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Abstract

Background
Compressor device works well in stop bleeding for patients after transradial cardiac catheterization, yet
brings uncomfortable experiences such as pain and edema. While the existing functional exercise
methods do not improve indicated-patients’ comfort experience and the comparative effectiveness of
different hand exercise has yet to be established.

Methods
A single-center, randomized clinical trial of adult patients underwent the transradial approach was
conducted. Participants were randomized into three groups (Finger exercise group, Acupoint massage
group and Handgrip exercise group). Respectively, symptoms of edema and pain were identi�ed as
primary outcomes with bleeding and skin temperature secondary outcomes, which were monitored and
measured at the �rst second, fourth and sixth hours after the intervention.

Results
Among the 95 patients (28 in �nger exercise group, 34 in acupoint massage and 33 in handgrip exercise),
the edema of patients’ middle �nger in handgrip exercise was gradually relieved compared with other two
groups in the second, fourth and sixth hours after the intervention. More interestingly, the edema of
patients’ palm in handgrip exercise was gradually eased in the fourth and sixth hours after the
intervention. The pain score of the fourth hours was obviously decreased in the handgrip exercise.
However, there was no signi�cant difference in the degree of bleeding and the skin temperature of
operative limb.

Conclusions
Compared with �nger exercise and acupoint massage, handgrip exercise would promote the blood
circulation and relieve the edema of operative limb.

Background
Approaches for diagnosis and percutaneous interventions for coronary artery disease are variable and
today the transradial is recommended over the transfemoral approach[1]. The transradial approach (TRA)
for cardiac catheterization is considered as the preferred access site(level evidence, A; class I
recommendation) in European guidelines[2]. Compressor device such as TR band device (Anscare
Medical, Jiangsu, China) is recognized to obtain hemostasis via radial access after sheath removal[3].
Although various compression therapies are used to control hemostasis, the rate of access-site
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complications from TRA are still high. The incidence of radial artery occlusion and radial artery spasm
varies widely from 1–30%[4] which may occur within 24 hours after surgery. Especially, edema and pain
are the most common symptom in indicated-patients[5], which seriously affect patient’s comfort
experience. Bleeding complications occurred in 16% of indicated-patients[6]. In order to improve the
comfort of patient’s underwent TRA, many methods have been tried to relieve the discomfort in the limbs,
such as acupoint massage[7], hand exercises[8], etc. Because acupoint massage involves many
acupoints, the steps of hand exercises are more complicated, and the patient's compliance with body
movements is poor. Previous research indicated that �st exercise with a dynamometer as a medium
could guide patients who exercise upper limbs to perform functional exercise and promote blood
circulation in the upper limbs[9]. Such low-intensity isometric handgrip exercise can mobilize the muscles
of the hand exercise, which has been proved to bene�t for reducing resting arterial pressure in
hypertensive[10]. Moreover, cardiovascular stress in patients diagnosed with coronary artery disease
(CAD) has been promoted though regular handgrip exercise[11]. However, the effect of this kind of
handgrip exercise on postoperative limb comfort has not yet been re�ected. Hence, the aim of this study
was designed to explore the effectiveness of this method and �guring out which methods is more
conducive to alleviate patients’ discomfort while ensuring its safety.

Methods
The study was approved by “Young Scholars Fostering Funding of the First A�liated Hospital of Nanjing
Medical University (PY2021047)”. Informed written consent was provided by all participants from the
initiation of the trial.

Study design
This was a single-center, randomized, controlled clinical trial The computer-generated random allocation
number was used to divided the subjects into three groups. The randomization list was uncovered in the
sequence until the patients was con�rmed to be enrolled. Patient enrolment for surgery was made by an
external controller who did not have close knowledge of this study.

Participants
The randomized, controlled trial was conducted from August 20, 2020 to February 20, 2021 at the
academic medical center. Patients preparing for coronary diagnostic and/or therapeutic intervention were
eligible if they were over 18 years of age, positive Allen’s test and had TR band applied after sheath
procedure via the radial artery. However, those who were in critical condition and unable to cooperate with
hand exercise, diagnosed with coagulation dysfunction, had a skin infection and underwent previous
radial artery procedure which might impair blood vessel and its restoration were excluded from this study.
In the course of the trial, if postoperative bleeding at the puncture site even requiring the replacement of
TR band, or the deterioration of patients’ condition, that patient would be removed from this study.

Study procedures
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Coagulation function in three groups were all normal before operation. All enrolled patients were accepted
dual antiplatelet therapy including 300mg Aspirin and 180mg Ticagrelor. The same operation method
was used by the same group of surgeons. The hemostatic device consisting of 1 compactly folded gauze
and TR band were used to compress the wound after the operation.[3] The gauze that was positioned
above the arterial puncture site, secured by the TR band which was a spiral pressure device that relaxes
and tightens by rotating. It usually rotated 3 turns after surgery to prevent hemorrhage. Half circle of
pressure was sequentially released from the TR band while the pressure of TR band in all participants
was decompressed once 1 hours after the operation. The following three types of hand exercise were
started after patients returned to the ward and stayed in a stable condition (usually half an hour after
surgery) and lasted for 6 hours. Each group of exercise would cycle every 20 minutes. The three
interventions were described as following.

Finger exercise
In group A, patients received �nger exercises the day before the operation and exercised with following
steps which has been recorded as an education video. The active hand movement methods were
summarized as six-step �nger exercise, which were “grip, touch, count, press, stretch and play” with the
surgical side elevated at 30 degrees.[12] “Grip”: stretch out the �ve �ngers, palm up, and then make a �st.
“Touch”: the thumb touches the index �nger, middle �nger, ring �nger, and little �nger respectively.
“Count”: stretch the �ve �ngers, bend the thumb, index �nger, middle �nger, ring �nger and little �nger for
a number of times. “Press”: stretch the �ve �ngers, press the index �nger, middle �nger, ring �nger and
little �nger with the thumb in turn. "Extend": put �ve �ngers together, palm up, and then stretch out �ve
vigorously. “Play”: use the thumb to hold down the �ngertips of the index �nger, middle �nger, ring �nger
and little �nger respectively, and then pop the index �nger, middle �nger, ring �nger and little �nger. Each
step was performed alternately 10–15 times.

Acupoint massage
In group B, on the basis of raising the surgical hand by 30 degrees, each �nger and the palms were
massaged by others for 1 minute. Then, each acupoint in Hegu, Houxi, Waiguan and Shousanli were
pressed for 10 times. Nurse marked the indicated-acupoints and taught caregivers to massage them.

Handgrip exercise
In group C, the maximum voluntary contraction (MVC) of operated hand was measured twice before
surgery. The mean of two readings was calculated according to visual feedback gave by the
dynamometer point. Postoperative patients squeezed the dynamometer with the maximum endurance of
the surgical side limb at 10%-15% MVC which was concluded from the preliminary experiment in
consideration of the safety of the puncture sites. The forearm of operative hand was supported by the
slope pillow in 30 degrees. Subjects were thereafter instructed to squeeze and loosen the dynamometer
for 30 times at 10%-15% MVC in one minute. To avoid the extreme pressor responses elicited by fatiguing
isometric efforts, the procedure was repeated twice for each training session with a 5-min rest.
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Outcomes
The end points included four items: palm circumference, middle �nger circumference and pain score as
primary outcomes with skin temperature and the degree of bleeding secondary outcomes. These
outcomes were monitored and measured at the �rst, second, fourth and sixth hours after the intervention.

The circumference of the palm was measured by the following steps. First, put the palms together,
starting from the midpoint of the second knuckle of the thumb, and measure the length of one circle of
the palm. Second, excluding the thumb, make one circle around the palm inside and outside the
horizontal lines. Finally, the average of the two measurement results was used as the circumference of
the hand. Similarly, middle �nger circumference was assessed by two measurements of middle proximal
phalanges. Patient’s pain was assessed by the visual analogue scale (VAS) [13].

The skin temperature was measured with the forehead thermometer of the same model and calculated by
the average temperature of the middle �nger, the thenar and the back of hand. All trials were performed in
the soundproof room in which the temperature was maintained at 24 ± 2℃. The degree of bleeding was
assessed after 24 hours and divided according to Christenson’s judgements[14]. (1) No bleeding at
puncture site. (2) Mild bleeding: the diameter of the puncture site was less than 2cm, or the diameter of
hematoma in forearm was less than 2cm. (3) Obvious bleeding: the diameter of the puncture site was
more than 2cm, or the diameter of hematoma in forearm was more than 2cm even the need for pressure
dressing again.

Data collection
Data collectors were uniformly trained by researchers on how to measure palm circumference, skin
temperature and pain score. The data recording was conducted under the uni�ed supervision of the
researchers.

Statistical analysis
SPSS 24.0 statistical software was applied to analyze the data. Continuous variables were described as
either mean (standard deviation) or median (interquartile range) whereas categorical variables were given
as numbers (percentages). The analysis of variance of the random block design data was used for the
analysis between groups, in which the pairwise comparison of the means was carried out by the LSD
method. P < 0.05 was considered statistically signi�cant.

Results
From August 2020 to February 2021, 483 percutaneous coronary angiography procedures were
performed at the study site and 278 patients were screened for eligibility. Of these, 176 patients were
removed due to the exclusion criteria. Accordingly, a total of 102 patients with stable CAD were included
and randomized into group of �nger exercise (34 patients), acupoint massage (34 patients) and handgrip
exercise (34 patients). Finally, treatment was completed by 28 patients in the �nger exercise group, 34
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patients in the acupoint group and 33 patients in the handgrip exercise. 5 patients withdrew from the
treatment halfway because of violating the protocol and 2 patients discontinued the study for personal
reasons as presented in Fig. 1.

At baseline, the three groups showed no signi�cant differences in age, sex, history of disease, usage of
anticoagulants and diseased vessels. Furthermore, patients were homogenous for palm circumference,
�nger circumference and pain perception (Table 1). 

Table 1
characteristics of patients at baseline

  Finger
exercise(n = 28)

Acupoint
massage(n = 34)

Handgrip
exercise(n = 33)

F/H/
χ2

P

Age(< 40y)a 14(50) 13(38.2) 13(39.4) 1.024 0.612

Sex(male)a 16(57.1) 22(64.7) 19(57.6) 0.947 0.651

History of disease(< 
1y)a

18(64.3) 15(44.1) 16(48.5) 2.584 0.280

Usage of
anticoagulantsa

24(85.7) 27(79.4) 29(87.9) 3.191 0.224

Procedure (PCI)a 10(35.7) 11(32.4) 15(45.5) 0.908 0.645

Palm
circumference1c

221.96 ± 14.24 222.63 ± 15.16 223.50 ± 15.68 0.080 0.923

Middle �nger
circumference1b

68.50[64.25,
74.00]

69.50[65.00,
74.25]

70.00[67.00,
74.00]

0.895 0.639

Skin temperature1b 36.27[36.17,
36.38]

36.33[36.13,
36.53]

36.33[36.22,
36.47]

0.984 0.611

Palm
circumference2c

228.00 ± 14.68 228.21 ± 14.77 231.07 ± 14.87 0.434 0.649

Middle �nger
circumference2b

70.50[69.00,
76.75]

72.5[68.75, 77.00] 73.00[70.50,
77.50]

1.482 0.477

Pain score2b 1 [0, 2] 1 [0, 2] 1 [0, 2] 0.314 0.855

Skin temperature2b 36.17[36.00,
36.30]

36.10[36.00,
36.33]

36.22[36.03,
36.42]

0.551 0.759

a n(%); b Median(interquartile range) millimeter; c Mean(standard deviation).

1 pre-operation; 2 post-operation but before intervention.
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In addition, middle �nger circumference reduction and palm circumference reduction in the �rst hour
among three groups shown no signi�cant difference. However, the edema of patients’ middle �nger in
handgrip exercise was gradually relieved compared with other two groups in the second, fourth and sixth
hours after the intervention. More interestingly, the edema of patients’ palm in handgrip exercise was
gradually eased in the fourth and sixth hours after the intervention. Meanwhile, the pain score of the
fourth hours was obviously decreased in the handgrip exercise as presented in Table 2. 
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Table 2
comparison of the discomfort of operative hand among three groups.Parameters according to

assessment of operative hand

  Finger
exercise(n = 28)

Acupoint
massage(n = 34)

Handgrip
exercise(n = 33)

H/χ2 P

Palm circumference
(mm) b

         

Δ1T -0.63[-2.00,1.25] -1.00[-2.25, 1.23] 0.00[-1.00, 1.50] 1.069 0.586

Δ2T 0.50[-1.00, 2.50] 1.00[-1.50, 2.13] 1.50[0.00, 3.25] 4.883 0.087

Δ4T 1.75[-0.81, 4.25] 2.50[-0.13, 4.50] 5.00[3.25, 6.50] 14.166 < 
0.01

Δ6T 2.50[0.75, 5.88]] 3.50[1.00, 5.63] 6.50[4.75, 7.75] 17.078 < 
0.01

Middle �nger
circumference (mm) b

         

Δ1T 0.00[-1.00, 1.00] 0.00[-1.00, 0.13] 1.00[-1.00, 1.00] 2.954 0.228

Δ2T 0.00[-0.75, 2.00] 0.00[-1.00, 2.25] 2.00[0.50, 3.00] 7.135 0.028

Δ4T 1.00[-1.00, 3.00] 1.00[-1.00, 3.00] 3.00[1.00, 4.00] 8.582 0.014

Δ6T 1.50[0.00, 3.00] 1.50[-1.00, 4.00] 4.00[2.00, 5.00] 11.169 < 
0.01

Pain score of the
fourth hours b

0.00[0.00, 1.00] 0.00[0.00, 1.00] 0.00[0.00, 0.00] 6.641 0.036

Mild bleeding a 11(39.3) 13(38.2) 14(42.4) 0.131 0.937

Skin temperature (℃)
b

         

Δ1T -0.07[-0.37,
0.09]

-0.10[-0.30, 0.00] -0.03[-0.22,
0.17]

0.103 0.950

a n (%); b Median (interquartile range) millimeter;

mm: millimeter

Δ1T: Circumference/ Temperature before intervention minus that one hour later

Δ2T: Circumference/ Temperature before intervention minus that two hours later

Δ4T: Circumference/ Temperature before intervention minus that four hours later

Δ6T: Circumference/ Temperature before intervention minus that six hours later
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  Finger
exercise(n = 28)

Acupoint
massage(n = 34)

Handgrip
exercise(n = 33)

H/χ2 P

Δ2T -0.26[-0.42,
-0.03]

-0.12[-0.34, 0.00] -0.17[-0.42,
0.03]

1.131 0.568

Δ4T -0.32[-0.53,
-0.05]

-0.25[-0.41,
-0.03]

-0.17[-0.45,
-0.02]

1.224 0.542

Δ6T -0.37[-0.50,
-0.22]

-0.40[-0.70,
-0.27]

-0.43[-0.58,
-0.20]

1.381 0.501

a n (%); b Median (interquartile range) millimeter;

mm: millimeter

Δ1T: Circumference/ Temperature before intervention minus that one hour later

Δ2T: Circumference/ Temperature before intervention minus that two hours later

Δ4T: Circumference/ Temperature before intervention minus that four hours later

Δ6T: Circumference/ Temperature before intervention minus that six hours later

In terms of security, all patients had bleeding from the puncture site after surgery. But there was no
signi�cant difference in the degree of bleeding among three groups. Besides, the skin temperature of
hand among three groups was all gradually recovered, which identically shown no signi�cant difference.

Discussion
In this trial, we investigated the effect of several common hand exercise on the comfort of the surgical
side limbs. Considering the safety of those three training methods on surgical limbs by comparing the
degree of bleeding at the puncture site, there was no signi�cant difference in the three groups of patients.

We found that handgrip exercise is more effective in reducing the edema of the limbs, in comparison of
hand exercise and acupoint massage. The handgrip changes signi�cantly reduced the palm
circumference and middle �nger circumference when it works form the fourth hour and the second hour
respectively. From the second hour, the gap of middle �nger circumference before and after intervention is
gradually widened from 2[0.50, 3.00] mm to 4[2.00, 5.00] mm. As expected, the edema of middle �nger
even other �ngers in handgrip exercise group are obviously relieved compared with other groups.
Naturally, the palm circumference is decreased by 5 mm even 6.5 mm from the fourth hour. This may be
due to the peripheral blood circulation starting from the �ngers and gradually extending to the palm.

Straining compression on the puncture site to accelerate hemostasis is a common method for CAD
patients after the transradial access. On the basis of regularly releasing the pressure of the puncture site,
coordinated with physical activities can help to better relieve the edema of the limbs. Studies have shown
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that two main factors are recognized as the peripheral venous returning to heart: the muscle pump and
the respiratory pump[15]. Hand exercise, such as grasping empty �sts and gripping hand muscle
developer, can increase venous return without in�uence of systemic circulation[16]. As a way of the
venous return, simply performing �nger movements or acupoint massage may not have a signi�cant
intervention effect due to the small degree of muscle contraction. Instead, handgrip exercise is conducted
to utilize the promoting effect of muscle pump on peripheral venous �ow velocity. For more deeply
investigation, handgrip exercise using dynamometer for resistance training can help stretch the forearm
muscles, contract the �exor muscles of the hand, and effectively promote the return of blood and lymph.
As Masashi et al[17] asserted, increasing isometric exercise intensity shifted the threshold of the muscle
metabore�ex to higher blood �ow levels. Additionally, grasping the dynamometer at a frequency of
25times/min is favorable to improve hemodynamics to the greatest extent[9]. Comerota et al[18] explored
the mechanism of physical exercise on peripheral blood �ow that exercise can help to increase �brinolytic
activity and reduce plasminogen activator-1, thereby increasing tissue-type plasminogen activator(t-RA)
and enhancing plasmin dissolution which increases blood �ow velocity and promotes blood circulation.
Handgrip exercise, different from other resistance training such as gripping bouncy ball, can exhibit the
strength of gripping to avoid excessive grip strength or insu�cient grip strength, which will affect the
effect of handgrip exercise. In terms of operability, gripping dynamometer gives patients a sense of
grasping an object to improve their compliance, which will distract patients’ attention and relieve pain
perception.

This study has some limitations. First, the circumference of palm and middle �nger were signi�cantly
recovered in 6 hours which lacks of long-term observation of limb. This also makes it di�cult to further
judge when the swollen limbs can return to their original circumference. Second, to be safe, we set the
gripping strength of the intervention group at 10%-15% MCV according to the preliminary experiment, and
do not further explore how much MCV are most suitable for CAD patients after the transradial approach.
Therefore, more intensive studies are needed to investigate the effect of handgrip exercise on
postoperative function of limbs and what range of MCV is the most conducive to limb recovery, thereby
adapting to life.

Conclusions
Employing the electronic dynamometer to perform hand exercise will effectively promote blood
circulation and relieve the edema of limb for CAD patients after the transradial access. Importantly, the
edema of �nger tip has been eased from the second hour after the intervention while the circumference of
hand has been decreased from the fourth hour after the intervention. Furthermore, patient’s pain
perception can be relieved from the fourth hour and the security of handgrip exercise can be also
guaranteed.
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