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SUMMARY

OBJECTIVE: To investigate the clinical efficacy of cefazolin sodium pentahydrate combined with vacuum sealing drainage (VSD) in the
treatment of open fracture complicated with soft tissue injury.

METHODS: Sixty-three patients with open fracture complicated with soft tissue injury were divided into observation (n = 33) and control
(n = 30) groups. After surgical reduction, fixation, and repair of the fractures, the control group was treated with VSD for 10 days, and
the observation group was treated with cefazolin sodium pentahydrate based on VSD for 10 days. The infection control time was
recorded. After treatment, the pain of patients was evaluated. Before and after treatment, the serum levels of C-reactive protein (CRP),
interleukin (IL)-6, IL-8, tumor necrosis factor o. (TNF-av), cortisol, epinephrine, norepinephrine, and glucose were detected. After 6 months
of treatment, the total effective rate of the treatment was evaluated.

RESULTS: The infection control time and Visual Analogue Scale score after treatment in the observation group were significantly lower
than in the control group, respectively (P < 0.05). After the treatment, the serum levels of CRP, IL-6, IL-8, TNF-a, cortisol, epinephrine,
norepinephrine, and glucose in each group were significantly lower than before the treatment (P < 0.05), and each index in observation
was significantly lower than in the control group (P < 0.05).

CONCLUSIONS: In the treatment of open fractures complicated with soft tissue injury, cefazolin sodium pentahydrate combined with
VSD can effectively reduce inflammation and stress, thus improving the treatment efficacy.
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INTRODUCTION

In modern society, the incidence of accidents  large-area skin defect, and tendon exposure. Soft tis-
caused by high-energy factors is increasing year by  sue injury has brought great challenges to the treat-
year. Fractures, especially open ones, have become a ~ ment of fractures and is also the key to determine the
common and frequently-occurring injury. Open frac-  curative effect. The speed and degree of soft tissue
tures are often accompanied by soft tissue injury,  healing determine the outcome of fracture healing and
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limb function preservation™. At present, open dress-
ing change and skin grafting are often used to promote
wound healing. However, many patients are compli-
cated with slow growth of adjacent wound granulation
tissue, insufficient blood supply, and local release of
toxic substances from necrotic tissue, leading to the
infection®?. In addition, the long-term wound expo-
sure, cross-infection, and nosocomial infection are
also important factors of further infection®. In recent
years, the vacuum sealing drainage (VSD) technique
has been widely used in orthopedics. It has a definite
effect in promoting granulation growth, reducing tis-
sue edema, and improving wound microcirculation.
VSD has now become the standard treatment method
for some wounds®’. However, some complications
may occur when VSD is used alone, such as blockage
of the drainage tube and anaerobic bacteria growth
caused by anaerobic environment due to wound
closure, which leads to the frequent replacement
of dressings®. Cefazolin sodium pentahydrate is an
upgraded variety of the traditional cefazolin sodium.
It can further extend the strong anti-gram-positive bac-
teria performance of cefazolin sodium, and greatly
reduce the incidence of adverse reactions, especially
allergic ones9. Given this, this study investigated the
clinical efficacy of cefazolin sodium pentahydrate com-
bined with VSD in the treatment of open fractures
complicated with soft tissue injury. The objective was
to provide a reference for further applications of this
strategy in the clinic setting.

METHODS
Patients

Sixty-three patients with open fracture compli-
cated with soft tissue injury admitted to our hospital
from March 2013 to June 2017 were selected. There
were 48 males and 25 females. The age of patients
was 18-63 years, with an average of 40.56+6.12 years.
The course of injury was 1-25 h, with an average of
3.99+1.43 h. There were 8 cases caused by crashing
objects, 15 caused by falling, 22 caused by traffic acci-
dents, and 18 caused by mechanical contusion. There
were 26 cases of upper limb injuries and 37 cases of
lower limb injuries. According to the Gustilo classifi-
cation, there were 16 cases of type II, 33 cases of type
III A, and 14 cases of type III B. The inclusion crite-
ria were as follows: i) the imaging findings showed
the limb fractures; ii) the fracture conformed to the
Gustilo classification of open fracture; iii) there was

exudate in the wound; iv) there was defined trauma
history. The exclusion criteria were as follows: i)
allergy to experimental drugs; ii) serious heart, lung,
liver, or other important organ dysfunction. This study
was approved by the Medical Ethics Committee of the
General Hospital of The Yangtze River Shipping, and
all the participants signed the informed consent.

Treatment

After admission, the patients in two groups
actively received fluid infusion and antibiotics treat-
ment. The wound was cleaned and disinfected before
surgery, and the necrotic tissues or foreign materi-
als were removed. The surgical reduction, fixation,
and repair of the fracture were performed according
to imaging findings. After the above treatment, the
VSD material was cut into the shape of the wound
size, and the drainage strip was made by inserting
multi-side porous silica gel material into the VSD
material. The length of each drainage strip was less
than 2 cm. The drainage strips were connected by a
three-way joint, and the skin around the wound was
disinfected with alcohol. Then, the wound and the
drainage strips were sealed together using translu-
cent film. The other outlets of the drainage strips
were connected to the negative pressure machine.
The pressure of the machine was set at 120-400
mmHg. The continuous drainage was performed
for 10 days. If the surgery was successful and the
sealing worked well, the VSD material was removed
after about 10 days. If the VSD did not reach a good
state, it needed to be re-performed in time. From
the time of the VSD beginning, the patients in the
observation group received an intravenous drip of
cefazolin sodium pentahydrate (Shenzhen Jiuxin
Pharmaceutical Co., Ltd., Shenzhen, China), with a
dose of 2.0 g/day, for successive 10 days. The patients
in the control group received routine treatment only.

Observation of wound situation

During the treatment, the situation of the wound
was observed. The standard of infection control was as
follows: i) the bacterial culture results of the sample in
three consecutive drainages were negative; ii) the fresh
granulation tissue grew well, and the blood supply was
good; iii) there was no obvious inflammation such as
swelling and exudation around or in the wound. The
duration from the beginning of the treatment to the
occurrence of the above situations was regarded as
the infection control time.
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Evaluation of pain

After the treatment, the pain of patients was eval-
uated using the Visual Analogue Scale (VAS) score
as follows: O points: no pain; 1-3 points: mild pain;
4-6 points: moderate pain; 7-9 points: severe pain; 10
points: the most severe pain.

Measurement of inflammatory factors and

stress indexes

Before and after the treatment, 5 ml of circulating
venous blood was collected and serum was obtained
after centrifugation. The serum levels of C-reactive
protein (CRP), interleukin (IL)-6, IL-8, and tumor
necrosis factor o (TNF-o) were detected by enzyme-
linked immunosorbent assay. The serum levels of cor-
tisol, epinephrine, and norepinephrine were detected
by high-performance liquid chromatography and
electrochemical methods. The level of glucose was
detected by the glucose oxidase method.

Follow up and evaluation of total treatment

efficacy

The patients were followed up for 6 months. The
total curative effect was evaluated at the end of the
follow up as follows: i) cured: X-ray examination
showed that the bone destruction was repaired; the
dead bone disappeared; the local swelling and pain
disappeared; the systemic symptoms disappeared,;
the sinus ulcer was healed; the limb function recov-
ered; ii) markedly effective: X-ray showed that partial
bone destruction was repaired and the lesion was

improved; the local swelling and pain disappeared;
the systemic symptoms were alleviated; the sinus
ulcer was healed; the limb function was improved,;
iii) effective: X-ray showed that the bone destruction
tended to be repaired and the lesion was stable; the
local and systemic symptoms were improved; the
sinus ulcer was not healed, with sinus tract residue;
iv) ineffective: X-ray showed that the lesion continued
to develop; the local and systemic symptoms could not
be controlled. The total effective (cured + markedly
effective + effective) rate was calculated.

Statistical analysis

SPSS statistical package (SSPS Inc., Chicago,
USA) version 20.0 was used to perform the statisti-
cal analysis. The measurement data were presented
as mean+SD, and the comparison between the two
groups and between before and after treatment was
performed using the t-test. The enumeration data
were presented as a number, and the comparison was
performed using the chi-square (%?) test. P < 0.05 was
defined as statistically significant.

RESULTS

General data of the subjects in the two groups

The general data of the subjects in the observation
and control groups are shown in Table 1. Each index of
age, gender, injury course, cause of injury, injury site,
and Gustilo classification had no significant difference
between two groups (P > 0.05).

TABLE 1. GENERAL DATA OF SUBJECTS IN THE TWO GROUPS.

Group Observation Control t/y? P

n 33 30

Age (years) 41.22+519 39.78+4.73 1147 0.256
Gender (male/female, n) 20/13 18/12 0.002 0.961
Injury course (h) 3.75+1.33 4124163 1125 0.265
Cause of injury (n) 0.607 0.895
Crashing object 3

Falling 8

Traffic accident 12 10

Mechanical contusion 9 9

Injury site (n) 0.038 0.845
upper limb 14 12

lower limb 19 18

Gustilo classification (n) 0174 0.917
Type Il 8 8

Type IlIA 17 16

Type IlIB 8 6
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Comparison of infection control time and VAS
score between the two groups

The infection control time in the observation
group was 2.32+0.44 days, which was significantly
shorter than the 10.45+2.78 days in the control group
(P < 0.05). After the treatment, the VAS score in the
observation group was 2.32+0.44 points, which was
significantly lower than the 2.66+0.55 points in the
control group (P < 0.05).

Comparison of serum inflammatory factors

between the two groups

Before the treatment, the serum levels of CRP, IL-6,
IL-8, and TNF-a had no significant difference between
observation and control groups, respectively (P > 0.05).
After the treatment, the serum levels of CRP, IL-6,
IL-8, and TNF-a. in each group were significantly lower
than those before treatment, respectively (P < 0.05). In
addition, after the treatment, each index in the obser-
vation group was significantly lower than those in the
control group (P < 0.05) (Figure 1).

Comparison of serum stress indexes between

the two groups

Before the treatment, there was no significant
difference in serum levels of cortisol, epinephrine,
norepinephrine, or glucose between the observation
and control groups, respectively (P > 0.05). After the
treatment, the serum levels of cortisol, epinephrine,
norepinephrine, and glucose in each group were sig-
nificantly lower than those before the treatment (P <
0.05). In addition, after the treatment, each index in
the observation group was significantly lower than
that in the control group (P < 0.05) (Figure 2).

Comparison of adverse reactions between the

two groups

During the treatment, the main adverse reactions
of patients were gastrointestinal reactions, low fever,
rash, and others. The incidence of adverse reactions
in the observation and control groups was 2.67% and
4.45%, respectively, with no significant difference
between the two groups (P > 0.05).

Follow up results

After 6 months from the treatment, in the obser-
vation group, there were 11, 16, 5, and 1 cases with
cured, remarkably effective, effective, and ineffec-
tive treatment outcomes, respectively. In the control
group, there were 9, 14, 4, and 3 cases with cured,

remarkably effective, effective, and ineffective treat-
ment outcomes in the control group, respectively. The
total effective rates in the observation and control
groups were 96.97% and 90.00%, respectively, with
no significant difference between the two groups (P
> 0.05).

DISCUSSION

In open fractures, the injured tissues are exposed
to air for a long time. This is prone to cause the incom-
plete removal of remnants and necrotic tissues and
ischemia of the wound margin. Therefore, the chance
of wound infection is higher than in closed injur'®s™.
In the traditional treatment of open fractures com-
plicated with soft tissue injury, based on the surgical
reduction, fixation, and repair of fracture, the strict
debridement, thorough hemostasis, smooth drainage,
and prophylactic application of antibiotics are often
conducted. However, the incidence of postoperative
infections in traditional treatment is still high™. In
VSD, based on traditional debridement, the wound
is filled with the dressing to close the dead cavity. A
continuous negative pressure sealing environment
is constructed by drainage through silica gel tubes
and closure of the wound with physiological-permea-
bility adhesive film. This can thoroughly remove the
necrosis and exudates™. The VSD material has good
histocompatibility and is not easy to adhere to. At the
same time, VSD can reduce the number of dressing
changes, the chances of cross-infection, and the pain
and economic burden of patients®™. Cefazolin sodium
pentahydrate is developed based on cefazolin sodium.
Its chelating crystal structure is more refined and sta-
ble. All sulfur-containing groups are firmly encapsu-
lated in the crystal, which can effectively prevent the
falling off of sulfur-containing groups and their con-
tact with rubber plugs, producing toxic substances™.
Cefazolin sodium pentahydrate has a more remark-
able antimicrobial effect and higher safety compared
with cefazolin sodium. There are fewer reports on
the application of cefazolin sodium pentahydrate for
patients with open fractures complicated with soft
tissue injury. This study investigated the clinical effi-
cacy of cefazolin sodium pentahydrate combined with
VSD in the treatment of open fractures complicated
with soft tissue injury. Results showed that, compared
with using VSD alone, cefazolin sodium pentahydrate
combined with VSD could shorten the infection con-
trol time and decrease the VAS score. This indicates

433

REV ASSOC MED BRAS 2020; 66(4):430-436



CEFAZOLIN SODIUM PENTAHYDRATE COMBINED WITH VACUUM SEALING DRAINAGE IN E TREATMENT OF OPEN FRACTURE COMPLICATED WITH SOFT TISSUE INJURY

FIGURE 1. SERUM INFLAMMATORY FACTORS BEFORE AND AFTER TREATMENT IN THE TWO GROUPS.'P < 0.05
COMPARED WITH BEFORE THE TREATMENT; #P < 0.05 COMPARED WITH THE CONTROL GROUP. CRP, C-REACTIVE
PROTEIN; IL-6, INTERLEUKIN 6; IL-8, INTERLEUKIN 8; TNF-a, TUMOR NECROSIS FACTOR a.

FIGURE 2. SERUM STRESS INDEXES BEFORE AND AFTER THE TREATMENT IN THE TWO GROUPS.'P < 0.05
COMPARED WITH BEFORE THE TREATMENT; #P < 0.05 COMPARED WITH THE CONTROL GROUP.
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that, in treating open fractures complicated with soft
tissue injury, the combination of cefazolin sodium pen-
tahydrate and VSD can clearly improve the efficacy,
compared with using VSD alone.

In open fracture patients, due to tissue injury, sur-
gical trauma, and postoperative infection, the serum
levels of inflammatory factors dramatically increase.
CRP, IL-6, IL-8, and TNF-at are common inflammatory
factors synthesized by peripheral macrophages, lym-
phocytes, fibroblasts, and other immune cells. More-
over, they interact with each other. The increase in
the level of one inflammatory factor can promote the
synthesis and secretion of other inflammatory fac-
tors through a cascade reaction®™. These inflamma-
tory factors can promote the release of prostaglandin
E2, collagenase, and a large number of proteoglycan
enzymes to destroy the cartilage matrix and aggravate
the inflammatory reaction, which is not conducive
to the prognosis of patients™. Results of this study
showed that, after the treatment, the serum levels of
inflammatory factors in each group were significantly
lower than before the treatment, each index in the
observation group was significantly lower than that in
the control group. This suggests that the combination
of cefazolin sodium pentahydrate and VSD can further
reduce the inflammation reaction.

Trauma, surgery, and inflammatory reaction can
induce a systemic stress response. Cortisol is an
important hormone in the body, which can effectively
maintain normal physiological functions and plays an
important role in regulating mood and health, cellu-
lar immunity, and inflammation. When the body is
in a state of stress, cortisol levels rise significantly to
maintain the stability of blood pressure™. In addition,
excessive cortisol secretion can induce increased gly-
cogen decomposition, leading to an increase in blood
glucose level™. Under a stress state, the excitability of
the sympathetic nerves is increased, and the synthesis

and secretion of epinephrine and norepinephrine are
significantly increased™. In the present study, after
the treatment, the serum levels of cortisol, epineph-
rine, norepinephrine, and glucose in the observation
group were significantly lower than in the control
group. This indicates that the combination of cefazolin
sodium pentahydrate and VSD can further decrease
the stress response in patients with open fractures
complicated with soft tissue injury.

In conclusion, in the treatment of open fractures
complicated with soft tissue injury, cefazolin sodium
pentahydrate combined with VSD can effectively
reduce inflammation and stress, thus improving the
treatment effect. It is a safe and efficient treatment
strategy and is worthy of further study and applica-
tion. This study still has some limitations. The sample
size is relatively small, and a larger sample size will
make the results more convincing. In our next stud-
ies, the sample size should be further increased for
more satisfactory outcomes. In addition, there may
be changes of other factors involved in open fractures
complicated with soft tissue injury, which need to be
further clarified.
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OBJETIVO: Investigar a eficdcia clinica do cefazolin penta-hidrato de sédio combinado com drenagem por vedagdo a vdcuo (VSD) no
tratamento da fratura exposta complicada com lesdo nos tecidos moles.

METODOS: Sessenta e trés doentes com fratura exposta complicada com lesées nos tecidos moles foram divididos em grupos de observagdo
(n=33) e controle (n=30). Apés reducdo cirdrgica, fixagdo e reparagdo da fratura, o grupo de controle foi tratado com VSD durante dez
dias e o grupo de observagdo foi tratado com cefazolina penta-hidrato de sédio com base no VSD durante dez dias. O tempo de con-
trole de infeccdo foi gravado. Apés o tratamento, a dor dos doentes foi avaliada. Antes e apés o tratamento, foram detectados os niveis
séricos de proteina C-reativa (CRP), interleucina (IL)-6, IL -8, fator de necrose tumoral alfa (TNF-a), cortisol, epinefrina, norepinefrina
e glicose. Apds seis meses de tratamento, a taxa efetiva total de tratamento foi avaliada.
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RESULTADOS: O tempo de controle da infecgdo e a pontuagdo da Escala Visual Analégica apés o tratamento no grupo de observagdo
foram significativamente inferiores ao do grupo de controle, respectivamente (P<0,05). Apés o tratamento, os niveis séricos de CRP, IL-6,
IL-8, TNF-a, cortisol, epinefrina, norepinefrina e glicose em cada grupo foram significativamente menores do que antes do tratamento,
respectivamente (P<0,05), e cada indice de observagdo foi significativamente inferior ao do grupo de controle (P<0,05).

CONCLUSAO: No tratamento da fratura exposta complicada com lesées nos tecidos moles, o cefazolin penta-hidrato de sédio combinado
com VSD pode efetivamente reduzir a inflamagdo e o estresse, melhorando assim a eficdcia do tratamento.

PALAVRAS-CHAVE: Fraturas expostas. Lesées dos tecidos moles. Drenagem a vdcuo. Cefazolina. Tratamento de ferimentos com
pressdo negativa.

10.
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