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INTRODUCTION

Introduction. To observe the hemodynamic changes of the upper
limb cephalic veins in patients with ESRD who were pre-treated
with hemodialysis and required an arteriovenous internal fistula
after grip exercise at different grip strengths and frequencies,
and to explore the optimal grip exercise strength and frequency
to promote blood circulation in the upper limb cephalic veins.
Methods. 200 patients aged = 18 years who had undergone
internal fistula surgery were selected and divided into 2 groups,
100 patients in each group were divided into groups A and B.
Group A determined the appropriate grip strength; group B
used an electronic grip strength device to perform grip strength
exercise at 4 frequencies of 15, 20, 25, and 30 times/min under the
appropriate grip strength determined in group A. The changes
in cephalic venous hemodynamics at different frequencies were
observed. The hemodynamic changes of the cephalic vein at
different frequencies were observed.

Results. When the grip strength was 70 to 100% of the maximum
grip strength, the cephalic venous blood flow velocity and
vascular pressure increased significantly compared to the resting
state (P < .01).

Conclusions. Grip strength exercise can promote blood circulation
in the cephalic veins of the upper limb, with 70 to 100% of the
maximum grip strength and 25 exercises/min being the best
method. This conclusion can provide a reference basis for clinical
guidance on functional exercise of the upper limb and promotion
of blood circulation in the cephalic veins of the upper limb and
maturation of AVF in patients after AVF surgery.
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HD patients,? and the autogenous arteriovenous

In recent years, end stage renal disease (ESRD)
has become a global public health problem that
threatens human health. About 93% of ESRD
patients choose hemodialysis (HD) as their
treatment.! Vascular access is the “lifeline” for

fistula (AVF) is internationally recognized as the
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most effective way of providing access to the
arteries. The AVF is a surgical vascular access to
the radial artery-cephalic vein in the upper limb
of patients with ESRD for HD. The most common
clinical approach is an anastomosis of the radial
artery and cephalic vein end-to-end in the distal
forearm. To facilitate the patient’s daily life, the AVF
is preferred to be established in the non-dominant
hand.? The AVF needs to be used after maturation,
which usually occurs 4 to 8 weeks after surgery.*
After the AVF is established, the cephalic vein
becomes the main channel for the patient’s body
surface puncture to drain blood during HD, called
the draining vein (DV). It has been confirmed that
the DV diameter and DV blood flow are the main
markers for determining the maturity of the AVF
at the wrist.>” With the widespread use of AVF in
clinical practice, the problem of AVF maturation
has gradually emerged as a major challenge in
clinical use,® and the literature generally reports
that the immaturity rate of AVF can range from 30
to 60%,”%1° with insufficient blood flow being at the
core of its immaturity. Numerous studies'!"1® have
pointed out that instructing patients to perform
fist clenching exercises or ball clenching exercises
after AVF can lead to thickening of the patient’s
cephalic veins, increased blood flow and improved
AVF maturation rates. However, fewer studies have
been reported on specific exercise methods, such as
the amount of strength and frequency of exercise.
In this study, the changes in cephalic venous
blood flow velocity, vascular pressure, vascular
diameter and blood flow in patients with pre-
established AVF were observed by color-doppler
ultrasound (CDU) before and after exercise with
an electronic grip on the non-dominant limb at
different strengths and frequencies to investigate
and quantify the optimal grip exercise pattern to
promote cephalic venous blood circulation in the
upper limb. The results of the study are reported
below. The results of the observational study are
reported below.

MATERIALS AND METHODS
Study Population

A convenience sampling method was used to
select patients with ESRD who were admitted
to our department from November 2023 to July

2024, who were pre-treated with hemodialysis
and required an arteriovenous internal fistula,
and all patients were willing to accept the pilot
study and could actively cooperate. The trial was
planned and conducted in accordance with the
requirements of the hospital ethics committee and
was approved by the hospital ethics committee.
A total of 200 patients were included and divided
into 2 groups A and B. Inclusion criteria: diagnosed
uremia; age = 18 years; unimpeded operative
cooperation; all patients with AVF established on
the non-dominant upper limb; informed consent
and voluntary participation. Exclusion criteria:
history of neurological or psychiatric diseases;
history of upper limb trauma and surgery, hand
dysfunction; history of severe cardiovascular and
cerebrovascular diseases, etc. There were 100
cases in Group A, 48 males and 52 females, aged
18 to 65 years, mean age (51.36 + 9.79); 100 cases
in Group B, 53 males and 47 females, aged 18 to
63 years, mean age (49.85 + 11.22); the differences
were not statistically significant when comparing
the general data of age and gender between the
2 groups (P > .05).

Research Methods

Instrumentation and quality control

1) Instruments and equipment. VINNO Q5 portable
ultrasound diagnostic instrument (model: VINNO
Q5, equipped with 7L high frequency probe,
manufactured by Feiyinuo Technology Co.,
Ltd.); CAMRY electronic grip strength device
(model: EH101, Guangdong Xiangshan Weighing
Instrument Group Co.)

2) Measuring personnel. The whole test was carried
out by the same professional operator using the
ultrasound diagnostic instrument.

3) Place, time and room temperature control. The
whole study was conducted in the doctor’s office
of the hemodialysis center, and the uniform
test time was from 14:00 to 18:00. The room
temperature was air-conditioned and controlled,
and the temperature was maintained at 25 °C.

Measurement sites and methods.

1) Measurement site. All locations measured
were cephalic veins, fixed in the distal 1/3 of
the forearm of the upper limb.'” The patient’s
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cephalic vein at this location was first located

with the CDU and marked with a marker to

facilitate measurement.
2) Measurement method. Using a VINNO Q5

portable ultrasound diagnostic instrument with
a probe frequency of 7 L. The measurement
method follows the recommendations of the
guideline,'® the patient is placed in a sitting
position with the upper limb fully exposed and
naturally extended, the probe is placed lightly
on the skin and a cross-sectional view is made
along the vascular path in B mode to measure
and record the diameter of the vessel (select a
vessel site that is flat, free of tumor-like dilatation,
curvature and turbulence, and avoid branching).
After the spectral curve has stabilized, freeze and
take a screenshot of the spectral curve, measure
and record the mean blood flow velocity (Vmean)
and blood flow rate: Blood flow was calculated
as Q = A(pr2) x V x 60s (Q represents blood flow
in standard units of ml/min; A represents vessel
area; V represents mean blood flow velocity in
standard units of cm/s; s represents seconds),'
and the amount of coupling agent was increased
appropriately during the measurement, with
the examiner holding the probe gently to avoid
pressing on the vessel.

Grip strength exercise method. The study was
divided into 2 processes, i.e. according to 2 groups
A and B in sequence. Throughout the study, one
researcher was fixed to explain the details of grip
strength exercise essentials, grip strength and grip
frequency in detail to ensure that the subjects
understood them correctly and implemented them
smoothly.

Group A) Determine the appropriate grip strength
exercise. According to urn Changshui et al,?° grip
strength values measured in the seated position were
greater and statistically significant, therefore the
grip strength of the patients in this study was chosen
to be measured in the seated position. According
to the standard grip strength test posture,?! the
patient was placed in a seated position with both
feet naturally on the ground, knees flexed at 90°,
hips flexed, shoulders inward in a neutral position,
elbows bent at 90° and forearms in a neutral
position. The maximum grip strength (MGS) of
the patient’s non-dominant upper limb was first

measured using an electronic grip strength device.
The patient held the electronic grip strength device
by its inner and outer grips with their maximum
strength until the value on the display of the grip
strength device did not jump, and the maximum
value was determined by taking two consecutive
tests with an interval of 60 seconds between tests.??
During the measurement, the patient should not
touch the body or clothing with the electronic grip
and should not bend the arms, bend the waist or
stir the feet. Calculate and record the values of 90,
80, 70, 60, 50, and 40% MGS based on the patient’s
MGS (during the conduct of the pre-experiment, it
was found that the patient’s grip strength was lower
than the resting state in terms of cephalic venous
vascular pressure and peak blood flow velocity
at 10 to 30% MGS, in order to avoid excessive
consumption of research time, manpower and
material resources. (Therefore the 10 to 30% MGS
strength experiment was removed). Patients were
instructed to use an electronic grip strength device
on the non-dominant upper limb at MGS; 90, 50,
and 40% MGS; respectively, and to rest for at least
15 min after each grip,® to prevent interference
with the hemodynamic measurements from two
different grips before and after. Immediately
after each grip, the patients were monitored by
the measurement staff with a CDU for changes
in cephalic vein vessel diameter, peak blood flow
velocity and vessel pressure at the distal forearm
marker of their upper limbs, and conclusions were
drawn after statistical analysis.

Group B) Selection of grip exercise frequency
under the appropriate grip strength determined
by group A. Patients were first rested in a seated
position for 15 min, and an electronic grip device
was used to grip 15 times/min, 20 times/min, 25
times/min, and 30 times/min at the appropriate
strength determined by group A. Each frequency
was gripped for 1 min, and rested for at least 15
min after each operation,?® and then the other
frequencies were performed. For the accuracy of
the operation, the researcher used the recorded
audio “Grip, Loose, Grip” to repeat the instruction.
Immediately after each frequency of operation,
the patient’s venous blood flow velocity, vessel
diameter and blood flow were measured by
a diagnostic ultrasound device. The data was
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statistically processed and conclusions were drawn
(if the blood flow rate continued to increase, the
selection of the grip frequency was continued at
an increasing rate of 5 times/min without causing
discomfort to the subject until the maximum blood
flow rate was achieved, which was achieved at the
current frequency in this trial).

Data collection and recording. The cephalic
venous blood flow velocity, vessel diameter, vessel
pressure and blood flow detected by the ultrasound
professional at different grip strengths and grip
exercise frequencies were carefully recorded by
the same investigator during the experiment; data
were double-entered and checked for consistency
using Epidata 3.1. If data inconsistencies were
found, the original data were promptly consulted
for confirmation.

Statistical Methods

IBM SPSS Statistics 25.0 was used for statistical
analysis of the data. Data were expressed as'x + s.
Statistical tests were all performed using a two-sided
test, and differences were considered statistically
significant if P < .05. Data results for measures
obeying normal distribution were expressed as
mean * standard deviation, while median or
interquartile spacing was chosen for those not
obeying normal distribution. Changes in vessel
diameter, blood flow, peak velocity and vessel
pressure were first analyzed by one-way ANOVA,
and if the overall difference was statistically
significant, further two-way comparisons between
groups were made, and the least significant
difference (LSD) method was used for two-way
comparisons of means in ANOVA.

RESULTS
Changes in Cephalic Venous Blood Flow
Velocity, Vascular Diameter and Vascular
Pressure at Different Grip Strengths in Group A
Analysis of variance (ANOVA) showed that the
changes in cephalic vein diameter with decreasing
grip strength after maximum grip strength were
not statistically significant (P > .05) compared to
the resting state pair. In contrast, the changes in
venous blood flow velocity and vascular pressure
were statistically significant (P < .01), with a
gradual decrease in cephalic venous blood flow
velocity and vascular pressure with decreasing
grip strength; a two-by-two comparison revealed
that the differences in cephalic venous vascular
pressure and blood flow velocity compared to
the resting state when grip strengths of 70, 80, 90,
and 100% MGS were used statistically significant
(P < .05), as detailed in Table 1.

Changes in Venous Blood Flow Velocity, Vessel
Internal Diameter and Blood Flow in Group B
With Different Grip Exercise Frequencies

As shown by ANOVA, the effects of different
frequencies on cephalic vein diameter, blood flow
velocity and blood flow were statistically significant
(P < .01) compared with the resting state, and the
two comparisons showed that: with the increase of
grip exercise frequency, the change of blood vessel
diameter was not obvious; the cephalic vein blood
flow velocity and blood flow continued to increase
under different grip exercise frequencies, and when
the grip exercise frequency was 25 times/min, the
blood flow velocity When the frequency of grip
exercise was 25 times/min, the blood flow velocity

Table 1. Changes in Cephalic Venous Hemodynamics at Different Grip Force Levels

Grip strength Vessel diameter (cm)

Peak blood flow rate (cm/s)

Vascular pressure (mmHg)

Resting condition 0.23 £0.03 11.38 + 1.86 0.06 £ 0.01
MGS 0.29 £ 0.03 16.90 + 2.192 0.12 +0.022
90% MGS 0.31+£0.03 15.27 + 1.67° 0.11 £ 0.022
80% MGS 0.27 £ 0.03 14.31 + 1.642 0.10 + 0.022
70% MGS 0.31+£0.03 12.83 + 1.80° 0.07 £ 0.012
60% MGS 0.27 £ 0.00 11.76 £ 1.67 0.06 +0.01
50% MGS 0.26 + 0.03 11.29+1.73 0.05 + 0.02
40% MGS 0.23 +£0.03 9.94 + 1.57 0.05 £ 0.02
F 0.382 182.976 260.431

P .857 <.01 <.01

Note. A indicates statistically significant blood flow velocity and vascular pressure after grip compared to resting state (P < .05); the rest of the
groups were not statistically significant in a two-by-two comparison (P > .05).
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Table 2. Changes in Cephalic Venous Hemodynamics with Different Grip Exercise Frequencies

Frequency Vessel diameter (cm) Peak blood flow rate (cm/s) Blood Flow (mL/min)
Resting condition 0.22 + 0.03 9.91+1.17 15.87 + 8.06
15 times/min 0.23 + 0.032 11.41+1.172 24.30 + 11.392
20 times/min 0.25+0.03%° 12.31 +1.12% 29.75 + 12.88%°
25 times/min 0.26 + 0.032°¢ 13.21 + 1.10%° 39.46 + 14.923b¢
30 times/min 0.25 + 0.032" 12.51 + 1,152 27.80 + 12.002
F 27.369 122.330 49.968
P <.001 <.001 <.001

Note. A represents P < .05 compared to resting state, B represents P < .05 compared to 15 beats/min, C represents P < .05 compared to 20

beats/min; and D represents P < .05 compared to 25 beats/min.

reached the maximum (13.21 + 1.10) cm/s and the
blood flow reached the maximum (39.46 + 14.92)
mL/min, see Table 2 for details.

DISCUSSION

Functional upper limb exercise using 70 to 100%
of maximum grip strength has the best effect on
the cephalic vasculature.

In recent years, researchers at home and
abroad have continued to explore methods to
promote AVF maturation. Functional exercise,
physiotherapy, pharmacological intervention, and
surgical treatment have all produced good results;
shortening the maturation time and extending the
life of the AVF. Among them, functional exercise
is the most commonly used method, which is safe,
convenient and economical. The most commonly
used exercise modality in functional exercise
clinically is grip exercise.?* It has been shown that
grip exercise not only dilates and fills the AVF
vessels, improves blood flow during dialysis and
promotes the maturation of the internal fistula,
but also reduces complications such as AVF
stenosis and thrombosis, thus prolonging the life
of the AVF.?°> The mechanism of grip exercise
to promote AVF maturation is through rapid
repetition of “grip-release” fist to squeeze muscle
groups, stimulate musculoskeletal contraction,
enhance muscle strength, promote venous and
lymphatic return to the upper limb, and increase
the internal diameter of AVF vessels and blood
flow to improve AVF blood flow Kinetics. When
a patient makes a fist, the muscles of the dorsal
interosseous muscles of the palm, the short flexors
of the little finger, the thumb retractors, the short
flexors of the thumb and the deep flexors of the
forearm, the long flexors of the thumb and the

superficial flexors of the fingers contract sharply,
generating pulsatile pressure on the veins and
causing rapid flow of venous blood towards the
heart, thus increasing the tangential and pulling
forces on the endothelial cells of the blood vessels
and causing a biochemical effect on the endothelial
cells to release diastolic factors such as carbon
monoxide and prostacyclin. The combined effect of
these factors leads to vasodilation, which increases
the internal diameter, cross-sectional area, mean
blood flow velocity and blood flow, and promotes
AVF maturation. Repeated grip strength exercise
accelerates the rapid flow of venous blood to the
heart, promotes blood and lymphatic circulation in
the affected limb, helps to reduce blood viscosity,
and reduces AVF thrombosis.?®?” Therefore, grip
strength exercises for patients are particularly
important in promoting AVEF.

In this study, we found that the differences in the
degree of improvement in venous hemodynamics
when patients performed 70% MGS to MGS grip
strength were all significant when compared to
the resting state. However, the majority of ESRD
patients suffer from poor circulation, weakness
and frailty, making it difficult for them to use
their maximum strength for grip exercise, resulting
in reduced compliance. From a humane point of
view, it was considered “whether the patient could
use the least amount of exercise to improve the
quality of the AVF cephalic vessels and minimize
the patient’s burden”. The patient can exercise with
70% MGS, which not only saves 30% of the grip
force, but also improves the hemodynamic profile
of the cephalic vessels in an equally effective way,
resulting in improved AVF vascular quality, such
as increased cephalic blood flow velocity, increased
vascular pressure and better AVF maturation.
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The functional upper limb exercise using 70
to 100% of maximum grip strength produced a
significant boost to cephalic venous blood flow
velocity and blood pressure.

A comparison with resting cephalic vein
hemodynamics revealed that the use of various
grip strengths did not have a statistically significant
effect on the change in vein diameter (P > .05),
and that there was a significant change in blood
flow velocity and vascular pressure (P < .05).
The results showed that when the strength of the
grip exercise was reduced, there was a significant
reduction in both cephalic venous blood flow
velocity and vascular pressure. After statistical
analysis, it was found that there was a statistically
significant difference (P < .05) when grip strength
was performed using 70% MGS to MGS compared
to the resting state. The reasons for this were
explored as follows: 1) Patients have the greatest
effect of muscle compression on blood vessels at
maximum grip strength. Therefore, the sudden
pressure on the venous vessels can cause the blood
in the veins to be pumped out rapidly, which results
in a rapid increase in blood flow velocity and an
increase in venous vascular pressure; 2) when the
patients” grip strength gradually decreases, the
squeezing effect of their muscles on the cephalic
veins will gradually decrease, and the squeezing
of the muscles cannot meet the pressure required
for the vessels to empty the blood flow, thus, the
blood flow velocity and intravascular pressure of
the cephalic veins will decrease; and 3) The change
in cephalic vein diameter at various sizes of grip
force is not statistically significant, probably due
to the thin and weak elasticity of the vein wall,
which is easily compressed by the CDU probe
during CDU examination and cannot measure the
diameter of the venous vessels well and accurately.
According to the results of this study: the use of
70 to 100% maximal grip exercise in ESRD patients
had a positive promotion effect on the upper limb
cephalic veins and did not cause any discomfort
to the patients.

Grip strength exercises are most effective at a grip
strength of 70% MGS to MGS and at a frequency
of 25 times/min.

It has been demonstrated that regular continuous
grip and release exercises of the hand have a greater

effect on vasodilation and increased blood flow,28
however excessive grip and release exercises of the
hand can lead to fatigue of the arm muscles and
trigger soreness. This soreness can be relieved by
rhythmic grip and fist release and short rest periods
between fist releases. Although grip exercises
can improve blood flow in the upper limb by
increasing circulation, there is no literature that
specifies how hard and how often grip exercises
can be performed to maximize hemodynamics in
the upper limb while minimizing the strain on
the patient when performing the exercise. It has
been suggested that the force of sustained muscle
contraction induced by grip force of a certain
duration can exert a better effect on evacuating
vascular blood over time than rhythmic contraction
of the same force; however, rhythmic grip force
has a longer duration and longer effect on muscle
contraction than sustained grip force, and has a
stronger effect on evacuating vascular blood over
time than sustained grip force of the same force.?’
COOK M et al.* found in their experiments that
the muscle contraction produced by grip force
caused changes in vascular blood flow in the arm,
with a very rapid blood flow response within
1 to 2 seconds of muscle contraction, peaking
within 2 to 5 seconds of contraction. Furthermore,
there is a clear correlation between the change in
peak velocity of vascular blood flow in the arm
caused by muscle contraction during handgrip
and muscle contraction force, implying a direct
stimulus-response relationship between grip force
magnitude and vascular hemodynamics. It has been
reported in the literature’! that under steady-state
conditions, the duration of sustained contraction
of human skeletal muscle affects the associated
skeletal muscle blood flow during exercise during
grip strength exercise.

The results of the present study showed that
at appropriate grip strength, blood flow velocity
and blood flow were significantly increased
(P < .05) after subjects performed grip exercise
at different frequencies (15, 20, 25, and 30 times/
min) compared to the resting state, indicating that
grip exercise can have a good effect on cephalic
venous blood circulation, which is consistent with
the results of previous studies.?? The results of this
study showed that blood flow velocity and blood
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flow in the upper limb veins was greatest at a
grip exercise frequency of 25 beats/min (P < .01)
and decreased at a grip exercise frequency of 30
beats/min compared to 25 beats/min. Therefore,
this study suggests that patients should choose a
frequency of 25 repetitions/min for grip exercise,
which has the best effect on upper limb cephalic
hemodynamics. In response to the study, cephalic
venous blood flow velocity and blood flow did not
increase consistently with increasing frequency of
grip exercise. This may be due to the following
factors: 1) If the frequency of grip exercise is too
fast per unit time, the muscle contraction caused by
grip force does not have enough time to compress
the blood vessels so that the blood is completely
pumped out of the upper limb veins, resulting in
no significant increase in the velocity and flow of
blood. 2) If the frequency of grip exercise is too
slow, making the single grip and release time too
long will cause the patient’s hands to be easily
fatigued during the exercise process, resulting in
the strength of the grip exercise not achieving the
effect of muscle contraction and not getting the
desired exercise effect.

Therefore, this study recommends that the
optimal grip strength to be used when clinically
instructing patients to perform upper limb
functional exercises after AVF is 70% of the patient’s
own maximum grip strength at a frequency of 25
times/min.

Limitations of the Study

By analyzing the effects of using different sizes of
grip strength and frequency on the hemodynamics
of the upper limb cephalic veins in patients with
ESRD who have undergone pre-AVF surgery,
this study remedies the current gap in the study
of grip strength size and grip frequency of grip
exercise in patients after AVF surgery, and achieves
individualization of grip exercise in patients after
AVF surgery. However, there are two limitations
of this study: 1) This study used a before-and-after
control method to quantify the optimal strength
and frequency of grip exercise in patients who had
undergone AVF surgery, and it has not yet been
applied to clinical validation of the implementation
of the quantified optimal strength and frequency
of grip exercise, and it is recommended that a

controlled trial be designed in subsequent studies to
further analyze the effectiveness of this quantified
grip exercise method in promoting AVF maturation.
2) This study took into account the effect on the
maturation of the AVF.

CONCLUSION

In this study, considering that the quantification
of strength and frequency in post-AVF patients
may lead to bleeding from the surgical incision,
the application of the quantification of optimal
strength and frequency of grip exercise in patients
who have undergone AVF surgery has certain
shortcomings in the application of grip exercise in
post-AVF patients, and may be considered in the
future to find a suitable method for grip exercise
in post-AVF patients when conditions permit.
In the future, we may consider finding methods
to quantify grip strength exercises in post-AVF
patients, so that quantified grip strength exercises
can better promote AVF maturation.
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