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Abstract

Background: This study aimed to determine the impact of radial artery (RA) hyperperfusion on the first-attempt success rate of arterial
catheterization and the accuracy of arterial blood gas analysis in patients with acute heart failure (AHF).Methods: From March 2024
to January 2026, 356 patients with AHF admitted to the Emergency Department of our hospital were enrolled and randomly assigned to
either a non-hyperperfusion group or a hyperperfusion group (178 patients per group). Randomization was performed using a random
number table. The non-hyperperfusion group received conventional blind radial artery catheterization, whereas the hyperperfusion group
underwent catheterization under a hyperperfusion intervention. In the hyperperfusion group, blood gas analysis samples obtained via
catheter were collected once in each of the conventional and hyperperfusion conditions. The first-time success rate of RA catheterization,
catheterization time, pain score, and heart rate fluctuation were compared between the two groups. In addition, we explored the impact of
hyperperfusion blood collection on the precision of blood gas analysis outcomes. Results: The first-attempt success rate of RA catheter
insertion, catheterization time, pain score, and heart rate changes in the hyperperfusion group were better than those observed in the non-
hyperperfusion group, with the differences being statistically significant (p < 0.05). There was no significant difference in lactic acid, pH,
PaCO2, PaO2, Na+, K+, and SaO2 in the blood gas analysis under the hyperperfusion state compared with that in the conventional state (p
> 0.05). Conclusions: The hyperperfusion method improved the first-attempt success rate of RA catheterization in patients with AHF,
shortened catheterization time, reduced patient pain, and had no significant effect on the accuracy of RA blood gas analysis. Clinical
Trial Registration: ChiCTR2500113153, https://www.chictr.org.cn/showproj.html?proj=297512.
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1. Introduction
Acute heart failure (AHF) is a common critical clin-

ical illness. A sharp decline in cardiac output results in a
rapid rise in pulmonary venous pressure, with the imbal-
ance of ventilation and blood flow causing hypoxia, dysp-
nea, and even respiratory failure. Arterial blood gas (ABG)
analysis is the core method for evaluating respiratory func-
tion, oxygenation and acid-base balance of patients [1]. In
emergency wards and intensive care units, close monitor-
ing of ABG results is usually crucial for the dynamic man-
agement and treatment of patients with AHF. However, re-
peated arterial punctures may lead to complications such
as arterial spasm, hematoma at the puncture site, pain, and
puncture difficulties [2]. Such repeated attempts can hin-
der arterial blood sampling and consequently delay clinical
treatment. Indwelling arterial cannulas can effectively re-
duce these complications caused by repeated arterial punc-
ture. Once successful catheterization is achieved, it is con-
venient for ABG analyses and blood tests. The radial artery
(RA) is superficial and can be perfused through the collat-
eral ulnar artery, which is an easy vessel to locate for carry-
ing out the punctures, and is therefore the preferred site for

peripherally inserted catheters [3]. However, patients with
AHF often have edema, hypotension, peripheral hypoper-
fusion, forced posture, and anxiety and restlessness [4,5],
which require nurses to develop higher operational skills.
The success rate of traditional palpation RA catheter punc-
ture is only 42%–49.45% [6,7], and in most cases, the use
of B-ultrasound guidance is necessary to increase this suc-
cess rate [8]. However, ultrasound equipment is expensive
and nurses in China generally lack the required operational
qualifications. Our study aimed to develop simple and prac-
tical methods to improve the puncture success rate for RA
catheterization carried out by nurses in China. A previous
study [9] showed that the use of double airbag hollow cuffs
selectively blocked the ulnar artery, causing improved per-
fusion of the RA and enhancement of the RA pulse. This
resulted in an increased diameter of the vessel and a higher
success rate of the first RA puncture and blood collection, in
addition to reducing patient pain and improving their satis-
faction. However, the operation of RA indwelling catheter
puncture is more difficult than simple arterial puncture and
blood collection. At present, there are no studies on hy-
perperfusion methods related to RA catheterization, while
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the impact of this method on the results of ABG specimens
remains unclear. In summary, this study aimed to explore
the effects of the hyperperfusion technique on the one-time
success rate of RA catheterization in patients with AHF.
Meanwhile, this study evaluated whether the hyperperfu-
sion technique exerts an influence on blood gas measure-
ment results.

2. Methods
This single-center, prospective, randomized, con-

trolled, non-inferiority trial was conducted at Nanjing First
Hospital and aimed to evaluate the clinical application of
the Multi-functional Electronic Sphygmomanometer. The
study protocol received initial approval from our hospital’s
Ethics Committee on April 10, 2023, and an Ethics Review
Report was issued, authorizing the commencement of pa-
tient recruitment and study initiation. Following project
completion and final archiving, the formal ethics approval
certificate (No. KY20251118-02) was granted in Novem-
ber 2025. The trial was retrospectively registered with
the Chinese Clinical Trial Registry (registration number:
ChiCTR2500113153). Although the protocol had been fi-
nalized and received ethical approval before patient enroll-
ment, formal registration was delayed due to internal ad-
ministrative procedures and a misunderstanding of the reg-
istration timeline. Following registration, the study proto-
col was refined, and administrative compliance was con-
firmed. All methods were carried out in accordance with
relevant guidelines and regulations, and informed consent
was obtained from all participants.

2.1 Participants
The inclusion criteria were as follows: (1) older than

14 years; (2) experiencing AHF episodes; (3) meeting the
criteria for pre-screening triage level I–II [10]; (4) first col-
lection of a RA blood specimen; (5) RA peak systolic ve-
locity <35 cm/s; (6) RA puncture using a 22 G Y-shaped in-
dwelling needle; and (7) being conscious and co-operative.

The exclusion criteria were as follows: (1) RA defect;
(2) forearm trauma; (3) arteriovenous fistula; and (4) coag-
ulation abnormalities.

Withdrawal criteria: Incidence of vasovagal reflexes;
patient death.

2.2 Sample Size Calculation
Taking the one-time success rate of RA catheter in-

sertion as the main observation index, with a bilateral α
= 0.05 and β = 0.1 as the test level, the one-time success
rate of RA catheter insertion in the non-hyperperfusion and
hyperperfusion groups in the pre-experiment was 66.7%
and 83.3%, respectively. Using PASS 15 software (NCSS,
LLC, Kaysville, UT, USA) and assuming a 20% dropout
rate, the total sample size was calculated to be 356 cases.

2.3 Randomization
A total of 356 patients withAHF admitted to the Emer-

gency Department of our hospital from March 2024 to Jan-
uary 2026 were enrolled. Eligible patients were randomly
assigned in a 1:1 ratio to either the non-hyperperfusion
group or the hyperperfusion group using a computer-
generated randomization sequence with a fixed block size.
The sequence was generated by an independent researcher
who was not involved in patient recruitment, intervention,
or outcome assessment. Allocation concealment was im-
plemented using sequentially numbered, opaque, sealed en-
velopes (SNOSE) prepared by an independent research co-
ordinator not affiliated with the clinical team. The allocated
group assignment was revealed only after patient eligibility
was fully confirmed and written informed consent was ob-
tained.

2.4 Blind Puncture Method for RA Catheter Placement in
the Non-Hyperperfusion Group

The patient was placed in the supine position with up-
per limb abduction, their palm up and relaxed, and a gauze
roll placed under their wrist to cause approximately 30° of
dorsiflexion. The operator disinfected the skin at the punc-
ture site with Anerdian and then placed a disposable sterile
towel at the point with the strongest pulse of the RA chosen
as the puncture site (1–2 cm above the horizontal lines of the
wrist). The operator wore gloves, with their left hand placed
about 1 cm proximal to the puncture point. The index and
middle fingers were used to press the direction of the artery,
while the right thumb and middle finger were used to hold
the 22G Y-shaped indwelling needle in the blood cavity and
handle, respectively. The needle was beveled upward and
directly inserted into the blood vessel at an angle of 30°–
45°. After inserting the needle, the puncture angle was re-
duced when blood returned, and the needle core was then
slowly withdrawn. At the same time, the right hand held the
needle wing and placed the cannula along the direction of
the blood vessel until the needle core was completely with-
drawn. After successful puncture, a 3M transparent dress-
ing was used to ensure the catheter was firmly positioned
[11].

2.5 Blood Gas Analysis of the Catheter in the
Conventional Procedures

For the collection of the blood samples, the three-way
tapwas turned on, while the arterial catheter endwas closed.
The heparin cap at the atmospheric end was then turned on,
followed by connection of the BD arterial blood sampling
needle. During subsequent blood collection, the samples
were sterilized by soaking alcohol cotton pieces within the
blood sample for 15 s. First, 1–2 mL of the front-end blood
was withdrawn using a 5 mL syringe and discarded, fol-
lowed by replacement of the BD arterial blood collection
needle before blood gas analysis was performed.
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Fig. 1. Structural schematic of the custom dual-airbag hollow cuff, with two 5 × 10 cm lateral airbags separated by an 80°-inclined
5 × 2 cm non-airbag segment.

2.6 RA Catheterization in the Hyperperfusion Group
A custom multi-functional electronic sphygmo-

manometer (Bestman BV-520T+) combined with a
double-airbag hollow cuff was used to perform the
high-perfusion method. This device allows for precise,
automated pressure regulation to achieve selective arterial
hyperperfusion. Before RA puncture and catheterization:
1⃝ A nurse used the Bestman BV-520T+ blood flow
detector to measure the blood flow signals of the RA in the
forearm and to locate and mark the course of the artery; 2⃝
A 5 cm × 2 cm 80° angled no airbag segment in the middle
of the custom blood pressure monitor’s double-airbag
hollow cuff (two 5 cm × 10 cm small airbags separated
by a central 5 cm × 2 cm no airbag segment) (Fig. 1)
was positioned directly above the marked RA near the
elbow, and then wrapped around the forearm in a circular
manner (tightness allowing insertion of one finger); 3⃝
The preset inflation pressure of the double-airbag cuff
of the personal digital assistant (PDA) was set to the
patient’s brachial artery systolic pressure + 30 mmHg,
with the pressure applied for 5 min; 4⃝ The start button
was pressed to automatically inflate the cuff and apply
pressure. This caused all the forward blood in the brachial
artery to flow towards the RA, making it thicker with
stronger pulsations. Puncture of the RA was performed
30 s after the application of pressure. During this period,
either the shutdown button was pressed, or after 5 min
the application of pressure was automatically shut down.
The catheterization method of the RA was similar in the
hyperperfusion and non-hyperperfusion groups [9].

2.7 Blood Gas Analysis of the Catheter in the
Conventional Group

The blood gas analysis sampling method was the same
as that of the non-hyperperfusion group.

2.8 Blood Gas Analysis With the Hyperperfusion
Technique

After successful RA catheterization, 30 s of hyperper-
fusion pressure was applied to the forearm using the cus-

tom blood pressure with double-airbag hollow cuff before
blood gas analysis sampling. The hyperperfusion pressure
and blood gas samplingmethodswere the same as described
previously.

2.9 Endpoints and Definitions
2.9.1 Endpoints

The primary outcome was the one-time success rate
of RA catheterization. Secondary outcomes included pain
score, puncture time, heart rate variation, and ABG find-
ings.

2.9.2 Definitions
One-time success rate of RA catheterization: The rate

of successful puncture during the first RA catheterization
procedure.

Catheterization time: The time required from the start
of skin disinfection at the puncture site to successful punc-
ture of the RA catheter.

Pain score: The highest score of the patient during the
catheterization puncture of the RA, evaluated using a nu-
merical rating scale [12].

Heart rate variation: The difference between the high-
est and lowest values of heart rate after the RA catheteriza-
tion puncture.

ABG findings: Lactic acid, pH, partial pressure of car-
bon dioxide, partial pressure of oxygen, sodium ion, potas-
sium ion, oxygen saturation.

2.9.3 Quality Control
Given the nature of the intervention, the operators

could not be blinded to the group assignment. However,
the outcome assessors and data analysts were blinded to the
group allocation. To minimize performance bias, a three-
tier management systemwas established: one project leader
oversaw research design and standardized operating proce-
dures (SOPs), six deputy team leaders (senior specialized
nurses at the provincial level) were assigned to be solely
responsible for quality control of the research, supervision
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Table 1. Comparison of general information between the two groups.
Variables Non-hyperperfusion

group (n = 178)
Hyperperfusion
group (n = 178)

Statistic p

Male, n (%) 113 (63.5) 122 (68.5) χ2 = 1.014 0.314
Age (years) 61.79 ± 7.95 62.13 ± 8.23 t = –0.396 0.692
BMI (kg/m2) 23.42 ± 2.76 23.61 ± 2.82 t = –0.642 0.521
Right radial artery, n (%) 172 (96.6) 169 (94.9) χ2 = 0.626 0.429
Hypertension, n (%) 128 (71.9) 115 (64.6) χ2 = 2.191 0.139
Diabetes, n (%) 45 (25.3) 59 (33.1) χ2 = 2.662 0.103
Atrial fibrillation, n (%) 19 (10.7) 28 (15.7) χ2 = 1.986 0.159
t, t-test; χ2, Chi-square test.

Table 2. Comparison success rate, puncture time, pain score, heart rate fluctuation of RA catheterization between the two
groups.

Variables Non-hyperperfusion
group (n = 178)

Hyperperfusion
group (n = 178)

Statistic p

The success rate of one-time puncture, n (%) 109 (61.2) 145 (81.5) χ2 = 17.808 <0.001
Puncture time (s) 59.68 ± 9.28 36.89 ± 8.94 t = 23.596 <0.001
Pain score 4.00 (4.00, 5.00) 3.00 (2.00, 4.00) Z = –7.060 <0.001
Heart rate fluctuation (beats/min) 6.00 (5.00, 7.00) 4.00 (3.00, 5.00) Z = –12.657 <0.001
t, t-test; χ2, Chi-square test; RA, radial artery.

Table 3. Comparison of arterial blood gas analysis.
Variables hyperperfusion

status (n = 178)
Conventional
status (n = 178)

Statistic p

Lactic acid (mmol/L) 1.76 ± 0.17 1.79 ± 0.18 t = –1.569 0.119
pH 7.41 ± 0.14 7.38 ± 0.13 t = 1.670 0.097
PaCO2 (mmHg) 36.86 ± 3.43 36.97 ± 3.49 t = –0.292 0.771
PaO2 (mmHg) 85.35 ± 10.47 84.15 ± 10.26 t = 1.100 0.273
K+ (mmol/L) 3.94 ± 0.33 3.89 ± 0.29 t = 1.455 0.147
Na+ (mmol/L) 139.82 ± 8.46 140.02 ± 8.51 t = –0.237 0.813
SaO2 (%) 88.61 ± 4.19 87.93 ± 3.85 t = 1.602 0.111
t, Paired sample t-tests.

of randomization and enrollment of the patients, while 10
teammembers (senior charge nurses) carried out enrollment
of the patients, implementation of the clinical interventions,
and collection of the data. senior specialized nurses su-
pervised quality control and randomization, and ten senior
charge nurses performed patient enrollment, interventions,
and data collection. All personnel completed centralized,
standardized training and passed uniform skill assessments
before study initiation. All procedures followed SOPs, with
evaluations and data collection rigorously double-checked
to ensure consistency and reliability.

2.10 Statistical Analysis

The statistical analyses were conducted using SPSS
25.0 (IBM Corp, Armonk, NY, USA) software. Cate-
gorical data were expressed as frequency and percentage
and analyzed using the χ2 test. Normally distributed mea-
surement data were expressed as x̄ ± s, with comparisons
between groups performed using two independent sample

t-tests, while non-normally distributed measurement data
were expressed as median and quartiles, and comparisons
between groups conducted using the Mann-Whitney U test.
Paired sample t-tests were used for the results of the blood
gas analyses of the two different states of the catheters
within the hyperperfusion group. In all the analyses, dif-
ferences were considered statistically significant when p <
0.05. Given the standardized training and certification of
operators, a simple fixed-effects model was used.

3. Results
3.1 Baseline Characteristics

A total of 356 patients were enrolled in this study from
March 2024 to January 2026. There were no significant dif-
ferences between the two groups in terms of age (61.79 ±
7.95 yr vs. 62.13 ± 8.23 yr, p = 0.692), male gender (63.5%
vs. 68.5%, p = 0.314), BMI (23.42 ± 2.76 kg/m2 vs. 23.61
± 2.82 kg/m2, p = 0.521), and right radial artery (96.6% vs.
94.9%, p = 0.429). There were also no significant differ-
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ences between the two groups in terms of the prevalence
of hypertension (71.9% vs. 64.6%, p = 0.139), diabetes
(25.3% vs. 33.1%, p = 0.103), and atrial fibrillation (10.7%
vs. 15.7%, p = 0.159) (Table 1).

3.2 Comparison of Indicators Related to RA
Catheterization

As shown in Table 2, the non-hyperperfusion group
showed a lower success rate of one-time puncture (61.2%
vs. 81.5%, p < 0.001) and longer puncture time (59.68 ±
9.28 s vs. 36.89 ± 8.94 s, p < 0.001). In addition, there
were significant differences between the two groups for
pain score (4.00 [4.00, 5.00] vs. 3.00 [2.00, 4.00], p <
0.001), and heart rate fluctuation (6.00 [5.00, 7.00] vs. 4.00
[3.00, 5.00], p < 0.001).

3.3 Comparison of ABG Findings

As shown in Table 3, the results of ABG analysis
revealed no significant differences between hyperperfu-
sion status and conventional status. Specifically, the re-
sults were comparable in terms of lactic acid (1.76 ± 0.17
mmol/L vs. 1.79 ± 0.18 mmol/L, p = 0.119), pH (7.41 ±
0.14 vs. 7.38 ± 0.13, p = 0.097), PaCO2 (36.86 ± 3.43
mmHg vs. 36.97 ± 3.49 mmHg, p = 0.771), PaO2 (85.35
± 10.47 mmHg vs. 84.15 ± 10.26 mmHg, p = 0.273), K+

(3.94 ± 0.33 mmol/L vs. 3.89 ± 0.29 mmol/L, p = 0.147),
Na+ (139.82 ± 8.46 mmol/L vs. 140.02 ± 8.51 mmol/L, p
= 0.813), and SaO2 (%) (88.61 ± 4.19 vs. 87.93 ± 3.85, p =
0.111).

4. Discussion
By implementing hyperperfusion through the use of a

custom double-airbag hollow cuff, the success rate of RA
catheterization in patients with AHF can be improved sig-
nificantly, the catheterization time shortened, and the pain
score and heart rate fluctuation reduced. Using the same
catheter in a patient and with standardized blood collection
procedures, the collection of ABG specimens in a hyperper-
fusion state showed no statistically significant difference
in core parameters compared to those achieved using the
conventional state. These findings indicated a high-level of
self-control regarding the safety of this technique.

4.1 Hyperperfusion Increased the Success Rate of RA
Catheterization Puncture in Patients With AHF, Shortened
the Catheterization Time, and Reduced Pain and Heart
Rate Fluctuations

In China, nurses often direct operators during the col-
lection of ABG samples. The method of ABG collection is
closely related to the success rate of blood collection, the
accuracy of the samples, the occurrence of complications,
and the patient’s experience. Patients with AHF often have
peripheral hypoperfusion, tissue edema, and abnormal vas-
cular tension, which lead to weak pulsation of the RA, thin
vessel diameter, and difficulty in positioning, thereby re-

ducing the one-time success rate of traditional blind punc-
ture catheterization of the artery [13,14]. Kim et al. [15]
reported that compression of the ulnar artery increased the
diameter of the RA by approximately 18%, although their
study focused only on a single puncture blood collection
and did not evaluate the operational efficiency and speci-
men stability in the catheter retention scenario.

Our findings demonstrated superior performance of
RA catheterization-related indicators in the hyperperfusion
group, which is consistent with previous studies by Kim
et al. [15] and Bahrami et al. [16]. In our hyperper-
fusion Strategy, ultrasound localization guarantees precise
anatomical positioning. Meanwhile, arteries other than the
RA trunk are selectively occluded to direct blood perfusion
toward the RA.

The 30-s hyperperfusion window period also coin-
cided precisely with the physiological plateau period of the
degree of maximum filling and pulsation intensity of the
blood vessels [17]. This mechanism not only significantly
increased the cross-sectional area of the RA, but more im-
portantly, simultaneously enhanced its pulsation amplitude
and blood flow velocity [18]. Collectively, this technique
allows precise anatomical localization and concurrent op-
timization of vascular diameter, pulsation perception, and
puncture resistance. Such synergistic effects contribute to
an elevated first-attempt success rate and reduced procedu-
ral duration of RA catheterization.

The hyperperfusion technique alleviates pain during
radial artery catheterization. This study provides both sub-
jective and objective evidence. We not only recorded
patient-reported pain scores, but also monitored heart rate
variations during puncture in patients with AHF, establish-
ing quantifiable physiological indicators for pain assess-
ment. Elevated heart rate reflects a physiological stress
response. Patients in the hyperperfusion group showed
less heart rate fluctuations, objectively confirming that this
technique can effectively reduce puncture-related stress and
pain. Pain relief stems primarily from the higher success
rate of one-time puncture and adequate vasodilation. Re-
peated attempts trigger sustained contraction of radial artery
smooth muscle, leading to vasospasm and mechanical vas-
cular injury. Additionally, adequate vasodilation reduces
local pressure and irritation exerted by the needle tip on ves-
sel walls.

Previous studies [19,20] have adopted cold compress
and local anesthesia to alleviate puncture pain. However,
subcutaneous anesthetic injection may interfere with blood
sampling and test results. It has also been reported to cause
hypotension and diminished radial artery pulse, further in-
creasing puncture difficulty [21]. The time from local anes-
thesia to RAP is 0–5 minutes for local anesthetic infiltra-
tion, cryotherapy, and lidocaine spray, whereas that for top-
ical anesthesia other than lidocaine spray is longer (20–240
minutes) [19]. By contrast, our technique saves operational
duration.
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4.2 Under Hyperperfusion Status, Blood Sampling
Through the RA Catheter Had No Significant Impact on
the Accuracy of Blood Gas Analysis Results

The influence of performing blood sampling through
the RA catheter under hyperperfusion status on errors in
blood gas analysis merits clinical investigation. Previous
concerns about the potential impact of physical intervention
on the results of blood gas analyses mainly stemmed from
two points. The first was whether hyperperfusion caused
“excessive oxygenation” of local tissues, leading to a false
increase in PaO2 or a false decrease in lactic acid, while the
second was whether the improvement in operational conve-
nience came at the expense of specimen quality. The results
showed that our hyperperfusion strategy did not cause any
clinical or statistically significant bias in the accuracy of all
the core blood gas parameters. Regarding the reliability of
the blood gas analysis results, this rigorous self-controlled
design yields the highest level of evidence reported so far.

Abnormal blood gas parameters, including elevated
lactic acid, reduced pH, and decreased arterial partial pres-
sure of oxygen are prevalent in patients with AHF, which
stem from mitochondrial hypoxia and anaerobic glycoly-
sis caused by systemic hypoperfusion [22]. Transient lo-
cal hemodynamic changes in the forearm cannot reverse the
pathological state of such patients. Furthermore, brief hy-
perperfusion for 30-s does not change either the efficiency
of pulmonary gas exchange (determinate of PaO2/SaO2),
reverse tissue hypoxic metabolism (determined by lactic
acid), or interfere with the bicarbonate buffering system
(determined by pH/PaCO2). We also observed that there
were no differences in serum potassium and sodium con-
centrations between the conventional status and hyper-
perfusion status, which was related to their main regula-
tion by systemic water-salt balance, the renin-angiotensin-
aldosterone system, and the activity of Na+/K+-ATPase in
cell membranes [23]. The brief local hyperperfusion in the
forearm also did not change renal hemodynamics or disrupt
the steady state of ion transmembrane transport across the
cell membrane, as it was difficult to disturb the circulating
concentrations within the short window of the blood collec-
tion. Moreover, circulation in the RA is an arterial terminal
branch, with its electrolyte composition closely reflecting
the central circulation state, rather than local microenviron-
ment fluctuations [24]. It has been confirmed that 75% of
the errors found originate from the analytical pre-step [25].
This technique reduced the risk of analytical errors such as
hemolysis and bubble contamination by avoiding repeated
punctures and reducing violent suction, which is prone to
hemolysis. This further ensured the stability of the test re-
sults.

5. Limitations
Several limitations warrant consideration. First, as a

single-center trial conducted in a tertiary teaching hospital,
our findings may be subject to selection bias. The high suc-

cess rate observed might be attributable to the exceptional
expertise of our nursing team, which may not be gener-
alizable to hospitals with less experienced staff or limited
resources. Second, despite rigorous standardization, the
hyperperfusion technique is inherently more complex than
conventional palpation methods. It requires precise coor-
dination of cuff pressure and timing. We acknowledge that
there is likely a significant learning curve associated with
this technique. While our operators were highly trained,
the dependency on operator skill remains a potential con-
founding factor that could affect the reproducibility of these
results in real-world settings with varying levels of practi-
tioner experience.

6. Conclusions
In patients with AHF, high-pressure radial artery com-

pression using a custom device fitted with a double-airbag
hollow cuff optimizes radial artery catheterization. This
technique raises the procedural success rate, shortens oper-
ating time, eases puncture-induced pain and stabilizes heart
rate, while exerting no adverse effects on the reliability of
radial artery blood gas measurements. This technique is
simple, safe, and highly reproducible, and can be safely
popularized in coronary care unit (CCU), intensive care unit
(ICU), and emergency departments requiring frequent dy-
namic blood gas monitoring.
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