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Abstract

Background: Venodilation is crucial in enhancing the success rate of peripheral intravenous
cannulation. Flow-mediated dilation (FMD) is a vasodilatory response initiated by temporary
ischemia followed by reperfusion. This crossover study aimed to test the hypothesis that
FMD induces dilation of the peripheral veins of the forearm.

Methods: Fifteen healthy volunteers underwent the FMD and control conditions in a
randomized order. FMD involved a 5-minute occlusion of blood flow in the brachial artery,
followed by reperfusion, achieved by inflating and deflating a cuff placed on the upper arm.
The control condition involved participants remaining at rest. The primary outcome measure
was a change in the cross-sectional area of the cephalic vein post-intervention. The secondary
outcomes included changes in venous diameter and perfusion index (PI).

Results: FMD significantly increased the cross-sectional area of the cephalic vein compared
with the control condition (relative change to baseline: 37.7% [31.4] vs 2.2% [11.7]), with a
mean difference of 35.4% (95% confidence interval [CI]: 16.4 to 54.5, P=.001). Both
longitudinal and transverse diameters were significantly expanded with FMD compared to
the control (relative change to baseline: 15.7% [15.4] vs 2.6% [3.6], P=.004; 18.9% [15.6]
vs —0.0 [10.2], P=.003, respectively). Additionally, PI significantly increased with FMD
compared with the control (relative change to baseline: 77.8% [56.9] vs 14.6% [36.0]), with
a mean difference of 63.2% (95% CI: 31.2 to 95.2, P=.001).

Conclusion: FMD application induced dilation of the cephalic vein of the forearm. The
findings suggest that FMD is an effective technique for dilating the venous area and

potentially improving the success rate of peripheral intravenous cannulation.



Introduction

Peripheral intravenous cannulation (PIVC) is one of the most frequently performed
invasive procedures in hospitals, with an estimated usage of approximately two billion
devices annually worldwide.! The initial failure rate of PIVC has been reported to range from
12% to 26% in adults and from 24% to 54% in children.? Considering that failure of PIVC
and multiple attempts cause pain to the patient, escalate costs, and increase the risk of
complications, including infections, phlebitis, and extravasation, strategies to enhance the
success rate are imperative.’

The venodilation technique improves the success rate of PIVC, as dilated veins
enhance visibility and palpability.>* Targeting larger-diameter vessels is beneficial in
contexts where imaging technologies, such as ultrasound, are increasingly important for
PIVC in clinical practice.>® Numerous studies have demonstrated the effectiveness of various
techniques for venodilation, including tourniquet application, warming, tapping, milking, fist
clenching, topical nitrates/nitrites, negative pressure, and Valsalva maneuver.>” Among these
methods, warming, tapping, and topical nitrates/nitrites have been suggested to facilitate the
release of nitric oxide (NO), thereby contributing to vasodilation.>®

Flow-mediated dilation (FMD) is a vasodilatory response triggered by temporary
ischemia, followed by reperfusion of an artery, which is mediated by the production of
endothelium-dependent NO.%!° Clinically, FMD has been adopted as a noninvasive method
to assess vascular endothelial function.!! Moreover, previous studies have shown that
applying FMD increases arterial diameter, positively affecting radial artery cannulation
outcomes.'>!3 Although the impact of FMD on arterial dilation has been well-documented,

its potential to dilate veins has not been explored.



The clinical hypothesis of this study was that peripheral veins dilate in response to
FMD. A randomized crossover study was conducted to explore changes in the cross-sectional

area of the forearm vein with and without FMD.



Methods
Study design and ethics

The Institutional Review Board approved the trial protocol in accordance with the
Declaration of Helsinki, and was registered with the University Hospital Medical Information
Network. This randomized, open-label crossover trial was conducted at the authors' institute
from September 2023 to November 2023. Randomization was performed using the envelope
method. The nature of the study prevents blinding. Written informed consent was obtained
from all participants prior to their participation. This manuscript addresses the extension of
randomized crossover trials of the Consolidated Standards of Reporting Trials (CONSORT)

statement.

Participants

This study recruited healthy adult volunteers aged > 20 years with American Society
of Anesthesiologists physical status (ASA-PS) of I-II, indicating a stable health status. The
exclusion criteria were as follows: ASA-PS score > III, active skin disease requiring
treatment, presence of wounds on the forearm, cardiovascular disease, severe diabetes
mellitus, ongoing vasoactive drug therapy, pregnancy, lack of a suitable vein for intervention,

and declining to participate.

Procedure
The participants were seated and rested for at least 10 minutes before the
measurements. The non-dominant arm was elevated to heart level, with the elbow extended

and the hand gently formed into a fist. The investigator used an ultrasound device (SonoSite



SII and L25x/13-6 linear array probe, FUJIFILM Healthcare Corp., Tokyo, Japan) to identify
the target cephalic vein in the nondominant forearm. This vein was required to run straight
for > 30 mm, be positioned between 120 mm proximal to the radial styloid process and 30
mm distal to the antecubital fossa, and have a depth < 10 mm, as stipulated by referring to
previous studies.!*!'® Upon identifying the target vein, the ultrasound probe was fixed to
ensure consistent imaging of the same vein segment throughout the measurements. A large
amount of ultrasound gel was applied between the probe and skin during the measurements
to facilitate optimal imaging conditions and avoid vein compression.

Regardless of the FMD intervention and control conditions, a blood pressure cuff
was placed on the target side of the upper arm. The FMD condition temporarily halts the
blood flow in the brachial artery for 5 minutes by inflating the cuff to a pressure exceeding
the systolic blood pressure by at least 50 mmHg.’ This action was followed by rapid deflation
of the cuff to restore blood flow promptly. For the control condition, the cuff remained
unmanipulated, and the participant was kept at rest for 5 minutes. The participants underwent
the FMD and control conditions in a randomized order, with a minimum washout period of
one hour between conditions to prevent carryover effects.

Measurements of the target cephalic vein, including its longitudinal and transverse
diameters and their distance from the skin, were systematically recorded. Initial
measurements were taken at baseline, followed by subsequent assessments every minute for
a minimum of 5 minutes post-intervention. For those under FMD conditions, the
measurement period was extended to 10 minutes. Additionally, the perfusion index (PI) was
recorded using a pulse oximeter placed on the index finger of the target side and connected

to a patient monitor (BSM-1753, NIHON KOHDEN Corp., Tokyo, Japan). The forearm



temperature on the target side was measured using an infrared radiation thermometer.
Concurrently, blood pressure and heart rate were measured noninvasively on the arm opposite

the target side. The study procedure is summarized in Figure 1.

Outcome measures

The primary outcome measure was the change in the cross-sectional area of the
target vein after the intervention. Secondary outcomes included changes in the vein's
longitudinal diameter, depth from the skin, PI, skin temperature, blood pressure, and heart
rate post-intervention. The cross-sectional area of the vein was calculated using the ellipse
formula: cross-sectional area (mm?) = m x [transverse diameter (mm)/2] x [longitudinal

diameter (mm)/2].

Statistical analysis

The sample size for this study was determined based on a pilot study involving five
participants, in which the FMD intervention led to an average vein cross-sectional area
dilation of 40% with an effect size (d) of 1.0. The calculated sample size was 13, assuming
an a error of .05, power (1—4) of .90, and effect size of 1.0. The numbers were rounded up,
resulting in the recruitment of 15 participants for the study.

Data are presented as mean (standard deviation [SD] ) or number (percentage, %).
The potential carryover and period effects of the crossover design were evaluated using
repeated-measures analysis of variance (ANOVA). Paired ¢ tests were conducted to compare
paired numerical variables. All P values were calculated on a two-sided basis, with values

<.05, considered to be statistically significant.



Statistical analyses were performed using EZR (Saitama Medical Center, Jichi
Medical University, Saitama, Japan), a graphical user interface for R version 4.3.1 (The R
Foundation for Statistical Computing, Vienna, Austria). EZR is a modified version of R
Commander that incorporates additional statistical functions commonly employed in

biostatistics.”



Results

Fifteen participants were enrolled and completed the study; no participants were
excluded. Figure 2 shows a flow diagram. Table 1 summarizes the demographic
characteristics.

Table 2 shows the changes in cephalic veins pre- and post-intervention. FMD
significantly dilated the cross-sectional area compared to the control condition (relative
change to baseline: 37.7% [31.4] vs 2.2% [11.7]), with a mean difference of 35.4% (95%
confidence interval [CI]: 16.4 to 54.5, P=.001). Similarly, FMD significantly enlarged the
longitudinal and transverse diameters compared with the control condition (relative change
to baseline: 15.7% [15.4] vs 2.6% [3.6], P=.004; 18.9% [15.6] vs —0.0 [10.2], P=.003,
respectively). Regarding vein depth from the skin, there was no significant difference
between the two conditions (P= 0.34).

PI significantly increased after the FMD intervention compared to the control
condition (relative change to baseline: 77.8% [56.9] vs 14.6% [36.0]), with a mean difference
0f 63.2% (95% CI: 31.2 to 95.2, P=.001). There were no significant differences between the
two conditions regarding changes in skin temperature. (Table 3) Blood pressure and heart
rate remained consistent throughout the procedure in both conditions.

Figure 3 shows the temporal changes in the venous cross-sectional area and the PI
during the experimental period. The peak effects of FMD on the venous area and PI were
observed at various times across subjects. Maximal dilation of the venous area was observed
at 3.1 minutes (95% CI: 1.7 to 4.4) following FMD, whereas the PI reached its maximum at
2.3 minutes (95% CI: 1.1 to 3.4) following FMD.

No participants reported pain or any discomfort symptoms associated with this study.



Discussion

This study tested the hypothesis that FMD could induce dilation of the peripheral
veins of the forearm. In accordance with this hypothesis, the venous area significantly
increased following FMD intervention. Given the absence of dilation under the control
condition, which merely involved rest, the observed dilation effect can be attributed to FMD
rather than the resting position over a certain period.

The underlying mechanism of the FMD phenomenon is recognized as vasodilation
initiated by the production of endothelial NO and triggered by flow-associated shear stress.!!
NO, produced by endothelial NO synthase, plays a vital role in the local regulation of
vascular tone in both the arteries and veins.'® This suggests that FMD application can dilate
arteries and veins, which was corroborated by this study.

Venodilation achieved with FMD resulted in an approximately 38% increase in
venous area and a 15-20% increase in diameter, degrees comparable to those achieved
through other venodilation methods such as tapping, massage, and warming.'416:19-2!
Although this study did not directly evaluate PIVC outcomes, previous studies have
demonstrated that venodilation techniques enhance the success of PIVC.>?22* Additionally,
ultrasound-guided techniques are beneficial for PIVC in both patients with normal and
difficult venous access, and venodilation can enhance the efficacy of this approach.?*?
Therefore, applying FMD will likely positively affect PIVC success by promoting venous
dilation. Further research is necessary to determine whether the venodilation effect achieved
with FMD can enhance the efficacy of PIVC in clinical practice.

Additionally, this study observed an elevation in PI following the application of

FMD. PI, a continuous and noninvasive measure for assessing peripheral perfusion, is



determined by the ratio of pulsatile to non-pulsatile blood volume in peripheral tissues.?6-?’

This index reflects the interaction between peripheral and central hemodynamic
characteristics, such as vascular tone and stroke volume.?® Anxiety and emotional stress,
often induced by invasive procedures such as vascular puncture, can lead to peripheral
vasoconstriction, resulting in pale and cold skin.***° Although this study did not specifically
explore these conditions, existing research suggests the potential of FMD to counteract
vasoconstriction induced by mental stress.>!

While the peak effects of FMD varied among individuals, the maximum elevation
in PI occurred approximately 2 minutes after FMD, consistent with findings from prior
studies.!!*? Peak venodilation was observed later, approximately 3 minutes post-FMD,
indicating that the effects of FMD on veins might have been succeeded by peripheral
vasodilation. Although this study did not specifically focus on the duration of venodilation
post-FMD, observations indicated that dilation persisted variably across participants. Some
participants exhibited a return to baseline within the observation period, while others did not

— the persistence of venodilation following FMD warrants further investigation.

Limitations

This study had some limitations. First, it was conducted as an open-label crossover
trial without blinding participants or researchers, which can induce the risk of bias, such as
the Hawthorne effect. However, given the unlikely possibility that participants intentionally
influence vein size, these potential biases are considered to have a minimal impact on the
results. Second, as this small-scale study was conducted at a single center in Japan, the results

may not be broadly applicable because of possible regional and demographic biases. Third,



the age range of the participants was confined to 20—-64 years, limiting the generalizability of
the findings to other age demographics. Moreover, solely recruiting healthy adult participants
may not accurately reflect the outcomes for individuals with various health conditions,
particularly diabetes and cardiovascular diseases. Fourth, although standardized FMD
assessments typically require > 6 h of fasting for accurate endothelial function evaluation,!
this study did not enforce specific fasting restrictions before the intervention, potentially
leading to variations in the FMD effect. Nevertheless, the primary focus was on assessing the
impact of FMD on the veins, rather than on detailed endothelial function, an objective
successfully achieved. Fifth, this research focused on the cephalic vein in the forearm,
indicating that the effects on other veins warrant further exploration. Finally, 5-min
occlusion-induced FMD. Although previous studies have shown that FMD effects are
discernible within shorter periods, albeit with a potential reduction in potency,® future
research is necessary to determine whether similar venous dilation effects can be achieved

with abbreviated application durations.

Conclusion

The application of FMD induced dilation of the cephalic vein in the forearm. As
FMD is a noninvasive and simple technique that requires no special tools, it may be a useful
method for facilitating PIVC. However, further research is necessary to determine whether
the venodilation effect achieved with FMD can improve the success rate of PIVC in clinical

practice.



References

1.

Rickard CM, Marsh N, Webster J, et al. Dressings and securements for the
prevention of peripheral intravenous catheter failure in adults (SAVE): a pragmatic,
randomised controlled, superiority trial. Lancet 2018; 392(10145):  419-430.
Sabri A, Szalas J, Holmes KS, et al. Failed attempts and improvement strategies in
peripheral intravenous catheterization. Biomed Mater Eng 2013; 23(1-2): 93—108.
van Loon FH, Puijn LA, van Aarle WH, et al. Pain upon inserting a peripheral
intravenous catheter: Size does not matter. J Vasc Access 2018; 19(3): 258-265.
Loon FHJV, Puijn LAPM, Houterman S, et al. Development of the A-DIVA Scale:
A Clinical Predictive Scale to Identify Difficult Intravenous Access in Adult Patients
Based on Clinical Observations. Medicine (Baltimore) 2016; 95(16): ¢3428.
Millington SJ, Hendin A, Shiloh AL, et al. Better With Ultrasound: Peripheral
Intravenous Catheter Insertion. Chest 2020; 157(2): 369-375.

Abe-Doi M, Murayama R, Komiyama C, et al. Effectiveness of ultrasonography for
peripheral catheter insertion and catheter failure prevention in visible and palpable
veins. J Vasc Access 2023; 24(1): 14-21.

Villa G, Chelazzi C, Giua R, et al. The Valsalva manoeuvre versus tourniquet for
venipuncture. J Vasc Access 2018; 19(5): 436—440.

Kanai AJ, Strauss HC, Truskey GA, et al. Shear stress induces ATP-independent
transient nitric oxide release from vascular endothelial cells, measured directly with
a porphyrinic microsensor. Circ Res 1995; 77(2): 284-293.

Corretti MC, Anderson TJ, Benjamin EJ, et al. Guidelines for the ultrasound

assessment of endothelial-dependent flow-mediated vasodilation of the brachial



10.

11.

12.

13.

14.

15.

16.

artery: a report of the International Brachial Artery Reactivity Task Force. J Am Coll
Cardiol 2002; 39(2): 257-265.

Pyke KE and Tschakovsky ME. The relationship between shear stress and flow-
mediated dilatation: implications for the assessment of endothelial function. J
Physiol 2005; 568(Pt 2): 357-369.

Thijssen DH, Black MA, Pyke KE, et al. Assessment of flow-mediated dilation in
humans: a methodological and physiological guideline. Am J Physiol Heart Circ
Physiol 2011; 300(1): H2-12.

Doubell J, Kyriakakis C, Weich H, et al. Radial artery dilatation to improve access
and lower complications during coronary angiography: the RADIAL trial.
Eurolntervention 2021; 16(16): 1349—1355.

Qi W, Ma H, Wu X, et al. The optimal puncture time point of prolonged occlusion
flow-mediated dilatation in radial artery catheterization: a prospective observational
study. Sci Rep 2023; 13(1): 21752.

Yamagami Y, Tomita K, Tsujimoto T, et al. Tourniquet application after local
forearm warming to improve venodilation for peripheral intravenous cannulation in
young and middle-aged adults: A single-blind prospective randomized controlled
trial. Int J Nurs Stud 2017; 72: 1-7.

Yamagami Y, Tsujimoto T and Inoue T. How long should local warming for
venodilation be used for peripheral intravenous cannulation? A prospective
observational study. Int J Nurs Stud 2018; 79: 52-57.

Yasuda K, Shishido I, Murayama M, et al. Venous dilation effect of hot towel (moist

and dry heat) versus hot pack for peripheral intravenous catheterization: a quasi-



17.

18.

19.

20.

21.

22.

23.

24.

experimental study. J Physiol Anthropol 2023; 42(1): 23.

Kanda Y. Investigation of the freely available easy-to-use software 'EZR' for medical
statistics. Bone Marrow Transplant 2013; 48(3): 452-458.

Dimmeler S, Fleming I, Fisslthaler B, et al. Activation of nitric oxide synthase in
endothelial cells by Akt-dependent phosphorylation. Nature 1999; 399(6736): 601—
605.

Yasuda K, Okada K, Sugimura N, et al. Do Tapping and Massaging during
Tourniquet Application Promote Dilation of Forearm Cutaneous Veins? A Pilot
Quasi-Experimental Study. Healthcare (Basel) 2023; 11(4): 522.

Barton A. Veinplicity versus heat treatment for vein dilation: A randomised cross-
over study. J Vasc Access 2019; 20(5): 530-536.

VAN Loon FH, Korsten HH, Dierick-VAN Daele AT, et al. Comparison of the
dilatory effect of three strategies on peripheral veins of the upper extremity in adults.
Minerva Anestesiol 2021; 87(8): 864—872.

van Loon FH, Willekens FJ, Buise MP, et al. Clinical use of electrical stimulation
with the Veinplicity((R)) device and its effect on the first attempt success rate of
peripheral intravenous cannulation: A non-randomized clinical trial. J Vasc Access
2019; 20(6): 621-629.

Carr PJ, Rippey JCR, Cooke ML, et al. Factors associated with peripheral
intravenous cannulation first-time insertion success in the emergency department. A
multicentre prospective cohort analysis of patient, clinician and product
characteristics. BMJ Open 2019; 9(4): ¢022278.

van Loon FHJ, Buise MP, Claassen JJF, et al. Comparison of ultrasound guidance



25.

26.

27.

28.

29.

30.

31.

with palpation and direct visualisation for peripheral vein cannulation in adult
patients: a systematic review and meta-analysis. Br J Anaesth 2018; 121(2): 358—
366.

Lamperti M, Biasucci DG, Disma N, et al. European Society of Anaesthesiology
guidelines on peri-operative use of ultrasound-guided for vascular access
(PERSEUS vascular access). Eur J Anaesthesiol 2020; 37(5): 344-376.

Beurton A, Teboul JL, Gavelli F, et al. The effects of passive leg raising may be
detected by the plethysmographic oxygen saturation signal in critically ill patients.
Crit Care 2019; 23(1): 19.

Lima A and Bakker J. Noninvasive monitoring of peripheral perfusion. Intensive
Care Med 2005; 31(10): 1316—1326.

Coutrot M, Dudoignon E, Joachim J, et al. Perfusion index: Physical principles,
physiological meanings and clinical implications in anaesthesia and critical care.
Anaesth Crit Care Pain Med 2021; 40(6): 100964.

Kim JH, Almuwaqqat Z, Hammadah M, et al. Peripheral Vasoconstriction During
Mental Stress and Adverse Cardiovascular Outcomes in Patients With Coronary
Artery Disease. Circ Res 2019; 125(10): 874—883.

Alba BK, Castellani JW and Charkoudian N. Cold-induced cutaneous
vasoconstriction in humans: Function, dysfunction and the distinctly
counterproductive. Exp Physiol 2019; 104(8): 1202—-1214.

Szijgyarto IC, Poitras VJ, Gurd BJ, et al. Acute psychological and physical stress
transiently enhances brachial artery flow-mediated dilation stimulated by exercise-

induced increases in shear stress. Appl Physiol Nutr Metab 2014; 39(8): 927-936.



32.

33.

Black MA, Cable NT, Thijssen DH, et al. Importance of measuring the time course
of flow-mediated dilatation in humans. Hypertension 2008; 51(2): 203-210.

Bots ML, Westerink J, Rabelink TJ, et al. Assessment of flow-mediated
vasodilatation (FMD) of the brachial artery: effects of technical aspects of the FMD

measurement on the FMD response. Eur Heart J 2005; 26(4): 363-368.



Figure legends

Figure 1: Study procedure
FMD, flow-mediated dilation.
Red A, cross-sectional area; purple D, depth; yellow L, longitudinal diameter; green T,

transverse diameter.

Figure 2: Flow diagram

Figure 3: Temporal changes in the venous area and perfusion index during the experimental

periods

FMD, flow-mediated dilation.



Table 1: Participants’ demographics

Age,y 31.9(5.7)
Height, cm 166.3 (8.2)
Weight, kg 64.8 (14.7)
BMI, kg/m? 23.2(3.7)
Sex, male/female, n (%) 9 (60.0)/6 (40.0)
ASA-PS, I/II, n (%) 11 (73.3)/4 (26.7)
Current smoker, n (%) 3 (20.0)

Data are expressed as mean (standard deviation) or number (percent, %).
ASA-PS, the American Society of Anesthesiologists physical status; BMI, body mass index,

n, number.



Table 2: Change in cephalic veins between pre- and post-intervention

Mean difference

FMD Control P value
(95% CI)
Cross-sectional area
Baseline, mm?> 6.7 (2.9) 7.7 (3.7)
Maximum post-
9.0 (4.1) 7.9 (3.9)
intervention, mm?
AChange, % 37.7 (31.4) 22 (11.7)  35.4(16.4to 54.5) .001
Longitudinal diameter
Baseline, mm 3.5 (0.8) 3.8(0.9)
Maximum post-
4.0 (0.8) 3.9(0.9)
intervention, mm
AChange, % 15.7 (15.4) 2.6 (3.6) 13.1(49t021.4) .004
Transverse diameter
Baseline, mm 2.4 (0.6) 2.5(0.7)
Maximum post-
2.8 (0.7) 2.5(0.7)
intervention, mm
AChange, % 18.9 (15.6) —0.0(10.2) 18.9 (7.8 to 30.1) .003
Depth from the skin
Baseline, mm 3.2 (1.7) 3.1(1.5)
Minimum post-
3.1(1.7) 3.0(1.5)

intervention, mm



AChange, % —3.7(9.9) —12(6.0) —2.47(-7.8t02.9) 34

Data are expressed as mean (standard deviation).

CI, confidence interval; FMD, flow-mediated dilation.



Table 3: Change in the perfusion index and the skin temperature between pre- and post-

intervention

Mean difference

FMD Control P value
(95% CI)
Perfusion index
Baseline 4.5 (1.5) 5.8(2.3)
Maximum post-
6.2 (2.0) 7.4 (1.5)
intervention
AChange, % 77.8 (56.9) 14.6 (36.0) 63.2(31.2t095.2) .001
Skin temperature
Baseline, °C 30.5(2.0) 31.1(1.5)
Maximum post-
30.7 (2.1) 314 (1.4)
intervention, °C
AChange, % 0.2 (0.8) 0.3(0.7) —0.1 (0.7 t0 0.5) 73

Data are expressed as mean (standard deviation).

CI, confidence interval; FMD, flow-mediated dilation.
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