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of peripheral superficial vein depth
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imaging
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Abstract

Background: Ultrasound imaging is used for diagnosis, treatment, and blood vessel visualization during venous
catheter placement. However, various physiological factors (e.g., body temperature and exercise) influence vein
diameters, which are expected to exhibit daily or diurnal fluctuations. Therefore, this study aimed to determine the
intraday (short-term) and interday (long-term) reproducibility of repeated measurements of the depth and diameter
of peripheral superficial veins.

Methods: Twenty-three healthy young women (mean age, 21.7 4 0.8 years) participated in the study to examine the
short- and long-term reproducibility of the depth and diameter of the cutaneous vein in the left elbow fossa acquired
by ultrasound imaging. Short-term measurement intervals were 10 s, and the probe was released from the skin for
each acquisition, which was repeated five consecutive times. Long-term measurements were performed at the same
time on the next day following the same procedure. The acquired images were analyzed for vein depth and diameter
using ImageJ software. The intraclass correlation coefficient (ICC) was calculated to determine the short- and long-
term reproducibility of the measurements. The relationship between the venous depth and venous diameter intra-
individual variation was analyzed, as well as the influence of body composition (body fat and muscle mass) on the
venous diameter and depth.

Results: For vein depth measurements, the short- and long-term ICCs were 0.94-0.96 and 0.88, respectively. For
the vein diameter, the short- and long-term ICCs were 0.94-0.97 and 0.67, respectively. The short-term ICCs for both
vein depth and diameter exceeded 0.9, indicating that the ultrasound vascular measurement was sufficiently reli-
able. However, long-term reproducibility was slightly lower, especially for the vein diameter. No correlation was
found between the intra-individual variation of the vein diameter and vein depth. Although the vein diameter and
body fat mass uncorrelated, the vein depth and body fat mass significantly correlated (r=0.675, 95% confidence
interval =0.281-0.830).

Conclusions: The long-term reproducibility of vein diameters was somewhat lower than that of the short-term
reproducibility. This could be attributed to fluctuations in the physiological state of the participant rather than to the
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instability of the measurement. Therefore, ultrasound measurement of the peripheral superficial vein is sufficiently

reliable.
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Background

Ultrasound imaging is an essential technique for diag-
nosis and treatment. Unlike computed tomography,
X-ray, or magnetic resonance imaging, ultrasound
imaging does not require large equipment and is free
from the risk of X-ray exposure. Therefore, ultrasound
imaging at the bedside is relatively easy, and a timely
diagnosis can be made owing to real-time image acqui-
sitions. Specifically, ultrasound imaging technology
has evolved significantly over the past two decades,
with devices becoming smaller and lighter [1], enabling
its applications in various healthcare fields [2]. For
example, it can be used for the assessment of cardiac
dynamics in patients with heart failure and dialysis,
focused assessment with sonography for trauma in the
emergency room, and examination of bladder capacity
and constipation [3-6]. In these imaging procedures,
inter- and intra-observer agreements are important
because the measurement accuracy might depend on
the observer [7, 8].

Ultrasound imaging can be also utilized for blood ves-
sel visualization during venous catheter placement [9].
Ultrasound-guided catheter insertion into difficult-to-
access veins improves success rates compared with con-
ventional blind insertion [10, 11]. This method can be
also used to evaluate venous vasodilation interventions.
Vessels with higher success rates for peripheral vein cath-
eter insertion are more visible and palpable [9, 12, 13]
and have larger diameters [14, 15]. Therefore, in previous
studies on various interventions to facilitate venipunc-
ture (e.g., local heating and postural changes), the vein
diameter was used to evaluate their effectiveness [16—20].

Vein diameters are known to exhibit diurnal fluc-
tuations [21]. Specifically, the inferior vena cava and
peripheral veins of the lower extremities show great
physiological variabilities [22, 23].

Several studies have been made on the intra- and
inter-observer agreement of ultrasound vascular meas-
urements, and the results were nearly perfect for intra-
observer and considerably high for inter-observer
[24-27]. Therefore, the accuracy of vein measurement
depends on the magnitude of vasomotion, not on the
reliability of the observer.

This study aimed to determine the intraday (short-
term) and interday (long-term) reproducibility of
repeated measurements of the depth and diameter of
peripheral superficial veins.

Methods

Participants

The study enrolled 23 healthy young women who were
not patients, smokers, or pregnant. Table 1 presents the
demographic characteristics of the participant. The sam-
ple did not include obese individuals. During the study
period, alcohol consumption was prohibited, and the
participants were required to sleep at least 6 h before-
hand. The participants also avoided strenuous exercise
after waking up on the experiment day, finished eating
at least 2 h before the experiment, and limited intake of
stimulants and caffeine.

The study was approved by the ethics committee of the
university where the study was conducted. The research-
ers explained the study’s content and obtained verbal and
written informed consent before starting the study.

Procedures

This study was conducted for two consecutive days in
October 2021. The air temperature in the laboratory was
maintained at 25 °C. Initially, the participants changed
into T-shirts and shorts made of the same material, and
their body temperature, pulse rate, blood pressure, and
height were measured. In addition, the total body muscle
mass and body fat were recorded using a body composi-
tion analyzer (Inbody 270; Inbody, Tokyo, Japan). Then,
the participants sat on a chair and placed their forearms
on an 83-cm-high platform for 15 min. The elbow joint
was aligned with the mark on the table, the forearm was
kept extended, and the arm was fixed with a belt to pre-
vent the arm from moving.

The same operator obtained B-mode transverse images
of the median cutaneous vein or radial vein of the left
elbow fossa by ultrasound imaging (Versana Active; GE
Health Care, Tokyo, Japan) with a 10—-12 MHz linear
probe. During measurements, the probe was fixed to the

Table 1 Demographic characteristics of the participants (n=23)

Mean £+ SD
Age 21.7£08
Height (cm) 1583+£5.7
Weight (kg) 509445
Body mass index 204+18
Fat mass (kg) 13.8+£29
Muscle mass (kg) 339425

SD standard deviation
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stand and maintained at the same height. A 1-cm thick
layer of gel was used to avoid compressing the vein with
the probe’s pressure. The same probe was used for all
measurements, and the scanner was set to an observ-
able image depth of 20 mm. Gain was optimized for each
participant. The skin at the probe application site was
marked, and the beam was applied to the same vein each
time. The interval between each imaging acquisition was
approximately 10 s, and the probe was released once for
each acquisition.

Image analysis

All images were saved on the device and converted to
jpeg files, and these jpeg files were converted to 256-bit
grayscale using Image] [28], a public domain software
used for processing and analyzing scientific images: 1
pixel =0.034 mm The images were analyzed at a resolu-
tion of 0.034 mm.

Figure 1 shows the analysis of the vein depth and diam-
eter. First, a line was drawn on the skin surface, and the
intima of the vein was traced manually while moving the
line downward by 1 pixel. The vein depth was defined
as distance from the skin surface to the intima and the
vein diameter as the distance between the intima. The
acquired images were analyzed blindly and randomly,
and the participants were de-identified.

Statistical analysis

The intraclass correlation coefficient (ICC) was calcu-
lated for short-term and long-term reproducibility of
measurements. Strictly, the ICC shown in this study is
the reproducibility of one measurement (ICC [1,1]) and
does not include interrater variation. The coefficients of
variation (CVs) for the intra-individual variation in the
depth and diameter measurements were also analyzed
according to a previous study [29]. For the results of both
vein depth and diameter, the average of five measure-
ments for each experimental day was determined, and
Bland—Altman plots were performed on the difference

depth (mm)

diameter (mm)

Fig. 1 Ultrasound image of the superficial vein. Venous depth is the
distance from the skin surface to the intima, and venous diameter is
the distance between the intima
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between 2-day measurements. A fixed bias and a propor-
tional bias were tested by a paired t-test and Pearson cor-
relation coefficient (r). Pearson’s correlation coefficients
were also calculated to examine the relationship between
vein depth and intra-individual variation of the diameter.
Furthermore, the correlation of the vein depth and diam-
eter against the body composition were also analyzed.
Statistical analyses were performed using R software, ver-
sion 4.1.0.

Results

Tables 2 and 3 show the results for depth and diameter,
respectively. The mean vein depths ranged from 2.43
to 2.59 mm. Short-term and long-term ICCs ranged
from 0.94 to 0.96 and 0.88, respectively. By contrast,
vein diameters averaged 2.48 at 2.53 mm. Despite the
high short-term ICC of 0.94-0.97, it decreased between
days, resulting in a long-term ICC of 0.67. Tables 2 and 3
show the CVs for the depth and diameter measurements,
respectively. Vein depth exhibited a 6-7% intra-individ-
ual variation for both long- and short-term variabilities.
The CVs for the vein diameter were approximately 5-6%
and 9% for the short-term and long-term variabilities,
respectively.

The Bland—Altman plots for vein depth and diam-
eter are demonstrated in Fig. 2. For vein depth, there
was no significant difference between two experimental
days (p=0.12), thus no fixed bias in vein depth. As for

Table 2 Vein depth measurements and their reproducibility

Mean £+ SD (mm) ICC 95% ClI Intra-
individual
CV (%)
Shor term (day 1) 2434090 096 0.93-0.98 6.56
Short term (day 2) 259+£1.05 094 0.89-0.97 627
Long term (days 1-2) 2.51+0.98 0.88 0.75-095 6.34

SD standard deviation; ICC intraclass correlation coefficient; C/ confidence
interval; CV coefficient of variation

Table 3 Vein diameter measurements and their reproducibility

Mean+SD (mm) ICC 95%Cl Intra-
individual
CV (%)
Short term (day 1) 248+067 094 090-097 6.07
Short term (day 2) 2534073 097 094-098 482
Long term (days 1-2) 2.51+£0.70 067 038-0.85 888

SD standard deviation; ICC intraclass correlation coefficient; CV coefficient of
variation
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Fig. 2 Bland-Altman plots for vein depth (left) and vein diameter (right). The differences (y axis) between the mean values obtained in 2
experimental days were plotted against their mean value (x axis). Dashed lines designated upper and lower limits of 95% confidence interval of the
difference. Fixed and proportional biases were not found in either vein depth or vein diameter
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Fig. 3 Correlation between the mean vein depth and mean
intra-individual coefficient of variation (intra-CV) of the vein diameter.
No correlation was found between the mean vein depth and mean
intra-CV of the vein diameter (r=0.056)

proportional bias, a positive correlation (r=—0.30) was
found although it is not significant (p=0.16). As for
vein diameter, fixed bias (p =0.69) and proportional bias
(r=—0.13, p=0.54) were also insignificant.

A correlation between the mean vein depth and intra-
individual CV of the vein diameter is shown in Fig. 3. The
correlation coefficient (r) was 0.056; thus, the correlation
was not significant.

Body fat mass and total body muscle mass were exam-
ined in relation to the vein depth and diameter, respec-
tively (Figs. 4 and 5). Body fat mass was significantly
positively correlated with the vein depth (r=0.675,
95% CI=0.281-0.830) but not with the muscle mass
(r=0.138, 95% CI=—0.318-0.515). Furthermore, nei-
ther body fat mass nor muscle mass correlated with the
vein diameter.

Discussion

In this study, to examine the reproducibility of the
ultrasound measurement of the vein diameter and vein
depth, repeated measurements were performed with
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Fig. 4 Correlation between fat mass, muscle mass, and vein depth.

Vein depth positively correlated with fat mass (r=0.638) but not with
muscle mass (r=0.138)
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Fig. 5 Correlation between fat mass, muscle mass, and vein
diameter. The diameter did not correlate with fat or muscle mass
(r=0.188 and —0.218, respectively)

short- (10 s) and long-term (24 h) intervals. For short-
term reproducibility, ICCs ranged from 0.94 to 0.97 for
vein diameter and 0.94-0.96 for vein depth. The long-
term reproducibility was 0.67 for vein diameter and
0.88 for depth. Short-term reproducibility did not dif-
fer much between the vein diameter and depth, but the
long-term reproducibility of vein diameter was consid-
erably lower than that of depth.
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This study also examined the relationships between
body composition, vein depth, and vein diameter. Vein
depth and body fat mass positively correlated, whereas
vein diameter did not correlate with either body fat mass
or total body muscle mass.

Sharp et al. [30] reported that the body mass index
(BMI) had little effect on the vein diameter. Kim et al.
[31] did not find a relationship between the vein diameter
and BMI, although BMI influenced depth. The results of
the present study were consistent with their findings.

Since fat mass is unlikely to change in a few days, it
appears reasonable that depth is more reproducible over
time than diameter.

As shown in Table 3, the peripheral forearm vein diam-
eter indicated approximately 5% (short-term) or 9%
(long-term) variability. Previous studies have demon-
strated 18—75% variation in the diameter of the inferior
vena cava and 7-10% for the veins of the lower extremi-
ties [22, 23]. Although the methods of measurement and
analysis differed between the previous study and the pre-
sent study, the variation of the forearm superficial vein
was much smaller than that of the inferior vena cava and
almost the same as that of lower extremity veins when
roughly recognized. Venous variation might be greater in
the center and smaller in the periphery. Most studies on
venous variability have focused on the central vein, such
as the inferior vena cava [22, 32]. In contrast, the present
study focus was on the peripheral superficial veins. The
novelty of the current study is the quantitative demon-
stration of the variation of the forearm superficial veins.

The main cause of the variation in the diameter of the
vein (e.g., inferior vena cava, axillary vein) is respiration
[22, 32]—the diameter of the vein is known to contract
with inspiration and to dilate with expiration [33, 34].
Therefore, respiratory modulation would be expected
in the peripheral superficial vein as same as the inferior
vena cava. We cannot determine whether the variability
could be attributed to respiratory modulation because
respiration was not measured in this study. Further stud-
ies on the effect of respiration on peripheral superficial
vein diameters are required.

This study has some limitations. First, the presented
results on short-term reproducibility are limited to
variations of a few minutes. In this study, long-term
measurements were conducted at the same time on dif-
ferent days; therefore, the results excluded the effects
of diurnal variation. Further research is needed to
determine the factors that affect the reproducibility of
vein diameter measurements. Second, the participants
of this study were limited to young healthy women.
Sharp et al. [30] reported that men tend to have larger
venous diameters than women. Therefore, there could
be sex differences also in diameter variability. Future
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studies are expected to take into account the influence
of demographics such as age and race in addition to
sex.

Conclusions

Short-term measurements of the depth and diameter
of peripheral superficial veins showed excellent repro-
ducibility. The vein diameter indicated a slightly lower
long-term reproducibility than the short term. The
larger day-to-day variations in vein diameter can be
attributed to the variation in the physiological condi-
tion of the participants rather than to the instability of
the measurement. Therefore, ultrasound measurement
of the peripheral superficial vein is sufficiently reliable.

Abbreviations
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