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Abstract

Vascular access for venepuncture and peripheral intravenous cannulation is a common
procedure within healthcare. This research investigates the effectiveness of an innovative
device called the Vacuderm in increasing vein dimensions, temperature difference between
vein and its surrounding and visual clarity through an additional effect of creating a vacuum
on top of the tourniquet. A randomized cross over design is used in this study for looking at
the vein visibility, dimensions and thermal behaviour using infrared thermography. Both
dorsal hands are assessed in a random cross over order of 20 healthy volunteers with and
without the application of the Vacuderm. The results show significant increase in venous
diameter and venous cross sectional area with highly significant increase in vein clarity
caused by using the Vacuderm which creates a negative pressure for transient suction in

addition to its vein occlusion effect.

Keywords: Infrared thermography; Intravenous cannulation; Veins; Tourniquet;

Venepuncture.



Introduction

Many patients attending hospitals require either venepuncture for blood samples or peripheral
intravenous cannulae (PIVC) to facilitate the administration of intravenous medication.
Essential to successful vascular access is vein location, assessment and optimum preparation
for cannulation.' It has been stated that over a billion PIVCs are inserted each year in
hospitalised patients worldwide.” While the volume of PIVCs being inserted worldwide may
warrant further study, a major concern for practitioners and patients is difficult venous access
(DiVA). Difficult venous access can be defined as non-visible and non-palpable veins
requiring highly experienced practitioners to use vein locating technology aids to insert a

vascular access device (VAD).?

Difficult Venous Access

The factors that contribute to DiVA relate to both the patient and practitioner. If the
practitioner lacks experience and/or knowledge this can lead to poor assessment of the veins®
or placement of a VAD in a suboptimal site such as the anti-cubital fossa or the back of the
hand. Placement of cannulae at areas of flexion increases the risks of complications such as
phlebitis and cannula failure’, these sites are commonly used in DiVA patients.® Lack of
awareness of vein location aids and how to use them or access to these aids also contribute to
DiVA.

Patient factors that contribute to DiVA making the vein difficult to palpate or visualise
include deeper vein location due to obesity, skin pigmentation, tattoos, oedema and patient
medical history such as chemotherapy treatment.” The age of the patient can impact on
venepuncture and cannulation; due to the ageing process the vein structure becomes weaker,
due to loss of collagen and weaker endothelium® meaning adequate assessment of the veins is
essential. It has been found that older patients have reduced vasculature suitability for PIVC
leading to multiple insertion attempts.’

When patients have DiVA this increases the risk of first attempt cannulation failure. Each
failed attempt has an impact on the patient and on the risks to further cannulae placement. It
has been found within an emergency department patients reported an increase of pain with
each failed cannulation attempt when multiple attempts had been made; stating that
cannulation is the most painful aspect of their treatment.'® It has been described that the effect
of repeated failed attempts of cannulation can lead to loss of an access site or it being

compromised and the risk of subsequent phlebitis and failure is increased.'' Researchers have



found that staff reported attempting DiVA multiple times ending up placing the PIVC in a
small vein which had inadequate blood flow which causes the cannula to fail just a few hours
later."> The Royal College of Nursing Standards'® for infusion therapy places the focus of
vein assessment and selection on preservation of the vessel by recommending that
organisations should consider the use of a Vessel Health and Preservation Framework (VHP)
to support practitioners in the assessment and selection of the most appropriate vessel, VAD,
at the right time.* This places the focus of vascular access on the assessment and correct
VAD placement rather than the mind-set of just get a cannula in any vein.

Astonishingly, limited literature has been found focusing on the patient characteristics and
visible vein count in the difficult venous access cases. Many patients’ characteristics have
been reported in the previous studies associated with difficult venous access for venepuncture
and cannulation, but the investigative studies are very limited about these characteristics.'* ~'*
However, Researchers have investigated patient characteristics and factors affecting vein
visualization and found that African-American or Asian ethnicity, and obese weight are
associated with poor vein visibility."

As has been discussed above, difficult venous access is a reality, leading to delays in patient
treatment. The RCN IV Standards' focuse the practice on vessel health and preservation
(VHP). The recent developments in vein location aids such as near infrared vein viewers,
ultrasound and novel tourniquets and vascular access devices supports VHP. Moreover,
researchers have developed several safer techniques for vein cannulation such as using
ultrasound guidance and imaging.”**'

This paper will describe and discuss a research investigation of a novel tourniquet, the
Vacuderm™, which is designed to improve venous distension and filling through a manual
pumping mechanism that creates vacuum or negative pressure which amplifies the effect of
venous occlusion by its tourniquet effect. This is the first study for this particular device.
Inserting a needle into a vein is amongst the most commonly performed invasive medical
procedures globally. Needle insertion could be for several different reasons, either IV
cannulation (i.e. anaesthesia, drugs delivery, medication, fluids or blood components
administration) or blood sampling (phlebotomy). First attempt cannula insertion success rate
is found to be lower in some patient groups such as the elderly, children, obese and darker
skinned patients. The patients could be at higher risk of getting infection as a result of
multiple unsuccessful cannulation attempts. This ultimately causes increased stress and

a traumatic experience for both patients and practitioners.



To improve the first attempt success rate for venous access, the Vacuderm™ has been
designed as a single-use disposable tourniquet. The Vacuderm has been designed to aid
intravenous needle insertion for cannulation, blood collection and drug delivery through

pumping action in addition to the tourniquet effect.

The Vacuderm: structure and use

The Vacuderm is a device designed for improving vein preparation to increase ease of
venepuncture and cannulation in situations of difficult venous access. It is a tourniquet with
an integrated dome designed to create a transient vacuum or negative pressure via manual
pumping to inflate the vein further and amplify the effect of vein occlusion in order to
improve ease of cannulation. The vacuum pump amplifies its tourniquet effect through a
suction and pump mechanism which makes the vein more tense for easier venous access via
the negative pressure. The additional pumping of the dome is intended to improve the tension
and size of the vein, usually assessed by palpation and also the visualisation of the vein. The
Vacuderm is made to have a soft strap and thicker material dome for increased force of
pumping. The vacuderm (total length: 415mm) is composed of a strap (300mm x 15mm),
dome (29.4mm x 42mm x 15mm) and buckle (50mm x 22mm), as shown in Fig. 1.

This study investigates the physiological effects of a novel tourniquet, the Vacuderm, on the
vein dimensions, temperature, and visual clarity through pumping action in addition to the
tourniquet effect using infrared thermography. We hypothesised that pumping effect in
addition to the tourniquet effect of the Vacuderm would be associated with finding more

visible, prominent, expanded in diameter and higher in temperature veins.



(a) Soft strap Vacuum dome ‘V’ section Patented buckle
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Fig 1 (a) The Vacuderm™, (b) the instructions to use Vacuderm; (1) thread the strap through the
buckle and stretch, ensuring ample tightening to latch onto the buckle, (2) pump at least 10 - 15 times
to optimise vein distension, (3) insert the cannula as per standard practice and (4) release by lifting the

buckle.”



Research Methodology

To test the efficacy of Vacuderm in relation to vein visibility and clarity, 20 subjects
responsible for generating 40 sets of data for the dorsum of right and left hands and a total of
360 thermal images are included in this study. For reliability of the research outcomes, both

upper extremities of 20 volunteers i.e. 12 male and 8 female are involved in this research.

The experimental set-up, consists of infrared vein locating system, cold compress, the
Vacuderm tourniquet, stop watch, weighing scales, metallic tape measure, thermometer, and

laptop for data collection, acquisition and analysis (Fig. 2-a).

A total of 20 healthy volunteers are enrolled onto the trial after giving their written consents.
Ethics committee approval is obtained from the Nottingham Trent University Research Ethics
Committee. Participants’ age, skin tone, height, weight, body mass index, gender, and
ambient temperatures before and after the experimental procedure are measured and recorded

for the purpose of this study (Supplementary Table Al1).
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Fig 2 (a) The experimental set-up and (b) a randomised crossover design for the measurement of patient

characteristic factors for vein visualization and testing the efficacy of the Vacuderm.

A randomized cross over design is used in this study for looking at the vein visibility using
infrared imaging, as shown in Fig. 2-b. Both dorsal hands are assessed in a random order with
and without the application of the Vacuderm. The Vacuderm tourniquet 1is applied just
proximal to the wrist in the distal forearm. In the case of the application of the Vacuderm,
two situations are assessed, namely pumping and non-pumping in a randomized order again.
When pumping, 15 times pumping of the dome is made for all subjects. All other variables
are kept constant. To keep all other variables constant, the position of the initial application
of the dome on forearm/wrist is marked so reapplication for the cross over measurement must

be made on the same place. To ensure the same level of tightening of the Vacuderm for

pumping and non-pumping, the position of the notch on the Vacuderm used for latching the



catch is also marked so the same level of tightening should be exercised at pumping and non-
pumping for each arm (Fig. 2-a). All subjects are asked to be hydrated before the procedure.
All sets of data are captured in the seated position of the subjects while resting their arms
straight on the base of the vein locating system. Six cold compresses are used for each step,
which are maintained at the same temperature in a refrigerator, for each individual and are
taken out of fridge just before the start of each step. Prior to each measurement the arm is
raised for 5 seconds to empty the vein and a cold compress is applied for 15 seconds. The
time from application of the cold compress to the start of the acquisition of 3 infrared images
is kept constant for all three scenarios, such as without tourniquet, pumping and non-
pumping. The data in the form of thermal images are collected for the three scenarios. Same
scenarios are repeated alternatively on both dorsal hands in a randomised order. Therefore,
six sets of data in the form of a total of 18 thermal images are captured for both dorsal hands
of each participant, three sets for each hand and each set consisting of three thermal images

with an interval of 10 s.

Temperature difference between veins and skin tissue, vein diameter and vein clarity are
estimated with the application of the Vacuderm as a tourniquet without pumping and

comparing it with the application of the Vacuderm with pumping.

It is worth noting that the back of the hand is used as the study is focused on showing the
veins change at a longer distance from the Vacuderm to ensure the effect is significant even
at the distal aspect of the limb and the ease of accessibility for infrared imaging. However
routine cannula placement is discouraged in the back of the hand and aspects of the limb

subjected to joint flexion such as the elbows or the wrists.



Results

Three steps as presented in Supplementary Table A2 are performed to collect infrared images
of all subjects. Six sets of data in the form of thermal images are captured for both dorsal
hands of each participant, three sets for each hand (each set consisted of three thermal images
with an interval of 10 s). All 18 thermal images for each subject are captured at the same time
(i.e. at 25 seconds, 35 s and 45 s) after 15 s long application of cold compress. Table A2
presents IR images (single thermal image of each condition) for a female and a male subject

for right and left hand, respectively for all three situations involved in the current study.

Statistical Analyses

Three data analyses are performed on a total of 360 (18 x 20) infrared images. Temperature
difference between veins and skin tissue, vein diameter and vein clarity are estimated with
the application of the Vacuderm as a standard tourniquet (i.e. without pumping) and
comparing it with the application of the Vacuderm with pumping. Statistical analyses with
Chi-Square test and the paired T-Tests are also performed on the vein clarity grades,

temperature difference values and vein diameter values.

Clarity of veins
Clarity refers to the degree to which the blurriness or indistinctness is present for the
visualisation of the veins in the thermal image of a person’s hand. It also refers to the degree

to which the veins are identifiable or not with the naked eye.

All thermal images of right and left hands of each participant are graded for clarity using a 3
point vein clarity scale. In grading vein clarity, the principal investigator considers the
number, size, colour, depth, sharpness, width, and position of every vein visible with the
naked eye. Table 1 is the vein clarity chart with grade, sample infrared images and categories,

accompanied by further explanatory comments.
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Table 1 Veins Clarity Chart

Ty comments

Excellent visibility Naot only the superficial veins but
also the deeper veins are extremely
easy to identify with the naked eye.
The veins appeared either very
sharp, clear, distinct or expanded.

Good visibility At least the prominent veins are
easy to see with the naked eye with
no difficulty.

Poor visibility Eminently difficult to identify even
the prominent veins through the
naked eye.

Infrared images of right dorsal hand of a female subject are presented for the elaboration of
grading in the above vein clarity chart for three different scenarios; without tourniquet (grade
1), with tourniquet plus pumping (grade 2) and with tourniquet but no pumping (grade 3).
Mostly the thermal images captured without tourniquet are graded higher because of the
sharp appearing veins with higher temperature differences between the veins and the
surrounding tissues. The most obvious reason is the absence of disturbance in the venous
outflow in the scenarios where no tourniquet is applied. However, the scenarios where the
tourniquet is used, the compression is made sufficient to allow arterial inflow whilst limiting
venous outflow. Due to limited venous outflow, the temperature differences between the
veins and the surrounding tissues have been found to affect the clarity as compared to

without tourniquet scenarios.

Therefore, the real comparison is between the scenarios where tourniquet is introduced but in
one situation the pumping effect is absent, whereas in the other it is present. Supplementary
Table A3 summarises the vein clarity grades for all subjects of the current study for left and

right hands for all possible scenarios.

Vein clarity analysis: 42 calculations

In the present study, the authors’ main focus is to investigate the pumping effect of the
Vacuderm, with the traditional tourniquets which involve only tightening but no pumping
effects. Hence, in the statistical analysis we only compare pumping versus non-pumping; and

dealing without tourniquet data just as a base for reference.
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Thus, two-way contingency yields highly significant results for the clarity of veins for right
and left dorsal hands for pumping and non-pumping scenarios. The results prove that
pumping has statistical significance over non-pumping for both hands in relation to the vein

visibility (see Fig. 4-al and Fig. 4-a2).

The chi-square statistics for left dorsal hands is 10.1403. The p-value is 0.006282. The result
is significant at p < 0.01. Also, for the right dorsal hand 2 = 9.817, df = 2, y2/df = 4.91, P
(%2 >9.817) = 0.0074. The result for right dorsal hands is significant at p < 0.01.

Vein diameter analysis

After selecting the region of interest in all thermal images, a prominent vein is chosen and for
a precise measurement five times makers are placed at different positions on the same vein
and by taking the average of those five diameters finally the most accurate diameter of that

particular vein is calculated (see Fig. 3).

Vein containing
de-oxygenated
blood

Markers on the boundary of the vein
to calculate vein width/diameter

{a) without pumping {b) After pumping {c) without tourniquet

Fig 3 The vein diameter as illustrated in the schematic diagram is measured using the Pythagorean Theorem formula. Cyan
colour markers are showing how diameter of the same vein in all three different scenarios for the same subject is measured.
Thermal images of right dorsal hand of a female subject (a) after applying tourniquet and cold stimulation but no pumping,

(b) after applying tourniquet, cold stimulation and pumping, (c) after applying only cold stimulation and no tourniquet.
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For right and left dorsal hands of each subject, the same procedure is repeated for three
different scenarios i.e. without tourniquet, tourniquet on but without pumping and tourniquet
on plus pumping effect seen in Fig. 3. Same segment of the vein is chosen for all three

scenarios in order to know the change in the diameter of a particular portion of the vein.

It is clearly shown that pumping effect is playing a vital role, not only in the expansion of
veins, but also in improving the visibility of the veins as compared to the situation where
there is no pumping. As pumping permits the venous flow gradually, better contrasts are
obtained between veins and the surrounding tissues based on thermal behaviour. Secondly,
pumping clearly has helped in vein dilation. Pumping effect contributes by producing more
tension in the veins due to which the diameter of veins expands eventually. The average
calculated vein diameter and/or width values for the subject as presented in Fig. 3 are: 9.7
pixels (without pumping), 16.2 pixels (after pumping) and 12.9 pixels (without tourniquet).
The highest obtained value is after pumping indicating that pumping is responsible of vein
expansion and increase in the size of the diameter of the vein. The increase of 6.5 pixels
(40%) reveals a significant difference between vein diameter with and without pumping and

indicates a remarkable enlargement in the size of the vein as a result of pumping.

Vein diameter analysis: t-test analysis

Fig. 4-b1 and Fig. 4-b2 summarise the results of all 20 volunteers for the vein diameter
analysis for pumping versus non-pumping scenarios for both hands of each individual. Bar
charts in Fig. 4-b3 and Fig. 4-b4 illustrate the overall result of the vein diameter analysis for
pumping versus non-pumping for left and right dorsal hands, respectively. For the left hand,
the mean score for pumping condition is much higher (M = 14.84, SD = 1.74) than for the
non-pumping condition (M = 11.95, SD = 1.49). There is 24% increase in mean diameter and
a 54% increase in the cross sectional area of the target vein with high statistical significance
on paired t-test; t (19) = -8.234, p < 0.001. For the right hand (as indicated in Fig. 4-b), the
mean score for pumping condition is significantly higher (M = 14.20, SD = 2.00) than for the
non-pumping condition (M = 10.86, SD = 1.78). There is a 31% increase in diameter with a
70% increase in the cross sectional area of the target vein with high statistical significance on

paired t-test t (19) =-11.148, p < 0.001.



Vein Clarity in Left Dorsal Hands
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Vein Clarity in Right Dorsal Hands
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(b) Individuals’ average of vein diameter in both left and right hands of all 20 subjects is increased considerably as a
result of the pumping effect of the Vacuderm (1 & 2). The total average of vein diameter for all subjects is increased
significantly as a result of the pumping effect of the Vacuderm in both left and right hands (3 & 4).
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(c) The average temperature difference between the vein and the surrounding tissue after pumping and non-

pumping conditions for all individuals in both left and right dorsal hands (1 & 2). The total average of temperature

difference between the vein and the surrounding tissue temperatures for all 20 subjects is increased by 0.5 °C as a

result of the pumping effect of the Vacuderm in the cases of both left and right dorsal hands (3 & 4).

Fig 4 (a) Vein clarity, (b) vein diameter and (c) vein thermal behaviour in the cases of pumping and non-

pumping of the Vacuderm for both hands of all subjects.
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Vein temperature analysis

Enhancement of thermal vein to tissue contrast is desired, in order to assess veins precisely
using infrared thermography. The current study employs a novel approach to effectively
enhance the skin vein to tissue contrast by using cold stimulations on skin surface. Infrared
thermography has been proved to be a good technology to detect and enhance the
visualization of veins especially when followed by cold stimulations.” Also, it has been
reported that the veins are clearly visible in the thermal image recorded after cold

stimulation®*,

Thermal response of the skin and veins to the thermal stimulation is analysed. Temperature
data is accessed by FLIR QuickReport. Five points are marked on the veins to know the
temperatures on the veins and then average temperature is found. Similarly, five points are
marked not on the veins to measure the skin temperatures and average temperature is
determined. Differences between temperatures on the veins and not on the veins are

calculated.

It is observed that the average temperature on the veins is always higher by a couple of
degrees than the adjacent tissues in normal conditions. Better contrasts in the form of larger
difference of temperatures between veins and their surroundings are found after cold
stimulations. When the difference of average temperatures reaches its maximum value then
veins can be seen clearly. This analysis also helps in finding the optimum imaging time for
IR thermography after cold stimulation. Evaluation of temperatures after stimulations is an

important step for determining how effective the stimulations are in thermal imaging.

Table 2 presents all three thermal images of right dorsal hand of a female subject captured at
the same time i.e. 25 s, 35 s and 45 s after 15 s long application of cold compress for three
different scenarios of this study. Three images are taken with an interval of 10 s for each
case. For each subject, a total of 9 infrared images of each hand are obtained and a total of 18
thermal images for both hands. After selecting the region of interest in all 9 images of every

subject of each hand, a prominent vein/s is chosen.

Five (black coloured) markers are placed on the vein/s, as indicated in the thermal images
presented in the Table 2 to calculate temperature on a particular vein/s. Eventually, the mean
vein temperature is measured using five values. Another five (cyan coloured) markers are

placed on the surrounding tissue and the mean skin tissue temperature is calculated. For more
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precision mean of the mean temperature of vein and the skin tissue are calculated through
three images of each case. Consequently, the difference between the vein and neighbouring
tissue temperature is determined and plotted. Better contrasts in the temperatures are obtained
for pumping condition as compared to non-pumping. Without tourniquet scenario is regarded
as a base or reference condition because there is no hindrance in the venous flow for this
case. But thermal images of this condition help to pin point the veins and the neighbouring
tissue because of good contrast and clear visibility. Otherwise it might be difficult to decide
without these reference images to identify veins for pumping and non-pumping conditions
especially in the difficult visibility subjects. Fig. 6 presents the average temperature
difference values between the vein and the surrounding tissue temperatures for all 20 subjects
and overall mean of the average temperature difference value for the entire study for left and
right dorsal hands.

Table 2 Thermal images of right dorsal hand of a female subject with Vacuderm but with and without pumping,

and without tourniquet. Black five (1 - 5) markers are on the veins whereas, cyan five (6 - 10) are not on the

veins but on the surrounding tissue.

Non-pumping

Time {seconds)

Pumping

Time {seconds)

Without toumiquet

Time {seconds)

Fig. 4-c1 illustrates that in 70% participants the average temperature difference are found
considerably higher after pumping effect of the Vacuderm in the case of the left dorsal hand.

In the right dorsal hands, in 80% participants the average temperature difference are found
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remarkably higher after pumping effect of the Vacuderm (Fig. 4-c2). Fig. 4-c3 and Fig. 4-c4

clearly supports the argument on overall average temperature difference of entire sample size.

Vein temperature analysis: paired samples t-tests

Paired samples t-test about average temperature difference between vein and the surrounding
tissue in case of left dorsal hands for non-pumping vs pumping conditions tells a very
significant association between these two conditions. The mean score for left hand pumping
condition is higher (M = 2.09, SD = .74) than for left hand non-pumping (M = 1.62, SD
=.77). There is a very significant statistical difference between these two conditions; t (19) =
-2.298, p <0.05.

Paired samples t-test about average temperature difference between vein and the surrounding
tissue in case of right dorsal hands for non-pumping versus pumping conditions reveals a
very significant association between these two conditions. The mean score for right hand
pumping condition is higher (M = 1.90, SD = .71) than for right hand non-pumping (M =
1.36, SD = .57). There is a very significant statistical difference between these two

conditions; t (19) = -4.604, p <0.001.
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Discussion
Many organisations are currently active in addressing vascular access difficulties such as
NIVAS?® and the NHS?, via the development of an Integrated Care Pathways (ICP). This

research is expected to help health care organisations and vascular access practitioners.

Results clearly indicate that pumping effect of the Vacuderm plays a significant role towards
the vein visibility and its prominence. Due to pumping more veins become visually obvious
as compared to non-pumping scenarios. Furthermore, temperature increases after pumping.
We postulated that this is because pumping increases venous inflow into the more proximally
occluded vein yielding it bigger in size and more pressurised. Higher temperature of the veins
is also responsible for showing better contrast between vein and the adjacent tissue. The
increased venous distension and tension is expected to translate into a more palpable vein and
a better preparation of the vein for venous access as a result of pumping. As demonstrated
statistically with pumping there is additional vein enlargement, and appear visually clearer on

thermal images.

In summary, our hypothesis held true for vein visibility, prominence, significant increase in
vein diameter and higher contrast between the veins and surrounding skin tissues as a result
of the pumping effect of the Vacuderm tourniquet, but bigger diameter served as a better
predictor of visibility than did temperature difference on visual analysis. Our data analyses
have demonstrated the significant enhancement of vein visualising through the use of the

Vacuderm.

The upper limbs are chosen in this study for capturing thermal images and analyses because
these sites are easier to study logistically as subjects rolled their sleeves up. In literature, it is
proved that the captured image of the back of the hand is of a good quality, providing more
useful information as compared to the vein image at palm and wrist which are comparatively
of poorer quality.”> The importance of the determination of vein width for selecting a vein
appropriate for the cannulation procedure has been highlighted in literature.*® The best choice
of the vein for catheterization is the one with maximum longitudinal area and widest in the
diameter. As demonstrated here the Vacuderm helps to dilate the vein through pumping with
resultant increase in blood influx into a proximally occluded vein. The patients’
characteristics also influence the results, although our results are in this respected limited by

sample size to significantly assess these factors. However, the cross over design of the study
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and the use of both upper limbs has allowed the study to have good statistical power

providing highly significant statistical results on vein size, clarity and temperature.

Conclusion

This study has investigated the physiological effect of a novel tourniquet, the Vacuderm, on
the vein dimensions, visual clarity and vein temperature of distal upper limbs’ veins through
creating a negative pressure via manual pumping action in addition to the tourniquet effect
using infrared thermography (IRT). Our findings contribute original, novel and apposite data
on intravenous access. The chi-square statistics for vein visibility for left dorsal hands is
10.1403 with p-value of 0.006282. Also, for the right dorsal hand ¥2 = 9.817 and p-value =
0.0074. The results for both dorsal hands are highly significant. Additionally, the results
showed statistically a significant increase of 24 - 31% in the vein lumen diameter and 54 -
70% in venous cross sectional area of left and right hands respectively as well as high
statistically significant increase in the vein clarity as assessed by infrared thermography.
Moreover, paired samples t-test about the average temperature difference between veins and
the surrounding tissue in case of the right dorsal hands for non-pumping vs pumping
conditions revealed a very significant association between these two conditions and the same
results are found for the left hands. The visibility of the veins, making them eligible for
cannulation, consistently increased due to increase in the temperature difference between the
vein and neighbouring tissue when using the pumping effect of the new medical device, the
Vacuderm after the application of cold compress. This is anticipated to improve the ease of
venous access when pumping of the Vacuderm is performed in addition to its tourniquet
effect. As a result of this physiological change in veins, practitioners from all disciplines and
every level of experience are expected to be supported to overcome the difficulties of
peripheral IV catheter placement. Fewer attempts and obstacles translate to lower financial
burdens for hospitals. But most importantly, a reduction in failed placements means a
reduction in unnecessary trauma and danger for all patients who require IV therapy or
cannulation. The routine application of a standard tourniquet is clearly safe procedure and it
works in a similar way by expanding the vein. Therefore , vein expansion is safe as part of
the procedure for cannulation. The Vacuderm is meant to enhance this expansion for patient

with DiVA.

Overall, the findings agree with our hypothesis, showing the efficacy of the added pumping
action (introducing vacuum or negative pressure) of an innovative tourniquet, the Vacuderm

in increasing venous size and clarity to the eye and expected improved palpability. The health
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professionals, such as doctors and nurses may consider this new device an expedient resource
for vein identification, detection and preparation when they deal with the difficult intravenous

aCCEeSs cases.
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Appendix: Supplemental Materials

Table A1 Demographic profile with subjects’ characteristics and ambient temperatures before and after the

experimental procedure

D | Gongers | (Sn | Welgh | Hoght | RS | Ase | g | Tomporsture | Diffrence
Index*** Before T1 (°C) | After T2 (°C) | AT (°C)
1 1 2 71.0 174 2 37 24.7 24.7 0.0
2 2 3 73.0 178 2 21 25.0 25.5 0.5
3 1 1 98.0 169 4 29 25.0 24.9 0.1
4 1 2 84.0 183 3 29 243 239 0.4
5 1 2 120.0 181 4 48 23.8 24.0 0.2
6 2 2 72.0 153 4 36 24.2 24.7 0.5
7 1 2 88.0 170 4 50 24.4 24.5 0.1
8 1 1 70.0 178 2 27 243 24.7 0.4
9 1 1 103.0 185 4 23 24.6 24.5 0.1
10 1 2 115.0 188 4 49 25.8 24.5 13
1 2 3 72.0 173 2 27 25.7 253 0.4
12 1 3 78.0 174 3 27 258 25.7 0.1
13 2 1 47.0 169 1 27 259 252 0.7
14 1 1 93.0 188 3 27 25.7 252 0.5
15 2 3 54.0 167 2 23 253 25.7 0.4
16 1 1 54.4 161 2 24 21.9 215 0.4
17 1 3 91.0 175 3 24 217 214 0.3
18 2 1 70.0 169 2 25 24.0 243 0.3
19 2 1 64.5 169 2 23 25.1 237 1.4
20 2 1 72.0 160 3 34 24.5 23.6 0.9

*Gender: 1 = “Male”, 2 = “Female”
**Skin Tone: 1 = “Fair”, 2 = “Olive”, 3 = “Dark”

***Body Mass Index: 1 = “Underweight”, 2 = “Healthy weight”, 3 = “Overweight”, 4 = “Obese”
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Table A2 Infrared images data presentation of right hand of a female and left hand of a male for all three

scenarios.
Gender .Hand. Vacudern"l with Vaduderm :wrlthout No Tourniquet
Orientation Pumping Pumping
PSFLIR

Female | Right dorsal \ _

hand - I
08/08/1 7 6:52:0 08/09f1 64814 p e=0.98
Male Left dorsal

hand




Table A3 Vein clarity scale or grades

| | | || S| St
pumping Tourniquet pumping Tourniquet
1 3 1 1 2 1 2
2 2 3 1 2 1 1
3 2 1 1 1 2 1
4 2 3 1 2 2 1
5 2 1 2 2 1 2
6 2 1 2 2 1 1
7 3 2 2 1 1 1
8 3 1 1 2 2 1
9 1 1 1 2 1 1
10 2 1 1 3 2 1
11 2 1 1 2 1 1
12 3 2 1 2 1 1
13 3 1 1 3 2 1
14 2 1 1 3 2 1
15 3 2 1 3 2 1
16 3 2 3 3 2 2
17 3 2 1 2 1 2
18 1 2 1 2 2 1
19 3 1 2 3 2 1
20 1 1 1 1 1 1
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