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Abstract 

Background: A functioning vascular access (VA) is crucial to providing adequate hemodialysis (HD) and considered 
a critically important outcome by patients and healthcare professionals. A validated, patient‑important outcome 
measure for VA function that can be easily measured in research and practice to harvest reliable and relevant evi‑
dence for informing patient‑centered HD care is lacking. Vascular Access outcome measure for function: a vaLidation 
study In hemoDialysis (VALID) aims to assess the accuracy and feasibility of measuring a core outcome for VA function 
established by the international Standardized Outcomes in Nephrology (SONG) initiative.

Methods: VALID is a prospective, multi‑center, multinational validation study that will assess the accuracy and feasi‑
bility of measuring VA function, defined as the need for interventions to enable and maintain the use of a VA for HD.

The primary objective is to determine whether VA function can be measured accurately by clinical staff as part of 
routine clinical practice (Assessor 1) compared to the reference standard of documented VA procedures collected by a 
VA expert (Assessor 2) during a 6‑month follow‑up period. Secondary outcomes include feasibility and acceptability of 
measuring VA function and the time to, rate of, and type of VA interventions.

An estimated 612 participants will be recruited from approximately 10 dialysis units of different size, type (home‑, 
in‑center and satellite), governance (private versus public), and location (rural versus urban) across Australia, Canada, 
Europe, and Malaysia.
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Background
Hemodialysis (HD) is the commonest treatment for 
patients with kidney failure worldwide and can only be 
provided via a functioning vascular access [1]. Establish-
ing and maintaining a functioning access, however, is one 
of the greatest challenges in caring for these patients. 
Vascular access-related complications and interven-
tions are associated with increased patient morbidity and 
mortality and healthcare costs accounting for 20–25% 
of annual hospital admissions in patients on HD [2–4]. 
From a patient’s perspective, the experience and antici-
pation of vascular access complications are key sources 
of stress and can lead to anxiety about the potential for 
vascular access failure [5]. Improving vascular access out-
comes is therefore considered a critical priority not only 
by patients, but also their caregivers and health profes-
sionals [6–8].

Despite increasing numbers of vascular access tri-
als, successful interventions to improve vascular access 
outcomes have been sparse and compromised by highly 
variable, often selectively reported outcomes of limited 
relevance to patients and health professionals [9, 10]. 
Based on a systematic review of vascular access outcomes 
in HD trials, vascular access function was the most fre-
quently reported outcome, yet was described in 489 dif-
ferent ways with “mean access blood flow” and “number 
of thromboses” being the most frequently used measures. 
Despite efforts to standardize outcome definitions for 
vascular access by various working groups [11–14], only 
a minority of HD trials made use of these standardized 
definitions. For example, of the 134 patency measures 
reported across 64 trials, only 13% were consistent with 
1 or more of the standardized definitions as proposed 
by national and international consortiums and societies 
[10]. These findings underpin the need for broader imple-
mentation of standardized, patient-important outcome 
measures to enhance the consistency and relevance of 
outcome reporting in clinical trials in HD. To address this 

issue, considerable efforts have been made to identify and 
standardize vascular access outcomes that are impor-
tant to patients, their caregivers and healthcare profes-
sionals that should be reported consistently in clinical 
research to improve the quality, reliability and relevance 
of research evidence that guides patient care [15, 16]. The 
Standardized Outcomes in Nephrology in HD (SONG-
HD) initiative identified vascular access as one of four 
critically important core outcome domains (along with 
fatigue, cardiovascular disease and mortality) for clini-
cal trials in HD based on a consensus-based, multiphase, 
mixed-methods process involving over 1300 patients, 
caregivers and health professionals from more than 70 
countries [6, 8, 17–19]. Based on international contri-
butions of 237 patients and 720 clinicians, researchers, 
policy makers and industry from 58 different countries, 
“vascular access function” was deemed the most critically 
important outcome because of: 1. the broad applicabil-
ity of function regardless of the vascular access type; 2. 
the involvement of a multidisciplinary team in achiev-
ing a functioning vascular access; and, 3. the impact of 
vascular access function on quality of life, survival, and 
other vascular access-related outcomes. “The need for 
interventions to enable and maintain the use of a vascu-
lar access for HD” was considered a simple, pragmatic, 
and inexpensive measure of vascular access function that 
was meaningful and relevant to patients [20]. Stakehold-
ers considered the frequency (rate) of vascular access 
interventions and the intervention-free time to be key 
descriptors of a functioning vascular access [20]. In order 
to ensure global implementation of this outcome meas-
ure across all trials in HD, it needs to be feasible to accu-
rately measure vascular access function as part of routine 
clinical practice without requiring additional resources 
or expertise in vascular access [20, 21].

While vascular access interventions have been reported 
in HD research and collected by renal registries [22–27] 
the granularity of data collection (i.e., type of vascular 

Validity will be measured by the sensitivity and specificity of the data acquisition process. The sensitivity corresponds 
to the proportion of correctly identified interventions by Assessor 1, among the interventions identified by Asses‑
sor 2 (reference standard). The feasibility of measuring VA function will be assessed by the average data collection 
time, data completeness, feasibility questionnaires and semi‑structured interviews on key feasibility aspects with the 
assessors.

Discussion: Accuracy, acceptability, and feasibility of measuring VA function as part of routine clinical practice are 
required to facilitate global implementation of this core outcome across all HD trials. Global use of a standardized, 
patient‑centered outcome measure for VA function in HD research will enhance the consistency and relevance of trial 
evidence to guide patient‑centered care.

Trial registration: Clinicaltrials.gov: NCT03969225. Registered on 31st May 2019.

Keywords: Hemodialysis, Vascular access, Arteriovenous fistula, Arteriovenous graft, Central venous catheter, 
Validation, Feasibility, Core outcome, Patient engagement, Implementation
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access interventions, date of intervention, and indica-
tion of intervention) vary substantially across studies and 
registries precluding reliable comparisons across trials 
and countries to inform research and clinical practice. 
A Canadian experience including five Canadian dialy-
sis programs has shown that granular data collection of 
all types, dates, and indications of vascular access inter-
ventions in patients on HD using the Dialysis Measure-
ment Analysis and Reporting (DMAR) system is feasible 
and reliable [22, 27, 28]. However, it remains unknown 
whether these data can be collected in other countries 
and different settings (i.e., in-center versus satellite ver-
sus home-based HD; rural versus urban; private versus 
public; small versus large units) by clinical staff without 
special expertise in vascular access and as part of rou-
tine clinical practice. VALID will address this uncertainty 
by assessing the validity, acceptability and feasibility of 
measuring vascular access function, defined by the need 
for interventions to enable and maintain the use of a 
vascular access for HD, by clinical staff as part of their 
routine clinical practice in a prospective, multi-center, 
multinational validation study covering a broad range of 
HD settings to ensure successful implementation of this 
core outcome measure in research and clinical practice 
without the need for additional resources or expertise in 
vascular access [21].

Methods
Aims
The primary aim of this study is to determine the accu-
racy of collecting vascular access interventions required 
to enable and maintain the use of a vascular access for 
HD by clinical staff as part of routine clinical practice 
compared to the reference standard of the documented 
vascular access procedures collated by a vascular access 
expert during a 6-month follow-up period.

Secondary aims are to assess the feasibility of this data 
collection process across different clinical settings and 
countries and to assess the accuracy of collecting details 
on all vascular access interventions including types of 
interventions.

We hypothesize that vascular access function can be 
measured accurately by clinical staff as part of routine 
clinical practice without requiring advanced vascular 
access and research expertise, significant time investment 
or costly equipment.

Study design and setting
VALID is a prospective, multi-center, multinational vali-
dation study that will assess the accuracy and feasibility 
of measuring vascular access function in patients under-
going maintenance HD by clinical staff as part of rou-
tine clinical practice in 10 HD centers across 7 countries 

(Australia, Canada, France, Malaysia, the Netherlands, 
Switzerland, and the United Kingdom). The study schema 
is displayed in Fig. 1. Study sites have been purposefully 
selected to capture a broad range of different HD set-
tings including geographical location (international sites, 
rural/remote and urban HD units), unit size (small to 
large HD units), HD modality (in-center-, satellite, home-
based HD) and setting (private versus public hospital).

The study will be conducted according to International 
Council for Harmonization of Technical Requirements 
for Pharmaceuticals for Human Use (ICH) Good Clinical 
Practice (GCP) guidelines and will be reported according 
to the Standards for Reporting of Diagnostic Accuracy 
(STARD) guidelines [29]. The study will be conducted 
and coordinated by the Australasian Kidney Trials Net-
work (AKTN), led by an International Trial Steering 
Committee of vascular access experts including two 
patient partners, study investigators, statisticians, and 
other researchers (Fig. 2). The VALID study protocol was 
registered with the ClinicalTrials.gov (NCT03969225) on 
31st May 2019. Ethics Approval has been granted for all 
participating sites (please refer to the Declaration Sec-
tion for further details). Written consent will be obtained 
from study participants by the site investigators in line 
with the site-specific ethics approval document.

Study participants
All patients receiving maintenance HD in the partici-
pating units and who are able and willing to provide 
informed consent (unless a waiver of consent is approved 
by the local ethics committee), will be invited to take part 
in the trial. Patients who are expected to require HD for 
less than 3 months due to anticipated recovery of kidney 
function or are considered unsuitable to participate by 
clinical staff will be excluded. The eligibility criteria are 
deliberately kept broad to reflect routine clinical practice 
(i.e. not excluding non-English speaking patients) and 
avoid selection bias within participating units. Pediatric 
patients are excluded because vascular access outcomes 
were not considered a core outcome domain for research 
in pediatric patients with chronic kidney disease, as 
established by the SONG-Kids initiative [30].

Test method
Index test
A clinical staff member (Assessor 1) of the participating 
HD center without special expertise in vascular access 
research will collect the number, type and date of any 
vascular access interventions required to enable and 
maintain the use of the participants’ vascular accesses 
for HD. Data will be entered in the Research Electronic 
Data Capture (REDCap), a secure, web-based data base 
application designed to support data capture for research 
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studies and hosted by the Queensland Clinical Trials and 
Biostatistics Centre at the University of Queensland [31]. 
Assessor 1 will be, in most cases, a HD nurse working 
in the HD unit. Alternatively, Assessor 1 may also be a 
HD technician, a medical or nursing student or a junior 
doctor. Data collection for each patient will occur for 
6 months or until the patient’s death, transfer to a differ-
ent kidney replacement therapy (i.e., peritoneal dialysis, 
kidney transplantation), treatment withdrawal, transfer 
to a different unit, or kidney recovery with removal of 
any HD vascular access. Information on vascular access 
interventions will be acquired as per local practice. 
Resources may include (but are not limited to) electronic 

or paper-based medical records, existing databases, or 
information provided by staff or patients. Assessor 1 may 
prospectively enter the details on vascular access inter-
ventions into REDCap as they occur or retrospectively at 
3 and 6 months of follow-up.

Reference standard
The reference standard represents the vascular access 
procedure notes (i.e., source document) collected by a 
vascular access expert of the research team, hencefor-
ward referred as Assessor 2. The redacted procedure 
notes will be uploaded into REDCap. Assessor 2 will col-
lect the data independently from Assessor 1. Moreover, 

Fig. 1 Study Schema. Abbreviations: HD – Hemodialysis; VA – Vascular Access. The study design aligns with the STARD 2015 guidelines: An Updated 
List of Essential Items for Reporting Diagnostic Accuracy Studies [29]

Fig. 2 Study Governance Structure. Abbreviations: AKTN – Australasian Kidney Trials Network; UQ – University of Queensland, Australia
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Assessor 2 will not be able to access data on vascular 
access interventions entered by Assessor 1 and vice versa. 
Assessor 2 may collect these data prospectively or retro-
spectively at 3 and 6 months of follow-up. This reference 
standard reflects the accepted research standard of col-
lecting data on vascular access events (i.e., interventions).

Audit assessor role
To ensure completeness and accuracy of data collection 
by Assessor 2 as the gold standard, a local audit assessor 
at each site (typically the site principal investigator) will 
check completeness and verify vascular access procedure 
notes of 10% of randomly selected participants. In case of 
VA intervention missingness or inaccuracy for more than 
1 participant, the audit assessor will cross-check data 
accuracy and completeness for all remaining study par-
ticipants enrolled at the unit.

Maintenance of independence of assessors
In view of the importance of independence of Assessor 
1 (Index test) and Assessor 2 (Reference standard), the 
database structure has been designed to engage role-
based access control for assessors. This ensures that 
assessors of one category (Assessor 1, Assessor 2 or 
Audit Assessor) can only access the relevant sections in 
the database for their role, enabling them to only perform 
functions specified by the study protocol for that role.

Data collection
Participant demographic and medical history
Table  1 summarizes the data collection timepoints 
for Assessor 1 and 2, respectively. Baseline data will be 

collected by the site investigators, typically Assessor 2, 
including patient demographics (sex, age, ethnicity), 
comorbidities (diabetes mellitus, cardiovascular dis-
eases [ischemic heart disease, cerebrovascular accidents, 
peripheral vascular disease], BMI), HD and vascular 
access details (HD setting [in center, satellite, home HD, 
in center nocturnal HD, home nocturnal HD], dialysis 
duration, usual number of dialysis sessions per week, 
usual number of hours of dialysis per week, vascular 
access in use, location of AVF/AVG in use [upper arm, 
lower arm or leg], self-cannulation and cannulation tech-
nique [Rope ladder versus button hole]).

Information about the roles and expertise of Assessors 
1 (index test) and Assessors 2 (reference standard) will 
also be collected at baseline including role/profession, 
and years of experience in HD, in clinical research and in 
vascular access monitoring/maintenance.

Vascular access interventions
Table 2 lists all vascular access interventions considered 
for defining vascular access function and encompasses 
any interventions/procedures required to enable and 
maintain the use of the vascular access for HD during 
the study period. The selection of vascular access inter-
ventions was informed by previous research [22, 27, 
28] and feedback from patients, caregivers and health 
professionals with expertise in vascular access [20, 32]. 
Interventions are considered relevant if they are per-
formed to enable and maintain the function of the vas-
cular access and are regarded as invasive or disruptive 
to the patient, i.e., potentially painful and requiring a 
visit to the operating room, radiology suite or special 

Table 1 Data collection schedule

a Early exit from the study

Time point of data collection (months) Assessor 1 (Index test) Assessor 2 (Reference standard)

0 3 6 0 3 6

Assessor characteristics √ √

Patient consent (if required) √

Patient characteristics √

Number of vascular access intervention(s) √ √ √ √

Type of vascular access intervention(s) √ √ √ √

Date of vascular access intervention(s) √ √ √ √

Extraction of procedure notes √ √

Indication for vascular access intervention √ √

Time required to collect/enter vascular access inter‑
vention data

√ √ √ √

Study end / Early exit √a √ √a √

Feasibility questionnaire √ √

Semi‑structured interview √ √
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procedure room or are  conducted by the bedside. To 
facilitate data accuracy verification, Assessor 2 will also 
collect the indication for each of the vascular access 
interventions (Supplementary Item S1).

Feasibility assessment
Both data collectors, Assessors 1 and 2, will be 
prompted to complete a feasibility questionnaire 
addressing all relevant feasibility aspects, as outlined by 
Prinsen et  al. [33] at the end of study (Supplementary 
Item S2).

Semi‑structured interview
At study end, face-to-face or video-call semi-structured 
interviews will be performed with all Assessors. The 
interview question guide is outlined in Supplementary 
Item 3. All interviews to be conducted in English will be 
performed by the Chief Principal Investigator AV and 
expected to take approximately 30 minutes. If required, 
interviews will be conducted in the assessor’s native 
language by a bilingual member of the SONG vascular 
access working group [32]. The interview serves to fur-
ther explore assessors’ perspectives on the feasibility of 
measuring vascular access function. The interviews will 
be audio-recorded and transcribed verbatim.

Early withdrawal from the study
Once a participant has been included in the study, the 
investigator will make every reasonable effort to keep the 
participant in the study. Reasons that participants may 
be withdrawn from the study prior to study end include 
death, kidney transplantation, transfer to peritoneal dial-
ysis, permanent withdrawal from kidney replacement 
therapy, transfer to another HD unit which is not an 
active study site, loss to follow-up, withdrawal of partici-
pant consent and at the discretion of the treating physi-
cian. In case of early termination of participation, the Site 
Principal Investigator or co-investigator (assessors 1 or 2) 
will complete the study end form at time of withdrawal of 
the participant.

Study outcome measures
Primary outcome measures
The primary outcome will be the accuracy of report-
ing vascular access function during a 6-months period, 
defined by the need for any intervention(s) required to 
enable and maintain the use of a vascular access for HD. 
The accuracy of reporting vascular access function is 
defined by the correct identification of each intervention 
and the correct reporting of the total number of interven-
tions per patient. An intervention reported by Assessor 1 
will be considered correctly identified if its intervention 

Table 2 Vascular access interventions required to enable or maintain the use of a vascular access for hemodialysis

Vascular access interventions not to be included: Repositioning of patient on HD chair/bed, reversing of CVC lines, flushes of CVC lines, repositioning of dialysis 
needles in AVG or AVF, thrombolytics for CVC lines, use of antibiotics for vascular access-related infections

Abbreviations: AVF Arteriovenous fistula, AVG Arteriovenous graft, CVC Central venous catheters (tunnelled and un-tunnelled)

Vascular access Intervention/Procedure

AVF/AVG Open surgical or endovascular creation/placement of AVF/AVG

Open surgical revision or endovascular intervention of AVG/AVF

Thrombolysis or thrombectomy of AVG/AVF

Ligation or resection of arteriovenous access

Repair of aneurysm/pseudoaneurysm

Competing/collateral vein ligation

Fistulogram (Angiogram) +/− angioplasty +/− stenting (including inflow artery, body of AVF/AVG, 
venous outflow, central vein)

Competing/collateral vein embolization

Superficialization/transposition

Management of Dialysis Associated Steal Syndrome (DASS)/Access Induced Ischemia. Procedures include:

• Distal Revascularisation, Interval Ligation (DRIL)

• Proximalization of the Arterial Inflow (PAI)

• Revision Using Distal Inflow (RUDI)

• Banding

CVC CVC insertion

CVC exchange

Fibrin sheath removal/disruption

CVC removal
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date is within +/− 3 days of the date identified by Asses-
sor 2 (the reference standard).

Secondary outcome measures
Accuracy of the reported type of VA intervention will 
be analyzed as secondary outcomes. Clinical outcomes 
include the rate of vascular access interventions (n/
patient-year), the time to first vascular access interven-
tion, and the type of vascular access interventions. Fea-
sibility outcome measures include the time required for 
measuring vascular access function, completeness of data 
collection, Likert score of feasibility questionnaire with 
data collectors (Assessors 1 and 2), qualitative analysis of 
semi-structured interview with data collectors, and study 
feasibility outcomes including recruitment rate, eligibility 
ratio and enrolment ratio.

Adverse events
The study has no impact on patients’ safety, or the care 
provided to participants during the study conduct. No 
adverse events (serious or not) will be collected for this 
study other than the outcome measure of interest and 
outcomes captured as reasons for early termination of 
participant follow-up due  to outcomes such as death or 
treatment withdrawal.

Statistical considerations
Sample size calculation
The sample size has been calculated for the sensitivity, 
i.e. the proportion of interventions correctly identified by 
Assessor 1 and specificity, i.e. the proportion of patients 
with no interventions recorded by Assessor 1 that do not 
have a record of interventions.

Assuming an event rate of 2 vascular access interven-
tions/ patient-year based on recent data from a study 
collecting a comparable range of vascular access inter-
ventions in HD patients [28], the overall expected num-
ber of interventions over a 6 month period will be equal 
to the number of participants, although there will be 
patients with no intervention and patients with more 
than one intervention. Assuming a true sensitivity of 
90%, 520 records of interventions will provide an approx-
imate 5% width for the 95% confidence interval.

With the rate of 2 vascular access interventions/ 
patient-year and assuming a Poisson distribution, the 
expected number of patients without an intervention in 
the 6 months is 193. This number will allow the calcula-
tion of the specificity with a 10% width for the 95% confi-
dence interval, assuming a true specificity of 90%.

The sample size will be inflated to account for 15% 
potential dropouts (i.e. early study exit). This corresponds 
to a final sample size of 612 patients.

Accuracy and validity assessment
The unit of analysis is intervention rather than patient 
because each patient can have multiple interventions. 
Validity will be measured by the sensitivity and speci-
ficity of the data acquisition process. The sensitivity 
corresponds to the proportion of correctly identified 
interventions by Assessor 1, among the interventions 
identified by Assessor 2 (reference standard). The speci-
ficity is computed on the patients with no interven-
tions (as measured by Assessor 2) by using the number 
of patients with no interventions identified by Assessor 
1. The confidence intervals will be calculated for both 
sensitivity and specificity using robust standard errors, 
through a logistic regression fitted with a generalized 
estimating equation (GEE) to take into account clustering 
by center and patient (due to the limitations of the soft-
ware, each clustering level will be considered in separate 
models and both confidence intervals will be reported). 
Additionally, the percentage of patients with the correct 
number of VA interventions within 6 months, as iden-
tified by Assessor 1, will be presented as a measure of 
accuracy, together with the Cohen’s weighted kappa as 
the degree of agreement for the number of VA interven-
tions per patient, reported by the two assessors. The 95% 
confidence intervals for the accuracy and kappa statistics 
will be computed by bootstrap stratified by center.

Several subgroup analyses will be conducted to inves-
tigate variability of these measures according to patients’ 
and centers’ characteristics. Any tests comparing meas-
ures of validity across subgroups will be performed with 
a logistic model, using GEE to take into account the clus-
tering of the data by patient and center.

Accuracy of rate of vascular access interventions, 
time to first intervention (allowing for imprecision of 
+/− 3 days) and type of vascular access will also be ana-
lyzed. For the first two continuous outcomes, the accu-
racy of the data will be reported as the percentage of 
correct information collected by Assessor 1. Finally, the 
accuracy of type of intervention collected by Assessor 1 
will be reported as the percentage of type of intervention 
correctly identified and the Cohen’s kappa will be pre-
sented as a measure of agreement between the two asses-
sors. All the measures of accuracy will be presented with 
95% confidence intervals.

All data will be analyzed using R software. The script 
for the statistical analysis is provided as Supplementary 
Item S4.

Feasibility assessment
Time required for measuring vascular access function 
will be reported as study participant mean with stand-
ard deviations or median with interquartile range (IQR) 
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depending on the distribution. Any subgroup compari-
son will be performed with linear models fitted with GEE 
with clustering by center.

The feasibility questionnaire will be analyzed quantita-
tively by mean, median, and percentage of assessors rat-
ing feasibility aspects as feasible (4–5 points on Likert 
scale) and qualitatively by thematic analysis if sufficient 
comments are provided.

The transcripts of the semi-structured interviews with 
Assessors 1 and 2 on feasibility aspects of data collec-
tion will be imported into HyperRESEARCH (Research-
Ware, USA) and analyzed thematically. Thematic analysis 
involves identifying, examining, coding, comparing 
and grouping concepts to develop themes that describe 
the phenomenon being investigated and addresses the 
research question [34]. Using thematic analysis, the Chief 
Principal Investigator will code the transcript line-by-line 
to identify concepts relevant to the assessors’ perspec-
tives on the feasibility of measuring vascular access func-
tion as part of routine clinical practice and for research 
purposes. The preliminary codes will then be reviewed 
by co-investigators who will independently read the tran-
scripts and discuss any feedback with the chief investiga-
tor. This form of investigator triangulation can enhance 
the analytical framework and ensure that the full range 
and depth of data are captured in the initial analysis.

Data management and quality assurance
Data handling and record retention
The VALID study data will be captured and stored elec-
tronically via REDCap. Original consent forms will be 
stored locally. After closure of the trial, investigators 
will maintain all study documentation, including con-
sent documents, ethics committee approvals and cor-
respondence, for a minimum of 15 years, or as per local 
guidelines.

Data sharing
Data sets will be made available by the Central Coordi-
nating Group to researchers within the VALID study for 
analysis of sub-studies and country specific outcomes 
after the primary manuscript has been accepted for 
publication.

For researchers outside the VALID study, individual 
participant data will be made available upon request to a 
Data Access Committee, a review board set up to assess 
proposals based on sound science, benefit-risk balanc-
ing and research team expertise. Appropriate data will be 
made available to approved proposals. This process will 
be in effect for a period of 2 to 5 years following publica-
tion of the main study results. After 5 years, the data will 

be available in the Sponsor’s data warehouse but without 
investigator support other than deposited metadata.

Training
All data collectors will receive an induction to using 
REDCap. An operational user manual for REDCap will 
also be provided to the participating units. Site Princi-
pal Investigators and their co-investigators will also have 
to meet the following criteria: Adequate time to con-
duct the study, adequate training and experience to con-
duct  the study, ability to recruit enough participants to 
conduct the study, and provide evidence of proficiency in 
the tenets of Good Clinical Practice.

Central monitoring
Utilizing a risk-based monitoring approach, a detailed 
monitoring plan will outline trial monitoring activities. 
Monitoring efficiency will be optimized by a system of 
remote monitoring performed by the Central Coordinat-
ing Group of the AKTN. If indicated, and with advance 
notice, study sites may be visited by a Clinical Monitor. 
The visits will be an opportunity to provide additional 
support and training to site staff, ensure the study is con-
ducted according to the protocol, and in line with local 
regulatory requirements. Source documents from which 
the data are obtained will be made available by the site 
for review.

Data quality assessment
The adjudication committee (Audit assessors) will 
inspect the source data against recorded data collected by 
Assessor 2 for completeness and accuracy as described 
under the Audit assessor role.

Ethical consideration and dissemination
Modification of the protocol
Any modifications to the protocol which may impact 
on the conduct of the study including changes of study 
objectives, study design, study population, sample size, 
study procedures, or significant administrative aspects 
may require a formal amendment to the protocol. Such 
amendment will be agreed upon by the global Trial Steer-
ing Committee, and approved by the Independent Ethics 
Committee prior to implementation and notified to the 
health authorities in accordance with local regulations.

Early termination of study
The study will continue to its planned end unless it is no 
longer practicable to complete the study, either overall or 
at an individual site. If such action is taken, the reasons 
for terminating the trial will be documented in detail. All 
trial subjects still under follow-up at the time of termina-
tion will undergo a final assessment. The Chief Principal 
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Investigator and the Central Coordinating Group must 
be informed without delay if any investigator has any 
concerns about continuation of the trial.

Protection of participant confidentiality
Participants’ records and the data generated by the study 
will be confidential. Any information that may identify a 
participant will be excluded from data presented in the 
public arena. Data will be stored in a secure, lockable 
location, and access to electronic data will be protected 
through a password protected web interface. The data 
extracted will be de-identified and a unique study num-
ber used. Similarly, data collected on the electronic case 
report form will be de-identified and a unique subject 
number will be used.

Dissemination of study outcomes
Study results will be disseminated via publications in 
peer-reviewed journals, presentations at national and 
international scientific meetings, and social media as well 
as State Renal Networks, the SONG initiative database 
and the AKTN website.

Discussion
Vascular access function has been identified as one of the 
most critically important outcome measures for trials in 
HD that is pragmatic and meaningful [20, 35], yet, this 
outcome has not been reported consistently across clini-
cal trials [10]. The VALID study will address this issue 
by assessing the accuracy, acceptability and feasibility of 
measuring vascular access function, defined by any vas-
cular access intervention required to enable and maintain 
HD vascular access function, in an international valida-
tion study that covers a broad range of different HD set-
tings to ensure successful implementation of this core 
outcome measure in research and clinical practice with-
out the need for additional resources or expertise in vas-
cular access [21].

VALID follows the three key strategies for success-
fully implementing core outcomes in research. Firstly, 
all relevant stakeholders, including patients, have been 
engaged in the identification of the core outcome and 
development process of the study [6, 8, 14, 17, 19, 20, 
35]. Secondly, feasibility and validity of proposed core 
outcomes will be demonstrated and is the basis for the 
protocol in this manuscript. Thirdly, the reasons for, and 
type of core outcomes will be disseminated globally [33]. 
Global implementation of a validated outcome measure 
for vascular access function in HD trials, national kidney 
registries, and clinical practice would be a major step for-
ward in reporting what is important to patients and will 
facilitate quality improvement as well as maximize the 
chances of discovering effective interventions to reduce 

the burden and cost of vascular access interventions 
required to maintain the function of the patients’ vascu-
lar accesses, their lifelines for HD.

The strength of this research is that it uses a robust, 
adequately powered methodological approach to evalu-
ate the accuracy and feasibility of measuring vascular 
access function in various clinical setting and locations. 
The study has been developed and designed by patients 
on HD and vascular access experts (nephrologists, nurses 
and vascular access surgeons), researchers and statisti-
cians with established track records of excellence in the 
conduct of large-scale clinical trials. The study has con-
siderable buy-in from dialysis units in Australia, Europe, 
Canada, and Malaysia and will be overseen internation-
ally by the Australasian Kidney Trials Network, which 
has a strong track record in adopting novel, pragmatic 
trial designs and generating new knowledge that changes 
practice in kidney failure care. The broad range of clini-
cal settings in which this study will be conducted, such as 
small and large centers, rural and urban areas, in-center, 
satellite and home-dialysis facilities, public and private 
sectors, will enhance the external validity of this study. 
Importantly, the study adheres to the STARD diagnos-
tic accuracy tests guidelines. The limitations include the 
potential for incorrect or missing vascular access data 
collated by Assessor 2 serving as the reference standard: 
however, the audit assessor double checking data accu-
racy should mitigate this risk. Furthermore, the study 
does not include centers from low- to very-low-income 
countries thereby limiting the applicability of study find-
ings to these settings. Independence of data acquisition 
between Assessor 1 and 2 could potentially be breached 
by assessors thereby impacting the accuracy of study 
findings. Several risk mitigation strategies have been put 
in place including enforcement of independence in the 
trial operations manual and protocol, a special empha-
sis during the site initiation visit and individual database 
access with restricted view of the data by assessors.

In summary, the VALID study will evaluate the accu-
racy, acceptability and feasibility of measuring vascular 
access function as part of routine clinical practice, as well 
as determine the frequency of vascular access interven-
tions across different HD settings and countries. This will 
facilitate global implementation of this patient-important 
core outcome measure in HD trials to improve the qual-
ity and relevance of research to inform patient-centered 
care and reduce research waste.

Trial status
The current VALID protocol is Version 1.1 dated 5th 
August 2019. Recruitment commenced on 9th December 
2019 and concluded on 30th November 2021. The study 
including participant follow-up, feasibility assessment 
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and auditing of data accuracy by the Audit assessors is 
estimated to be completed by December 2022 when the 
dataset will be locked. The study protocol was submitted 
after recruitment of all sites was completed due to earlier 
than anticipated achievement of the target sample size 
and enrollment of all participants within a site within 4 
weeks of site initiation.
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