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ABSTRACT

Introduction Patients with difficult venous access
experience undesirable effects during healthcare, such as
delayed diagnosis and initiation of treatment, stress and
pain related to the technique and reduced satisfaction.
This study aims to identify risk factors with which to model
the appearance of difficulty in achieving peripheral venous
puncture in hospital treatment.

Methods and analysis Case—control study. We will
include adult patients requiring peripheral venous
cannulation in eight public hospitals, excluding those in
emergency situations and women in childbirth or during
puerperium. The nurse who performs the technique will
record in an anonymised register variables related to

the intervention. Subsequently, a researcher will extract
the health variables from the patient’s medical history.
Patients who present one of the following conditions

will be assigned to the case group: two or more failed
punctures, need for puncture support, need for central
access after failure to achieve peripheral access, or
decision to reject the technique. The control group will be
obtained from records of patients who do not meet the
above conditions. It has been stated a minimum sample
size of 2070 patients, 207 cases and 1863 controls. A
descriptive analysis will be made of the distribution of the
phenomenon. The variables hypothesised to be risk factors
for the appearance of difficult venous cannulation will be
studied using a logistic regression model.

Ethics and dissemination The study was funded in
January 2017 and obtained ethical approval from the
Research Ethics Committee of the Balearic Islands.
Informed consent will be obtained prior to data collection.
Results will be published in a peer-reviewed scientific
journal.

INTRODUCTION

Peripheral venous catheters (PVC) are the
most commonly used invasive devices in
hospital care.' Although the insertion of a PVC
is usually a simple technique, difficulty can

Strengths and limitations of this study
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» To our knowledge, no previous case—control studies
have been conducted to identify the risk factors for
difficult peripheral cannulation, or to describe this
problem in different healthcare settings.

» Cases and controls will be reported by clinicians
using the same source and of recordings. Blinding
study hypothesis and criteria for the assignment to
each group will ensure a reliable comparability.

» Profiles of patients at risk are needed to improve
decision-making regarding cannulation routes
and techniques, and to ensure the suitability and
maintenance of different devices.

arise in this cannulation, requiring multiple
punctures before the device is correctly situ-
ated. Multiple punctures provoke delays in
care, in obtaining diagnosis or in initiating
treatment.>™ Furthermore, it generates
stress, heightens perceptions of pain5 and
reduces satisfaction, both among patients
and among the professionals performing the
technique.4 6

In addition, multiple punctures may be
associated with a progressive deterioration
of the vascular tree, termed ‘vascular exhaus-
tion’, which makes vascular access even
more difficult in successive contacts with the
patient.7

Background

Although difficult peripheral intravenous
cannulation (DPIVC) occurs in 10%-24%
of adults and in up to 37% of children who
require a peripheral route during hospital
treatment, in many respects it is still insuf-
ficiently studied.* Although there is no
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consensus among researchers as to the necessary condi-
tions for considering a case as ‘difficult’, DPIVC is
generally understood as arising when two or more punc-
tures are performed without success, or when puncture
support methods are required, or when the impossi-
bility of obtaining peripheral access means that a central
venous catheter (CVC) must be inserted.® Most current
research in this area addresses the development of punc-
ture support techniques,” especially ultrasound, and few
studies have analysed DPIVC as a health problem, or the
factors that may promote its appearance.

DPIVC is associated with a greater need for CVC, and
studies have shown that a high percentage of the latter
catheters are inserted not because of the patient’s thera-
peutic needs but because it is impossible to use a periph-
eral access catheter.” This circumstance heightens both
the number and the severity of complications associated
with catheter access, such as local infection, bacteraemia,
thrombosis and pneumothorax. These, and other compli-
cations, are in turn associated with increased duration of
hospital stay, greater morbimortality and higher costs.”!

Significant health benefits could be achieved by
avoiding potentially unnecessary central catheters.'* For
example, regarding bacteraemia related to venous cathe-
terisation, which is the principal and most severe compli-
cation in this respect, the incidence is significantly higher
for central catheters; thus, bacteraemia affects 2.7 cases
per 1000 days of central catheterisation, but only 1.1 cases
per 1000 days of peripheral intravenous central cath-
eter (PICC) and 0.5 cases per 1000 days for peripheral
access.!” 13 Indeed, venous catheter-related bacteraemia
may be considered an independent cause of hospital
morbidity and mortality, as each case generates an addi-
tional 10-20 days of hospital stay and increases costs by
between $4000 and $56000."*

In fact, in many cases, CVCs are inserted unnecessarily.
Studies have reported a reduction of 80%-85% in the
use of CVC in hospital patients with DPIVC when specific
programmes were implemented.” Similarly, Stokowski et
alin 2009'" observed a marked reduction in PICC-related
complications (bacteraemia, thrombosis, obstruction
and accidental withdrawal) following the provision of a
training programme for nurses in the use of ultrasound
techniques for venous cannulation. Implementation of
this programme also reduced variability among other
health professionals involved (radiologists, surgeons and
anaesthetists), producing cost savings of $C270-$C305 for
each catheter inserted. A similar programme, conducted
in Texas, USA, achieved a 74% reduction in the number
of CVGs inserted (including intensive care), mainly by
replacing them with PICCs, which were inserted by nurses
trained in the use of ultrasound techniques."” This inter-
vention reduced costs by US$200 000 per year, or US$1614
per PICC inserted.

Risk factors for DPIVC
It has been argued that strategies should be promoted
to avoid multiple punctures and the undesirable effects

of central access catheterisation.'® Although there is
a growing body of evidence in favour of cannulation
support methods (ultrasound, infrared and transillumi-
nation), few studies have attempted to identify risk factors
for DPIVC or the profiles of patients likely to presentit. To
our knowledge, the only studies conducted in this area, to
date, have been limited to specific hospital areas (inten-
sive care, Accident and Emergency (A&E), paediatrics
and oncology), and so there is little scope for comparing
different approaches. Specifically, it has been suggested
that several advanced chronic conditions may contribute
to the progressive degradation of the peripheral vascular
tree, such as obesity, vasculopathy and chronic pluripa-
thology.” ' However, these studies focus on the appli-
cation of ultrasound to improve the effectiveness of
puncture techniques, and so their approach to potential
risk factors should be considered with caution.

In the context of hospital A&E services, three earlier
studies have made interesting findings.

Sebbane et al conducted a study in France in 2013,
without a control group, evaluating risk factors that
determine the success of the first attempt at cannula-
tion.”! These authors observed an association between
extreme values for body mass index and the appearance
of DPIVC, which was also associated with poor assessment
by the health professional (whether doctor or nurse) of
the viability of access. In fact, the professional’s view of
the feasibility of cannulation has been explored in various
studies, many of which have found it to be a relevant
factor and a possible predictor of difficulty in obtaining
venous access.”” Another study concluded that certain
variables related to the professional who performs the
technique, regarding his/her professional experience in
general and concerning venous cannulation in particular,
may also influence the effectiveness of the intervention.”

In 2016, Carr et al performed a cohort study which
sought to identify factors relevant to the success of venous
cannulation in patients treated at hospital A&E units.**
These authors, too, highlighted the importance of the
professional’s assessment of the viability of venous access
(visibility and palpability of the vein), in addition to factors
such as cachexia (wasting syndrome) and advanced age,
which were potentially associated with difficulty. This
study also identified differences related to the location of
the vein to be punctured and to the cannulation experi-
ence of the clinician performing the technique.

Finally, Fields et al reported that previous pathological
conditions, such as diabetes, parenteral drug abuse and
spindle cell disease, can increase the risk of DPIVC.”
Other relevant factors, although to a lesser extent, were
previous episodes of puncture difficulty and the need for
puncture support systems, observed in previous contacts
with the patient.

In view of this background, we consider it necessary to
analyse, in a single study, the different variables that have
been proposed as potential risk factors for difficulty in
cannulation, including care settings other than hospital
A&E units.

2 Rodriguez-Calero MA, et al. BMJ Open 2018;8:2020420. doi:10.1136/bmjopen-2017-020420
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In this project, we aim to identify the risk factors
affecting patients with DPIVC, and to determine the
weight of each of these factors, so that a model can be
established by means of which patients at risk can be
identified at an early stage and so that puncture support
methods can be prioritised,” taking into account that the
use of such methods is increasingly recommended.?’

METHODOLOGY

Hypothesis

The presence of potential risk factors considered in the
study will independently increase the risk of the patient to
present difficulty during peripheral venous cannulation.

Aims

The main study goal is to identify the possible risk factors

associated with the patient, thus enabling us to establish

a model with which to estimate the probability of difficult

access to venous cannulation in hospital treatment.

Secondary goals:

» to determine the characteristics of patients with
DPIVC according to different care profiles (medical
hospitalisation, surgical hospitalisation, surgical area
and A&E intensive care);

» to describe the type of venous catheter insertion
technique according to the appearance of difficulty
in cannulation: number of punctures required,
perception of pain, resources needed (number of
professionals and estimated time required) and need
for alternative methods (CVC, ultrasound support,
referral to other professionals);

» to determine whether the occurrence of such diffi-
culty is influenced by the experience and characteris-
tics of the health professional involved.

Methods and analysis
Design
Case—control study with incident cases.

Settings

Forty-eight units, corresponding to different care settings:
A&E, intensive care, surgical area and hospitalisation
units, in eight public hospitals in the Spanish National
Health System, with diverse profiles, including three
university hospitals and five second-level hospitals.

Subjects

Adults (18 years old or more) for whom peripheral
pathway cannulation is performed or attempted, and who
consent to participate in the study. Patients in emergency
situations and women during childbirth or puerperium
will be excluded.

Data collection

The nurse who performs the technique will record, in
an anonymised record, the variables related to the inter-
vention and the patient’s medical history number. All
nurses may add such records during the study period

from 1 February to 31 December 2017. Members of the
research team will retrospectively review the medical
history to compile the health variables. The data collec-
tion system was piloted in four of the above hospital units
in February 2016.

All patients in the sample population who present
DPIVC at some time will be included in the case group
if they meet at least one of the following conditions:
two or more failed punctures; the need for puncture
support techniques (ultrasound, infrared or transillu-
mination) when accessible vessels cannot be identified
(excluding ultrasound scans for other purposes); the
need for central access after failure to achieve periph-
eral access or decision not to implement it (no venous
access achieved and the procedure is abandoned).
Subsequently, we will determine the distribution of
the incidence of DPIVC by hospital environments
(medical hospitalisation units, surgical hospitalisation
units, surgical area and A&E intensive care). To offset
the effects of possible differences in the inclusion of
patients and their different profiles according to the
units participating in the study, the control group will
be selected by random sampling stratified by the same
treatment environments, following the distribution of
incidence observed in the case group. This sample will
be composed of the patients included in the study who
do not present the conditions for selection to the case
group. Three controls will be selected for each case. The
nurses will be blinded to the selection criteria for cases
and controls to avoid selection bias.

Since the study will require the involvement of a signif-
icant number of professionals from different environ-
ments, a team of collaborators has been recruited, all of
them registered nurses, to coordinate the study in their
respective units and centres, thus serving as a bridge
between the research team and the other professionals.

Variables and definitions
Taking into account previous studies in this field, 13 vari-
ables will be hypothesised as possible risk factors. Vari-
ables will also be considered to assess the comparability of
the case and control groups. Table 1 lists these variables
and their definitions.

Sample

The minimum sample size was calculated taking as a
reference the risk factor ‘diabetes’ from the study of A&E
patients conducted by Fields et al in 2014.° Assuming
an alpha risk of 0.05 and a beta risk of 0.2 in a bilateral
test, we calculated that 87 cases and 261 controls would
be required to detect a minimum OR of 2.1, assuming
a rate of exposure of 0.5 in the control group. In this
consideration, the Poisson method was used. In addition,
another 10 cases were attributed by category, following
the system described by Peduzzi et al*® and so the total
minimum sample required is 207 cases. Assuming a
frequency of 10%, 2070 patients must be identified to
achieve the population size required for the case group.
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Table 1 Variables and definitions

Variable Definition

Variables analysed to assess the comparability of groups
Age (continuous quantitative)
Sex (qualitative)

Specialist area (qualitative) Hospital area where treatment is provided

Reason for admission (qualitative) Main diagnosis on admission; pathologies grouped by diagnostic group according to

the International Classification of Diseases

Variables regarding the cannulation technique

Arterial blood pressure before cannulation (continuous quantitative)

Number of punctures made (continuous quantitative)

Catheter inserted (yes/no) (qualitative)

Calibre of catheter inserted

RN (continuous quantitative) Number of registered nurses participating
NA (continuous quantitative) Number of nursing assistants participating
Time (continuous quantitative) Estimated time, in minutes, spent implementing the technique by all professionals

Pain intensity after implementation of the  Evaluation of pain perceived by the patient after cannulation, measured on a visual
technique (continuous quantitative) analogue scale

Need for alternative methods or techniques (qualitative)

» Central venous catheter

» Ultrasound, infrared or transillumination

» Referral to other professionals or hospital services
» Access via lower limbs or other alternative locations

Rejection of cannulation in favour of (qualitative)

» Oral route

» Subcutaneous route

» Nasogastric tube

» Central venous catheter
» Other

Variables hypothesised as risk factors for DPIVC
Age (qualitative, four categories)

Non-palpable vein (qualitative)
Non-visible vein (qualitative)
History of DPIVC (qualitative)

Upper limb alterations (qualitative)

Previous punctures (qualitative)

Previous episodes (qualitative)
Diabetes mellitus (qualitative)
Parenteral drug abuse (qualitative)
Chemotherapy (qualitative)

BMI (qualitative)

HD (qualitative)

COPD (qualitative)

Vein not palpable, in the opinion of the nurse performing the technique
Vein not visible, in the opinion of the nurse performing the technique

Known history of DPIVC. Evidence in the patient’s medical history of difficulty in
obtaining a venous route, or the patient describes such a difficulty in a previous
experience.

Visible alterations in the upper extremities: oedema, haematoma, inflammation, surgical
interventions, medical devices or any other circumstance that hinders or limits the
puncture. If any such alteration is present, we will distinguish between acute alterations
(less than 3 months from appearance) and chronic or permanent alterations (qualitative
variable with three categories).

Punctures carried out before the present episode. During the present treatment episode,
a venous catheter has previously been inserted (or insertion has been attempted).

Hospitalisation or A&E attention during the last 90days

Documented history or current use of parenteral drugs
Chemotherapy now or during the last 90 days

Body mass index. Only extreme values have been associated with DPIVC, and so
this parameter will be compiled as a qualitative variable, with three categories: <18.5;
18.5-30; >30.

Haemodialysis programme. Documented history or current use of a long-term
programme of haemodialysis

Chronic obstructive pulmonary disease

Continued
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Table 1 Continued

Variable Definition

Variables related to the nurse performing the cannulation technique

Experience (years) (continuous
quantitative)

Years of nursing experience

Technique (years) (continuous quantitative) Years of experience in peripheral venous cannulation. Number of years during which
the nurse has worked in settings where peripheral venous cannulation is regularly

performed.
Age (continuous quantitative)
Sex (qualitative)

A&E, Accident and Emergency; DPIVC, difficult peripheral intravenous cannulation.

The estimated time to reach this sample size is 10 months,
although this could be extended if necessary.

Data analysis

A descriptive analysis of the variables will be performed,
including the distribution of the phenomenon by hospital
environments and services (type of attention). Tests of
association will be applied between the main study vari-
ables: hypothetical risk factors, characteristics of the tech-
nique, environment and experience of the professional.
The association will be determined by bivariate analysis
based on X* test, Student’s t-test, Mann-Whitney U test,
Wilcoxon W and Friedman tests, analysis of variance,
and Pearson and Spearman correlations, depending on
the nature and normality of distribution of the variables.
Subsequently, the variables hypothesised as risk factors
for the onset of DPIVC will be analysed using a logistic
regression model to obtain the respective adjusted ORs.

Validity and reliability/rigour

The fact that cases and controls will be recruited from the
same source, together with the inclusion of sample adjust-
ment variables, will ensure the reliable comparability of
the groups.

The control group will be distributed by stratified
random sampling, which will ensure the homogeneity of
the case and control groups.

Blinding to the study hypothesis and to the variables
hypothesised as risk factors will prevent any selection bias
that might arise in the nurses participating in the data
collection process.

Relevant variables will be considered in order to study
the possible influence of the professional profile of the
nurse performing the technique on the appearance of
DPIVC.

The multicentre nature of the study and the inclusion
of different hospital profiles, and of hospitals located in
different geographic areas, will enhance the diversity of
the sample and its external validity.

Limitations

The variable ‘spindle cell disease’ is not included in our
study because of its low prevalence in the reference popu-
lation. Since our study focuses on patient risk factors,

variables related to the nurse’s experience have not been
hypothesised as potential risk factors. An association anal-
ysis of these variables will be conducted to determine
whether future studies in this regard are needed.

Ethics and dissemination

The study does not involve intervention or change in
usual practice. The patients will be asked by the clinician
nurse to give their signed informed consent, and will
be provided with clearly written information about the
purpose and implications of the research.

The computerised database does not contain patient
identification. The individuals involved in compiling data
will sign a confidentiality agreement.

The results of this study will be sent to a peer-reviewed
scientific journal for publication.

DISCUSSION

The proposed study will enable us to obtain profiles of
patients at risk of difficulty in peripheral venous cannula-
tion. Identifying this risk at an early stage will facilitate the
early and selective use of puncture support methods such
as ultrasound or infrared imaging.

Nurse-led intravenous treatment teams can use this
information to identify priority patients and to ensure the
appropriateness of the interventions made. The informa-
tion obtained regarding the use of nursing resources for
managing DPIVC may also be useful for these teams.
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