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Abstract
Background: The study investigated the success rate of the great saphenous venous catheter placement
performed by ultrasound-assisted technique compared with the anatomical landmark approach in infants
and toddlers with congenital heart disease and aimed to assess the e�ciency and feasibility of this
ultrasound-assisted method within the scope of pediatric peripheral intravenous access.

Methods: We selected infants and toddlers who underwent congenital cardiac surgery in our medical
center from June 1, 2020, to September 7, 2020, by convenience sampling. Children were strati�ed by the
presence of the manifesting cardiac types (cyanotic or acyanotic heart disease). They were assigned to
the traditional anatomical landmark group and the ultrasound-assisted group through randomly blocked
randomization. The primary outcome was the success rate of the �rst attempt. The second outcomes
included the time to cannulation at the �rst attempt, the redirections of the �rst attempt, overall puncture
time, and overall redirections of efforts. Besides, a binary logistic regression model was implemented to
identify the possible variables related to the success rate of the �rst attempt.

Results: A total of 144 children in our medical center were recruited in the study. The success rate of the
�rst attempt in the ultrasound-assisted group was higher than that of the traditional anatomic landmark
group in the strati�cation of cyanotic children 66.7% vs. 33.3%, P=0.035 . Among children of acyanotic
kind, the difference in the success rate of the �rst attempt between the two groups was not signi�cant
57.6% vs. 42.4%, P= 0.194 . Overall puncture time 45.5 s vs. 94 s, P= 0.00 and the time to cannulation

at the �rst attempt 41.0 s vs. 60 s, P= 0.00 in the ultrasound-assisted group was less than the traditional
landmark group. The ultrasound-assisted group also required fewer redirections of the �rst attempt (three
attempts vs. seven attempts, P=0.002) and fewer total redirections of efforts (two attempts vs. three
attempts, P=0.027) than the traditional landmark group. The result of binary Logistic regression showed
that the success rate of the �rst attempt was related to age OR 1.141; 95% CI=1.010-1.290, P=0.034 , the
redirections of the �rst attempt OR 0.698; 95% CI=0.528 -0.923, P=0.012 and the saphenous venous
width OR 1.181; 95% CI=1.023 -1.364, P=0.023 .

Conclusions: The ultrasound-assisted technique improves the saphenous venous cannulation su�ciently
in children with di�cult peripheral veins. The younger age is associated with a higher likelihood of
peripheral venous di�culty. The ultrasound-assisted method could effectively screen peripheral veins,
such as selecting peripheral veins with a thicker diameter, less puncture discomfort, and a better success
rate. This method can be used as a useful and practical way for peripheral venipuncture in children,
especially in a di�cult situation. It should be widely applied in the operating room.

Trial registration: ChiCTR.org.cn(ChiCTR-2000033368). Prospectively registered May 29, 2020.

Background
Peripheral intravenous cannulation in pediatric cardiac surgery is a standard invasive procedure
performed for �uid-infusion or anesthetic care in the operating room (OR). For the potential instability of
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children with congenital heart disease (CHD), the practical and rapid establishment of peripheral venous
lines in the OR is critical. Delayed venous access may lead to unexpected adverse events. The success
rate for peripheral venipuncture had been reported with varying results in infants and toddlers using the
traditional anatomical landmark approach, with the overall success rate ranging from 30–64%[1–3].
Considering the characteristics of poor nutritional status, younger age, and lousy peripheral venous
circulation, obtaining venous access can be challenging in children with cardiac anomalies. Cyanotic
children are, in particular, tough to deal with[4–6]. Also, several articles[7, 8] had reported an apparent
high prevalence of Ehlers-Danlos syndrome, a severe heritable disorder of connective tissue in complex
congenital heart defects, which may further deteriorate the peripheral venous conditions. The most
commonly selected peripheral veins for infants in clinical maneuvers include dorsal hand veins,
antecubital veins, and saphenous veins. Given the properties of super�cial position and accurate
anatomical localization, the great saphenous vein has been gradually becoming one of the preferred
threads for cannulation for many anesthesiologists[9].

In recent years, ultrasound-guided venipuncture has attracted extensive attention attributed to its
visualization and minor harm features. Its effectiveness in central venipuncture and arterial puncture had
been demonstrated consistently in the literature[10, 11]. The effectiveness of this technique in peripheral
veins, especially in infants, continues to be controversial. Benkhadra M et al. [12]found that the use of
ultrasound after anesthesia effectively reduced the number of punctures of peripheral veins in infants,
and the time to cannulation was shortened. However, Aaron E et al. [13] indicated that ultrasound-guided
peripheral venipuncture did not re�ect its advantages with limited ultrasound training. Besides, most
previous studies about the sonographic application focused on the emergency department (ED)
population. In contrast, less attention had been given to perioperative children, especially with congenital
cardiac anomalies.

Therefore, in this study, we performed a randomized clinical trial to evaluate the success rate of the �rst
attempt and the overall number of punctures for great saphenous vein cannulation with the use of the
ultrasound-assisted technique compared with the traditional anatomic landmark approach in infants and
toddlers with congenital heart disease. We hypothesized that this technique would improve the e�cacy of
peripheral venous access in this population.

Methods
Study design and population

This study was a prospective strati�ed permuted block randomized controlled trial that compared the
great saphenous vein's puncture effect using the ultrasound-assisted technique with the traditional
anatomic landmark approach in the exclusive group of children with congenital heart defects. Eligible
participants undergoing cardiac surgery in our hospital were recruited from June 2020 to September
2020. Ethics approval for the study was obtained by the Institutional Review Board of Shanghai Children's
Medical Center (approval number: SCMCIRB-K2020049-1). The whole trial protocol was performed in
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accordance with the Declaration of Helsinki. Also, the study protocol was registered at
http://www.chictr.org.cn (number: ChiCTR2000033368; principal investigator: Yue Huang; date of
registration: May 29, 2020). The ultrasound equipment used in the study was licensed for clinical
application.
Study Protocol

We included participants from a convenience sample of all eligible children requiring congenital cardiac
surgery. Infants and toddlers aged 0 ~ 3 years, with ASA scores of - and congenital heart disease, were
all enrolled. Exclusion criteria included infection or hemangioma at or near the puncture site within one
month previously, recent great saphenous venous puncture history, ASA score > , or an emergency
surgery needed. The medical history was collected, including age, sex, height, weight, previous history of
di�cult access, comorbidity, and types of cardiac anomalies. Informed consent was obtained from
parents or guardians of all children after the anaesthesiologists in the study explained the study protocol.
Children were assessed for inclusion and were randomly assigned to the routine anatomic landmark
group or the ultrasound-assisted group at the level of types of a pre-existing cardiac anomaly, including
cyanotic or acyanotic congenital heart disease. Cyanotic congenital heart disease was de�ned as the
presence of SpO2 < 85% at rest or after crying without oxygen supplement and coexisting mixing
intracardiac pathology (e.g., right-to-left shunts at the atrial or ventricular level). Acyanotic congenital
heart disease was de�ned as intracardiac pathology (e.g., left-to-right shunt at the atrial and ventricular
levels) with SpO2 ≥ 85% in both static and crying conditions. The random numbers were automatically
generated through the Excel operating program. A balanced Strati�ed block randomization assignment
was adopted to ensure the equal size of comparison groups throughout the study. We used �xed block
sizes of four with an overall block of 18 and an allocation ratio of 1:1 separately. The corresponding
random Numbers were kept in sealed, opaque envelopes, which were employed in sequence according to
the order of patient presentation. Children with cyanosis have the features of cardiovascular instability
and poor peripheral circulation caused by long-term hypoxia. So this study was expected to �nd
differences in the success rate of puncture between the subgroups. To reduce the in�uence of operators'
confounding factors on the outcome judgment, the procedures in this study were performed only by one
anesthesiologist of our hospital with 25 years of experience in anesthesia. Before the study, The
anesthesiologist underwent theoretical training of ultrasound-assisted technique in the details of
ultrasonic machine operation and image analysis by ultrasound professionals. Apart from theoretical
training, a hands-on simulation of arti�cial limbs' real-time process was carried out to help the
practitioner master this skill. Besides, clinical practice with the ultrasonic device was carried out for two
weeks before the trial started.

Before getting into the operating room, the child was given 0.5 mg/kg midazolam orally by the sedative
nurse. If Ramsay score ≥ 4 were met, the child would be brought into the operating room, and random
numbers were extracted from the envelope to determine the group. If the participant did not sleep during
the �rst 30 minutes, 1 µg/kg of dexmedetomidine would be added to avoid the child and family members'
separation anxiety. After entering the operating room, the child's saphenous venous condition was graded
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using the venous grading criteria by the anesthesiologist conducting the venipuncture in this experiment.
The grading criteria are shown in Table 1. The vein distance from the top of the vein to the skin(depth)
and the maximum transverse vein diameter(width) of the bilateral saphenous vein at the level of medial
malleolus were then measured by another anesthesiologist with extensive ultrasound experience using an
8–18 MHz Linear probe of a GE Healthcare ultrasound device (Venue 50, GE Healthcare) and the
ultrasonic depth was standardized to 2 cm. The depths and widths of the vein in the same short-axis
plane were measured three times to determine the �nal parameter by the average values of the
measurements. The measurement legend of the great saphenous vein was shown in Fig. 1. All
procedures were performed using water-soluble ultrasound transmission gel as a contact medium. The
corresponding images were saved so that the operator could review the picture and the measurement
results of the saphenous vein selected by the operator afterward.

Table 1
The grading criteria of saphenous vein punctures

 Visible bilateral saphenous veins, no di�culty in puncture

 Only a saphenous vein visible, predictable di�cult access

 No visible or palpable bilateral saphenous veins

 

The ultrasound-assisted IV catheter placement was performed using a static ultrasonic technique. Brie�y,
the operator was permitted to apply a tourniquet to the proximal part of the ankle. For the ultrasound
group, the operator performed ultrasonic equipment to scan the full �eld of both saphenous veins in the
short axis view to select the better one for the cannulation with the tourniquet applied. In two points with
1 cm distance to each other in the short-axis plane, the overlying skins were marked with a straight line
using a black marker. Once the puncture site was identi�ed and the vein was marked, the �eld was
prepared aseptically. Then the operator immediately used the skin marking as a landmark for subsequent
IV access attempts. A cannula was chosen at the discretion of the study operator. Once a vein was
selected, the operator was not permitted to change sides during the study. When a �ash of blood was
seen in the trocar, that is, the cannula penetrated the anterior wall of the vein, the needle angle was
lowered, and afterward, the cannula was advanced into the vein over the needle. In contrast, for the
landmark group, after the tourniquet was applied, the choice of the great saphenous vein was made by
the experience of the operator, which included the visualization and the palpation of the great saphenous
vein. After the puncture site was identi�ed, regular disinfection was made. The operator performed the
catheterization just anterior to the medial malleolus of the ankle. Subsequent operations were similar to
the ultrasound group. If the �rst attempt failed, the choice of following puncture location was left at the
discretion of the anesthetist. The overall puncture time and other parameters were recorded during the
puncture process, and the speci�c de�nitions are described in the upcoming section. The overall puncture
time and other parameters were recorded and calculated with a stopwatch by an anesthesiologist who
was not involved in the anesthetic care of the child, and results were self-reported. The anesthesiologist
was strictly trained about the procedure and time calculation to ensure the accuracy of the record. To
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avoid unnecessary body movement during puncture, inhalant sevo�urane (5%) in oxygen at 5 L/min was
delivered to the child through a face mask. If the MAC reached 0.8, the puncture was performed. Standard
monitoring was applied throughout the period, including blood pressure, heart rate, and pulse oxygen
saturation. At the end of the surgery, the complications of the puncture site were recorded, such as skin
swelling and whiteness, venous extravasation, hematoma. Because of the physical nature of the
interventions, it was not possible to conceal the group allocation from the research assistants or the trial
operator. Still, the random numbers were maintained separately by a nurse who was not involved in the
study and data processing and was not revealed to the research investigators and statisticians until data
entry and analyses were completed.

Outcome Measurements And De�nitions

We recorded the age, sex, height, body weight, Previous history of di�cult access, and any comorbidities
that might render IV access di�cult, including the chromosomal abnormality, severe intellectual disability,
and the types of cardiac anomaly. BMI was measured by height and weight (BMI = weight/(height) 2).

The primary outcome was the success rate of the �rst attempt in either group. The successful venous
cannulation was de�ned as catheter placement with re�ux of blood into the catheter and subsequent
ability to infuse 5 mL of standard saline �ush without local in�ltration. If the insertion of the �rst attempt
was not successful, the procedure was considered as a failure of the �rst attempt. Unsuccessful venous
cannulation after three attempts was described as a failure of overall punctures. The secondary
outcomes included the overall numbers of attempts, the overall puncture time, overall numbers of needle
redirections, the time to cannulation at the �rst attempt, numbers of needle redirections at the �rst
attempt. One attempt was described as a puncture in which the needle enters the skin directly for
intravenous catheterization, and the endpoint of an attempt was the withdrawal of the needle out of the
skin. The time of one puncture was identi�ed as the time starting from tourniquet placement to the end of
con�rmation of the �ush of normal saline. The overall puncture time was calculated by accumulating the
time of each puncture. A redirection was de�ned as the partial withdrawal of the catheter with
subsequent advancement to change the direction of catheter placement. The numbers of needle
redirections at the �rst attempt were counted. The overall numbers of needle redirections were calculated
by accumulating total needle redirections of attempts. If the needle was redirected more than six times,
no further adjustment would be made to avoid harm to children.

Statistical Analysis And Sample Size Calculation

All analyses in this study were performed on an intention to treat basis. Statistical package for social
sciences(SPSS) version 24 for windows (SPSS Inc., Chicago, IL, USA) was used in the analysis of the
data obtained. The normality of continuous data was tested by the Shapiro-Wilks method. Means ± 
standard deviations were computed for the continuous and normally distributed data. A two-sided
independent sample t-test was used for intergroup comparison. Skewed distribution data were presented
as medians with ranges. The Mann-Whitney tests were used for Skewed distribution data and ordered
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categorical variables. Proportions and associated 95% con�dence intervals(CIs) were computed for
categorical variables. Pearson chi-squared test or Fish's exact test was used for unordered categorical
variables, and relative risks and differences in proportions (with 95% con�dence intervals (CIs) were
computed between groups to compare the difference. When taking into account the confounding factor
(the types of cardiac anomaly), the Cochran-Mantel-Haenszel method was used for strati�ed data. A P-
value of less than 0.05 was considered statistically signi�cant. A multivariate logistic regression model
was performed to test if the success rates at the �rst attempt were affected by possible confounders
such as types of the cardiac anomaly, the puncture methods selected, age, sex, BMI, previous history of
di�cult access, comorbidities, saphenous veins grading, numbers of needle redirections at the �rst
attempt, the diameter and depth of the saphenous veins. All variables above were analyzed �rstly by
univariate logistic regression. If P was less than 0.2, the variable was included in the multivariate logistic
regression model for correlation analysis. Associations between two continuous covariates were
assessed by the Pearson correlation coe�cient. If correlation coe�cients were less than 0.8, the more
statistically signi�cant variable was selected in the multivariate logistic regression model to avoid
multicollinearity among the potential covariates. Finally, Receiver operating characteristic (ROC) curve
and Hosmer-Lemeshow test were used to assess the discrimination and calibration of the logistic model.

The sample size required was calculated on the basis of the success rate of the �rst attempt. The
previous study reported �rst-attempt success rates of about 51% with the conventional method for
saphenous venous cannulation[14]. We assumed that a 30% increase in the success rate of the �rst
attempt using the ultrasound technique should be signi�cantly different compared with the traditional
anatomic landmark approach. This assumption required 60 participants in each group to detect a
difference in the success rate of the �rst attempt between groups with a power of 80% and a signi�cance
level of 0.05 using a two-sided Chi-square test. Considering the balance of the random block and the 10%
dropouts of the samples, the �nal sample size was raised to 72 cases in each group. This sample size
also allowed us to effectively �nd the effects of strati�ed factors (types of cardiac anomaly).

Results
From June 1, 2020, to September 7, 2020, a total of 150 children with congenital heart disease were
approached for enrollment, with six excluded due to their parents' refusal to participate. The remaining
participants were enrolled, with 72 cyanotic children and 72 acyanotic children. A randomization scheme
of the assigned arms of the trial is shown in Fig. 2. No case was dropped out during the study. Speci�c
types of congenital heart disease were listed in Table 2. All data of enrolled children could be used for
later statistical analysis. The demographic and baseline characteristics of the two groups were similar
across the study arms (Table 3). 
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Table 2
Cardiac anomaly of patients enrolled

Cardiac anatomy Count (n)

Cyanotic heart disease  

Tetralogy of Fallot 59

Pulmonary stenosis 12

Pulmonary atresia 1

Total 72

Acyanotic heart disease  

Ventricular septal defect(VSD) 34

Atrial septal defect(ASD) 7

Patent ductus arteriosus(PDA) 1

Mixed type

(including VSD ASD or PDA)

30

Total 72

 
Table 3

Baseline characteristics of study participants assigned to the ultrasound-assisted or the traditional
landmark group to peripheral intravenous catheterization

  ultrasound-assisted
group

. traditional landmark
group

P-
value

age(month) 7(5–9) 7(4–9) 0.445

sex(male/female) 48/24 43/29 0.449

BMI(kg/cm2) 16.31 ± 1.94 16..56 ± 2.24 0.186

Previous history of di�cult access, %
(Y/N)

15.3%(11/61) 16.7%(12/60) 0.803

comorbidity, %(Y/N) 13.9%(10/62) 5.6%(4/68) 0.114

Venous grading( / / ) 5/13/54 4/11/57 0.509

BMI = body mass index

 

The primary outcome result
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the success rate of the �rst attempt between the ultrasound-assisted group and the traditional
anatomical landmark group differed signi�cantly (P = 0.017). Compared with the landmark group, the
difference in the proportion of the success rate of the �rst attempt for the ultrasound group was 24.5%
(95% CI: 8.6%-40.4%). The Breslow-Day test showed signi�cant evidence for heterogeneity of odds ratios
(P = 0.042) on the level of types of a cardiac anomaly. After adjusting simultaneously for types of cardiac
anomaly, the success rate of the �rst attempt was still associated with the choice of the puncture method
using the Cochran-Mantel-Haenszel test (X2 = 4.841, P = 0.028). But when strati�ed by the types of a
cardiac anomaly, among children with cyanosis, the success rate of the �rst attempt was much higher in
the ultrasound group (66.7%) than in the landmark group (33.3%), and the difference was signi�cant (P = 
0.035). The difference in the proportion was 33.3% 95% CI: 11.6%-55.1% . However, among children with
no cyanosis, the difference in the success rate of the �rst attempt was not signi�cant between the study
arms (57.6% vs. 42.4%, P = 0.194). The difference in the proportion was 16.7% 95% CI: -6.1%-39.4% (
Table 4).

Table 4
Success rate of the �rst attempt in the ultrasound-assisted group versus traditional landmark group

  ultrasound-assisted group traditional landmark group P-value

total(n) 72 72  

Success on �rst attempt (n) 45 27 0.017

%(95% CI) 61.4(50.7, 73.3) 38.6(26.3, 48.7)  

Rate difference, %(95% CI) 24.5(8.6, 40.4) -  

Relative risk, (95% CI) 1.547(1.072, 2.235) 0.640(0.436, 0.939)  

Cyanosis(n) 36 36  

Success on �rst attempt (n) 24 12 0.035

%(95% CI) 66.7(51.3, 82.1) 33.3(17.9, 48.7)  

Rate difference, %(95% CI) 33.3(11.6, 55.1) -  

Relative risk, (95% CI) 1.714(1.042, 2.820) 0.545(0.293, 1.017)  

Acyanosis(n) 36 36  

Success on �rst attempt (n) 21 15 0.194

%(95% CI) 57.6(42.2, 74.4) 42.4(25.6, 57.8)  

Rate difference, %(95% CI) 16.7(-6.1, 39.4) -  

Relative risk, (95% CI) 1.413(0.823, 2.428) 0.716(0.432, 1.187)  

CI = con�dence interval
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The secondary outcome results

The overall success rate was 90.3% in the ultrasound group compared with 77.8% in the landmark
group(P = 0.08; difference 3.7%(-8.3–15.7%) . The Breslow-Day test showed no signi�cant evidence for
heterogeneity of odds ratios (P = 0.103) on the level of types of a cardiac anomaly. The overall puncture
time was 45.5 s 36 s to 96.25 s in ultrasound group compared with 94.0 s 56 s to 171 s in landmark
group(P = 0.00); The time to cannulation at the �rst attempt was 41.0 s 35 s to 53.75 s in ultrasound
group compared with 60 s 45 s to 83 s in landmark group(P = 0.00). Signi�cant differences of measures
above suggested that the overall puncture time and the time to cannulation at the �rst attempt in the
ultrasound group were much shorter. Besides, there were signi�cantly fewer overall numbers of attempts
(P = 0.002), overall numbers of needle redirections(P = 0.001), and needle redirections at the �rst
attempt(P = 0.027) in the ultrasound group compared with the landmark group. The width and depth of
the saphenous veins measured between groups were not signi�cantly different at (1.485 ± 0.318) mm vs.
(1.543 ± 0.396) mm(P = 0.375) and (3.622 ± 1.408) mm vs. (3.605 ± 1.421) mm (P = 0.949), respectively.

The complication was rare. In the ultrasound group, two children had venous extravasation, and one child
had local pale skin after surgery, while venous extravasation also occurred in two children in the
landmark group. Patient complication rates did not signi�cantly differ between groups(P = 0.999). The
cannula was removed in all cases with complications, and no further severe adverse event was observed.
The results of the secondary outcome are summarized in Table 5.

Table 5
The secondary outcomes in the ultrasound-assisted group versus traditional landmark group

  ultrasound-assisted
group

traditional landmark
group

P-
value

The overall proportion of success
rate(n), %

65(90.3%) 56(77.8%) 0.080

Rate difference, %(95% CI) 3.7(-8.3, 15.7) -  

The overall time to cannulation(s) 45.5(36, 96.25) 94.0(56, 171) 0.00

The time to cannulation at the �rst
attempt(s)

41.0(35, 53.75) 60(45, 83) 0.00

overall puncture numbers 1(1, 2) 2(1, 3) 0.002

overall numbers of needle redirections 3(1, 7) 7(3, 13) 0.001

needle redirections at the �rst attempt 2(1, 5) 3(2, 6) 0.027

The width of saphenous veins(mm) 1.485 ± 0.318 1.543 ± 0.396 0.375

The depth of saphenous veins(mm) 3.622 ± 1.408 3.605 ± 1.421 0.949

Complication (n), % 3(4.27%) 2(2.78%) 0.999
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The potentially associated factors were screened by univariate logistic regression analysis to test their
impact on the success rate of the �rst attempt. Due to the relatively small numbers of patients with
grade of venous conditions, grade and children were combined to decrease the possibility of inaccurate
logistic modeling results. Six variables were selected to enter into the �nal multivariate logistic regression
model, including the puncture method(P = 0.019), age P = 0.002 , venous grading P = 0.003 , needle
redirections at the �rst attempt P = 0.000 , the cannulation time of the �rst attempt 0.001  and
saphenous venous width P = 0.003 . Enter method was used to deal with variables in the multivariate
logistic regression model, and the model revealed that the age OR: 1.141; 95% CI = 1.010–1.290, P = 
0.034 , needle redirections at the �rst attempt OR 0.698; 95% CI = 0.528–0.923, P = 0.012  and
saphenous venous width OR 1.181; 95% CI = 1.023–1.364, P = 0.023 were associated with the success
rate of the �rst attempt. The results of binary logistic regression are shown in Table 6. The data used in
the multivariate model are also visualized as a Forest plot (Fig. 3)

Table 6
Results of the multivariate logistic regression model to examine factors associated with the

success rate of the �rst attempt (N = 144)
Variables β OR(95% CI) P-value

Puncture method     0.152

ultrasound-assisted method 0.683 1.979 (0.778, 5.034 )  

traditional landmark Reference Reference  

Age 0.132 1.141( 1.010, 1.290 ) 0.034

Venous grading         0.582

- 0.346 1.414 (0.412, 4.853 )  

Reference Reference  

needle redirections at the �rst attempt -0.359 0.698 (0.528, 0.923 ) 0.012

The time to cannulation at the �rst attempt -0.013 0.987 (0.962, 1.012 ) 0.301

The width of the saphenous veins 0.167 1.181 (1.023, 1.364 ) 0.023

Constant -1.913 0.148 0.130

 

The area under the curve (AUC) for the ROC of the �nal model was 0.889(P < 0.01) (Fig. 4). Hosmer-
Lemeshow goodness of �t test suggested the model �tted adequately (χ2 = 5.685, P = 0.682). Both of
them showed good discrimination and calibration of the model.

Discussion
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Peripheral venous catheterization is one of the prime and critical steps of anesthesia in the operating
room. Owing to the unique properties of this age group, such as thicker subcutaneous tissue,
incompatibility to operation, and poor peripheral blood circulation after long-term fasting[15], infants and
toddlers may present greater challenges with IV access. This could be especially tricky in younger
children or those with complex illnesses such as congenital heart disease. The choice of suitable veins
and puncture methods is the critical point to facilitate peripheral IV placement. In addition to its shallow
position, the saphenous vein may offer other features such as the greater vessel diameter and relatively
�xed location, which would make it a desirable option for IV placement for infants and toddlers[14]. Riera
et al. [9] recommended saphenous veins as a superior �rst choice for IV cannulation in smaller children.
However, there could be no denying that even in the hands of a most experienced anesthesiologist, the
failure of peripheral venous puncture remains high with the traditional anatomical approach. So
improving the success rate of puncture of peripheral veins through the current accessible ultrasound-
assisted technology is not only crucial for the improvement of the e�cacy of anesthesia but also helpful
for the reduction of costs and children's discomfort related to multiple punctures. This may be especially
pronounced in those being critically ill.

The present study demonstrates that the ultrasound-assisted technique is superior to the landmark
technique for successful �rst-attempt saphenous vein cannulation in children with cyanotic congenital
heart disease, whereas this effect did not occur in children with non-cyanotic congenital heart disease.
Multiple factors like longtime chronic consumption, hemodynamic disability, and accompanying
comorbidities entail potential di�culties in performing IV cannulation in children with cyanotic congenital
heart disease. These may likely explain the difference. So we postulate that the precise localization of
ultrasound allows the anesthesiologist to more accurately determine the position of a vein, thereby
increasing the success rate. Nonetheless, in most situations, children with non-cyanotic congenital heart
disease have good exposure of peripheral veins, which prevents the ultrasound method from showing its
advantage of visualization compared with the traditional landmark method. The success rate of the �rst
attempt was used as one of the crucial metrics by many studies to evaluate the effectiveness of
peripheral venipuncture[3, 16]. But no consistent conclusions have been drawn about the in�uence of the
use of ultrasound on the success rate at the �rst attempt of peripheral venous access. In contrast to our
results, Bair et al. [13] found that the use of static ultrasound-assisted technique could not increase the
success rate of the �rst puncture of peripheral veins in young children. The main possible discrepancy
may include 1. Participants enrolled in that study were derived from a pediatric ER setting, the
circumstance of which may induce anxiety and fear of the children, and excessive body movement
caused by these negative emotions could further make the venipuncture di�cult; 2. Different types of
patients and diseases of that study made it di�cult to control the confounding factors completely; 3. The
relatively small sample size (n = 44) increased the margin of error and compromised the conclusions
drawn from the work. However, our research was a more extensive trial with participants in the operating
room setting, and children were anesthetized without body movement. Also, only children with congenital
heart disease were concluded. The above reasons may explain the difference between the two studies.
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Another study by Otani et al. [17]demonstrated US-guided IV placement using a real-time method led to a
signi�cantly lower IV success rate than the conventional technique in children with di�cult IV access in
the pediatric ED. Operators' unfamiliarity with ultrasound technology and the demographic difference
between groups may explain the inferior result. Nevertheless, a recent trial by Vinograde et al. [18] showed
ultrasonographically guided intravenous line placement in children with predicted di�cult intravenous
access improved �rst-attempt success when conducted by a team of trained providers, which is
comparable with our results. Another study by Rose et al. [19]also proposed more practice needed to
improve the success rate of a di�cult peripheral vein emphasizing the importance of experience.
Moreover, the operator in this study had more than 20 years of experience in 'blind' peripheral
venipuncture, whereas the ultrasound technique was only practically operated for two weeks prior to the
real practice. However, the success rate of the �rst attempt in children with cyanotic congenital heart
disease using the ultrasound method was still higher than that using the landmark approach. So the fact
of the high success rate of di�cult access in the ultrasound group is vital from the point of view of the
usefulness of ultrasound in peripheral venous invasive procedures. Based on the above results and
analysis, the ultrasound-assisted technique outperforms the landmark approach on the saphenous vein
cannulation for children with di�cult peripheral veins (e.g., complex heart disease). In contrast, the effect
of static ultrasound techniques in the general population of children may still require more investigation
to determine between operators with different levels of experience.

Additionally, our results, in line with the previous studies[20], found that the overall puncture time and the
�rst attempt time of the ultrasound-assisted group were shorter than that of the traditional landmark
group, and less numbers of redirection of the �rst attempt were needed in the ultrasound-assisted group.
Considering the potential toxicity of general anesthesia in small children, all of these reductions are
probably advantageous. The complications of peripheral vein puncture were generally rare, with only 5
cases in the study, three (4.27%) in the ultrasound group, and two (2.78%) in the landmark group. No
statistical difference occurred between the complication rates according to the method used for the
peripheral IV procedure. The complication rates are comparable to the previously reported result[21]. Both
of the technique is relatively safe.

Compared with the real-time ultrasound-guided venipuncture technique, the static ultrasound localization
technique has the advantages of easy operation, a short learning curve period, and the absence of
compression of the vein by the probe during puncture. That was the principal reason for us to choose this
technique in the study. But inevitably, as this technique is lack of real-time ultrasound guidance for the
needle, the operation does not rule out the possibility of vein migration caused by the movement of a
puncture needle under the skin. Therefore, the accuracy of puncture of this technique is not as high as
that of the real-time ultrasound guidance technique. Many kinds of works [22, 23] had reported the
effectiveness of a real-time ultrasound-guided method for peripheral venipuncture in children, while the
e�cacy of static ultrasound technique was seldom addressed. Munsey et al. [24] also analyzed in detail
the advantages of dynamic ultrasound over static ultrasound in peripheral venipuncture. In this study, it
was found that in children with more di�cult saphenous vein puncture, the ultrasound-assisted technique
could effectively improve the success rate of the �rst puncture, but the difference was not found in less
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di�cult cases like acyanotic children. These discrepancies may be due to the reasons mentioned above;
That is, although static ultrasound technique can improve the success rate of di�cult peripheral vein
access, for the general population, the improvement is not so noticeable. So more investigations would
be needs to further prove the accuracy of puncture of this technique compared with the real-time
ultrasound technique. This aspect is one of our next-step research directions.

Multivariable logistic regression identi�ed that the age, the width of saphenous veins was positively
associated with the success rate of the �rst attempt, while the venous grading was negatively associated
with the success rate of the �rst attempt. Schnadower et al. [25] and Hanada et al. [14] found that the
diameter of the veins affected the success rate of the �rst puncture. Also, Carr et al. [26] found that age
was one of the factors affecting the success rate of the �rst puncture through a multivariate regression
model. All these studies are similar to our �ndings. The results of the model may provide some reference
value for clinicians to access a di�cult peripheral venipuncture in infants.

Our study has several limitations. The work is a single-center study with only one operator involved, which
may limit the generalizability of the �ndings. Puncture experience should have an impact on the success
rate. It had been documented that using ultrasound-guided vascular equipment, experienced physicians
had signi�cantly higher success rates of peripheral venous punctures than inexperienced doctors[27].
Therefore, to further clarify the clinical signi�cance of this technique, factors such as multiple study
centers, larger samples, and physicians with different peripheral puncture experience should be added to
prove its effectiveness and extensive nature. Furthermore, convenience sampling was used to recruit the
participants in this study, rather than recruiting children's samples consecutively. Although the sample
size in this study was su�cient, there was still the possibility of sample selection bias.

Conclusions
In our study, compared with the traditional landmark approach, the ultrasound-assisted technique has the
advantages of the higher success rate of the �rst attempt, shorter �rst puncture time, and fewer
redirections for peripheral venous access. It should be effectively used as a reliable choice for peripheral
venipuncture of children with di�cult access, such as children with complex congenital heart disease.
The younger age is associated with a higher likelihood of peripheral venous di�culty. The use of
ultrasound technique can also screen suitable peripheral veins (e.g., choice of a larger diameter peripheral
vein) to make localization more accurate with less invasion and thereby increase the total success rate of
peripheral venipuncture. Ultrasound technique for di�cult peripheral venipuncture should be widely
promoted in the operating room.
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Figure 1

Legend of ultrasonic measurement of depth and width of a saphenous vein, symbol 1 is the width;
symbol 2 is the depth.
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Figure 2

A �owchart of participants' selection and allocation to study arms, no patients were dropped out of the
study.
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Figure 3

Forest plot of multivariate logistic regression analysis demonstrating independent factors associated
with the success rate of the �rst attempts. Hosmer and Lemeshow P= 0.682.
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Figure 4

ROC curve for the multivariate logistic regression model. AUC The area under the curve AUC = 0.889,
P<0.001 The sensitivity and speci�city are 70.5% and 86.2%, respectively.


