Cancer Management and Research

Dove

ORIGINAL RESEARCH

Nano-Silver Medical Antibacterial Dressing
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Malignant Tumors

Dan Yu'*
Di-Xiao Yang”*
Yao Li?

Bi Guan®

Qian Ming?

Yan Li?

Yi-Ping Zhu*
Li-Qing Chen'
Wei-Xiang Luo (°

'Department of Otolaryngology and
Hepatobiliary, Chengdu Fifth People’s
Hospital, Chengdu, 611130, Sichuan,
People’s Republic of China; 2Nursing
Department, Chengdu Fifth People’s
Hospital, Chengdu, 61 | 130, Sichuan,
People’s Republic of China; 3Intensive Care
Unit, Chengdu Fifth People’s Hospital,
Chengdu, 611130, Sichuan, People’s
Republic of China; “Department of
Oncology, Chengdu Wenjiang District
People’s Hospital, Chengdu, 611130,
Sichuan, People’s Republic of China;
SDepartment of Nursing, Shenzhen
People’s Hospital (2nd Clinical Medical
College of Jinan University, First Affiliated
Hospital of Southern University of Science
and Technology), Shenzhen, 518020,
Guangdong, People’s Republic of China

*These authors contributed equally to this
work

Correspondence: Wei-Xiang Luo
Department of Nursing, Shenzhen
People’s Hospital (2nd Clinical Medical
College of Jinan University, First Affiliated
Hospital of Southern University of
Science and Technology), Shenzhen,
518020, Guangdong, People’s Republic of
China

Tel +86 755-25533018-2887

Email luoweixiang688@hotmail.com

Background: Due to the poor healing of superficial malignant tumor ulcer wounds, patients
suffer great pain and significantly reduced quality of life. Related research shows that oxygen
therapy can reduce wound bleeding and promote wound healing.

Objective: This study aims to explore the therapeutic effect of nano-silver antibacterial
dressing combined with high-flow oxygen therapy on surface malignant tumor ulcers.
Methods: In this retrospective analysis, 64 patients with superficial malignant tumors and ulcer
infection were included and divided into the research group and the control group, with 32 cases
in each group. After conventional debridement, the control group was treated with vaseline
dressing, while the research group was treated with nano-silver medical antibacterial dressing
combined with high-flow oxygen therapy. Both groups were treated for 7 days. The frequency of
dressing change and the number of times of blood oozing between the two groups after treatment
were recorded. The pain, clinical efficacy, and levels of procalcitonin (PCT) and C-reactive
protein (CRP) were compared between the two groups before and after treatment.

Results: The dressing changes and blood oozing were less frequent in the research group
compared with the control group. The pain score and the levels of PCT and CRP in the
research group were lower than those in the control group. The overall response rate was
significantly higher in the research group as compared to the control group. All the above
differences were statistically significant (P<0.05).

Conclusion: Nano-silver medical antibacterial dressing combined with high-flow oxygen
therapy can reduce the frequency of dressing changes in patients, relieve pain, reduce
inflammation, and accelerate the healing of superficial malignant tumor ulcer wounds.
Keywords: nano-silver medical antibacterial dressing, high flow oxygen therapy, body
surface malignant tumor, ulcer, wound

Introduction

Malignant tumors (cancer cells) are metastatic and invasive, and cancer cells can spread
throughout the body through hematogenous, lymphatic and implantation metastases.
Clinically, the most common tumor metastasis sites are lung, liver, brain, bone, etc.
Some patients will have metastasis on the body surface, while in some cases, the tumor
directly spreads or invades the body surface." The appearance of superficial malignant
tumor usually indicates that the tumor is in the middle and late stage. However, many
patients seek medical treatment only after the superficial tumor has grown, ruptured, and

Received: 26 September 2021
Accepted: 9 November 2021
Published: 6 December 2021

Cancer Management and Research 2021:13 9007-9013 9007
© 2021 Yu et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
v No

and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work
you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0000-0003-2869-5548
mailto:luoweixiang688@hotmail.com
http://www.dovepress.com/permissions.php
https://www.dovepress.com

Yu et al

Dove

become infected. The ulceration of superficial malignant
tumors can lead to wound bleeding, exudation, pain, infection,
and scar hyperplasia, which makes the wound unhealed for
a long time, greatly reducing the quality of life of patients.” At
present, surgical resection, chemotherapy and radiotherapy are
the mainstays of treatment for superficial malignant tumors.’
Clinically, such patients are required to maintain local dryness
of the wound, but frequent dressing changes and large surgical
wound make it difficult to keep the wound dry; Moreover,
chemotherapy is easy to cause a large amount of exudate in the
wound to be in a moist state, coupled with the skin damage
aggravation resulted from radiotherapy, leading to the suscep-
tible to wound bleeding and infection and consequently
delayed wound healing.* Therefore, it is of great significance
to find a treatment method that can reduce the frequency of
dressing changes, avoid wound bleeding, promote wound
healing, and relieve the pain of patients.

In recent years, nano-silver antibacterial dressing,
which can accelerate the proliferation of epidermal cells
and rebuild blood vessels, has been gradually applied in
clinical treatment. By accelerating the migration and pro-
liferation of endothelial cells in patients’ blood vessels and
the synthesis of fibronectin, it accelerates the generation of
fibroblasts, which is conducive to cell mitosis and the
growth of granulation tissue on the wound, so as to remo-
del the wound and improve the quality of healing.”’ In
addition, oxygen therapy has gradually been applied to the
treatment of epidermal ulcer infection in recent years.* '
Studies have found that oxygen therapy can reduce wound
bleeding and promote wound healing.!" However, there
are few studies on the application of nano-silver antibac-
terial dressing combined with high-flow oxygen therapy in
the treatment of ulcer wounds of superficial malignant
tumors.

Therefore, we treated patients with superficial malignant
tumor wound infection in our hospital with nano-silver anti-
bacterial dressing combined with high-flow oxygen therapy to
explore the therapeutic effect of the combination therapy.

Materials and Methods
Clinical Data

This is a retrospective study. Sixty-four patients with
superficial malignant tumors and ulcerated infections
admitted to the Chengdu Fifth People’s Hospital from
June 2019 to June 2021 were selected as the research
participants. Inclusion criteria: (1) Patients with confirmed
superficial malignant tumors by pathological examination.

(2) Patients with tumor surface ulceration and infection.
(3) Those without allergy to the drugs used in this study.
(4) Those who voluntarily participate and sign the
informed consent. Exclusion criteria: (1) Patients during
pregnancy or lactation. (2) Patients with severe heart, liver,
kidney and other primary diseases and severe immune
system diseases. (3) Patients with mental illness, or those
who do not cooperate with treatment or have poor treat-
ment compliance. This study was approved by the medical
ethics committee of Chengdu Fifth People’s Hospital and
was in compliance with the principles laid down in the
Declaration of Helsinki.

In the control group (n=32), the wound was covered with
vaseline dressing. The research group (n=32) was treated
with nano-silver medical antibacterial dressing combined
with high-flow oxygen therapy. The male to female ratio in
the research group was 10:22, and the average age was 4666
(52.46 £+ 6.73) years. The male to female ratio in the control
group was 12:20, and the average age was 45-67 (52.81 +
6.97) years. The tumor site and ulceration area on the body
surface are shown in Table 1. The comparison of general data
such as age, sex, BMI, and tumor site showed no significant
difference between the two groups (P>0.05), indicating that the
two groups were comparable.

Methods of Wound Treatment
Both groups of patients were disinfected and debrided
according to conventional methods. Specifically, the
wound was first cleaned with hydrogen peroxide to
remove necrotic tissue, carrion, and purulent secretions,
and the operation was carried out gently to avoid wound
bleeding as much as possible. After washing the wound
and surrounding skin, the wound surface was dried gently
with sterile dry gauze, and then disinfected with 2% iodine
tincture. In the control group, the wound was covered with
vaseline dressings after disinfection and debridement. The
drainage situation on the wound surface was observed, and
the dressing was changed immediately when the exudation
was too much. In the research group, the wound was
exposed after disinfection and debridement, and cotton
balls were placed on the normal skin around the wound
and in the depression of the wound to absorb the exudate.
Cotton balls were replaced as soon as they were soaked.
A transparent plastic cup that can cover the wound was
prepared, and 3-5 small round holes with a diameter of
5 mm were made in the middle area of the bottom of the
cup. The wound was covered with the plastic cup to form
a space for local oxygen therapy, and the transparent
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Table | General Information of Patients

Research Group (n=32) Control Group (n=32) 1t

Age (year) 4666 (52.46 £ 6.73) 45-67 (52.81 £ 6.97) 0.204 0.838
Gender (male/female) 10/22 12/20 0.277 0.599
BMI (kg/m?) 23.78+1.86 23.80+1.80
Tumor site 1.600 0.979

Left face | |

Right face | 2

Left chest wall 15 12

Right chest wall 7 8

Palm of left wrist 2 |

Palm of right wrist | 2

Left heel base 3 3

Right heel base 2 3
The burst area (cm) 2.1 x48-5.0x79 2 x5.1-5.1 %78

Abbreviation: BM|, body mass index.

plastic cup was fixed with adhesive tape. Then, the oxygen
device was connected with an oxygen content of 100%,
and the oxygen flow was adjusted in the range of 6-8 L/
min. The wound was treated with blowing oxygen for 30
minutes. Intermittent oxygen blowing was maintained for
more than 12 hours every day, and debridement and dres-
sing were performed before oxygen blowing every day.
During non-oxygen blowing period, the wound was cov-
ered with nano-silver medical antibacterial dressing
(Zeyuan Medical Equipment Co., Ltd., Xinxiang, China,
9x15). All patients were treated for 7 d.

Observation Indexes

(1) The frequency of dressing changes and number of times of
blood oozing during treatment were recorded in both groups.
(2) The Visual Analogue Scale (VAS)'? was used to evaluate
the patient’s pain, with 0 indicating no pain is 0 and 10 points
indicating the most unbearable pain. A score of 0-3 indicates
mild pain that does not affect sleep, 46 means moderate pain
that slightly affects sleep, and a score of 7-10 indicates severe
pain that severely affects sleep. (3) Evaluation of treatment
efficacy. Markedly effective: The wound area is reduced by
>50%, the number of times of blood oozing and exudate are
obviously reduced, and the stench is significantly reduced.
Effective: 10%<wound area reduction <50%, the number of
bleeding and exudate are reduced, and the stench is reduced.
Ineffective: The wound area has not been reduced, the number
of times of blood o0ozing, the exudate, and the stench have not
been reduced. Total effective rate (%) = (markedly effective +

effective) cases/total cases x 100%. (4) After treatment, 5 mL
of fasting venous blood was drawn from all patients and
centrifuged at 2500 r/min for 10 min to collect the upper
serum. The level of procalcitonin (PCT) was determined by
semi-quantitative solid phase immunoassay (micro-spot
immunoassay instrument (E-308)). The level of C-reactive
protein (CRP) was determined using the immunosingle diffu-
sion method (Beckman Coulter (IMMAGES00) automatic
specific protein analyzer).

Statistical Processing

SPSS 23.0 statistical software (EasyBio Technology Co.,
Ltd., Beijing, China) was used for statistical analysis, and
GraphPad Prism 8.0 (Universal Biotech Co.,Ltd., Shanghai,
China) was used for image rendering. Count data were
expressed by percentages (%) and compared by x* test.
The measurement data were represented by (mean + SD),
and ¢ test was used for comparison. P<0.05 was considered
as statistically significant difference.

Results and Discussion
Comparison of Dressing Change
Frequency and Number of Times of

Blood Oozing Between the Two Groups
The dressing change frequency (times) was (19.96+3.50)
in the research group and (30.75+£3.71) in the control
group; The number of times of blood oozing was (11.09
+2.62) in the research group and (17.90+3.58) in the
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Figure | Comparison of dressing change frequency (A) and number of times of blood oozing (B) between the research group (n=32) and the control group (n=32).

Note: **P<0.0001.

control group. The data showed that the dressing change
frequency and the number of times of blood oozing in the
research group were significantly lower than those in the
control group, and the differences were statistically sig-
nificant (P<0.05, Figure 1).

Comparison of VAS Score Between the

Two Groups

After treatment, the VAS score reduced in both groups,
and the VAS score of the research group (2.25+0.67) was
lower than that of (3.84%+0.76) in the control group
(=8.843, P<0.0001, Figure 2).

Comparison of Clinical Effect Between

the Two Groups

In the research group, the treatment was markedly effective
in 13 cases (40.63%), effective in 17 cases (53.12%), and
ineffective in 2 cases (6.25%). In the control group, mark-
edly effective was observed in 5 cases (15.63%), effective in
16 cases (50.0%), and ineffective in 11 cases (34.37%). The
total effective rate of treatment in the research group was
93.75%, which was obviously higher than that of 65.63% in
the control group (Z=3.024, P=0.002, Figure 3).

Comparison of Inflammatory Factors
PCT and CRP Between the Two Groups

After treatment, the levels of PCT and CRP in the research
group were (0.95+0.33) ng/mL and (43.60+10.86) mg/L
respectively, while those in the control group were (2.90
+0.96) ng/mL and (71.91+11.32) mg/L, respectively. The
levels of PCT and CRP in the research group were

significantly lower than those in the control group, and the
differences were statistically significant (P <0.05, Figure 4).

Discussion

Superficial malignant tumors refer to malignancies that
grow or metastasize to the skin or superficial soft tissues
under the skin. Due to the characteristics of malignant
tumors, the wound surface after the rupture of superficial

*kkk

VAS (score)

Figure 2 Comparison of Visual Analogue Scale (VAS) between the research group
(n=32) and the control group (n=32).
Note: *¥P<0.0001.
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Figure 3 Comparison of clinical effects between the research group (n=32) and the
control group (n=32).
Note: ***P<0.0001.

malignant tumors is prone to produce a large amount of
exudate and blood, which makes it in a moist state, pro-
viding a good growth environment for microorganisms
and thus leading to infections. Moreover, the infection
will invade the surrounding normal tissues, making the
wound larger and harder to heal."® In order to reduce the
pain of patients and improve their quality of life, this
article explored the therapeutic effect of nano-silver anti-
bacterial dressing combined with high-flow oxygen ther-
apy on superficial malignant tumor ulcers.
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Silver ions have a broad-spectrum antibacterial effect.
In recent years, nano-silver has been widely used in clin-
ical practice.'*'> Nano-silver refers to the use of nano-
technology to decompose silver into particles with
a diameter of about 100 nm, with improved stability and
enhanced ability to penetrate the skin compared with silver
ions.'® Nano-silver antibacterial dressing is to evenly
cover silver nanoparticles on medical purified gauze, and
its main mechanism of action is as follows: silver ions can
act on bacterial proteins to suppress the activity of bacter-
ial proteins, and inhibit the replication of bacterial DNA,
thereby exerting an antibacterial effect.'” The mesh fiber
structure of the gauze is beneficial to wound drainage and
infiltration; In addition, the release of silver ions in the
dressing is long-lasting and slow, which can prolong its
antibacterial action time.'® Moreover, as an external dres-
sing, the amount of silver ions entering into the human
body is very small, so the harm can be ignored. Oxygen is
a necessary condition for maintaining the vitality of human
cells and an important element for the regeneration of
epidermal cells.'® Hyperbaric oxygen therapy, a special
treatment developed in recent years, can improve the
blood supply of ischemic and hypoxic tissues, enhance
microcirculation, inhibit the growth of anaerobic bacteria,
and promote the expression of various growth factors, thus
facilitating wound healing.?*!

In this study, the dressing changes and blood oozing
were less frequent in patients who used nano-silver anti-
bacterial dressing combined with high-flow oxygen ther-
apy; The pain score of the research group was lower than
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Figure 4 The levels of procalcitonin (PCT) (A) and C-reactive protein (CRP) (B) in the study group (n=32) were significantly lower than those in the control group (n=32).

Note: **¥P<0.0001.
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that of the control group, and the curative effect was better
than that of the control group. These results showed that
high-flow oxygen therapy can reduce the exudation of
ulcerative wounds of superficial malignant tumors and
make the wounds in a relatively dry state, which in turn
reduces the frequency of dressing changes and number of
times of blood oozing, thus alleviating pain and promoting
wound healing. Oxygen therapy can promote wound
angiogenesis and cell tissue proliferation, providing favor-
able conditions for wound healing.”? In addition, it can
increase the oxygen content of wound microvessels, inhi-
bit the growth and reproduction of bacteria, especially the
growth of anaerobic bacteria, and reduce the risk of bac-
terial infection, contributing to wound healing.®> Oxygen
therapy can also promote the synthesis of collagen, and
accelerate the formation of blood vessels and the expres-
sion of various growth factors, which is conducive to
wound healing.?* PCT is an indicator of bacterial and
fungal infections, and CRP can reflect infectious inflam-
mation in the body.?® In this study, the levels of PCT and
CRP in the research group were significantly lower than
those in the control group after treatment. This is related to
the strong antibacterial effect of the nano-silver antibacter-
ial dressing, which can effectively prevents the invasion of
bacteria and reduces the risk of infection. However, this
treatment method requires the configuration of an expen-
sive and bulky hyperbaric oxygen chamber, as well as the
whole-process monitoring by professional and technical
personnel, resulting in high treatment cost and complex
treatment process.

The novelty of this study lies in that we evaluated the
therapeutic advantages of nano-silver antibacterial dressing
combined with high-flow oxygen therapy in the treatment of
superficial malignant tumor wound infection from multiple
perspectives of dressing change frequency, number of times
of blood oozing, pain, clinical efficacy, as well as PCT and
CRP levels, demonstrating that this treatment has exact and
high clinical efficacy and is worthy of clinical promotion.

Conclusion

Superficial malignant tumor ulcer wounds are caused by
inflammatory exudation, resulting in microcirculation dis-
orders and insufficient blood oxygen supply, which
reduces the tissue nutrient supply and affects wound heal-
ing. Nano-silver medical antibacterial dressing combined
with high-flow oxygen therapy can improve the blood
oxygen supply of the wound, reduce dressing change
frequency and the number of times of blood oozing in

patients, and keep the wound dry; Moreover, it can reduce
wound exudate, relieve pain, and inhibit the growth of
wound bacteria; All of these facilitate the healing of
ulcer wounds of superficial malignant tumors.
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The authors report no conflicts of interest in this work.
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