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Analysis of the effect of centrifugal massage on reducing the
incidence of compartment syndrome caused by contrast agent
extravasation and reducing tension in patients undergoing
enhanced CT examination
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ABSTRACT

Background: The Background: To explore the influence of centrifugal massage on
reducing the incidence of compartment syndrome after contrast extravasation (CM)
and reducing the tension. Materials and Methods: A total of 62 patients with iodine
contrast agent extravasation who underwent CT angiography in our hospital from
March 2020 to March 2022 were chosen and separated into observation group (OG,
n=31) and control group (CG, n=31) following the nursing plan. Patients in the CG
adopted external application of drugs, and patients in the OG received centrifugal
massage. The occurrence and duration of swelling, the incidence of compartment
syndrome after contrast extravasation, nursing satisfaction, patients’ symptoms, and
psychological status were compared between both groups. Results: The swelling
degree and duration and incidence of compartment syndrome after contrast
extravasation in the OG were declined relative to the CG (P<0.05). After 24 and 48
hours of intervention, patients in the OG had elevated self-rating scales compared to
the CG (P<0.05). The nursing satisfaction of patients in the OG was elevated compared
to the CG (P<0.05). After intervention, the anxiety and depression scores of the OG
was decreased compared to the CG (P<0.05). The effective rate of treatment in the OG
was elevated compared to the CG (P>0.05). Conclusion: Centrifugal massage for
patients with CT enhanced scanning can prevent the incidence of CM after contrast
extravasation, reduce the damage of contrast agent to tissues, and improve nursing
satisfaction.

has a certain risk. It is necessary to explore new
intervention methods to reduce the incidence of

Computed tomography (CT) angiography is very
commonly used in clinical diagnosis, mainly through
the difference of contrast agent density to diagnose
the patient’s lesions, which can significantly improve
the accuracy of clinical diagnosis, help doctors to
grasp the patient’s condition in time, and provide
reliable basis for the follow-up treatment
arrangement of patients. It is irreplaceable in clinical
work (.2), However, CT examination needs to inject
contrast agent into the patient under high pressure.
When the doctor operates improperly or the patient’s
own body is abnormal, it will lead to a high rate of
contrast agent extravasation, causing pain and
swelling in local parts of the patient’s body. If it is not
handled in time, it will even lead to serious limb
dysfunction or tissue necrosis. Moreover, allergic
reactions of the patient are also very common, which

adverse reactions such as contrast agent
extravasation (3-5),

Compartment syndrome (CM) belongs to a rare
but severe complication caused by contrast medium
extravasation. It is considered to be an elevation in
pressure within a closed compartment that leads to a
compromise of the microcirculation of the tissue
within (), If not discovered and treated in time, the
soft tissue in the compartment can be perpetually
injured ().

Centrifugal massage is a kind of nursing mode for
contrast media penetration, which is rising in recent
years (8. It is widely used in clinical nursing work
based on scientific theory and achieves the most ideal
results with optimized means and methods.
Centrifugal massage is a nursing mode guided by the
overall nursing concept, based on evidence-based
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nursing and patient-oriented. It can pay more
attention to the details of treatment in the process of
treatment, improve the quality and refinement of
conventional treatment, and provide comprehensive
and professional nursing services for patients (9. As
an important part of modern nursing services,
centrifugal massage can improve the meticulous
degree of intervention and treatment operations,
optimize various intervention and treatment services,
fine manage resources, improve patients’ trust,
establish a good nurse patient relationship, improve
patients’ cooperation in follow-up examination,
treatment, and nursing, as well as improve patients’
medical experience (9. For patients undergoing
enhanced CT examination, centrifugal massage can
avoid possible contrast agent extravasation and
allergic reactions, reducing the incidence of adverse
reactions and improving the safety of CT examination
(11, However, there is rare report on the application
of centrifugal massage on reducing the incidence of
compartment syndrome after contrast extravasation.

Therefore, the purpose of this study was to probe
the influence of centrifugal massage on reducing the
incidence of compartment syndrome after contrast
extravasation and reducing the tension, which might
provide a novel sight for prevention of the occurrence
of compartment syndrome.

MATERIALS AND METHODS

General clinical data

A total of 62 patients with iodine contrast agent
(Iopromide injection, 60 mL, Bayer Schering Pharma
AG, Germany) extravasation who underwent CT
angiography (American GE256-slice spiral CT
scanner) in our hospital from March 2020 to March
2022 were included in the study. According to the
nursing plan, they were separated into observation
group (OG, n=31) and control group (CG, n=31).
Selection criteria: (1) Patients with iodine contrast
agent extravasation and informed consent to this
study; (2) The patient’s clinical data was complete;
(3) The patient had no contraindications to CT
angiography (iodine allergy, pregnancy, etc.).
Exclusion criteria: (1) Patients with severe heart
valve disease; (2) The patient had related symptoms
at the time of treatment; (3) Patients had poor
tolerance to CT angiography. The CG contained 16
males and 15 females, with a mean age of
(56.79+11.28) years, ranging from 35 to 75 years;
Degree of extravasation: mild in 21 cases and
moderate in 10 cases. The OG contained 17 males and
14 females, with a mean age of (56.86+11.34) years,
ranging from 35 to 77 years; Degree of extravasation:
mild in 22 cases and moderate in 9 cases. The
difference of clinical data between both groups was
balanced (P>0.05, table 1) and comparable. This
study was carried out with the approval of the ethics

committee of Suzhou Kowloon Hospital (KY-2021-
006, March, 2020-March, 2022).

CG: External application of medicine was adopted
to deal with the symptom of iodine contrast agent
extravasation: six layers of medical gauze were
completely immersed in 50% magnesium sulfate
solution (Hebei Xingtai Metallurgical Magnesium
Industry Co. LTD, China), taken out and screwed to
half dry (no dripping is appropriate) and applied to
the swelling position of the patient, and the outer
layer was covered with a film. The magnesium sulfate
gauze was replaced every 2 ~ 3 hours, and the
swollen limbs was lifted. After 24 hours, the gauze
block was removed, and the drug solution at the
swollen part was penetrated into the surrounding
subcutaneous tissue. The skin tension of the swollen
limb was decreased, softened, but the area increased.
It disappeared after 48 hours of observation.

0G: Centrifugal massage was wused for
intervention: after the iodine contrast agent was
found to be extravagated, the patient was instructed
to lie flat or sit down, the injured limb was put on the
bed surface or table top, the eye of the needle was
disinfected, and then a sterile small patch was
applied. After swelling, anti-swelling gel was applied
to reduce swelling and lubricate the skin. The nurse
held the patient’s affected limb with her left hand,
held the proximal end of the swollen part of the
affected limb with her right hand, and forcefully
pushed the swelling liquid toward the proximal end.
During the massage, it could be observed that the
subcutaneous contrast liquid of the patient was
pushed, the skin showed wrinkle marks, the patient
felt pain, the epidermis turned red during the
massage, and the original color could be restored
after the massage. The massage time should be able
to spread the subcutaneous effusion. The massage
time should be determined according to the amount
of contrast agent extravasation, and it could be 1 to 3
minutes. The number of massages should be
determined according to the extent of contrast agent
dispersion.

Table 1. Clinical characteristics of patients in both groups.

Control |Observation 2
- t/X2| P
Characteristic group group | 1 elvalue
(31 cases) | (31 cases)

Gender (male/female) 16/15 17/14 0.06 |>0.05

Average age (years) |56.79+11.28|56.86+11.34(0.02 [> 0.05
Mild 21 22

Degree of 0.08 > 0.05
extravasation|Moderate 10 9

Occurrence and duration of swelling: the number
of cases of swelling caused by extravasation of
contrast medium in the two groups was counted, and
the duration of swelling was recorded. The swelling
was graded according to the swelling situation. Mild:
local swelling range <2.5 cm; Moderate: local swelling
range: 2.5 ~ 14.0 cm; Severe: local swelling range
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>14.0 cm.

Occurrence of the incidence of compartment
syndrome after contrast extravasation: the number of
cases of contrast agent extravasation in the two
groups was counted and graded according to the
degree of extravasation. 0 degree: no clinical
symptoms; Grade I: the skin was pale and cold, with
or without pain, and the maximum diameter of
edema was less than 2.5 cm; Grade II: including all
symptoms of grade I, the maximum diameter of
edema was 2.5 ~ 15.0 cm; Grade III: including all the
symptoms of grade II, with edema skin accompanied
by mild and moderate pain, and a certain numbness.
The maximum diameter of edema was >15 cm; Grade
IV: including all symptoms of grade IlI, accompanied
by skin tightness, exudation, discoloration, blood
stasis, deep depression edema, impaired limb
circulation, and moderate and severe pain.

Nursing satisfaction: the nursing satisfaction scale
was prepared according to relevant standards and
distributed to patients after nursing. The scale was a
100 point system, in which 295 points were very
satisfied, 90-94 points were satisfied, and < 90 points
were dissatisfied. Satisfaction (%) = (very satisfied
cases + satisfied cases) / total cases x 100%.

Psychological status: Self-Rating Anxiety Scale
(SAS) as well as the Self-Rating Depression Scale
(SDS) were implemented to assess the negative
emotions of patients. Higher score represented more
serious negative emotions.

Evaluation of patients’ conscious symptoms: the
curative effect was evaluated and graded according to
Likert scale: 5 points meant excellent effect and no
adverse reaction; 4 points: satisfactory effect and few
adverse reactions; 3 points: general effect and little
adverse reaction; 2 points: unsatisfactory effect and
small adverse reaction; 1: unsatisfactory effect and
large adverse reaction.

Statistical analysis

SPSS 22.0 statistical software (International
Business  Machines  Corporation, USA) was
implemented, in which normal measurement data
were exhibited as mean # standard deviation (x * s),
and t-test was performed. Count data were exhibited
as percentage (%) and X2 test was performed. P<0.05
indicated significant.

RESULTS

Occurrence and duration of swelling in two groups

Compared with the CG, the occurrence of serious
and moderate swelling in the OG was declined, and
the occurrence of mild swelling in the OG was
elevated (P<0.05). In addition, the duration of
swelling in the OG was also significantly reduced
relative to the CG (P<0.05, figure 1).

Occurrence of swelling
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Figure 1. Occurrence and duration of swelling in two groups.
Note: * P<0.05 compared with the control group, and P values
were obtained by t test.

Comparison of the incidence of compartment
syndrome after contrast extravasation

Compared to the CG, the number of patients in
grade | and grade Il contrast agent extravasation was
higher in the OG, while the number of patients in
grade III and grade IV contrast agent extravasation
was lower, which implied that the incidence of
compartment syndrome after contrast extravasation
in the OG was declined compared to the CG (P<0.05,
figure 2).
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Figure 2. Comparison of the incidence of compartment
syndrome after contrast extravasation between the two
groups. Y axis is showing the number of patients.

Note: * P<0.05 compared with the control group, and P values
were obtained by t test.

Comparison of self-evaluation results between two
groups

After 24 and 48 hours of intervention, patients
both groups had elevated self-rating scale scores, and
patients in the OG had higher self-rating scale scores
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compared to the CG (P < 0.05, figure 3).

—@— Control group
—- Observation group
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Figure 3. Comparison of self-evaluation results between two
groups. Note: * P<0.05 compared with the control group, # P <
0.05 compared with before intervention, and P values were
obtained by t test.

Comparison of nursing satisfaction between two
groups

The nursing satisfaction of patients in the OG was
96.77%, which was elevated compared to that of
83.87% in the CG (P<0.05, table 2).

Table 2. Comparison of nursing satisfaction between two
groups (n, %)

Very . g Satisfied
Groups |Cases satisfied Satisfied | Dissatisfied rate (%)
Observation 16 14 *
2roup 31 (51.61) | (45.16) 1(3.23) [30(96.77)
Control 12 14
2roup 31 (38.71) | (45.16) 5(16.13) |26 (83.87)

Anxiety and depression scores of patients in two
groups

Previous to intervention, no difference was
discovered in SAS and SDS scores between both
groups were compared (P>0.05). After intervention,
SAS and SDS scores of both groups were lower
(P<0.05), and those in the OG were declined
compared to the CG (P<0.05, figure 4).
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Figure 4. Comparison of SAS (A) and SDS (B) scores of two
groups of patients. Note: * P<0.05 compared with the control
group, # P<0.05 compared with before intervention, and P
values were obtained by t test. SAS: Self-Rating Anxiety Scale.
SDS: Self-Rating Depression Scale.

Intervention effect of patients in both groups

The effective rate of treatment in the OG was
96.77%, which was promoted relative to that of
87.10% in the CG (P<0.05), as displayed in table 3.

Table 3. Comparison of intervention effect of patients in both

groups.
Groups |Cases| Cure |Improved Not |Effective rate of
P P cured | treatment (%)
Observation 20 1 *
aroup 31 (64.51) 10 (32.26) (3.23) 30 (96.77)
Control 13 4
group 31 (38.71) 14 (45.16) (12.90) 27 (87.10)

Note: * P<0.05 compared with the control group, and P values were
obtained by chi-square test.

DISCUSSION

In CT angiography, if the patient’'s own blood
vessels are poor or the cooperation ability is poor, it
is easy to lead to contrast agent extravasation. In
addition, the routine use of high-pressure syringes in
CT enhancement scanning will enhance the fragility of
blood vessels and increase the permeability, which
will lead to needle displacement. These factors can all
lead to increased risk of contrast agent extravasation
(12, 13), Adverse reactions of contrast agent include
nausea, vomiting, chills, sweating, dizziness, etc. at
this time, doctors need to stop contrast agent
injection and deal with it accordingly. Contrast agent
extravasation, as a common type of adverse reaction
in angiography, increases the pain of patients.
Patients can appear local skin redness, swelling, pain,
numbness, blisters, etc., severe cases can lead to skin
tissue ulceration and necrosis (14. Contrast agent
extravasation can lead to vascular damage,
proliferation of connective tissue around the blood
vessels, thickening and hardening of blood vessels,
narrowing of lumen, and redness, pain, numbness,
blisters, etc. around the blood vessels, which makes
the pain more severe (15 16). Although most of the
contrast agents used in China in recent years are
non-ionic  contrast agents, which have the
characteristics of non-ionic dissociation, high-density
hydrophilicity, low chemical toxicity and low
permeability, and can reduce the extravasation of
contrast agents and allergic reactions to a certain
extent, the occurrence of adverse reactions will also
be affected by individual factors of patients, and other
intervention methods still need to be explored for the
adverse reactions caused by CT contrast examination
(17.18), Some scholars have found that reducing the
severity of contrast agent extravasation and allergy
through improving nursing intervention methods has
a significant control effect. Among them, centrifugal
massage is a fine and nursing intervention aimed at
the patient’s disease, and actively prepares for the
possible risk factors of the patient. Through a certain
degree of effective intervention, the occurrence of
contrast agent extravasation and allergy can be
reduced, and the severity of adverse reactions can be
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reduced, it can control and prevent possible
abnormal situations (19),

At present, the treatment effect of 50%
magnesium sulfate solution in contrast agent
extravasation is relatively satisfactory, but due to the
influence of temperature and climate, water is prone
to dry and form crystals, and it is also necessary to
prevent drugs from wetting other parts, thus limiting
the patient’s activity. Magnesium sulfate constricts
blood vessels through cold compress, alleviates
edema, and reduces peripheral nerve pain of
patients, but its principle is to eliminate edema by
changing the osmotic pressure, which takes a long
time to take effect and is cumbersome to operate.
Constant replacement of magnesium sulfate gauze
blocks also increases nursing workload. Outpatients
often can't insist on leaving until the swelling
completely subsides, thus prolonging the treatment
time and increasing the difficulty of nursing work.
After contrast agent extravasation, patients are prone
to anxiety and tension. At this time, emotional
pacification must be carried out first. When patients
have bad emotional status, long-term external
application of magnesium sulfate gauze is easy to be
obstructed by patients. The massage technique can
spread the extravagated contrast agent, so as to
relieve the swelling and pain faster. It can also
accelerate blood circulation, remove blood stasis, as
well as lessen swelling and pain. The skin friction
heat generated in the process of massage can help
restore the elasticity of skin blood vessels, improve
blood vessel permeability and local lymphatic
circulation. In addition, massage is also conducive to
increasing the absorption area of drugs, so that the
accumulated contrast agent can be absorbed by
tissues as soon as possible and enters the metabolic
process. And the massage technique takes less time
than magnesium sulfate wet compress, and the
acceptance of patients is higher.

In our study, the results showed that the
incidence of non-permeability of contrast medium in
CT enhanced scanning was low after the use of
centrifugal massage nursing, which was similar to the
existing research results (20), which indicated that the
implementation of centrifugal massage therapy based
on conventional treatment could effectively reduce
the incidence of compartment syndrome after
contrast extravasation during CT enhanced scanning.
Previous studies have found that reasonable and
effective centrifugal massage can decline the
occurrence of swelling in patients with extravasation
and shorten the duration of swelling (21). Consistently,
the results of our research demonstrated that,
compared with the CG, the occurrence of serious and
moderate swelling in the OG was declined, and the
occurrence of mild swelling in the OG was elevated.
Meanwhile, the duration of swelling in the OG was
also significantly reduced compared to the CG. As
reported previously, centrifugal massage can find and
treat extravasation patients in time, improve the

cooperation between nurses and technicians, and
reduce and avoid tissue damage caused by contrast
agent extravasation (). In line with the above
literature, the results of our study also found that
centrifugal massage could alleviate patients’ anxiety
and depression, and improve nursing satisfaction,
which was also similar to the research results at
home and abroad (22 23), which implied that
centrifugal massage could improve the degree of
psychological intervention of patients, establish a
good nurse patient relationship, and improve the
quality of treatment.

To sum up, centrifugal massage can reduce the
incidence of compartment syndrome after contrast
extravasation for patients undergoing CT enhanced
scanning, relieve the negative emotions and promote
patient satisfaction, which is worthy for clinical
application.
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