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Abstract
Background: Intravenous cannulation is needed in about 90% of patients admitted to hospitals to administer medications or replace fluids, which is difficult to perform in obese patients with diabetes.
Objectives: The present study aimed to assess the effect of using near-infrared vein finder technology on the success rate of cannulation in obese patients with diabetes.
Methods: This randomized controlled trial was conducted on 92 eligible patients with type 2 diabetes and obesity at Al-Rusafa
hospitals in Baghdad, Iraq, in September 2021. The subjects were divided into the intervention (n = 46) and control (n = 46) groups.
However, cannulation using near-infrared vein finder technology was only performed for the intervention group. The data were
collected using a demographic and clinical data questionnaire and a chronometer.
Results: The success rates of cannulation for the first time were 60.9% and 15.2% in the intervention and control groups, respectively.
The mean values of procedural time were 53.2 ± 28.9 and 94.3 ± 41.5 seconds in the intervention and control groups, respectively.
The independent effects of patients’ body mass index (P = 0.002) and skin color (P = 0.040) on procedural time were significant.
Conclusions: The use of near-infrared vein finder technology in obese diabetic patients reduces procedural time and venipuncture
attempts.
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1. Background
Diabetes mellitus is an increasing international health
concern with no probability of termination. The percentage of individuals with type 2 diabetes mellitus (T2DM) is
95% of those with diabetes mellitus in general (1). The Middle East and North Africa have the second-highest rate of diabetes with 9.2%; however, Iraq is one of the 21 countries in
the region. The number of deaths due to diabetes accounts
for 10.7% of adult mortalities (2). Individuals with T2DM
constitute 8.5 - 13.9% of Iraqis (3). A noticeable increase was
recorded in the percentage of individuals with diabetes
(35%) in 2011, compared to that of 2005 (11.9%), among Iranians within the age range of 25 - 70 years (4).
Obesity or being overweight is the major modifiable
risk factor for more than 90% of the patients with T2DM
because it exacerbates insulin resistance (1). Obese diabetic patients have more visits to hospitals and medical

centers due to complications of obesity and diabetes, and
the possibility of venipuncture to send laboratory samples or prescribe fluids and medications in this group of
patients is high (5). For nurses or even other healthcare
providers, conducting laboratory diagnostic tests and procedures is considered a paramount portion of patient care
that should be performed by following the highest quality
of standard guidelines to avoid complications that might
result from cannulation and inaccurate findings of laboratory tests (6).
The literature confirmed that about 90% of patients in
a hospital might need intravenous cannulation peripherally to administer medications or replace fluids (7). In addition, the literature shows the maximum rate of mistakes
in the clinical laboratory that involve sample collection by
venipuncture, also known as phlebotomy (8). The identification of the vein site is not simple. Some elements affect
the visibility of the patients’ vasculature, such as the dif-
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ference in the skin character of young children (especially
neonates), dehydration, and obesity (9). Due to high subcutaneous fat in obese patients, it is difficult to see veins
and have access to blood vessels; therefore, nurses face numerous problems in terms of time and technique when
caring for these patients (5). Furthermore, overweight and
obesity exacerbate insulin resistance, which leads to the
development of complications of diabetes linked to a poor
vascular network (10-13).
The use of certain devices or techniques, including
tourniquet (14), local heat (13-15), ultrasound (16), and transilluminating devices (5), will help have better access to
the veins of the limbs. A transilluminating device is one
of the technical evolutions which employs near-infrared
light-emitting diodes (NIR-LEDs) to show superficial veins
with hemoglobin absorbing the light generated and producing a view on the surface of the skin, which has lately
been advanced (5). Moreover, NIR-LEDs discover the noninvasiveness of the veins for the venipuncture processes,
such as blood sample collection and drug preparation,
which can be utilized for intravenous administration. The
apparatuses can be utilized in numerous patient care sectors where vascular access operations are carried out and
might be utilized for all patients, such as obese or diabetic
individuals (17). Due to the challenge of various human
factors, an increased number of parameters and participants/humans should also be considered for actual vein visualization testing. It was observed that the literature on
the evaluation of the performance of phlebotomy using
the findings of the vein was limited (18).

2. Objectives
Furthermore, previous studies related to the assistance
of new technology in the process of cannulation reported
various factors that affect vein visibility required for vein
cannulation; however, none has specifically investigated
patient characteristics and obese diabetic patients (19).
Therefore, the present study aimed to assess the effect of
near-infrared vein finder technology on the success rate of
cannulation in obese diabetic patients.

3. Methods
This
randomized
controlled
trial
(IRCT
20210705051797N1) in two groups was conducted at
Al-Rusafa hospitals in Baghdad, Iraq, in September 2021
after obtaining approval from the Ethics Committee of
Mashhad University of Medical Sciences, Mashhad, Iran.
Sampling was carried out using the appropriate sampling
method and random allocation by simple lottery (coin),
2

and 92 patients were selected. The inclusion criteria were
T2DM, body mass index (BMI) of 30 kg/m2 and above, no
history of vein problems (eg, phlebitis and extremities
edema), the age range of 18 - 70 years, and a completed
informed consent form. The samples could withdraw from
the study if they were not willing to cooperate at any stage
of the study. During the study period, if the participants
experienced failing insertion of the cannula at more than
the fourth attempt, the exacerbation of the disease, or the
occurrence of unpleasant accidents for the patient, such
as severe hemorrhage and hematoma, they were excluded
from the study.
Prior to the intervention, the samples were randomly
allocated into two intervention (n = 46) and control (n =
46) groups. In the intervention group, vein access was
gained using the vein detection device with NIR-LED technology by illuminating the skin with near-infrared light,
which penetrates the skin and subcutaneous tissues to a
depth of approximately 3 mm, with increased absorption
by deoxygenated hemoglobin. AccuVein AV400 (manufactured in the USA) is the only handheld, noncontact vein illumination device with an actual size of 5 × 6 × 20 cm
(2” × 2.4” × 7.9”), weight of 275 g (9.7 oz), and typically
180 minutes of continuous run time on a full charge. The
apparatus could be used in different directions and 10 45 cm away from the skin surface. A patient will be lying
down in a dorsal position, the sleeves will go up, and selecting suitable vein will be selected by near-infrared vein
finder (NIVF) technology. As for the interventional group,
the time of intravenous cannulation was measured, starting from turning on the device until inserting the needle
into the vein. The procedure will be considered a success
if the cannula is inserted using near-infrared vein finder
technology within the first to fourth attempts. In the control group, cannulation for the patient will be performed
routinely by the same nurse in the intervention group. The
time of intravenous cannulation will be measured, starting from tying the tourniquet until inserting the needle
into the selected vein.
In both groups, the demographic characteristics and
medical record questionnaires were completed before the
intervention. The information, such as age, gender, BMI,
blood sugar, blood pressure, educational level, work experience, work shift, comorbidities, skin color, hair presence at the cannulation site, and site of successful cannulation, were recorded in the demographic questionnaire.
This researcher-made questionnaire includes two items on
the procedural time of cannulation within a few seconds
for inserting the cannula and the number of cannulation
attempts. The chronometer of a mobile phone with an Android operating system was used to measure the duration
of the venipuncture process.
Shiraz E-Med J. In Press(In Press):e120908.
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Necessary explanations about the research according
to the informed consent form were given orally to the research unit in person by the researcher, and written consent was obtained to participate in the study (ethics code:
IR.MUMS.NURSE.REC.1400.037). The SPSS software (version
25), chi-square test, two-way analysis of variance (ANOVA),
Mann-Whitney U test, and independent t-test were used for
data analysis.

4. Results
This study was performed on 92 patients with no sample attrition. Statistical analysis showed no significant differences between the two groups in age, gender, weight,
height, BMI, medical diagnosis, blood sugar, blood pressure, mean arterial pressure, comorbidities, hair presence
at the site of cannulation, skin color, and site of successful
cannulation; therefore, the aforementioned findings indicated that the two groups were homogeneous in terms of
demographic variables and context (Table 1).
The success rates of cannulation for the first time were
60.9% (n = 28) and 15.2% (n = 7) in the intervention and control groups, respectively. In the intervention and control
group, 18 (39.1%) and 39 (84.8%) cases had successful cannulation for more than the first time, respectively. The chisquare test showed a significant difference in this regard
(P < 0.001; Table 2). The mean values of procedural time in
the intervention and control groups were 53.2 ± 28.9 and
94.3 ± 41.5 seconds, respectively. The Mann-Whitney U test
showed a significant difference in this regard (P < 0.001;
Table 3).
Two-way ANOVA was used to evaluate the effects of contextual and intervening variables on the procedural time
after the intervention in both groups. The independent effects of patients’ BMI (P = 0.002) and skin color (P = 0.040)
on procedural time were significant. In other cases, the independent or interaction effects of contextual and intervening variables on procedural time were not significant
(P > 0.05).

5. Discussion
The current study aimed to assess the effect of nearinfrared vein finder technology on the success rate of
cannulation in obese diabetic patients. The findings of
this study showed that the success rate of cannulation in
obese diabetic patients after using the vein detection device with NIR-LED technology was significantly increased
in the intervention group, compared to that of the control
group. In hospital wards, especially emergency wards, intravenous catheter placement is one of the most important
Shiraz E-Med J. In Press(In Press):e120908.

and challenging nursing procedures that can improve the
success rate using new technology (20). In this regard, the
results of a study by Zyhier also confirmed that using infrared technology to find peripheral veins and insert intravenous catheters increased the level of successful cannulation through a significant improvement in nurses’ confidence (21).
Furthermore, Girgis demonstrated that both ultrasound and transillumination facilitate peripheral intravenous cannulation in children with difficult intravenous
access and increase the overall success of cannulation; nevertheless, the number of efforts did not change significantly (22), which is to some extent consistent with the
results of the present study. The reason is the type of intervention of the two studies. In general, the results of
studies show that using some technologies, such as ultrasound, transillumination, and near-infrared, can be attributed to more success and improvement in peripheral
intravenous cannulation. In line with the factors associated with the success of intravenous cannulation, the results of this study showed that BMI, dark skin color, and
blood pressure have independent growing effects on the
cannulation success rate.
Aulagnier et al., in a clinical trial in France, stated that
the use of AccuVein infrared light technology for cannulation does not improve the success rate, duration, and patients’ pain, which is not in line with the findings of the
present study. The cause of this inconsistency can be different kinds of intervention (AccuVein infrared), sample size,
sampling method (random selection), data collection, and
data collection tools (type of questionnaires) in both studies (20).
One study showed that BMI, dark skin color, history
of unsuccessful cannulation, drug use, and concomitant
vascular diseases, such as hypertension and diabetes, have
made intravenous cannulation more difficult to succeed
due to physiological changes, such as intravascular volume depletion or increased contraction of the sympathetic system for deep veins; therefore, it is needed to apply some technologies, including local heat and infrared,
to increase the success rate; this finding is to some extent
consistent with the conclusion of the present study (23).
Perry et al. conducted their randomized trial in Texas,
USA, in a pediatrics department to examine the effect of the
near-infrared illumination on the improvement of the success rate of intravenous cannulation for the first time by increasing the visibility and touch of veins. The results of the
aforementioned study are in line with the findings of the
current study. They proposed that using infrared technology can improve venous detection results (18).
The application of new technologies, such as nearinfrared, to reduce procedural time and cannulation at3
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Table 1. Demographic Characteristics of Patients by Variable and Group a
Group

Variables

Intervention

Test Result
Control

χ2 = 1.1; df = 1.0; P = 0.297

Gender
Male

21 (45.7)

27 (58.7)

Female

25 (54.3)

19 (41.3)

50.3 ± 11.5

51.3 ± 10.5

Weight (kg)

97.2 ± 11.1

101.2 ± 12.9

Z = -1.5; P = 0.123

Height (cm)

168.1 ± 6.2

168.5 ± 6.9

Z = -0.5; P = 0.639

Age (y)

t = 0.1; df = 90.0; P = 0.945

8.1 ± 6.6

8.5 ± 6.8

Z = -0.2; P = 0.860

blood sugar (mg)

194.2 ± 77.8

215.2 ± 97.4

Z = -0.7; P = 0.485

Systolic blood pressure (mmHg)

137.5 ± 22.6

138.5 ± 29.6

Z = -0.4; P = 0.711

Diastolic blood pressure (mmHg)

90.3 ± 13.6

88.2 ± 13.0

Time since medical diagnosis (y)

Yes

25 (54.3)

14 (30.4)

No

21 (45.7)

32 (69.6)

χ2 = 0.1; df = 2.0; P = 1.000

Skin color
Caucasian

11 (23.9)

10 (21.7)

Dark

32 (69.6)

33 (71.7)

Black

3 (6.5)

3 (6.5)
P = 1.000

Site of successful cannulation

a

Z = -0.5; P = 0.628

χ2 = 4.5; df = 1.0; P = 0.035

Hair presence at the site of cannulation

Upper limbs

44 (95.7)

45 (97.8)

Lower limbs

2 (4.3)

1 (2.2)

Values are expressed as No. (%) or mean ± SD.

Table 2. Frequency Distribution of Patients according to Number of Required Attempts by Groups a
Group

Variables

Intervention

Test Results
Control

χ2 =23.8; df = 3.0; P < 0.001

Number of required attempts
1st time

28 (60.9)

2nd time

11 (23.9)

13 (28.3)

3rd time

5 (10.9)

17 (37.0)

4th time

2 (4.3)

9 (19.6)

46 (100.0)

46 (100.0)

Total
a

Values are expressed as No. (%).

tempts helps comfort patients, as well as nurses and other
healthcare providers (24-26). Therefore, this should be the
goal of the healthcare team in caring for hospitalized and
supervised patients and should be considered and used to
maximize success in cannulation, improve the quality of
care, accelerate recovery, and ultimately reduce hospital
costs (21).
The main limitation of the present trial is the lack of
4

7 (15.2)

randomization, which causes a bias. Although the sample
size was large to compare, it might have been too small
that should be considered by readers and researchers for
further studies. The number and workload of the selected
nurses as project collaborators were different; therefore,
it is required to select a homogeneous sample in future
studies. Because coronavirus disease 2019 is widespread
in the studied hospitals, most patients had anxiety, which
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Table 3. Mean Value of Procedural Time by Group
Group

Variables

Procedural time
(s)
a

Intervention

Control

53.2 ± 28.9

94.3 ± 41.5

Intergroup Test
Results
Z = -4.9; P < 0.001

Values are expressed as mean ± SD.

led to their exclusion from the study. This study was performed at some hospitals affiliated with the Baghdad AlRusafa Health Directorate; therefore, the findings should
be generalized with caution.
The present study did not use any assistive techniques
to enhance vascular visualization and tactility, such as
clenching patients’ fists, using a tourniquet, heat application, Esmarch bandages, nitroglycerin ointment, or noninfrared devices, such as ultrasound or transillumination.
Therefore, future studies can examine the aforementioned
techniques in actual venipuncture experiments.
5.1. Conclusions
The findings of the present study showed that nearinfrared vein finder technology has the most favorable impact on the success rate of cannulation by reducing the
procedural time and the number of attempts for cannulation in obese diabetic patients. In addition, patients’ BMI,
skin color, and blood pressure have an independent and
significant effect on the success rate of cannulation.
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