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Abstract

Background: This study aimed to explore the effect of radial ar-
tery flow hyperperfusion on the successful collection of radial artery 
blood gas specimens in patients with acute heart failure.

Methods: From February 2023 to December 2024, 548 patients with 
acute heart failure in the database of the emergency rescue room of 
our hospital were divided into two groups: non-hyperperfusion group 
and hyperperfusion group. In the hyperperfusion group, arterial blood 
gas was collected using the radial artery hyperinfusion method (im-
proving radial artery perfusion by blocking arteries other than the 
radial artery in the forearm using a customized sphygmomanometer 
with a double-airbag hollow cuff). The primary endpoint was the suc-
cess rate of one-time puncture and the success rate of total puncture. 
Secondary endpoints included puncture frequency of > 3 times, punc-
ture time, pain, puncture site hematoma, puncture site bruise, and pa-
tients’ satisfaction.

Results: In total, 548 patients were included, including 325 in the 
non-hyperperfusion group and 223 in the hyperperfusion group. The 
hyperperfusion group exhibited a significantly higher success rate of 
one-time puncture (63.4% vs. 83.4%, P< 0.001) and success rate of 
total puncture (82.5% vs. 94.6%, P < 0.001) compared to the non-
hyperperfusion group. Additionally, the hyperperfusion group ex-
perienced a significantly reduced number of patients with puncture 
frequency > 3 times (26.2% vs. 9.9%, P < 0.001) and puncture time 
(48.59 ± 7.83 s vs. 26.43 ± 6.44 s, P < 0.001). This approach also effec-
tively decreased the risk of puncture site hematoma (2.2% vs. 0.0%, 

P = 0.045), arm puncture place bruise (5.5% vs. 0.4%, P<0.001), and 
pain (3.0 (3.0, 4.0) vs. 2.0 (1.0, 2.0), P <0.001) and improved patients’ 
satisfaction after adopting the radial artery hyperinfusion method.

Conclusions: Radial artery hyperperfusion improved the success 
rate of puncture for radial artery blood specimen collection in pa-
tients with acute heart failure, reduced puncture complications, and 
improved patients’ satisfaction.

Keywords: Radial artery; Hyperperfusion; Blood gas specimen col-
lection; Sphygmometer; Puncture success rate

Introduction

Patients with acute heart failure and acute and critical condi-
tions need to undergo rapid bedside arterial blood gas analysis 
to detect arterial blood pH, lactate, PaO2, PaCO2, potassium, 
and other indicators. These indicators can help estimate the pa-
tient’s respiratory function and metabolic status, guide oxygen 
therapy, and correct acid-base imbalance and electrolyte disor-
ders [1]. It is preferred to collect arterial blood gas from the ra-
dial artery because of its superficial position, ease of palpation, 
and absence of major nerves [2, 3]. However, patients with 
acute heart failure have a reduced cardiac output and stroke 
volume, which makes puncture based on the touch-blind punc-
ture method more difficult [4, 5].

A study [6] reported that the success rates of one-time 
puncture and total puncture were only 60% and 80.8% among 
critically ill patients, respectively. The success rate of puncture 
is even lower in stressful situations, where the diameter of the 
radial artery is relatively lower [7, 8]. Repeated puncture of 
the radial artery can lead to arterial spasm and injury, leading 
to failure of radial artery puncture, puncture site hematoma, 
and vasovagal reflexes, increasing patients’ pain and nurse 
workload and decreasing patients’ satisfaction. Although ultra-
sound-guided blood gas analysis of the radial artery for blood 
sample collection can improve the success rate of one-time ra-
dial artery puncture and decrease patients’ pain and complica-
tions [9], the technology has not been popularized in clinical 
settings due to the high price of ultrasound machines and lack 
of ultrasound qualifications among nurses in China.
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Previous studies [10] have shown that selective blockade 
of the ulnar artery by a double airbag hollow cuff can improve 
radial artery perfusion, enhance radial artery pulsation, and 
thicken the diameter. This study aimed to explore the effect 
of hyperperfusion on the success rate of radial artery blood 
specimen collection in patients with acute heart failure, there-
by reducing puncture complications and improving patients’ 
satisfaction.

Materials and Methods

Participants

In total, 548 patients with acute heart failure in the database of 
our emergency department from February 2023 to December 
2024 were selected for this study. Patients undergoing blood 
gas collection from February 2023 to December 2023 were 
assigned to the non-hyperperfusion group (325 patients), and 
patients undergoing blood gas collection from January 2024 
to December 2024 were assigned to the hyperperfusion group 
(223 patients). The study protocol was approved by the hospi-
tal ethics committee. All 548 patients provided informed con-
sent. The study was conducted in compliance with the ethical 
standards of the responsible institution on human subjects as 
well as with the Helsinki Declaration.

The inclusion criteria were as follows: 1) age more than 14 
years; 2) experiencing acute heart failure episodes; 3) meeting 
the criteria for pre-screening triage level I-II [11]; 4) first radial 
artery blood specimen collection; 5) peak systolic flow veloc-
ity in radial artery < 35 cm/s; 6) radial artery puncture using 
a 22G BD Preset™ 3 mL arterial blood sampler; and 7) being 
conscious and co-operative.

The exclusion criteria were as follows: 1) absence or oc-
clusion of the radial artery; 2) radial artery with hematoma and 
bruising before puncture; 3) forearm trauma; 4) arteriovenous 
fistula; and 5) coagulation abnormalities.

Withdrawal criteria were as follows: 1) incidence of vas-
ovagal reflexes; and 2) death.

Non-hyperperfusion group

For the non-hyperperfusion group, the nurse used the tradi-
tional radial artery touch-blind puncture method to collect 
radial artery blood specimens. 1) The middle finger and in-
dex finger of the left hand fixed the radial artery pulsation at 
the strongest position of (approximately one finger from the 
transverse carpal stripe and approximately 0.5 - 1 cm from the 
lateral forearm) blood vessels. 2) The right hand held the BD 
artery blood collector in a pen position from the positioning of 
the index finger 0.5 - 1 cm, the needle beveled upward, and the 
skin was 30-45° reverse-punctured. 3) The radial artery blood 
returned after fixing the blood collector, and the nurse waited 
until blood filled automatically. Then, the nurse pulled out the 
needle, and pressed the puncture site to fully stop bleeding. 
Close attention was paid to the patient’s vital signs during 
radial artery blood specimen collection, and the patient was 
monitored for vasovagal reflex.

Hyperperfusion group

In the hyperperfusion group, the nurse conducted radial artery 
blood collection from the patient using a custom sphygmoma-
nometer with the freedom to set cuff pressure and compression 
time and cycle (Fig. 1a) to increase radial artery flow. Before 
radial artery blood gas collection, 1) the Bestman BV-520T+ 
ultrasonic Doppler flow detector was employed to detect the 
radial artery flow echo, precisely localize, and mark the radial 
artery course in the forearm. 2) The 2 × 12 cm airless section 
in the middle of the custom-made 80° angular dual-bladed hol-
low cuff (Fig. 1b) was placed above the radial artery mark-
ing place (close to the elbow) to tie up the forearm in a circle 
(loosened or tightened so that one finger can be inserted). 3) 
Connecting a customized sphygmomanometer to a PDA via 
Bluetooth. 4) The sphygmomanometer was pre-set using the 
app on the PDA side (Fig. 1c). The cuff inflation pressure was 
30 mm Hg higher than the patient’s systolic blood pressure, 
the cuff inflation and compression time was 5 min, and the 

Figure 1. Related equipment and operating procedures. (a) Custom sphygmomanometer. (b) Custom dual airbag hollow cuff. 
(c) Pre-set use of the app.
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compression cycle was set to 1 [10, 12]. 5) After clicking one 
button to start, the sphygmomanometer automatically inflated 
and pressurized the cuff pressure to 30 mm Hg higher than the 
patient’s systolic pressure for 5 min, and then the cuff pres-
sure was automatically reduced to 0 mm Hg after 5 min. Dur-
ing the period of high-pressure compression of the forearm 
with dual airbags, the sensors automatically sensed when the 
cuff pressure was lower than the pre-set pressure value of 1 
mm Hg and automatically increased the pressure to the pre-
set pressure value to maintain the stability of the cuff pressure 
during high-pressure compression. During high-pressure com-
pression of the dual airbag hollow cuff at an angle of 80°, the 
blood flow of the radial recurrent artery, ulnar recurrent artery, 
common interosseous artery, and ulnar artery of the forearm 
was blocked. After the inflation and pressurization of the dual 
airbag cuff, the hollow airbag-free section was in a suspended 
state, and the radial artery directly under the airbag-free sec-
tion showed increased perfusion and thickened vascular di-
ameter. Then, radial artery blood gas specimen collection was 
conducted when the hollow cuff maintained a hyperperfusion 
of radial artery blood flow for 20 to 30 s. Specific radial artery 
blood gas collection methods and precautions were the same as 
those in the non-hyperperfusion group.

Endpoints, definitions, and quality control

Endpoints

The primary endpoint was the success rate of one-time punc-
ture and the success rate of total puncture. Secondary end-
points included puncture frequency of > 3 times, puncture 
time, pain, puncture site hematoma, puncture site bruise, and 
patients’ satisfaction.

Definitions

The definitions were as follows. The success rate of one-time 
puncture: radial artery blood collection success rate after the 
first puncture. Success rate of total puncture: radial artery 
blood collection success rate after the final puncture. Punc-
ture frequency > 3 times: frequency of needle insertion for 
successful collection of radial artery blood specimen > 3 
times. Puncture time: total time taken from the start of punc-
ture site sterilization to the successful collection of the radial 
artery blood specimen. Pain: pain during radial artery punc-
ture was assessed using a numerical rating scale of 0 to 10, 
with no pain receiving 0 scores and severe pain receiving 7 to 
10 scores [13]. The patient’s highest pain score was recorded. 
Hematoma and bruising. Patients’ satisfaction: the depart-
ment’s own percentage-based satisfaction questionnaire was 
used to assess satisfaction with radial artery blood gas speci-
men collection in patients with acute heart failure. The ques-
tionnaire was developed with reference to existing clinical 
arterial puncture satisfaction questionnaires and incorporated 
the clinical experience and research needs of our department 
[14]. The questionnaire included four dimensions of first aid 

quality, nursing quality, puncture technique, and service at-
titude, with a scale Cronbach’s α coefficient of 0.916. When 
using the questionnaire, 90 - 100 points indicated very satis-
fied, 80 - 89 points indicated satisfied, 60 - 79 points indicat-
ed basically satisfied, and < 60 points indicated dissatisfied.

Quality control

A blood gas collection research team was set up, with the 
project leader as the team leader, six provincial specialist 
nurses as the deputy team leaders, and 10 charge nurses as 
team members. The team leader was responsible for opera-
tional training and guided the use of the customized sphyg-
momanometer, dual-bag hollow cuff, Bestman BV-520T+ 
ultrasonic Doppler flow detector, and radial artery blood gas 
collection. The team members were proficient in training. 
The deputy team leader was responsible for quality control, 
and the team members were responsible for enrolling pa-
tients. A deputy team leader and a team member were present 
for patient assessment, blood gas collection, and data collec-
tion to ensure the scientific rigor of the study.

Statistical analysis

All statistical analyses were conducted using SPSS 25.0 
(IBM Corp, Armonk, NY, USA). Count data are described as 
frequencies and percentages and were compared using the χ2 
test and Fisher’s exact probability method. Quantitative data 
with normal distribution are presented as mean ± standard 
deviation and were analyzed using the independent samples 
t-test. Data without a normal distribution are expressed as 
median and quartiles and were analyzed using the Mann-
Whitney U test. Differences were considered statistically 
significant at P < 0.05.

Results

Baseline characteristics

In total, 548 patients were included in this study. There were 
no significant differences between the two groups in terms of 
age (70.83 ± 10.54 vs. 71.25 ± 10.61, P = 0.648), male gender 
(61.2% vs. 67.3%, P = 0.149), and platelet count (201.28 ± 
32.52 vs. 197.87 ± 31.63, P = 0.223) (Table 1). Additionally, 
there were no significant differences between the two groups 
in terms of the prevalence of atrial fibrillation (18.8% vs. 
15.7%, P = 0.352), hypertension (72.0% vs. 65.0%, P = 0.082), 
and diabetes (21.5% vs. 16.6%, P = 0.151).

Comparison of puncture frequency > 3 times and puncture 
time between the two groups

As shown in Table 2 and Figure 2, the non-hyperperfusion 
group reported higher puncture frequency > 3 times (26.2% vs. 
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9.9%, P < 0.001) and puncture time (48.59 ± 7.83 s vs. 26.43 
± 6.44 s, P < 0.001).

Comparison of puncture site pain, hematoma, and bruis-
ing and patients’ satisfaction between the two groups

As shown in Tables 3, 4 and Figure 2, the hyperperfusion group 
showed significantly lower pain scores (3.0 (3.0, 4.0) vs. 2.0 
(1.0, 2.0), P < 0.001), puncture site hematoma (2.2% vs. 0.0%, 
P = 0.045), and puncture site bruise (5.5% vs. 0.4%, P < 0.001) 
(Table 3). Additionally, patients’ satisfaction was significantly 
improved in the hyperperfusion group (Table 4).

Comparison of primary endpoints, one-time puncture suc-
cess rate, and total puncture success rate

As shown in Table 2 and Figure 2, the hyperperfusion group 
exhibited a significantly higher one-time puncture success rate 
(63.4% vs. 83.4%, P < 0.001) and total puncture success rate 
(82.5% vs. 94.6%, P < 0.001) compared to the non-hyperper-
fusion group.

Discussion

Implementation of the radial artery hyperperfusion method 
before radial artery blood gas specimen collection in patients 
with acute heart failure using a customized sphygmomanom-
eter with a dual-bladder hollow cuff improves the success rate 
of puncture for blood gas specimen collection, reduces punc-
ture complications, and improves patients’ satisfaction. These 
findings suggest that radial artery blood gas specimen collec-

tion under hyperperfusion is safe and effective.

Hyperperfusion of radial artery blood flow increased the 
success rate of blood specimen collection and reduced the 
frequency of puncturing

Arterial blood gas analysis is one of the most common tests 
conducted in the emergency room, which can objectively re-
flect the oxygenation status of patients with acute heart failure, 
the type of expiratory failure, and acid-base balance, guide 
clinical decisions, and help assess the prognosis of the disease. 
Radial artery blood specimen collection is an important skill 
that nurses in the emergency room need to master. However, 
the success rate of the traditional radial artery touch-blind 
puncture method mainly depends on the nurse’s puncture ex-
perience, the patient’s radial artery pulsation strength, and vas-
cular diameter. Enhancing the radial artery pulsation strength 
and increasing the radial artery diameter of patients with acute 
heart failure through nursing interventions have been a hot 
spot in clinical nursing research.

This study showed that the one-time puncture success 
rate, total puncture success rate, puncture frequency > 3 
times, and puncture time for radial artery blood specimen col-
lection were better in the hyperperfusion group than in the 
non-hyperperfusion group (P < 0.05). Our results were con-
sistent with the results of previous studies [10, 15]. Some pa-
tients with acute heart failure in the non-hyperperfusion group 
had radial artery pulsations that were not easily palpable and 
arterial diameters that were thinner due to obesity, edema, 
atrial fibrillation, and peripheral hypoperfusion, which made 
radial artery puncture more difficult. Some studies [16, 17] 
have shown that when the puncture needle damages the ra-
dial artery wall, radial artery smooth muscle stress contrac-

Table 2.  Comparison of Puncture Success Rate, Puncture Frequency > 3 Times, and Puncture Time Between the Two Groups

Variables Non-hyperperfusion group  
(n = 325)

Hyperperfusion group  
(n = 223) Statistic P

The success rate of one-time puncture, n (%) 206 (63.4) 186 (83.4) χ2 = 26.040 < 0.001
The success rate of total puncture, n (%) 268 (82.5) 211 (94.6) χ2 = 17.761 < 0.001
Puncture frequency > 3 times, n (%) 85 (26.2) 22 (9.9) χ2 = 22.331 < 0.001
Puncture time (s) 48.59 ± 7.83 26.43 ± 6.44 t = 34.925 < 0.001

t: t-test; χ2: Chi-square test.

Table 1.  Comparison of General Information Between the Two Groups

Variables Non-hyperperfusion group (n = 325) Hyperperfusion group (n = 223) Statistic P
Male, n (%) 199 (61.2) 150 (67.3) χ2 = 2.082 0.149
Age (years) 70.83 ± 10.54 71.25 ± 10.61 t = -0.457 0.648
Hypertension, n (%) 234 (72.0) 145 (65.0) χ2 = 3.019 0.082
Atrial fibrillation, n (%) 61 (18.8) 35 (15.7) χ2 = 0.865 0.352
Diabetes, n (%) 70 (21.5) 37 (16.6) χ2 = 2.059 0.151
Blood platelet count (× 109/L) 201.28 ± 32.52 197.87 ± 31.63 t = 1.219 0.223

t: t-test; χ2: Chi-square test.
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tion can easily lead to radial artery spasm, vasoconstriction, 
and obstruction of blood flow. Subsequently, the antegrade 
blood flow of the brachial artery will be gradually shunted to 
branch arteries other than the radial artery, thereby weaken-

ing the radial artery blood flow and decreasing the diameter 
of the vessel and the success rate of radial artery puncture. In 
the hyperperfusion group, after the custom 80° angle (close 
to the physiological and anatomical direction of the radial ar-

Figure 2. Comparison of puncture times (a), pain scores and satisfaction score (b), and different puncture results (c).
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tery at the elbow) double-airbag hollow cuff was inflated and 
pressurized to a constant pressure. The parallelogram without 
airbag section with a height of 12 cm in the middle × 2 cm 
at the bottom was suspended (with the radial artery directly 
below it having a smooth flow of blood), and the anterior 
blood flow of the radial recurrent artery, the ulnar recurrent 
artery, the interosseous common artery, and the ulnar artery 
was completely blocked, and the brachial artery blood flow 
completely reached the radial artery completely, leading to 
its hyperperfusion. Hyperperfusion of the radial artery results 
in increased filling of the radial artery, increased pulsation, 
and vasodilation. In this study, the radial artery perfusion and 
vascular diameter reached the maximum value after maintain-
ing hyperperfusion of radial artery blood flow for 20 to 30 s. 
At this time, the radial artery was more accurately positioned 
for touching, and the needle of the blood collector more eas-
ily entered into the lumen of the radial artery, increasing the 
one-time success rate of the radial artery blood specimen col-
lection. Even when puncture failure of the radial artery in the 
hyperperfusion group led to radial artery spasm, the diameter 
of the radial artery in the hyperperfusion state was still much 
higher than that in the low perfusion state due to the blockade 
of all arteries in the forearm other than the radial artery [18]. 
The increase in blood flow velocity prevented coagulation at 
the puncture site, increased the overall success rate of blood 
specimen collection from the radial artery, and reduced the 
frequency and duration of puncture. Therefore, hyperperfu-
sion of the radial artery blood flow can improve the success 
rate of blood specimen collection from the radial artery and 
reduce the frequency and duration of puncture in patients with 
acute heart failure.

Hyperperfusion of the radial artery reduced the complica-
tions of blood specimen collection and improved patients’ 
satisfaction

This study showed that pain, hematoma, bruising, and pa-
tients’ satisfaction at the puncture site of the radial artery 
were better in the hyperperfusion group than in the non-hy-
perperfusion group (P < 0.05). Our findings were consistent 
with the findings of Mufarrih et al [19] and Liu et al [20]. 
The success rate of one-time puncture for radial artery blood 
specimen collection was relatively low in the non-hyper-
infusion group. Frequent puncture is more likely to cause 
mechanical damage to the radial artery wall and induce in-
flammatory reactions in the local tissues, which aggravates 
the pain. The increase in radial artery blood perfusion in the 
hyperperfusion group increased the oxygen supply to local 
tissues at the radial artery puncture site and took away local 
inflammatory mediators at the radial artery puncture site. Be-
sides, the increase in the elasticity of the vascular wall of the 
radial artery can effectively minimize the mechanical dam-
age of the vascular wall due to puncture, thereby maintaining 
the integrity of the radial artery endothelium and ameliorating 
patients’ pain.

Some studies [21] have shown that damage to the vascular 
wall of the radial artery can cause intimal tearing, and aggra-
vate local bleeding at the puncture site, hematoma, and bruise. 
Increased perfusion of the radial artery in the hyperperfusion 
group during radial artery puncture minimized mechanical 
damage to the vascular wall and decreased local bleeding and 
exudation. In addition, hyperperfusion of the radial artery in-

Table 3.  Comparison of Puncture Place Pain, Hematoma, and Bruise between the Two Groups

Variables Non-hyperperfusion group  
(n = 325)

Hyperperfusion group  
(n = 223) Statistic P

Pain scores 3.0 (3.0, 4.0) 2.0 (1.0, 2.0) Z = -18.619 < 0.001
Puncture place hematoma, n (%) - 0.045
    Yes 7 (2.2) 0 (0.0)
    No 318 (97.8) 223 (100.0)
Puncture place bruise, n (%) χ2 = 10.238 < 0.001
    Yes 18 (5.5) 1 (0.4)
    No 307 (94.5) 222 (99.6)

Z: Mann-Whitney U test; χ2: Chi-square test.

Table 4.  Comparison of Satisfaction Between the Two Groups

Variables Non-hyperperfusion 
group (n = 325)

Hyperperfusion  
group (n = 223) Statistic P

Satisfaction, n (%) Z = -4.795 < 0.001
    Very satisfied 201 (61.8) 180 (80.7)
    Satisfied 83 (25.5) 32 (14.3)
    Basic satisfied 33 (10.2) 10 (4.5)
    Dissatisfied 8 (2.5) 1 (0.4)

Z: Mann-Whitney U test.
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creased local blood flow velocity, reduced the local pooling of 
blood in the radial artery puncture site, and decreased the inci-
dence of hematoma and bruising at the puncture site. Improved 
radial artery one-time puncture success rate and total puncture 
success rate and reduced puncture frequency, puncture time, 
puncture complications, pain, anxiety, and discomfort dur-
ing radial artery puncture can improve patients’ experience 
of medical treatment, thereby improving patients’ satisfac-
tion [22]. Therefore, radial artery hyperperfusion can reduce 
the complications of radial artery blood specimen collection 
in patients with acute heart failure and improve patients’ sat-
isfaction.

Limitations

The inclusion and exclusion criteria were strictly followed in 
this study to ensure homogeneity of the study population and 
minimize the effect of enrolment bias on the results. However, 
it is important to acknowledge the limitations of this study, 
particularly the relatively modest sample size obtained from a 
single medical center.

Conclusions

In summary, we used a customized sphygmomanometer com-
bined with an 80° angle dual-bladed hollow cuff to compress 
the forearm at a constant pressure of 30 mm Hg above the 
patient’s systolic blood pressure, and radial artery blood was 
collected after 20 - 30 s of radial artery blood flow hyperperfu-
sion during which constant pressure compression was main-
tained. This method improved the success rate of radial artery 
blood specimen collection in patients with acute heart failure, 
reduced the complication of puncture, and improved patients’ 
satisfaction.
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