013.
The patients were diagnosed with venous malformation
according to their medical history, clinical features, and
auxiliary combination of color Doppler ultrasound,
enhanced CT, or MRI. There were 45 males and 53 females
with an average age of 26 years (range, 6-78 years), and
patients had not received prior treatment. All cases were
located in the lip, including 47 involving the skin and
subcutaneous tissue and 51 involving the red mucosa and
submucosa. The minimum surface of the lesions was 0.5 cm
x 0.8 cm and the maximum was 8 cm x 10 cm. The research
plan was reviewed and approved by the medical ethics
committee of the Stomatological Hospital of China Medical
University and the Fourth Affiliated Hospital of China
Medical University. The medication plan was approved by
patients and their families, and informed consent was signed
prior to treatment. All procedures performed in this study
involving human participants were in accordance with the
Declaration of Helsinki (as revised in 2013).

Inclusion and exclusion criteria

The inclusion criteria were as follows: (I) the patient had not
received any other drug treatment before the treatment; (II)
according to the patient’s history and clinical characteristics,
combined with color Doppler ultrasound, enhanced CT
or MRI and other auxiliary examinations, the patient was
diagnosed as having a lip venous malformation; (III) the
results of chest anteroposterior and lateral radiographs,
electrocardiogram, blood routine test, coagulation test, and
liver and kidney function tests were normal; (IV) patients
with complete clinical data had good compliance and were
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able to complete various examinations; (V) patients and
their families signed informed consent before treatment.

The exclusion criteria were any of the following: (I)
according to the classification of vascular diseases proposed
by Waner and Suen (4), hemangioma and other vascular
malformations were present. (II) patients with acute
inflammation or mucositis of the lip; (II) patients with
platelet crisis or coagulation dysfunction; (IV) patients with
severe liver and kidney dysfunction; (V) a history of drug
allergy to pingyangmycin or bleomycin.

Treatment methods

Pingyangmycin injection solution preparation method
For venous malformation on the surface or subcutaneous
tissue of the lip skin, pingyangmycin 8 mg (8 mg/piece,
produced by Tianjin Taihe Pharmaceutical Co., Ltd., China,
national drug approval number: H12020933), 1.5 mL 2%
lidocaine, and 1.5 mL 0.9% normal saline were used. For
venous malformation of the labial mucosa and submucosal
tissue, pingyangmycin 8 mg, 2.5 mL 2% lidocaine, and
2.5 mL 0.9% normal saline were used (13).

Injection method

After routine lip disinfection, a No.5 syringe was used
to inject normal skin or mucosal tissue adjacent to the
venous malformation. Blood return remained in the
puncture, blood in the lesion cavity was drained as far as
possible, and the needle head was kept in the lesion. The
syringe containing pingyangmycin was then replaced and
the drug solution evenly injected into the pathological
cavity. According to the location of the lesion, the patient’s
age, and the extent and depth of involvement, between
1-5 mL was injected. After the injection, the local pinhole
was pressed with a sterilized cotton ball for 5 minutes
to prevent the injection liquid from spilling out. Small
superficial venous malformations could be injected until the
surface of the lesion became pale, and if the lesion involved
a large area or had a huge volume, a multi-point injection
or multiple regional injection was given. After injection,
finger or ring pressure was used to compress the area for
15-30 minutes to block the blood flow and prolong the
local residence time of pingyangmycin. In our study, small
lesions were cured by only one injection, larger lesions were
injected between three and five times, and the cumulative
injection volume totaled less than 40 mg. The vital signs of
patients were closely observed for at least 30 minutes after
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injection, when those without abnormal allergic symptoms
and signs were allowed to leave the hospital. Postoperative
anti-infection treatment lasted for 3-5 days. The injection
was repeated 15-30 days later, and at each follow-up visit,
the lesion volume, surface color, and texture changes were
recorded in detail. Treatment continued or discontinued
according to the degree of disease regression or adverse
reactions, respectively. Digital photos were collected for
archiving at each visit.

Efficacy evaluation criteria

Clinical efficacy after injection was divided into four grades. (I)
Cured: the lesion completely disappeared, the surface color
returned to normal and there was no recurrence at follow-
up; (II) Basically cured: the lesions largely disappeared, the
volume was reduced by more than 80%, the skin color was
close to normal or only slightly pigmented, and there was no
dysfunction. However, the appearance was not completely
restored to normal and further treatment was needed; (III)
Improvement: the volume of the lesion was significantly
reduced but had not reached 2/3 of the lesion volume, and
more treatment was required; (IV) Ineffective: the lesion
volume did not shrink, remained unchanged, or continued to
increase in size (14).

Experimental methods

Experimental animals

We selected 60 healthy male rabbits, all of which were
pure-bred big-ear white rabbits from Japan and weighing
3.5 kg. The laboratory animal department of China Medical
University provided experimental animals and fed them in
separate cages.

Injection drug and preparation method

(I) 8 mg/5 mL pingyangmycin injection: 8§ mg
pingyangmycin (8 mg/piece, produced by the Tianjin Taihe
Pharmaceutical Co. Ltd., national drug approval number:
H12020933) was dissolved in 2.5 mL 2% lidocaine and
2.5 mL 0.9% normal saline; (II) 8 mg/3 mL pingyangmycin
injection: 8 mg pingyangmycin was dissolved in 1.5 mL of
2% lidocaine and 1.5 mL of 0.9% normal saline.

Grouping of experimental animals

The 60 rabbits were randomly divided into a pingyangmycin
8 mg/5 mL group, pingyangmycin 8 mg/3 mL group, and
normal saline control group, with 20 rabbits in each. Each
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Table 1 Analysis of the therapeutic effects of different mass concentrations of pingyangmycin injection in the treatment of lip venous

malformation

Cured Basically cured Improvement Ineffective
Group n

n % n % n % n %
8 mg/3 mL 47 21 44.68 18 38.30 5 10.64 3 6.38
8 mg/5 mL 51 30 58.82 17 33.33 3 5.88 1 1.96
Total 98 51 52.04 35 35.71 8 8.16 4 4.08
group was further divided into four subgroups with five Statistical analysis

rabbits in each subgroup.

Injection method

After the rabbits were anesthetized and the injection sites
were disinfected, the right upper lips were punctured with
a No.5 injection needle, which was as deep as the muscle
layer. No blood was drawn from the injection site, and
the rabbits were slowly injected with a 1ml injection of
8 mg/5 mL or 8 mg/3 mL pingyangmycin. After the needle
was withdrawn, the needle hole was immediately pressed
with a sterilized cotton ball to prevent the injection liquid
from spilling out. After pressing for 5 minutes, the injection
pinhole was marked with a marker for the second injection.
The rabbits in the control group were injected with 1ml
normal saline on the right upper lip by the same method.
"Two weeks after the first injection, each experimental group
and control group were injected with the same dose and
concentration at the same site. After injection, the animals
were reared in separate cages.

Measurement of the lip thickness of rabbits and
experimental tissue sampling

Before injection, the thickness of the injection site on the
right upper lip of rabbits in the control group and the
experimental groups was measured. On the 21st, 28th, 35th,
and 60th day after injection, the lip thickness was again
measured at the injection site point (i.e., each injection
time point corresponded to a subgroup in the experimental
group and the control group). Each injection site point
was measured three times and the average value was taken.
Tissues of each rabbit were cut from the local injection
site and divided into two pieces, with one specimen fixed
with 10% formaldehyde and sectioned with HE staining
for observation by light microscope, and the other fixed
by glutaraldehyde and prepared by transmission electron
microscopy.
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All data were statistically analyzed by SPSS 22.0 software,
and the measurement data were expressed as mean =
standard deviation (SD). One-way ANOVA was used for
comparison among multiple groups, while independent
sample ¢ test was used for comparison between the two
groups. P<0.05 indicated that the difference was statistically
significant.

Results
Clinical efficacy analysis

The 98 patients were treated with a local injection of
pingyangmycin of different concentrations in the treatment
of lip venous malformation, and the curative effect is
analyzed in Table 1. Among them, 51 cases were cured, and
the overall cure rate was 52.04%. The overall effective
rate (cured + basically cured + improvement) was 95.92%
and the effective rate of venous malformations involving
the lip skin and subcutaneous tissue (pingyangmycin
injection mass concentration 8 mg/3 mL) was 93.62%.
The effective rate (cured + basically cured + improvement)
of venous malformations involving the red mucosa and
submucosal tissues of the lips (pingyangmycin injection
mass concentration 8 mg/5 mL) was 98.04%. Venous
malformation of the red lip mucosa with lesser volume could
be cured by one injection, while three to five injections were
often needed for a large volume of those of the skin and
subcutaneous tissue of the lip. Adverse reactions during the
treatment are shown in 7zble 2, and Figures 1-5 shows the
comparison of efficacy of typical cases.

Changes of lip tissue thickness in experimental and control
groups

The thickness of the injection site on the right upper
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Table 2 Comparison of adverse reactions of different mass concentrations of pingyangmycin injection in the treatment of lip venous malformation

Adverse reactions
Group Total
Tissue atrophy Fever Ulcer Pulmonary fibrosis Loss of appetite  Allergic reaction ~ Skinitch Leukopenia

8 mg/3 mL 3 6 2 0 3 0 3 0 17
8 mg/5 mL 0 5 1 0 2 0 0 0 8

Figure 1 Female, 8 years old, with venous malformations in the skin and subcutaneous tissues of the left upper lip, which were cured after

two local injections of 8 mg/3 mL pingyangmycin. (A) Before treatment; (B) 2 months after treatment (2 injections).

Figure 2 Female, 32 years old, with a large volume of venous malformations in the skin and subcutaneous tissues of the left upper lip, which
were cured after three local injections of 8 mg/3 mL pingyangmycin. The patient’s upper lip was significantly atrophic and thin. (A) Before
treatment; (B) 2 months after treatment (3 injections).

lip of rabbits in the 8 mg/5 mL experimental group, in the three groups before the first injection (P>0.05). The
8 mg/3 mL experimental group, and control group was changes of lip thickness in the experimental groups and
statistically analyzed, and there was no statistical difference control group after injection of different concentrations of
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Figure 3 Female, 56 years old, with venous malformation of the red labial mucosa on the left upper lip, which was cured after a local

injection of 8 mg/5 mL pingyangmycin. (A) Before treatment; (B) one month after treatment (1 injection).

Figure 4 Female, 36 years old, with venous malformation of the upper red labial mucosa (labial tubercle) which was cured after a local

injection of 8 mg/5 mL pingyangmycin. (A) Before treatment; (B) one month after treatment (one injection).

Figure 5 Female, 28 years old, with venous malformation of the right upper lip mucosa tissue who was cured after two local injections of

8 mg/5 mL pingyangmycin. (A) Before treatment; (B) 2 months after treatment (two injections).
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Table 3 Changes of rabbit lip thickness in experimental groups and control group after injection of different mass concentrations of

pingyangmycin at different time points (xs, mm)

Group Before injection 21st day 28th day 35th day 60th day

8 mg/3 mL 5.68+0.25 3.48+0.16 3.34+0.16 2.65+0.11 2.52+0.14
8 mg/5 mL 5.62+0.15" 4.28+0.27* 4.12+0.19* 4.03+0.21* 3.58+0.11*
Control 5.60+0.16" 5.60+0.11** 5.61+0.11** 5.60+0.09** 5.57+0.10**

*P>0.05 vs. 8 mg/3 mL group and 8 mg/5 mL group before injection; *P>0.05 vs. 8 mg/3 mL group before injection; **P<0.01 vs.
8 mg/3 mL group and 8 mg/5 mL group at the same time point; *P<0.01 vs. 8 mg/3 mL group at the same time point.
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Figure 6 Comparison of rabbit lip thickness in experimental groups and the control group before and after the injection of different mass

concentrations of pingyangmycin at different time points (¥+s, mm; *P>0.05 vs. 8 mg/3 mL group and 8 mg/S mL group before injection;

*P>0.05 vs. 8 mg/3 mL group before injection; **P<0.01 vs. 8 mg/3 mL group and 8 mg/S mL group at the same time point; *P<0.01 vs.
8 mg/3 mL group at the same time point; "P<0.01 before injection vs. the 21st, 28th, 35th, and 60th day after injection in 8 mg/3 mL group;
"P<0.01 before injection vs. the 21st, 28th, 35th, and 60th day after injection in 8 mg/5 mL group; “P>0.05 before injection vs. the 21st, 28th,

35th, and 60th day after injection in the control group).

pingyangmycin are shown in Table 3 and Figure 6.

Results of observation by light microscope in animal
experiments (Figure 7)

8 mg/5 mL experimental group

On the 21st day after injection, the vascular lumens
were dilated, the vascular endothelial cells were slightly
edematous, and the peripheral inflammatory cells were
infiltrated (as shown by the arrow in Figure 7A4). On the
28th day after injection, hyaline degeneration of collagen
fibers was observed, and while no definite abnormality was
found in muscles, thrombosis was found in some vascular
lumens (as shown by the arrow in Figure 7B). On the
35th day after injection, the nuclei of vascular endothelial
cells were pyknosis and hyperchromatic, some capillary
lumens were occluded, muscle fibers were normal and
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dense, and collagen fibers were relatively loose (Figure 7C,
arrows showed thrombosis in some capillary lumens). The
microscopic findings on the 60th day after injection were
basically the same as those on the 35th day after injection.

8 mg/3 mL experimental group

On the 21st day after injection, inflammatory cells infiltrated
around vascular endothelial cells and inflammatory cells
were seen in some blood vessels (as shown by the arrow in
Figure 7E). On the 28th day after injection, the vascular
endothelial cells showed obvious vacuolar degeneration
and some nuclei were pyknosis and deep staining. Massive
thrombosis and vascular lumen occlusion were observed
in the blood vessels (as shown by the arrow in Figure 7F).
On the 35th day after injection, some muscle fibers were
dissolved, broken and disordered, some of the muscle tissues
were replaced by fibrous connective tissue, and hyaline
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Figure 7 Histopathological changes in the lips of rabbits on the 21st, 28th, and 35th days after injection of different mass concentrations of

pingyangmycin in the experimental groups and after injection of normal saline in the control group by light microscope. (A, B, and C were
respectively observed under light microscope on the 21st, 28th, and 35th days after injection of 8 mg/5 mL pingyangmycin; E, F and G
were respectively observed under light microscope on the 21st, 28th, and 35th days after the injection of 8 mg/3 mL pingyangmycin; D and
H were the manifestations under the light microscope on the 35th day after injection of normal saline in the control group; HE staining,
magnification x400). The arrows in (A) showed that the vascular endothelial cells were slightly edematous and the peripheral inflammatory
cells were infiltrated. The arrows in (B) showed that hyaline degeneration of collagen fibers was observed and the thrombosis was found in
some vascular lumens. The arrows in (C) showed that some capillary lumens were occluded by the thrombosis. The arrow in (E) showed
that inflammatory cells infiltrated around vascular endothelial cells. The arrow in (F) showed that massive thrombosis and vascular lumens

occlusion were observed in the blood vessels. The arrows in (G) showed that some muscle fibers were dissolved, broken and disordered.

There was hyaline degeneration in the collagen fibers.

degeneration in the collagen fibers was seen (as shown by
the arrow in Figure 7G). The microscopic findings on the
60th day after injection were basically the same as those on
the 35th day after injection.

Control group

On the 35th day after injection, muscle fibers were normal
and dense and collagen fibers were relatively loose. No
definite abnormal changes were found in blood vessels (as
shown in Figure 7D,H).

Results of observation by transmission electron microscope
in animal experiments (Figure 8)

8 mg/5 mL experimental group

On the 21st day after injection, the basal cell nucleus was
round and there were many tonofilaments, microfilaments,
and pinocytic vesicles in the cytoplasm. Cell junctions were
observed between adjacent cells, a clear Z-line was seen
in muscle fibers, and the light and dark bands were clearly
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defined. There were many mitochondria in muscle cells
and the muscle fibers were arranged in order (as shown in
Figure 84,B). On the 28th day after injection, the muscle
fibers were continuous, the intermuscular mitochondria
were clear, and the cristae of the mitochondria was complete.
The arrangement of muscle fibers was relatively regular,
and the sarcomere, Z-line, and light and dark bands were
clear and close to normal (as shown in Figure 8§C). On the
35th day after injection, the arrangement of muscle fibers
was relatively neat, the Z-line, sarcomere, and light and dark
bands were clear, and the shape of mitochondria between
muscle fibers was regular (as shown in Figure §D). The
microscopic findings on the 60th day after injection were
basically the same as those on the 35th day after injection.

8 mg/3 mL experimental group

On the 21st day after injection, the arrangement of muscle
fibers was irregular, and some muscle fibers were dissolved
and broken. Outer membrane destruction and cristae
dissolution could be seen in the mitochondria between
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Figure 8 Histopathological changes in the lips of rabbits on the 21st, 28th, and 35th days after injection of different mass concentrations

of pingyangmycin in the experimental groups and after injection of normal saline in the control group by transmission electron microscope
(TEM). (A and B, C, D were respectively observed under transmission electron microscope on the 21st, 28th, and 35th days after injection
of 8 mg/5 mL pingyangmycin; F, G and H, and I were respectively observed under transmission electron microscope on the 21st, 28th, and

35th days after the injection of 8 mg/3 mL pingyangmycin; E and J were the manifestations under the transmission electron microscope on

the 35th day after injection of normal saline in the control group; 80 kV, magnification x1,000).

muscle fibers, the Z-line of muscle fibers was blurred,
and the sarcomere had shortened. The boundary of light
and dark bands was not clear (as shown in Figure 8F).
On the 28th day after injection, the cytoplasm of basal
cells was partially dissolved, and vacuolar degeneration
mitochondria were found in the cytoplasm. The adjacent
cell spaces were widened, the desmosomes were reduced,
and the arrangement of muscle fibers was disordered and
irregular. The local rupture of muscle fibers, multiple
cristae defects of mitochondria, and local destruction of the
outer membrane could be observed, and there was edema
of myofilaments and unclear Z-lines in the microscopic
findings (as shown in Figure 8G,H). On the 35th day
after injection, some muscle fibers were dissolved, the
myofilaments were swollen, and the arrangement of muscle
fibers was disordered. The cristae of mitochondria among

© Annals of Translational Medicine. All rights reserved.

the muscle fibers was dissolved, and the outer membrane
of mitochondria was damaged. Some mitochondria
showed vacuolar degeneration (as shown in Figure 8I). The
microscopic findings on the 60th day after injection were
basically the same as those on the 35th day after injection.

Control group

On the 35th day after injection, the basal cells were clear
and cell connections were observed between the adjacent
cells. The nucleus was round, the chromatin was evenly
distributed in the nucleus, and the nucleolus was clear. The
microfilaments, tonofilaments and pinocytic vesicles were
evenly distributed in the cytoplasm, and the morphology
of mitochondria was normal and regular with clear cristae.
The arrangement of muscle fibers was regular, and the
boundaries of sarcomeres, Z-lines, and light and dark bands
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were clear (as shown in Figure SE,7).

Discussion

The treatment of vascular disease has gradually changed
from the traditional surgical treatment mode to the
aesthetics mode (15). To adapt to this mode change,
sclerotherapy has replaced surgical treatment and become
the first-line treatment of venous malformations (11,12,16).
Sclerotherapy can be used as a single treatment method, or
combined with flap surgery, laser, and other methods (17,18).
At present, there are many kinds of sclerosing agents used
in the treatment of oral and maxillofacial vascular diseases.
There are absolute ethanol, sapylin, sodium morrhuate,
sodium tetradecyl sulfate and polidocanol. However,
all the above sclerosing agents have different degrees of
complications in the clinical process, which limits their
application in the treatment of venous malformations. In
China, the most used method for venous malformations
is the well-known antineoplastic agent pingyangmycin,
applied as local injection therapy (19). Pingyangmycin has
a chemical structure similar to bleomycin A5, and because
of its safety, convenience, rapid and effective characteristics,
intralesion injection of pingyangmycin has been widely
used in the treatment of oral and maxillofacial-head and
neck venous malformations (20). Studies have shown that
the main mechanisms of pingyangmycin in the treatment
of venous malformations sees pingyangmycin bind with
vascular endothelial cell DNA causing DNA strand
breakage and inhibition of the metabolism of vascular
endothelial cells. This could result in endothelial cell
atrophy and degeneration and specific damage to vascular
endothelial cells and the vascular wall. It could also induce
the proliferation of vascular smooth muscle cells and
endothelial cells and thicken the vascular wall, narrowing
and eventually blocking its lumen. Some studies have also
found that pingyangmycin can destroy vascular endothelial
cells and promote the expression of adhesion molecules on
the surface of endothelial cells, or release a variety of growth
factors. Pingyangmycin can also promote inflammatory cell
adhesion, infiltration, and inflammatory chemotaxis, and
lead to the release of a variety of inflammatory factors and
tissue fibrosis factors. This can promote tissue fibrosis and
eventually lead to vascular lumen occlusion (21,22).

Zhou et al. has shown that the effective therapeutic
concentration of pingyangmycin plays an important role
in the treatment for venous malformations (23). For
venous malformations in different parts of the lips, we
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used different mass concentrations of pingyangmycin
for local injection treatment and achieved good results.
In our study, the overall effective rate (cured + basically
cured + improvement) was 95.92% and the effective
rate (cured + basically cured + improvement) of venous
malformations involving the lip skin and subcutaneous
tissue (pingyangmyecin injection concentration 8 mg/3 mlL)
was 93.62%. The effective rate (cured + basically cured
+ improvement) of venous malformations involving the
red mucosa and submucosal tissues of the lips using a
pingyangmycin injection concentration of 8 mg/5 mL was
98.04%. Venous malformations of the red lip mucosa with
lesser volume could be cured by one injection, although
three to five injections were often needed for a large
range of those involving the skin and subcutaneous tissue
of the lip. This may be because the fibrous connective
tissue of the lip skin and subcutaneous tissue is relatively
more dense, and venous malformation involving the
skin and subcutaneous tissue are relatively more solid
under the wrapping of dense fibrous connective tissue.
However, fibrous connective tissue in the lip mucosa is
relatively loose, leading to tenderness and softness of the
lip mucosa. The texture of venous malformation involving
the lip mucosa and submucosal tissue is also relatively
soft and loose. Therefore, we used a higher concentration
of pingyangmycin solution (8 mg/3 mL) for venous
malformations involving the skin and subcutaneous tissue
of the lip, which had a stronger sclerosing effect. Venous
malformations involving the red lip mucosa and submucosal
tissues were treated with a relatively low concentration of
pingyangmycin solution (8 mg/5 mL), which had a milder
sclerosing effect. Through the treatment, we found that
venous malformations in different parts of the lip treated
with different concentrations of pingyangmycin injection
achieved satisfactory therapeutic effects.

Adverse reactions to pingyangmycin injection in the
treatment of venous malformations are usually mild,
and include swelling and pain, fever, skin reaction (local
itching), gastrointestinal reaction (loss of appetite), and
local ulceration and necrosis, while anaphylactic shock,
pulmonary fibrosis, and leucopenia are rare (8,19). In our
clinical retrospective study, most of the cases showed local
swelling and pain of varying degrees after pingyangmycin
injection. We believe that the reason of local swelling and
pain is the drug reaction caused by the sclerosing effect
of pingyangmycin on vascular endothelial cells of venous
malformation in the lip. Most patients complained of
relatively mild swelling and pain reaction during the follow-
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up. The duration of local swelling and pain is relatively
short. Most patients can tolerate the local swelling and
pain response, and do not seriously affect the normal life
of the patients. In our study, there was no anaphylactic
shock, pulmonary fibrosis, or leucopenia although it should
be noted that atrophy of lip tissue occurred when the
pingyangmycin injection concentration was 8 mg/3 mkL.
There have also been reports of adverse reactions resulting
in the secondary malformation of lip tissue atrophy.
Zhang et al. (24) reported one case of human lip venous
malformation which affected the development of upper lip.
During the treatment, pingyangmycin was injected into the
lesion 5 mg each time and once a week with a cumulative
dosage of 40 mg, resulting in cure. However, the upper
lip was too short and thin, which gradually worsened with
age and affected the aesthetic effect of the upper lip. Hu
et al. (25) reported 16 cases of secondary deformities in
upper lip hemangioma and vascular malformation after local
injection of pingyangmycin including six cases of venous
malformation. Patients were injected on average five times
with an average dosage of 20 mg resulting in atrophy of the
upper lips which saw thinning, tightening and shortening of
the mucosa, skin and muscle and tightening and shortening
of the upper lip. A whistling deformity of the upper lips
was also present. The authors believed that the possible
causes were as follows: (I) the anatomical structure of the
upper lip is relatively fine and precise, and slight atrophic
deformity would be obvious; (II) at the same time of
curing the venous malformation, the deep labial muscle
was invaded by injected drugs and the local labial muscle
and soft tissue had different degrees of fibrosis, which was
affecting the development of the lip and led to secondary
atrophic deformity. Qiu et al. (26) retrospectively analyzed
18 children (14 girls and 4 boys) with infantile hemangioma
who received local bleomycin A5 (pingyangmycin) injection
treatment and found that in the 13 atrophic deformities in
the upper lip, three in the nose, and two in the cheek, all
were located at the injection site. The authors contend that
local tissue atrophy was related to the high concentration or
excessive dose of bleomycin A5 (pingyangmycin) injection
which led to the arrested development of the injected
subcutaneous tissue as the children aged. And this could
lead to more obvious local deformities.

In our study, two kinds of pingyangmycin injection
with different mass concentrations that were commonly
applied in the clinical treatment of venous malformations
were used in the animal experiments. A high concentration
of pingyangmycin solution (8 mg/3 mL) and low
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concentration (8 mg/5 mL) were injected again at the
same site two weeks after the first injection to simulate
the clinical treatment process. In this experiment, a light
microscope and transmission electron microscope were
used to explore the histopathological changes and causes
of adverse reactions such as lip tissue atrophy. The results
showed that while a low concentration of pingyangmycin
(8 mg/5 mL) did not cause serious damage to the blood
vessels and muscles, a high concentration (8 mg/3 mL)
caused obvious histopathological changes such as vascular
injury, intravascular thrombosis, muscle tissue damage
(dissolution and rupture of muscle fibers), and connective
tissue fibrosis. We believe higher concentration of
pingyangmycin caused destruction of the mitochondria in
the muscle fiber of the lip and the fibrosis of the muscle
tissue, resulting in atrophy. At the same time, the damage
to the vascular endothelial cells in muscle could lead to
their degeneration, the formation of massive thrombus in
the vascular lumens, and vascular occlusion, which would
affect the flow of blood to the muscle tissue. The results
showed that the mitochondria between the muscle fibers
were damaged by anoxia and vacuole degeneration, which
resulted in the breaking and dissolution of the muscle fibers.

In conclusion, according to the clinical case analysis and
animal experiment results in combination with the related
references, we suggest that the use of high concentrations of
8 mg/3 mL pingyangmycin in the treatment of large-scale
lip skin and subcutaneous venous malformations should be
approached with caution, and with strict attention to the
dose and depth of injection. Each injection dose should not
exceed 8 mg, the number of injections should not exceed
three to five, and the injection dose and injection time should
be gradually reduced when the lesion begins to atrophy. A
high concentration of pingyangmycin should also not be
injected at one time, and the injection depth should be as
much as possible within the lesion cavity. Injection should
not be made into lip muscle tissue, to prevent complications
including lip muscle atrophy, excessive fibrosis, and arrested
development, which could result in an adverse aesthetic
effect. The local injection of pingyangmycin (8 mg/5 mL)
to treat venous malformations involving the mucosal and
submucosal tissue of the lips was a safer, milder, and more
effective concentration. However, close attention should
again be paid to the dose and depth of local injection to
avoid adverse reactions such as local mucosal ulceration and
excessive fibrosis which may be caused by excessive injection
dose and shallow injection depth.

Treatment of oral and maxillofacial venous malformations
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is challenging, and effective combination of various treatment
techniques is required to achieve desired results. Intravascular
sclerosis therapy is a common treatment choice at present,
which has the advantages of less trauma and faster recovery.
Electrochemical therapy combined with pingyangmycin
injection has achieved satisfactory effect for the treatment of
oral and maxillofacial venous malformations. Our team used
electrochemical therapy combined with mattress cerclage and
local injection of pingyangmycin to treat lip arteriovenous
malformations, and achieved good clinical efficacy,
providing a new method for clinical treatment of venous
malformations (27). Therefore, it is necessary to select
appropriate and effective combination of treatment methods
according to different characteristics of lesions to achieve
good improvement in appearance and function.
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