Journal of Veterinary Internal Medicine

Journal of Veterinary Internal Medicine AC\%I M

| piLOT sTUDY EEEEED

Small Animal Internal Medicine Cardiology

Open Access,

American College of
Veterinary Internal Medicine

Feasibility of Near-Infrared Image Guided Vascular
Identification and Access in Dogs

Seth Bowden | Jake Johnson | Kursten V. Pierce

North Carolina State University College of Veterinary Medicine, Raleigh, North Carolina, USA

Correspondence: Kursten V. Pierce (kvpierce@ncsu.edu)

Received: 13 November 2024 | Revised: 13 February 2025 | Accepted: 21 February 2025

Funding: The authors received no specific funding for this work.

Keywords: canine | phlebotomy | vein finder | venipuncture

ABSTRACT

Background: Use of real-time imaging with near-infrared (NIR) light technology to assist with gaining vascular access in hu-

mans is increasingly common. There is a lack of research on the NIR imaging modality in animals.

Hypothesis/Objectives: To assess the feasibility of NIR vessel finding technology at vascular sites in a cohort of dogs, between
shaved and unshaved fur, and under conditions of vasoconstriction.

Animals: 6 healthy, adult dogs (three beagles, three hounds) in a university teaching colony.

Methods: 5 peripheral vascular sites were imaged before and after shaving. Images were scored based on the following criteria:
not feasible (0), feasible (1), helpful but not feasible as sole guidance (2). Each vascular site was re-imaged after intravenous admin-
istration of dexmedetomidine.

Results: The left medial saphenous, right cephalic, and right lateral saphenous veins were the most feasibly identified vessels
(18/18, 17/18, and 15/18, respectively). The effects of dexmedetomidine administration (p=0.5 at 20cm; p=0.78 at 26¢cm) and
fur color (p=0.25 at 20cm; p=0.50 at 26 cm) on the feasibility of vessel imaging were not statistically significant. However, a sig-
nificant difference between shaved and unshaved areas was identified when directly compared at 20cm (p =0.04). The external
jugular vein was less reliably identified (6/18 and 5/18 in sternal and lateral recumbency, respectively), and the left femoral artery
was not identified (0/18).

Conclusions and Clinical Importance: Use of NIR imaging for identification of superficial, peripheral veins is feasible in
healthy beagles and hounds, regardless of shaving and administration of dexmedetomidine. This technology could be useful in

other clinical scenarios.

1 | Introduction

Near-infrared (NIR) light is defined as electromagnetic radia-
tion with a wavelength (700-3000nm) longer than visible light
(350-700nm). Chromophores, such as hemoglobin, absorb NIR
light. The extent of hemoglobin's light absorption defines the
NIR window, which allows for the visualization at a specific

wavelength of blood vessels. Recently, advancements in light-
emitting diodes and highly sensitive cameras for NIR light have
facilitated real-time imaging [1]. This technology is more com-
monplace to aid in obtaining vascular access in human medicine
[2-17]. Near-infrared imaging is limited somewhat by depth of
penetration; thus, use in vascular access is primarily employed
for accessing superficial vasculature [7].

Abbreviations: BCS, body condition score; LF, left femoral artery; LMS, left medial saphenous vein; MCS, muscle condition score; NIR, near-infrared; RC, right cephalic vein; RJ, right external

jugular vein; RLS, right lateral saphenous vein.
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In veterinary medicine, there is a lack of research regarding
this modality and its utility in achieving vascular access. A
meta-analysis of 5298 children and adolescents found using
NIR light devices in peripheral intravenous cannulation sig-
nificantly reduced both procedure time and the number of
attempts [15]. Furthermore, a retrospective and observational
study in human medicine used NIR imaging for the transra-
dial approach for arterial access. This resulted in a reduced
procedure time and an increased success rate, which would be
beneficial for animals as well [4]. Insight into the use of NIR
imaging for vascular access in animals could provide an array
of beneficial clinical applications, including teaching, guid-
ance in intravenous catheter placement in critically ill animals,
efficient drug administration, and decreased complications as-
sociated with venipuncture (hematoma, thrombosis, pain).

The study aims to assess the feasibility of NIR vessel finding
technology in visualizing peripheral vasculature at various ac-
cess sites under conditions including shaved or unshaved fur and
drug-induced vasoconstriction, and utility to aid in obtaining pe-
ripheral vascular access in dogs. Data will be applied to larger
prospective studies to further evaluate the clinical utility and ap-
plication of NIR technology in veterinary medicine. We hypoth-
esized that using NIR imaging would reliably identify superficial
vasculature in this cohort of dogs, supporting its use in guiding
vascular access. Furthermore, we hypothesized that NIR vessel
finding technology would perform better after the dog's fur was
shaved and that the identification of blood vessels would remain
unaffected by the administration of vasoconstrictive agents.

2 | Materials and Methods
2.1 | Ethics Statement

Study was approved by North Carolina State University's
Institutional Animal Care and Use Committee. Animals were
cared for according to principles outlined in the NIH guide for
the Care and Use of Laboratory Animals.

2.2 | Study Group

Study group consisted of six healthy, adult dogs (three beagles
and three hounds) from a university teaching colony. Each dog
had complete blood counts performed within the past year, re-
vealing no evidence of anemia. All dogs received multiple exam-
inations throughout the year and were deemed free of clinically
apparent disease.

2.3 | Dog and Vascular Site Preparation

All dogs were premedicated with 1mg/kg of ondansetron be-
fore sedation per laboratory animal research protocol, orally.
After at least 30min, the same five pre-determined vascular
sites were imaged after topical application of isopropyl alcohol
to mimic venipuncture preparation in a clinical setting. Each
vessel was held off proximal to the imaging window during the
imaging process, except for the left femoral artery (LF). Chosen
vascular sites included the right external jugular vein (RJ) at

the mid-cervical region, right cephalic vein (RC) proximal to
the carpal joint, right lateral saphenous vein (RLS) proximal to
the tarsal joint, left medial saphenous vein (LMS) proximal to
the level of the stifle, and LF at the inguinal region. All imaging
was performed in the following recumbency: sternal or standing
(RC and RJ) and left lateral (RJ, RLS, LMS, and LF). Fur coat
color over the vessel of interest, muscle condition scores (MCS)
and body condition scores (BCS) were recorded using WSAVA
Global Nutrition Committee Guidelines [18].

Each site was imaged in the same manner before shaving (Phase
1) and after shaving fur using a #40 electric blade (Phase 2) with
the application of isopropyl alcohol to mimic preparation before
intravenous catheter placement. Once Phases 1 and 2 were com-
pleted, each dog received 1 mcg/kg of dexmedetomidine, intra-
venously, via the direct stick method utilizing the NIR device on
a vein distinct from the five pre-determined vascular sites. At
15-30min after dexmedetomidine administration, each shaven
vascular site was re-imaged (Phase 3) with the same protocol as
described for previous phases to mimic venipuncture or catheter
placement in critically ill dogs or dogs sedated with -2 agonists.
After imaging acquisition, an equal volume of atipamezole was
administered intramuscularly at the discretion of the supervis-
ing clinician.

2.4 | Imaging

Each vascular site was palpated, visualized, or a combination of
both techniques was used to confirm the location of the target
vessel and imaged with AIMVEIN PRO 3.0 (YDX Innovation
Company Limited Hennessy Road, Wan Chai, Hong Kong) NIR
device using Yellow-Red filter on high brightness, held in place
with an AIMVEIN GO Mobile Trolly (Figure S1). The two-color
(yellow-red) mode was chosen as it provides additional informa-
tion regarding venous depth (yellow 0-3 mm; red >3 mm). The de-
vice guidelines recommended imaging distances of 24-26 cm for
humans; 26 cm was initially chosen. After Phase 1 for the first dog,
this technique was adjusted to include both 20 and 26 cm, after
which 58/108 vessels were imaged at both 20 and 26 cm distances.
Vascular sites were imaged above and perpendicular to the vessel.
Imaging was performed by veterinarians (S.B., J.J.) under the di-
rect supervision of ACVIM board-certified cardiologist (K.P.).

2.5 | Feasibility

Each imaged site was categorized into one of three categories:
not feasible, feasible, and helpful but not feasible as sole guid-
ance (Figures 1 and 2). Feasibility was defined as the ability of
the NIR device to correctly overlay the anatomic location of the
target vessel, which was assessed based on knowledge of ana-
tomic vessel location and confirmation by palpation (Figure 1).
Those not feasible were unable to identify nor appropriately out-
line or track near/alongside the vessel. Those in the “not feasible
but helpful category” occurred when the NIR device could only
detect the vessel when positioned at different angles or when it
identified the appropriate anatomic path alongside the vessel
but did not completely overlay or outline the vessel (Figure 2).
The NIR device was utilized during intravenous administra-
tion of dexmedetomidine and feedback regarding whether the
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FIGURE 1 | Feasible imaging of each peripheral vessel location. Left femoral artery imaging was excluded due to lack of feasible imaging. (A)

Right cephalic vein. (B) Right lateral saphenous vein. (C) Right external jugular vein. White arrow is pointing to the right external jugular vein,

which was confirmed to appropriately overlay the vein via palpation. (D) Left medial saphenous vein.

Cranial

FIGURE2 | Feasibility was assessed based on the ability to accurately identify the location and course of peripheral vessels. Feasibility was scored

as (A) feasible (image: right lateral saphenous vein), (B) not feasible, but helpful (image: right external jugular vein in left lateral recumbency), or (C)

not feasible (image: right external jugular vein in sternal recumbency).

device could be helpful for trainees learning venipuncture was
recorded. Feedback was from a registered veterinary technician
involved in teaching venipuncture in hands-on teaching labora-
tories for first year veterinary students.

2.6 | Statistical Analysis

Data were analyzed using R (version 4.4.1, released 2024-06-14).
To explore the association between the categorical variable fea-
sibility (0=not feasible, 1="feasible, 2=not feasible but helpful)
and other categorical variables, including shaven status (un-
shaved vs. shaved), height (20 vs. 26 cm), jugular vein between
different recumbencies (sternal vs. left lateral), dexmedetomi-
dine (no administration versus administration), fur color (black,
brown, white), breed (beagle versus hound), and location (RC,
RJ, RLS, LMS, LF), Fisher's exact test was performed. p-Values
were calculated using the Monte Carlo method due to the small
sample size and more than two levels in each categorical vari-
able. Statistical significance was reported if p-value <0.05.

3 | Results

The study group (Table S1) included 6 healthy, hemodynam-
ically stable adult neutered dogs from North Carolina State
University, laboratory animal research teaching colony (3 bea-
gles, 3 hounds), of which four were female and two were male.
All dogs were between 1 and 2years of age. All dogs had MCS
of 3/3 (n=6) and BCS varied between 4/9 (n=3) and 5/9 (n=23).
Weight ranged between 9 and-29.7kg (mean 18.5kg, median
17.45kg). Fur coat color over the intended vascular access site for
each site on each dog was black (2/34), brown (9/34), and white
(23/34). Administration of dexmedetomidine via venipuncture
was performed at: LC (n=2), RMS (n=2), and left lateral saphe-
nous vein (n=1). Hound 2 was administered dexmedetomidine
into RLS (n=1).

The LMS, RC, and RLS veins were the most reliably and ac-
curately identified vessels using the NIR device regardless of
shaven status (Figure 3; 18/18, 17/18, and 15/18, respectively).
However, a statistically significant difference was observed
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when comparing unshaved (Phase 1) and shaved (Phase 2) areas
directly (p=0.04). Shaved areas were more reliably and accu-
rately identified than unshaved areas at an imaging height of
20cm (p=0.04). The effects of dexmedetomidine administra-
tion (Phase 3; p=0.5 at 20cm; p=0.78 at 26cm) and fur color
(p=0.25 at 20cm; p=0.50 at 26cm) on the feasibility of vessel
imaging were not statistically significant. Feasibility between
breeds (Hound vs. Beagle) was assessed for Phase 2 (shaven)
to allow for assessment based on body size while excluding the
variable of the presence of fur, which had already been shown
to affect feasibility. No statistically significant differences were
found between breed and feasibility at either distance (p=0.29
at 20cm; p=0.48 at 26 cm). No significant difference in feasibil-
ity was appreciated between recumbency (sternal, left lateral)
during RJ imaging (p=0.74 at 20cm; p=0.57 at 26 cm), although
left lateral recumbency was noted to be more helpful.

When imaging heights of 20 versus 26 cm were compared, there
was no statistically significant difference detected (p=1.0).
When paired with data comparing Phase 1 (unshaved) and
Phase 2 (shaved), a statistically significant difference between
Phases 1 and 2 was only detected at an imaging height of 20cm
(p=0.039 at 20cm; p=0.355 at 26 cm). The LF was unable to be
identified for any dog at either height (20cm, 26 cm), regardless
of vessel site preparation (unshaved or shaved) or dexmedetomi-
dine administration (0/18).

4 | Discussion

The use of the NIR imaging device in this study was feasible to
detect superficial peripheral limb veins in healthy, adult dogs in-
dependent of site preparation or administration of a commonly
used vasoconstrictive sedative (Figure 3). Similar feasibility
was not appreciated with imaging of deeper vessels such as LF
or RJ (Figure 3). These findings are not unexpected as NIR im-
aging devices reportedly identify superficial vessels with greater
accuracy than deeper vascular structures. Variable penetrat-
ing depths between NIR devices could allow for some devices
to have deeper penetrating capabilities. This is comparable to
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human medicine, where imaging of deep subcutaneous blood
vessels is limited and is considered a drawback of this method
of vascular imaging. The primary factor regarding the depth of
NIR penetration is the wavelength of light, although other factors
such as luminosity and light source angle play an important role.
Variations in these properties among NIR imaging devices are
responsible for the subsequent variation in product efficacy and
feasibility regarding the imaging of deeper blood vessels [19, 20].

Vascular access is an important aspect of veterinary medicine
as it determines the ability to obtain blood samples, administer
medications, and establish access points for minimally inva-
sive catheter-based procedures [17, 21]. For most clinical cases,
vessel palpation alone is sufficient to provide an estimation of
vessel location for experienced professionals. However, clinical
factors including poor peripheral circulation/volume depletion,
older age, or increased body habitus [17, 21, 22| could add chal-
lenges. Thus, prompting investigation into the utility of vascular
imaging aids when palpation alone is insufficient [1-3, 6, 9, 14].
Vascular ultrasound has been used as this aid; however, this re-
quires expensive equipment and advanced training for efficient
use [7]. Recently, NIR devices have become more commonplace
in human medicine for routine venipuncture and additional
investigation evaluating arterial access for minimally invasive
procedures [4]. An ultrasound machine and linear probe for vas-
cular imaging could be cost prohibitive for some veterinary clin-
ics whereas NIR imaging devices offer a hands-free, lower-cost
option, not requiring training [16, 17].

4.1 | Dog Positioning and Imaging Technique

This study aimed at mimicking real-life clinical scenarios
in which NIR imaging devices could be applied. As such, the
four veins imaged were chosen based on common veterinary
venipuncture or catheter placement sites (RJ, RC, RLS, LMS).
Furthermore, imaging was performed in the recumbency in
which venipuncture is commonly performed for each respective
vessel. Since the external jugular vein is a common venous ac-
cess site in both sternal recumbency and lateral recumbency (ex.

Location vs feasibility_F_26
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FIGURE 3 | Mosaic Plots showing the feasibility of NIR imaging at each vessel location for 20cm (A) and 26 cm (B) imaging heights regardless of
site preparation or dexmedetomidine administration. Feasibility is indicated numerically as follows: 0=Not feasible (dark gray); 1="feasible (gray);

2=not feasible but helpful (light gray). Vessel location is indicated by the following abbreviations: RC =right cephalic vein, RJ=right external jug-

ular vein in sternal recumbency, RJ_1=right external jugular vein in left lateral recumbency, RLS=right lateral saphenous vein, LMS =left medial

saphenous vein, LF =left femoral artery. All p=0.0004. The dashed line indicates that there are no cases presented for the combination cell in the

plot. For example, in (A) there are zero cases in which the LF was in the feasible (gray) or helpful (light gray) category as it was unable to be imaged

with this NIR device.

40f 6

Journal of Veterinary Internal Medicine, 2025



central line placement and minimally invasive catheter-based
cardiac procedures), this is the only vessel that was imaged in
two positions. When comparing sternal and lateral recumbency,
a statistical difference was not present. However, the ability to
keep the skin more taught in lateral recumbency likely aided in
vascular imaging of the vessel.

Imaging distance played a role in vessel identification. The de-
vice guidelines recommended imaging distances of 24-26 cm for
humans; 26 cm was initially chosen. After Phase 1 for the first
dog, this technique was adjusted to include both 20 and 26 cm.
Our data indicate that NIR imaging of a shaved leg at a height of
20cm might be more beneficial for clinical use.

4.2 | Overall Feasibility

Feasibility is a subjective assessment often requiring situational
understanding of circumstances. Therefore, as previously men-
tioned, the use of NIR imaging devices might not be feasible or
readily identify vessels in all scenarios. This study demonstrates
that using a NIR imaging device in a small cohort of healthy dogs
for peripheral venous imaging is feasible at the LMS, RC, and
RLS veins (p=0.0004). Imaging of the RJ in left lateral recum-
bency was found to be at least helpful (p =0.0004). Therefore,
another imaging device with greater penetrating ability could be
useful for deeper venous structures.

4.3 | Limitations

The present study has several limitations. First, the number of
dogs is small, and all were of similar MCS and BCS. This was
purposeful to eliminate other factors affecting imaging vari-
ability. Consequently, we can only speculate on the feasibility
of using NIR imaging to identify superficial vessels in two body
conformations (Beagle and Hound dogs). Considering the wide
spectrum of phenotypes, including skin pigment, fur color, BCS,
MCS, body conformation, and weight, further investigation into
the utility of NIR imaging in a larger cohort is necessary. These
six dogs represent the initial reported experiences in NIR real-
time imaging in dogs. As such, imaging techniques were mod-
ified throughout the study to improve efficacy and will likely
continue to evolve with more experience, understanding, and
advancement in NIR technology. This study evaluated NIR im-
aging in healthy dogs, whereas the clinical utility could be more
directed toward unhealthy animals and does not mimic real-life
clinical scenarios. Lastly, different manufacturers of NIR imag-
ing devices might not be equivalent in quality, portability, depth
of imaging capabilities, or ease of use. Alternative approaches to
NIR imaging for vascular access are ultrasonography and man-
ual palpation of the target vessel.

4.4 | Conclusion

The NIR vessel finding device used in this study was able to
correctly identify the LMS, RC, and RLS veins regardless of
site preparation status or dexmedetomidine administration in 6
healthy adult dogs. Similar feasibility was not appreciated for RJ
or LF vascular sites.
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