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ABSTRACT

Introduction: Half of the insertion attempts for peripheral intravenous catheters in pediatric patients
result in difficult intravenous access, defined as a failed peripheral intravenous catheter insertion at
the first puncture. Currently, the DIVA score is used as a predictive tool for difficult intravenous
access; however, there is research that proposes new factors associated with Difficult Intravenous
Access (DIVA), revealing a need to analyze them in depth. Aim: To identify the prevalence of factors
associated with difficult intravenous access in pediatric patients treated in the surgery service of a
hospital in Chile, in 2022. Methodology: Cross-sectional, descriptive, and quantitative research with
purposive sampling. Patients aged 0 to 14 years with difficult intravenous access were included. To
analyze their medical history, 5 of the factors that are most mentioned in the literature were selected:
Obesity, Diabetes, Sickle Cell Anemia, Chemotherapy, and Dialysis. An Ad Hoc comparison grid
was used, the results were analyzed using software and the confidence interval was 95%. Results:
The median age was | year, with an interquartile range of 3. The most prevalent medical history found
in patients with difficult intravenous access was obesity, present in 31% of the sample. The second
was Sickle Cell Anemia, with 5%. Conclusions: A significant difference was found between the
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variables, with obesity being the most prevalent. This research achieved its purpose of providing
evidence that facilitates decision-making for the care of patients’ venous system.

Keywords: Pediatrics; Catheterization, Peripheral; Vascular access devices; Nursing care; Evidence-
Based Nursing.

RESUMEN

Introduccion: La mitad de las instalaciones pediatricas de un catéter venoso periférico resultan ser
en el contexto de un paciente, un acceso venoso dificil, definido como instalacion de un catéter venoso
periférico frustrado en la primera puncion. Actualmente se utiliza como herramienta predictiva de
acceso venoso dificil el DIVA score, sin embargo, existen investigaciones que proponen nuevos
factores asociados, surgiendo la necesidad de estudiarlos en profundidad. Objetivo: Identificar la
prevalencia de factores asociados al acceso venoso dificil en pacientes pediatricos atendidos en el
servicio de cirugia de un hospital en Chile, 2022. Metodologia: Investigacion cuantitativa descriptiva
transversal con muestreo intencionado. Fueron incluidos pacientes de edad entre 0 a 14 afios
cumplidos con acceso venoso dificil. Para investigar estos antecedentes clinicos, se seleccionaron 5
de los mas mencionados en la literatura: Obesidad, Diabetes, Anemia de Células Falciformes,
Quimioterapia y Didlisis. Se utilizo una grilla de cotejo realizada Ad Hoc, los resultados fueron
analizados mediante un software y el intervalo de confianza fue de 95%. Resultados: La mediana de
edad fue de 1 afio, con un rango intercuartilico de 3. El antecedente evaluado mas prevalente en los
pacientes con acceso venoso dificil fue obesidad, presente en el 31% de la muestra y el segundo, fue
anemia de células falciformes, presente en un 5%. Conclusiones: Se evidenci6 una amplia diferencia
entre las variables estudiadas, siendo obesidad la de mayor prevalencia; la investigacion logro el
proposito de aportar evidencia que ayude a la toma de decisiones para el cuidado del capital venoso
del paciente.

Palabras claves: Pediatria; Cateterismo periférico; Dispositivos de acceso vascular; Atencion de
enfermeria; Enfermeria basada en la evidencia.

RESUMO

Introducao: Metade das instalagdes pediatricas de um cateter venoso periférico acaba por ser no
contexto de um paciente, um acesso venoso dificil, definido como a instalagdo de um cateter venoso
periférico frustrado na primeira puncgdo. Atualmente, o DIVA score ¢ utilizado como ferramenta
preditiva para acesso venoso dificil, entretanto, ha pesquisas que propdem novos fatores associados,
surgindo a necessidade de estuda-los a fundo. Objetivo: Identificar a prevaléncia de fatores
associados a dificuldade de acesso venoso em pacientes pediatricos atendidos no servigo de cirurgia
de um hospital no Chile, 2022. Metodologia: Pesquisa quantitativa descritiva transversal com
amostragem intencional. Foram incluidos pacientes de 0 a 14 anos com acesso venoso dificil. Para
investigar esses antecedentes clinicos, foram selecionados 5 dos mais citados na literatura: Obesidade,
Diabetes, Anemia Falciforme, Quimioterapia e Dialise. Uma grade de comparacdo Ad Hoc foi usada,
os resultados foram analisados usando software e o intervalo de confianca foi de 95%. Resultados:
A mediana de idade foi de 1 ano, com intervalo interquartil de 3. O antecedente mais prevalente
avaliado em pacientes com acesso venoso dificil foi a obesidade, presente em 31% da amostra e o
segundo, foi a anemia falciforme, presente em 5 %. Conclusédes: Evidenciou-se ampla diferenca entre
as variaveis estudadas, sendo a obesidade a mais prevalente; A pesquisa atingiu o objetivo de fornecer
evidéncias que auxiliem na tomada de decis@o para o cuidado com o capital venoso do paciente.

Palavras Chaves: Pediatria; Cateterismo Periférico; Dispositivos de acesso vascular; Cuidados de
enfermagem; Enfermagem baseada em evidéncias.
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INTRODUCTION

It is frequent in hospital settings in tertiary care that pediatric patients require peripheral vascular
access. Moreover, it has been described that at least half of hospitalized children require a Peripheral
Intravenous Catheter (PIVC) to be placed in order to meet their healthcare needs.' Peripheral
intravenous catheterization is usually a complex procedure; in children younger than 3 years, the first
puncture attempt fails half of the time, which entails repeating the procedure, thus resulting in a
frustrating process for the professionals, infants, and their guardians.** Nursing professionals are
responsible for placing PIVCs, monitoring posterior complications, their maintenance, and the use of
adequate techniques that help reduce the number of insertion attempts.*”

Regarding Difficult Intravenous Access (DIVA), there is no consensus on the number of puncture
attempts or defining characteristics to define intravenous access as difficult. One study carried out on
adults considered DIV A to be cases with 2 or more failed attempts. In a different study, the need for
multiple punctures to achieve catheterization is described as DIVA.® For the theoretical purposes of
this research, the definition established by the most recent version of the Difficult Intra-Venous
Access Score (DIVAscore) will be used, where DIVA is defined as a failed PIVC insertion after the
first attempt.’

The DIV Ascore is a tool that predicts failure or success for PIVC insertion; therefore, it can indicate
the presence of DIVA.® This rating scale has been validated in the United States and Italy, and
recommended in the Best Practice Guidance, Vascular Access, by the Registered Nurses Association
of Ontario (RNAO), which is implemented currently in Chile.”*!° The DIV Ascore is a sum of values,
associated with four variables related to the characteristics of the patient and associated with DIVA.
These variables are the age of the pediatric patient, a history of prematurity (gestational age at birth
< 38 weeks), vein visibility, and palpability after tourniquet placement.® It has been established that
patients with a score equal to or higher than 4 have a 50% probability of presenting DIVA.’

The cost of hospital stays in Latin America increases in the presence of complications and failed
PIVC insertions. A study performed in Brazil revealed that 31% of the funding provided by Sistema
Unico de Saiide (Unified Health System) is used for the placement of venous devices due to the
patient’s vascular fragility.'" The American Academy of Pediatrics (AAP) has reported that the
average cost of intravenous cannulations is US $41 and that in pediatric patients for whom more than
three puncture attempts were necessary, the cost of PIVC ranged from US$69 to US$125.'? A study
analyzed the spendings of Medical-Surgical Units (UMQ for their acronym in Spanish, Unidades de
Hospitalizacion Médico Quirurgico) and Intermediate Care Units (UCM for their acronym in
Spanish, Unidad de Cuidados Medios) in Chile, finding that the indirect annual cost of PIVC
procedures in UMQs is CLP$62,020,583, with 35,174 punctures, and CLP$67.519.141 in UCM,
where 16,913 punctures are performed annually."® Lastly, one study shows that in patients with
DIVA, the process of inserting a venous catheter is between 118 and 135 minutes longer than in
patients with easy intravenous access who do not require the use of advanced techniques (64 minutes),
being more time-demanding for the staff and therefore using more human resources.'*"?

Repeated attempts of PIVC insertion can increase the risk of complications such as medication
extravasation, infections, and blood vessel perforation, resulting in blood draw and intravenous
treatment delays, which is linked to slower laboratory test results, decreased therapeutic effects (lower
efficacy and slower recovery) and, therefore, prolonged hospital stays.>>!®

A Central Venous Catheter (CVC) is considered an alternative to PIVC when the latter cannot be
placed due to DIVA. Therefore, a significant percentage of CVCs are used due to the impossibility
of placing a PIVC, rather than for treatment purposes.® The use of CVC increases the number and
severity of complications compared to PIVC, such as infection, thrombosis, and pneumothorax. Thus,
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improving the management of DIVA would allow potentially unnecessary CVC to be avoided, which
can have a significant impact on the patient’s health by reducing the risk of complications.®

Factors related to the environment (light, temperature, space, and noise), the patient (personal
characteristics and medical background), and the professional (experience and skills) may influence
how difficult intravenous cannulation is.® Various risk factors should be considered for better care
when assessing peripheral intravenous access in pediatric patients since the DIV Ascore does not
consider the patient’s medical background when evaluating intravenous access. Consequently, a more
in-depth inquiry is necessary regarding pediatric patients where there has been a failed first attempt
for PIVC insertion.’

Due to the above, there is a need to study patients with DIVA, in search of personal factors that make
them more susceptible to difficulties during intravenous cannulation.® The risk factors defined by the
Chilean Anesthesiology Association for DIVA are obesity, musculoskeletal malformations of the
limbs, edema of the limbs due to pharmacological or surgical treatments, a history of substance use
that damages the venous pathways, chemotherapy, dialysis, Diabetes Mellitus, moderate to severe
dehydration, a history of multiple punctures, and anxiety on the part of the patient.’> Other research
indicate additional factors deemed relevant as predictors for DIVA such as vascular pathology,
intravenous substance use, Sickle Cell Disease, and Diabetes, the latter in adult patients.'>'® Variables
that are not considered specific to the patient are excluded for the purposes of this study, due to their
acute nature and the uncertain persistence over time. Additionally, those related to potentially
subjective psychological characteristics or detected only once in the bibliographic review were also
excluded. The factors most mentioned in the literature and selected for this study are obesity,
chemotherapy, Diabetes Mellitus, dialysis, and Sickle Cell Anemia.*%'>!

Selected Medical History

Obesity: An infant is considered obese if their body weight exceeds the average weight and size for
children between 0 and 5 years, 29 days by 2 or more standard deviations, and if their Body Mass
Index or BMI (kg/m2)/age is 2 or more standard deviations above the BMI for children between 5
years, 1 month and 19 years, according to the charts proposed by the World Health Organization
(WHO) and the Chilean Department of Health (MINSAL).'"®2 It is described that obesity, being a
chronic disease, contributes to a progressive deterioration of the peripheral vascular tree.® A high
proportion of adipose tissue can be associated with difficulties in finding a visible and palpable vein
where a line can be inserted.'®*!

History of Chemotherapy: Chemotherapy is included among the risk factors for DIVA in studies
on adult patients. Here, peripheral access availability is reduced due to the need to perform repeated
punctures for diagnostic procedures and administering medicines.”> Moreover, the antineoplastic
agents administered during chemotherapy can cause phlebitis, extravasation, local tissue damage, and
a reduction in the number of available veins.>**

Diabetes Mellitus: Diabetes Mellitus is described as an illness where the insulin hormone loses its
efficiency, resulting in high blood glucose levels.” Diabetes was a significant predictor of difficult
cannulation in a study conducted in Italy.* The relationship between Diabetes and DIVA could be
explained by an increase in morbidity that makes patients require frequent medical care and vascular
access.'® In addition, chronic hyperglycemia produces macro and microvascular complications in
children with Diabetes Mellitus and is a risk factor for peripheral vascular diseases and venous
thromboembolism.?*?” These reasons can explain its relationship with DIVA.'¢

History of Dialysis: Dialysis is a treatment aimed at partial renal function replacement. It can be
Peritoneal Dialysis or Hemodialysis, both of which clear waste products that intoxicate the
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organism.”®*’ More than half of the patients with stage 3 or higher chronic kidney disease who have
been dialyzed show elevated levels of C-Reactive Protein.***' The cells involved in this inflammatory
process suggest a link between blood flow and vascular inflammation.’*** This generates a vascular
access dysfunction which is commonly caused by stenosis of the arteriovenous access, which is
considered to significantly limit the patient’s quality of life regarding future venous access.**

Sickle Cell Anemia (SCA): SCA is a chronic disease caused by the expression of homozygous
hemoglobin S,* resulting in abnormal erythrocytes that are less deformable and have a crescent moon
shape. This makes circulation difficult and causes a series of events that result in activation of the
coagulation system and greater thrombotic activity, which means that patients with SCA are at risk
of numerous complications such as microvascular and arterial thrombosis.***” Platelet activation has
also been observed, meaning that patients with SCA have a chronic state of hypercoagulability that
may increase their tendency to develop venous thromboembolism.*® Lastly, multiple IV insertions
due to r6nedical treatment cause stenosis, which could explain the relationship between SCA and
DIVA.'

Considering the above, the purpose of this research is to generate valid and updated information that
reveals the clinical factors that may be present in pediatric patients with difficult intravenous access.
This would allow nursing professionals and other researchers to have knowledge of this issue before
performing procedures, and to create new rating scales for pediatric venous access in the future, thus
contributing to the evidence available on actions or recommendations for better management of PIVC
insertion in children. Furthermore, this aligns with the rights of hospitalized children, which would
be respected by taking the necessary precautions to reduce stress, unjustified procedures, and the pain
caused by these treatments.*” The objective of this research is to identify the prevalence of factors
associated with difficult intravenous access in pediatric patients who were treated in the surgery
service of a hospital in Chile in 2022.

METHODOLOGY

This is a descriptive, quantitative, and cross-sectional study with a purposive sampling method. The
universe for this research was pediatric patients with DIVA admitted to the pediatric surgery service
at a Chilean hospital, the total being 97 patients. The sample was comprised of pediatric patients
between the ages of 0 and 14 years, 11 months and 29 days, presenting DIVA defined as a failed
peripheral venous cannulation on the first attempt, between September and November, 2022.” The
research team personally recorded the data over a period of 7 working days.

The sample selection was carried out according to the following inclusion criterion: Patients with a
failed first attempt for cannulation with a traditional short peripheral venous catheter, according to
their clinical record. The following exclusion criteria were defined: Patients whose file did not
completely include the required information, this being the number of attempts made to insert an
intravenous catheter, age, weight/height, and medical history, if applicable.

To calculate the sample size, a 50% probability of finding DIVA, indicated in the study “Acceso
venoso dificil en pediatria” (difficult venous access in pediatrics), and a 95% confidence level were
considered, with a population size of 107 patients in the selected period.’ This calculation determined
that 81 patients with DIVA needed to be recruited.

The selected variables were a) Obesity, b) History of Chemotherapy, ¢) Diabetes Mellitus, d) History
of Dialysis, and e) Sickle Cell Anemia. The obesity variable was included based on the definition by
WHO using the variables of age, weight, and height.

To extract and collect the data, each variable was searched in the clinical record of pediatric patients
with DIVA. Tablet devices were used to extract the data, which allowed typing errors to be reduced,
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and an instrument created by the authors was used for data collection, where each child was assigned
an identifying code. This was reviewed by experts (a methodologist, a pediatrics academic, and a
clinical nurse), who approved the instrument without recommending modifications. The data were
kept anonymous, and no sensitive data were collected. Subsequently, they were recorded and
analyzed using Excel in its 17.0, 2019 version.

Regarding ethical aspects, Ezequiel Emanuel’s requirements and the four fundamental principles of
professional bioethics (beneficence, non-maleficence, justice, and autonomy) were used, which
enabled the creation of a rational and systematic framework that determined the ethics of the study.
Respect for the principles and values of people was also considered throughout the entire research
process.”’ This study was approved by the Scientific Ethics Committee of Servicio de Salud
Metropolitano Sur and the Research Ethics Committee of the hospital (code 101-03102022).
Additionally, a waiver of informed consent was validated by the institution's management.

RESULTS

A sample of 81 pediatric patients with DIVA, hospitalized during the second semester of 2022 in a
surgery service, was analyzed, which corresponded to a prevalence of 51.26% of DIVA. The sample
of patients with DIVA was mostly made up of male subjects (57% of the sample). The median age
was 1 year, with an interquartile range of 3. In addition, 50% of the patients were aged between 0 and
1 year, with few patients being close to the upper limit of the range set for this study, considering that
the youngest patient was 0 years old and the oldest 14 years old. Moreover, 44.38% of the records
failed to include information on the number of puncture attempts. A high prevalence (22.22%) of
acute febrile syndrome as an admission diagnosis was found. On the other hand, the most prevalent
of the selected factors found in patients with DIVA was obesity, present in 31% of the sample, and
the second most prevalent was Sickle Cell Anemia, representing 5%. The rest of the factors showed
a significantly low prevalence; Chemotherapy was found in 2% of the sample, and Dialysis and
Diabetes Mellitus in 1% each (Graph 1).

= Percentage of Pediatric Patients with DIVA

40%
30%
20%
10%
5%
22 1% 1%
0%
Obesity Chemotherapy Dialysis Diabetes SCD
Medical History

Graph 1: Prevalence of medical history factors in pediatric patients with DIVA (n=81).
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DISCUSSION

The findings of this research regarding the presence of DIVA in pediatric patients show values that
are similar to the tendency found in the bibliographic review, which was carried out following basic
guidelines for the quality of the study and year of publication. These findings concur with the study
“Acceso venoso dificil en pediatria” (Difficult Intravenous Access), in which it is determined that
approximately 50% of pediatric patients under 3 years old present DIVA.?

Concerning data analysis, the sample was studied comprehensively (the analysis was not performed
by age range). This is because a general characterization of the sample had to be performed first, due
to the scarce information available in Chile about pediatric patients with DIVA. Future research
should analyze this information focusing on data analysis by age range and/or sex of the patients.

As for the sample analysis, the high prevalence of obesity, present in 31% of pediatric patients with
DIVA, can be associated with the high prevalence of this disease in Chile. The latest nutritional map
of Junta Nacional de Auxilio Escolar y Becas (JUNAEB), which was published in 2020 and evaluates
children up to 14 years old (as of March 31), establishes that the percentage of obesity in kindergarten
is 29.5%, 27.9% in first and fifth grade, and 13.1% in ninth grade, showing that malnutrition due to
excess reaches figures close to 30% at early pediatric ages.*> According to these data, it would be
important to carry out new research that analyzes a possible direct relationship between the
pathophysiological processes present in this diagnosis and the presence of DIVA in children, the
result of which could create a need to assess this medical background before inserting a PIVC.*!

The prevalence of SCD found in the sample is considered significant since this is a recessive genetic
pathology that has a low probability of appearing in the population.® In this regard, it is worth
mentioning the low proportion of chemotherapy, dialysis, and Diabetes Mellitus found in this study,
even when these have been mentioned in other research as important risk factors for DIVA. This may
be due to the age of most patients with DIVA *¢1>-16

Furthermore, it was found that the most common diagnosis on admission was acute febrile syndrome,
a pathology that other research on DIVA has not considered influential for this condition, and for
which no epidemiological information was found in the bibliographic review in the Chilean
population. Therefore, it would be important to consider studying its pathophysiology in order to
include new factors for assessment in pediatric patients, before performing procedures such as placing
invasive intravenous devices.

A limiting factor highlighted during data collection is that a high percentage of the records did not
include information on the number of puncture attempts. This shows that there are no habits or
protocols for recording invasive procedures such as PIVC placement by nursing professionals, which
could hinder the continuity of patient care.

Limitations

Because this is a prevalence study, it is limited to describing findings and does not establish causation
between variables, nor does it generate links between them. In other words, this research does not
establish clinical characteristics (obesity, Diabetes, history of chemotherapy, history of dialysis,
and/or Sickle Cell Anemia) as the cause of difficult intravenous access. However, it is intended that
further research can propose hypotheses and causal relationships using this study as a reference.

CONCLUSION

Significant differences were found in prevalence between variables, where a tendency is observed for
pediatric patients with DIVA to present obesity. As a contribution to the discipline of Nursing, the
medical history of pediatric patients with DIVA in the local reality was described, with the aim of
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including these factors in future patient assessments, thus helping professionals make strategic
decisions about the patient’s venous system care.

It becomes essential to carry out new studies that include factors for assessment, in order to develop
tools that professionals can use to deliver care with a favorable cost-benefit ratio, and that allow
stressful procedures to improve for children and their caregivers. In this context, nursing professionals
are in charge of inserting, caring for, and handling invasive devices such as PIVCs. Therefore, it is
these professionals who should focus their care on preventing multiple and invasive venipunctures
that could result both in prolonged hospital stays and an increase in material and human resources
used in the process.

A high percentage of the records did not detail the number of puncture attempts made during the
PIVC insertion procedures. This is thought to be a common practice within the hospital and therefore
is considered an opportunity for improvement so that in the future the process of recording these
invasive procedures is deemed fundamental and necessary for patient care continuity.
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