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Abstract 

Background Peripheral intravenous catheters (PIVCs) are essential for successful administration of intravenous 
treatments. However, insertion failure and PIVC complications are common and negatively impact patients’ health-
outcomes and experiences. We aimed to assess whether generic (not condition-specific) quality of life and experience 
measures were suitable for assessing outcomes and experiences of patients with PIVCs.

Methods We undertook a secondary analysis of data collected on three existing instruments within a large ran-
domised controlled trial, conducted at two adult tertiary hospitals in Queensland, Australia. Instruments included 
the EuroQol Five Dimension - Five Level (EQ5D-5L), the Functional Assessment of Chronic Illness Therapy – Treatment 
Satisfaction – General measure (FACIT-TS-G, eight items), and the Australian Hospital Patient Experience Question 
Set (AHPEQS, 12 items). Responses were compared against two clinical PIVC outcomes of interest: all-cause failure 
and multiple insertion attempts. Classic descriptives were reported for ceiling and floor effects. Regression analyses 
examined validity (discrimination). Standardised response mean and effect size (ES) assessed responsiveness (EQ5D-
5L, only).

Results In total, 685 participants completed the EQ5D-5L at insertion and 526 at removal. The FACIT-TS-G was com-
pleted by 264 and the AHPEQS by 262 participants. Two FACIT-TS-G items and one AHPEQS item demonstrated ceiling 
effect. Instruments overall demonstrated poor discrimination, however, all-cause PIVC failure was significantly associ-
ated with several individual items in the instruments (e.g., AHPEQS, ‘unexpected physical and emotional harm’). EQ5D-5L 
demonstrated trivial (ES < 0.20) responsiveness.

Conclusions Initial investigation of an existing health-related quality of life measure (EQ5D-5L) and two patient-
reported experience measures (FACIT-TS-G; AHPEQS) suggest they are inadequate (as a summary measure) to assess 
outcomes and experiences for patients with PIVCs. Reliable instruments are urgently needed to inform quality 
improvement and benchmark standards of care.
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Background
Peripheral intravenous catheters (PIVCs) are the most 
commonly inserted invasive device in modern health-
care delivery [1]. These devices consist of a small plastic 
tube (introduced into the bloodstream by a steel nee-
dle), recommended for administration of intravenous 
therapies ≤ 5 days. Two in every three patients entering a 
tertiary institution will require at least one PIVC for the 
delivery of essential intravenous medications and other 
therapies [1]. Patients often require multiple attempts 
to achieve successful PIVC insertion; and PIVC failure, 
as a result of complications such as occlusion, dislodge-
ment, phlebitis (inflammation), local- and bloodstream-
infection, occurs in one in every three PIVCs placed [2, 
3]. The sequelae of multiple repeated failed attempts at 
PIVC insertion, and later PIVC failure include patient 
reported pain and distress [4], missed medication (e.g., 
antibiotic) doses leading to sub-optimal treatment [5], 
irreversible damage to vasculature [6], and, in severe 
cases, morbidity and mortality [7]. While the incidence of 
clinician-identified PIVC-related harm is often reported 
at an individual- and institution- level [8], it is essential 
that clinicians and policy makers further consider the 
patient’s self-reported health outcomes and experiences.

Health Related Quality of Life (HRQoL) measures 
(including patient-reported outcome measures (PROMs)) 
and patient-reported experience measures (PREMs) are 
common tools within healthcare institutions, enabling 
contemporaneous identification of clinical problems [9], 
establish suitability of healthcare interventions, improve 
patient-clinician communication [10], and ensure qual-
ity and safety in healthcare [11]. These instruments can 
be generic or disease-specific, and require validation to 
establish reliability and usefulness [12]. Their use in the 
context of PIVCs, however, has been limited.

A recent scoping review identified that no generic 
(whole of treatment/person) HRQoL or PIVC-specific 
instruments were used to collect/report PIVC outcomes/
experiences [13]. Several studies incorporated individual 
patient-reported items into their data collection (e.g., 
numerical rating scales) [13]. Overall, the core domains 
related to five unique patient-reported outcomes includ-
ing: pain, discomfort, distress, anxiety, and fear [13]. Sim-
ilarly, while several individual questions related to patient 
experiences existed (e.g., How much difficulty did health 
staff have when trying to insert an IV cannula), only one 
purpose-built PIVC-specific PREM was found [13]. This 
instrument was developed in partnership with indus-
try representatives and consumers; however, it requires 
further testing to establish validity, reliability, and 
responsiveness. Within the remaining studies, domains 
related to patient experiences included satisfaction, con-
fidence, and understanding [13]. The scoping review 

demonstrated a clear need for either generic or purpose-
built PROMs and PREMs for use in establishing quality 
of care and safety, for the insertion and care of PIVCs.

Methods
The aim of this secondary analysis was to establish the 
discrimination and responsiveness of two generic PREMs 
(The Australian Hospital Patient Experience Question Set 
(AHPEQS) [14]; the Functional Assessment of Chronic 
Illness Therapy (Treatment Satisfaction - General) 
(FACIT-TS-G) [15]), and one generic HRQoL measure 
(EuroQol Five Dimension, Five Level (EQ5D-5L) [16]), 
collected as an outcome of a recent clinical trial com-
paring two PIVC designs (integrated, non-integrated) 
[17]. Prior to this study, none of the selected instruments 
(EQ5D-5L, FACIT-TS-G, or AHPEQS) had previously 
been used to assess health-related outcomes for patients 
with PIVCs.

Hypotheses
1  A: Null Hypothesis (discrimination). There will be no 
significant difference in the experiences of participants 
observed with desirable (completion of therapy) or unde-
sirable (device failure) outcomes using the Functional 
Assessment of Chronic Illness Therapy (FACIT, PREM), 
or the Australian Hospital Patient Experience Question 
Set (AHPEQS, PREM).

1B: Null Hypothesis (responsiveness): There will be no 
significant difference in the quality of life outcomes of 
participants observed with desirable (completion of ther-
apy) or undesirable (device failure) outcomes using the 
EQ5D-5L (HRQoL).

Data collection
A multi-site randomised controlled trial (RCT) compar-
ing the use of integrated- and non-integrated PIVCs, 
the OPTIMUM Trial (Australian New Zealand Clini-
cal Trials Registry, ACTRN12617000089336) [17], was 
conducted between July 2017 and December 2019. In 
total, 1,759 adult participants were recruited from medi-
cal, surgical, and emergency settings across three adult 
tertiary acute care hospitals [17]. Research Nurses pro-
spectively recruited participants prior to PIVC insertion, 
subsequently collecting data on patient demograph-
ics (e.g., gender, age, underlying condition), and device 
details (e.g., number of insertion attempts, inserting cli-
nician, device location). Participants were assessed daily 
for signs and symptoms of site complications (e.g., pain, 
erythema/redness). Upon PIVC removal, device outcome 
data (e.g., reason for removal, signs, and symptoms of site 
complications) and patient outcome data (e.g., treatment 
received, PIVC replacement) were collected.
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Concurrently, a convenience sample of patients 
(n = 685) were approached across two recruiting sites to 
provide responses to a HRQoL survey, (EQ5D-5L) and 
one of two patient experience surveys (FACIT-TS-G and 
AHPEQS). Sampling occurred Monday to Friday, based 
on availability of the Research Nurse. Participants were 
invited to participate if they were able to provide ver-
bal informed consent and were expected to require the 
PIVC for > 48 h. The EQ5D-5L was administered at base-
line (prior to or immediately following PIVC insertion) 
and at 36 to 60 h following PIVC insertion (reliant upon 
participant availability). The FACIT-TS-G (available for 
collection between July 2017 and December 2018) and 
AHPEQS (available between January 2019 and Decem-
ber 2019) were also administered at 36 to 60  h follow-
ing PIVC insertion. The follow-up time-point (i.e., 36 to 
60 h) was selected a-priori, based on the expected mean 
dwell time of PIVCs (local average dwell time between 
1.5 and 2.5 days) [3, 18] to ensure a higher response 
rate (minimising attrition related to patients discharged 
immediately following PIVC removal). Notably, while 
two instruments (EQ5D-5L and FACIT-TS-G) were 
administered with an introductory statement asking the 
patient to relate responses to their outcome and experi-
ences associated with their PIVC, one (AHPEQS) was 
not. This tool was instead administered with respect to 
the patient’s (whole) hospital experience.

Instruments
Henceforth, all individual questions within the instru-
ments will be referred to as ‘items’ and values recorded 
from responses on item scales will be ‘scores.’

Equation 5D‑5 L
HRQoL was assessed using the EQ5D-5L [16]; this meas-
ure was selected for use in the multi-site RCT through 
investigator consensus, based on the widespread use 
of the tool and selection for use in other venous access 
device trials. First published in 1991 as a three-level 
generic measure (later adopted to a five-level option in 
2009), the EQ5D is one of the most widely used quality of 
life instruments worldwide [19]. It has been validated in 
many clinical contexts (e.g., orthopaedic, cardiac settings) 
[20, 21], and is available in more than 150 languages 
[16]. The EQ5D-5L consists of five domains (mobility, 
self-care, usual activities, pain/discomfort, and anxiety/
depression) measured against 5-levels (ranging from no 
problems to extreme problems) with a supplementary 
visual analogue scale for a self-reported health status 
measure (0 to 100; worst to best health). The instrument 
is intended for a patient population of ≥ 16 years of age 
and takes only a few minutes to complete [16]. EQ5D-
5L responses are scored to determine a ‘summary index 

value’ (continuous variable, henceforth ‘utility’) as per the 
Australian EQ5D-5L algorithm, which accounts for up to 
243 different health states (1.0, perfect health to -0.217, 
worse than death) [22, 23]. A disutility index value was 
also created by subtracting the utility estimate from one 
(perfect health). The introduction statement is available 
in Supplementary File 1.

FACIT‑TS‑G
The Functional Assessment of Chronic Illness Therapy 
(FACIT) measurement questionnaires, established by 
FACIT.org, are a series of measurements, established 
in over 80 languages, to assess HRQoL for a number of 
specific (e.g., cancer/treatment-specific) and general 
conditions [15]. No PIVC-specific FACIT measurement 
currently exists. The Functional Assessment of Chronic 
Illness Therapy – Treatment Satisfaction – General meas-
ure (FACIT-TS-G) was selected as the most appropriate 
generic PREM instrument to pilot-test in this context, 
intended for a population of ≥ 18 years or age undergo-
ing treatment for chronic illness. This tool was selected 
by consensus of the investigator team, based on appro-
priateness of the included items. While the multi-centre 
RCT included general medical and surgical in-patients, 
this experience measure (designed for patients with 
chronic illness) was selected based on known patient 
demographics at the participating hospitals (which dem-
onstrated high rates of re-admissions and underlying 
multi-morbidity).The tool is comprised of eight unique 
items which can be collated for a single summary score 
and is estimated to require 5  min for completion [15]. 
The introduction statement is available in Supplementary 
File 1.

AHPEQS
Following the rigorous development and subsequent 
release of the AHPEQS, developed by the Australian 
Commission on Safety and Quality in Health Care in 
2017, use of the FACIT-TS-G was ceased, and replaced, 
following investigator consensus. The AHPEQS is a 
PREM instrument consisting of ten core items (and 
two sub-items) intended for use by hospitals and other 
healthcare providers to survey patients on their recent 
experiences of treatment/care [14]. The instrument is 
designed for a population of ≥ 18 years of age and takes 
approximately 10  min to complete. The introduction 
statement is available in Supplementary File 1.

Outcomes of interest
The performance of the three unique instruments were 
assessed against two key outcomes of interest, collected 
during the conduct of the large multi-centre RCT. These 
included:
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1. All-cause PIVC failure: binary variable, a composite 
measure of failure resulting from the most commonly 
occurring PIVC complications, including occlusion 
(the inability to infuse IV medications/fluids) [17], 
infiltration (movement of intravenous fluid/medi-
cation outside of the vein into the patient’s cell tis-
sue), cell damage from an irritant infusate (extrava-
sation) [17], phlebitis defined as clinician-reported 
phlebitis; patient-reported pain/tenderness (≥ 2 on 
a 0–10 scale) resulting in PIVC removal, or two or 
more of pain/tenderness (≥ 1 on a 0–10 scale), ery-
thema (redness), swelling, palpable cord, vein streak, 
or purulent drainage) [17] (up to 24 h prior to PIVC 
removal), dislodgement [17], and local/bloodstream 
infection (according to the Centers for Disease Con-
trol/National Health and Safety Network definitions) 
[24].

2. Multiple insertion attempt: binary variable, defined 
as a PIVC requiring more than a single attempt (nee-
dle to skin) for successful insertion [17].

Data analysis
Analysis methods were informed by previous studies, 
which similarly analysed generic HRQoL measures in 
various clinical contexts [25, 26]. Data were imported 
into Stata (StataCorp, Release 13. College Station, TX: 
StataCorp LLC) to analyse the three unique instru-
ments’ discrimination, responsiveness, and ceiling/
floor effects. P-values less than 0.05 were considered 
statistically significant. No formal corrections for mul-
tiple comparisons were applied. No data were imputed; 
where missing data exists, altered sample sizes are 
provided.

Discrimination
(used to measure construct validity), is defined as the 
ability for the instruments to accurately discriminate 
between clinical severity levels [25] (in this case, the 
relationship between patient-reported scores; and PIVC 
failure- and non-failure events (e.g., multiple insertion 
attempts versus single attempt). This was analysed using 
generalised linear regression (gamma) model (Eq. 5D-5 L 
disutility scores only), regression model (ordinary least 
squares), ordered logistic regression model, or multi-
nomial (polytomous) logistic regression model [27]. All 
regression models were multivariable, adjusting for clini-
cally important patient/PIVC characteristics (hospital, 
age, gender, medical/surgical admission, PIVC type (inte-
grated or non-integrated), device location, and gauge 
size).

Responsiveness
Three statistics were used to assess responsiveness (the 
absolute value of change over time, in direction and mag-
nitude) [28] of EQ5D-5L (only); this included (i) ES (cal-
culated as the mean EQ5D-5L score change (D) divided 
by standard deviation (SD) at baseline), (ii) standardised 
response mean (SRM) (calculated as D divided by SD of 
score changes), and (iii) the responsiveness statistic (cal-
culated as D divided by SD of the constant (unchanged 
responses, stable participant) D) [29]. Responsiveness ES 
was compared against standard thresholds (< 0.2, ‘trivial’; 
≥0.2 but < 0.50, ‘small’; ≥0.5 but < 0.80, ‘moderate;’ ≥0.8, 
‘large’) [30].

Ceiling and floor effects
Assessed for all instruments (EQ5D-5L, FACIT-TS-G, 
AHPEQS), these were measured to test whether the 
instruments had the ability to represent the construct 
being assessed by preventing the identification of a pos-
sible genuine difference [31]. Established a-priori, we 
determined there to be a ceiling effect when ≥ 80% of 
responses selected the highest score of the item and a 
floor effect when ≥ 80% of responses select the lowest 
score of the item.

Results
Of the 685 participants who completed the EQ5D-5L at 
baseline, 526 (77%) completed a follow-up EQ5D-5L at 
PIVC removal. The FACIT-TS-G was provided as a sup-
plementary instrument to 264 participants (50%), with 
the remining 262 participants completing the AHPEQS 
instrument. Most participants were male (67%), with a 
mean age of 62 (SD 15.7) years (Table 1). A large major-
ity of participants (95%) were admitted for emergent- or 
planned- surgery, and were from a single large tertiary 
hospital (94%); this was representative of the patients in 
the larger multi-centre RCT sample [17]. Devices were 
commonly 22 or 24 gauge/size (76%), inserted in the 
forearm (71%). Patient and device characteristics were 
similar between the FACIT-TS-G and AHPEQS groups; 
there were no AHPEQS instruments completed at site 
two (small tertiary hospital). Overall, 20% (103/524) 
of participants completing follow-up instruments had 
experienced two or more PIVC insertion attempts; 30% 
(155/524) experienced all-cause PIVC failure, with phle-
bitis the most reported complication (n = 73, 14%).

 At baseline, more than half of participants reported 
(in relation to their PIVC) either ‘no’ or ‘slight’ problems 
on the EQ5D-5L, with mobility, personal-care, pain/dis-
comfort, or anxiety/depression (68%, 74%, 51%, and 79%, 
respectively), whilst slightly less than half reported ‘no’ or 
‘slight’ problems for usual activities (49%) (Table 2). This 
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was consistent at follow up with more than half of partic-
ipants reporting either no or slight problems with mobil-
ity, personal-care, pain/discomfort, or anxiety/depression 
(67%, 73%, 61%, and 83%, respectively), and 49% for usual 
activities. The self-reported overall health score was 61.4 
(SD 22.9) and 64.7 (SD 21.3) at baseline and follow-up, 

respectively. The mean EQ5D-5L utility score was 0.52 
(95% confidence interval [CI] 0.49,0.55) and 0.55 (95% CI 
0.52,0.58) at baseline and follow-up, respectively.

Participants completing the FACIT-TS-G instru-
ment demonstrated poorer outcomes/experiences in 
their responses, compared to that which they reported 

Table 1 Participant and device characteristics

a Unless otherwise noted; bmore than one option possible; EuroQol Five Dimension, Five Level = EQ5D-5L; T0 = baseline timepoint; T1 = follow-up timepoint; 
Australian Hospital Patient Experience Question Set = AHPEQS; Functional Assessment of Chronic Illssness Therapy – Treatment Satisfaction – General measure = 
FACIT-TS-G; PIVC = Peripheral Intravenous sCatheter; SD Standard deviation, NRS Numerical rating scale; cunrelated to the PIVC

EQ5D-5L T0 (N=685) EQ5D-5L T1 (N=526) FACIT (N=264) AHPEQS (N=262)
PARTICIPANT CHARACTERISTICS N(%)a N(%)a N(%)a N(%)a

Age (in years) (mean, SD) Range 18-99 61, 16.1 62, 15.7 61.8, 16.2 62, 15.2

Hospital

 Site 1 607 (89) 497 (94) 235 (89) 262 (100)

 Site 2 78 (11) 29 (6) 29 (11) 0 (0)

Gender (male) 454 (66) 354 (67) 174 (66) 181 (69)

Reason for admission

 Surgical 623 (91) 501 (95) 242 (92) 259 (99)

 Medical 62 (9) 25 (5) 22 (8) 3 (1)

Multiple insertion attempts (yes) 145 (21) (n=524) 103 (20) (n=263) 53 (20) (n=261) 49 (19)

 Two 105 (72) 76 (74) 35 (66) 40 (82)

 Three or more 40 (28) 27 (26) 18 (34) 9 (18)

Ultrasound used (yes) 10 (1) 7 (1) 7 (1) 0 (0)

DEVICE CHARACTERISTICS N=679 N=526 N=264 N=262
PIVC type inserted

 Integrated 323 (48) 247 (47) 123 (47) 124 (47)

 Non-integrated 356 (52) 279 (53) 141 (53) 138 (53)

Gauge size

 22/24 gauge 495 (73) 399 (76) 203 (77) 195 (74)

 20 gauge 176 (26) 121 (23) 55 (21) 67 (26)

 16/18 gauge 8 (1) 6 (1) 6 (2) 0 (0)

Device location

 Forearm 464 (68) 371 (71) 167 (63) 204 (78)

 Hand/Wrist 115 (17) 83 (16) 51 (19) 32 (12)

 Antecubital 82 (12) 61 (12) 38 (14) 23 (9)

 Other 18 (3) 11 (2) 8 (3) 3 (1)

OUTCOMES
 Dwell time (mean, SD) 2.7, 1.6 3.1, 1.5 3.0, 1.4 3.2, 1.5

 Insertion Pain (NRS 0-10) (mean, SD) 2.6, 2.3 2.6, 2.3 2.7, 2.3 2.6, 2.3

All-cause failure 196 (29) 155 (30) 87 (33) 68 (26)

Complications:b

 Infiltration 46 (7) 40 (8) 17 (6) 23 (9)

 Occlusion 22 (3) 18 (3) 12 (5) 6 (2)

 Phlebitis 101 (15) 73 (14) 45 (17) 28 (11)

 Dislodgement/leaking 60 (9) 50 (10) 27 (10) 23 (1)

 Unknown 3 (<1) 0 (0) 2 (<1) 0 (0)

Serious adverse event

 Bloodstream  infectionc 5 (1) 5 (1) 1 (<1) 4 (2)
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for the EQ5D-5L. Compared to what was expected, 
participants rated the effectiveness and side effects 
(of their PIVC) as a little/a lot better in 56% and 44% 
of responses, respectively. Participants most fre-
quently answered “completely agree” that they received 

assistance in evaluating the effects of their treatment, 
received treatment that were right for them, and were 
satisfied with the effects of treatment (49%, 66% and 
57%, respectively). Among participants, 84% would 
recommend this treatment to others and 82% would 

Table 2 Responses EQ5D-5L, FACIT-TS-G, AHPEQS

EuroQol Five Dimension, Five Level = EQ5D-5L; T0 = baseline timepoint; T1 = follow-up timepoint; Australian Hospital Patient Experience Question Set = AHPEQS; 
Functional Assessment of Chronic Illness Therapy – Treatment Satisfaction – General measure = FACIT-TS-G; SD = standard deviation.

Instrument Scale

EQ5D-5L No Slight Moderate Severe Extreme Score

T0 (n=685) 61.4 (SD 22.9)

 Mobility 343 (50) 125 (18) 80 (12) 46 (7) 91 (13)

 Personal care 364 (53) 146 (21) 79 (12) 45 (7) 51 (7)

 Usual activities 209 (31) 122 (18) 105 (15) 40 (6) 209 (31)

 Pain/discomfort 236 (34) 117 (17) 199 (29) 103 (15) 30 (4)

 Anxiety/depression 440 (64) 105 (15) 111 (16) 21 (3) 8 (1)

T1 (n=526) 64.7 (SD 21.3)

 Mobility 256 (49) 97 (18) 77 (15) 35 (7) 61 (12)

 Personal care 284 (54) 100 (19) 70 (13) 36 (7) 36 (7)

 Usual activities 160 (30) 99 (19) 92 (17) 40 (8) 135 (26)

 Pain/discomfort 209 (40) 113 (21) 125 (24) 56 (11) 23 (4)

 Anxiety/depression 330 (63) 103 (20) 75 (14) 7 (1) 11 (2)

AHPEQS (n=262) Always Mostly Sometimes Rarely Never Didn’t apply
Views and concerns 156 (60) 77 (29) 25 (10) 2 (1) 1 (<1) 1 (<1)

Individual needs 168 (64) 71 (27) 19 (7) 4 (2) 0 (0) 0 (0)

Staff explanation (n=23) 5 (22) 7 (30) 7 (30) 4 (17) 0 (0) 0 (0)

Cared for 207 (79) 48 (18) 7 (3) 0 (0) 0 (0) 0 (0)

Decision making 152 (58) 64 (24) 32 (12) 11 (4) 3 (1) 0 (0)

Informed 164 (63) 65 (25) 22 (8) 11 (4) 0 (0) 0 (0)

Inter-staff communication 196 (75) 39 (15) 23 (9) 4 (2) 0 (0) 0 (0)

Pain relief 198 (76) 40 (15) 8 (3) 2 (1) 14 (5) 0 (0)

Confidence in safety (n=261) 219 (84) 33 (13) 8 (3) 1 (<1) 0 (0) 0 (0)

Physical harm Emotional distress Both No
Unexpected harm 9 (3) 22 (8) 19 (7) 212 (81)

Yes No Not sure Didn’t discuss
Harm discussed (n=50) 34 (69) 15 (30) 0 (0) 1 (<1)

Very good Good Average Poor Very poor
Overall quality (n=261) 209 (80) 43 (16) 8 (3) 1 (<0) 0 (0)

FACIT-TS-G (n=264) Lot worse Little worse About the same Little better Lot better
Effectiveness 9 (3) 10 (4) 96 (36) 61 (23) 88 (33)

Side effects 8 (3) 20 (8) 120 (45) 39 (15) 77 (29)

No Some extent Most part Completely
Doctor(s) help 23 (9) 40 (15) 71 (27) 130 (49)

Right for you 4 (2) 16 (6) 69 (26) 175 (66)

Satisfied 13 (5) 24 (9) 77 (29) 150 (57)

No Maybe Yes
Recommend 14 (5) 28 (11) 222 (84)

Choose again 13 (5) 35 (13) 216 (82)

Poor Fair Good Very good Excellent
Overall rating 7 (3) 15 (6) 66 (25) 106 (40) 70 (27)
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choose it again. Overall care was reported as very good 
or excellent among 67% of respondents.

Responses to the AHPEQS instrument (regarding the 
overall hospital episode) demonstrated positive experi-
ences, with participants responding that they ‘always’ or 
‘mostly’ had their views and concerns listened to (89%), 
had their individual needs met (91%), felt cared for (97%), 
were involved in decision-making (82%), were kept 
informed (88%), believed their staff communications with 
each other (90%), received adequate pain relief (91%), and 
felt confident in their safety of care (97%). Overall qual-
ity of treatment was reported as ‘very good’ or ‘good’ 
for 96% of all respondents. Despite this, 19% of partici-
pants reported unintentional harm because of their care, 
including emotional distress, physical harm, or both.

All-cause PIVC failure and multiple insertion attempts 
were associated with several individual items in the 
three instruments (E5D-5L, FACIT-TS-G, AHPEQS) 
(presented here as coefficients and p-values in text). For 
those with all-cause failure, participants were more likely 
to report increased mobility problems within the EQ5D-
5L (utility − 0.022, p = 0.038; disutility 0.02, p = 0.04 
‘slight problems’ 0.802, p = 0.004; ‘moderate problems’ 
0.642, p = 0.035; and ‘unable to mobilise’ 0.713 p = 0.033) 
(Table  3) (detailed EQ5D-5L analysis results avail-
able in Supplementary Table  1). In the ordered logistic 
regression only, all-cause failure significantly correlated 
with increased problems with ‘usual activities’ (0.371, 
p = 0.042). Multiple insertion attempts were not associ-
ated with any EQ5D-5L items.

With respect to items in the FACIT-TS-G, all-cause 
PIVC failure was significantly associated with lower effec-
tiveness (-0.558, p = 0.000), satisfaction (-0.465, p = 0.000), 
likelihood to recommend PIVC to others (-0.17, p = 0.015), 
likelihood to choose PIVC again (-0.226, p = 0.002), and 
overall rating (-0.392, p = 0.003) (Table  4) (detailed 
FACIT-TS-G analysis results available in Supplementary 
Table  2). Additionally, all-cause failure was significantly 
associated with a reduced likelihood of participants 
reporting that doctors didn’t help them (“at all”) evalu-
ate the effects of their PIVC (i.e., decreased likelihood of 
reporting doctors helping them) (-1.891, p = 0.015). Par-
ticipants with multiple PIVC insertion attempts were sig-
nificantly more likely to report lower satisfaction “to some 
extent” with their PIVC (1.789, p = 0.002).

All-cause PIVC failure was significantly associated with 
participants experiencing unexpected ‘physical and emo-
tional harm’ (1.577, p = 0.005) in the AHPEQS (Table 5) 
(detailed AHPEQS analysis results available in Supple-
mentary Table 3). Additionally, all-cause failure was sig-
nificantly associated with participants reporting higher 
involvement in ‘decision-making’ (0.575, p = 0.049) and 
greater ‘inter-staff communication’ (0.213, p = 0.046). 

Multiple PIVC insertion attempts were not associated 
with any AHPEQS items.

Two FACIT-TS-G items (“would you recommend this 
treatment to others?” 84% and “would you choose this 
treatment again?” 82%), and one AHPEQS item (“I felt 
confident in the safety of my treatment and care” 84%) 
demonstrated ceiling effect (Table 2). There were no floor 
effects observed.

The EQ5D-5L responsiveness ES was deemed trivial 
at 0.16 and 0.15 for all-cause PIVC failure and multiple 
attempts at PIVC insertion, respectively. The respon-
siveness statistic demonstrated similar results at 0.16 for 
both outcomes of interest; the EQ5D-5L SRM overall was 
0.157.

Discussion
Our study successfully examined the usefulness of one 
generic HRQoL and two patient-reported experience 
instruments among patients with PIVCs. Several individ-
ual items demonstrated usefulness in discriminating the 
incidence of both multiple PIVC insertion attempts and 
all-cause PIVC failure, however our investigation sug-
gested the measures may not be useful as a whole. While 
both EQ5D-5L and FACIT-TS-G have previously been 
validated (and found reliable) in various other clinical 
contexts, much of this work has related to complex and/
or chronic health conditions (involving multiple human 
systems) such as multiple-sclerosis (FACIT-TS-G) [32], 
long-COVID [33], and cancer (FACIT-TS-G; EQ5D-5L) 
[34, 35]. Therefore, they may not be suitable to detect the 
nuances of a small (nevertheless important) elements (or 
interventions) of healthcare interactions (a phenomenon 
previously identified in relation to the EQ5D-5L) [35]. 
Notably AHPEQS, as a comparatively new instrument 
has undergone little validation to date [36].

Despite this, all-cause failure was correlated with sig-
nificant differences in responses to several individual 
items, warranting further investigation. For those with 
all-cause PIVC failure, participants were more likely to 
report increased problems with ‘mobility’ and ‘usual 
activities’ in the EQ5D-5L, however, the overall EQ5D-5L 
utility score demonstrated trivial responsiveness. Conse-
quently, the correlation between PIVC failure and these 
two items may be spurious, particularly if correlations 
of covariates are large (and self-predictive) (e.g., patient 
acuity and incidence of PIVC failure may increase in a 
collinear manner) [37].

Overall, the PREMs (AHPEQS and FACIT-TS-G) 
included seven items with significant results. These items 
at times aligned with themes identified in qualitative 
studies of patients’ lived experiences of PIVCs [4, 38]. For 
example, patients who experienced all-cause failure were 
more likely to report lower ‘satisfaction’ and reported 
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“both physical and emotional harm” related to their 
PIVCs (rather than physical or emotional harm, individu-
ally). However, for both FACIT-TS-G and AHPEQS, the 
direction of effect was reversed for several items, cast-
ing doubt on their usefulness. For example, participants 
with all-cause failure reported increased likelihood of 
reporting doctors helping them “evaluating the effects 
of their PIVC” (FACIT-TS-G) and higher involvement in 
‘decision-making’, in addition to greater ‘inter-staff com-
munication’ (AHPEQS). This suggests patients who expe-
rienced PIVC failure were more likely to discuss this with 
their treating clinicians; and note increased discussion 
between staff members related to it.

Participants who experienced multiple PIVC insertion 
attempts were significantly more likely to report the side 
effects of their PIVC being ‘a little worse’ and lower satis-
faction (on the FACIT-TS-G only). No other significantly 
significant results were noted. In contrast, multiple inser-
tion attempts (and resulting pain, discomfort, and anxi-
ety) are a common issue of high importance identified 
in recent qualitative studies [4, 38]. Use of such qualita-
tive data to support psychometric validation is essential 
when determining construct validity [39]. Thus, largely, 
all three instruments were inadequate for use in this 
context.

There were three items (from a total of 16, between the 
three instruments) which demonstrated ceiling effect, 
demonstrating a generally high level of variability among 
most items analysed. Of these, two FACIT-TS-G items 
were yes/no questions (“would you recommend this treat-
ment to others” and “would you choose this treatment 
again”), which suggests they were meaningfully eliciting a 
response to identify patients with problems.

Limitations
Limitations of this study include the large attrition of 
participants between completion of the EQ5D-5L at 
baseline (time 0, device insertion), and time 1 (device 
removal, or study completion), however impact of attri-
tion is likely to be low given the similarities of participant 
and device characteristics, and outcomes of T0 and T1 
samples. Whilst the above testing of the performance of 
the selected instruments is consistent with previously 
published assessments and is limited by the available data 
collected alongside a randomised control trial, it is noted 
that the above analyses do not represent all elements 
considered in the validation of an instrument (see for 
example COSMIN). However, whilst including a broader 
set of performance metrics would provide a more com-
plete understanding of the above instruments’ validity 
within this context, the limitations and capabilities of 
these instruments as identified within this restricted set 
of assessment remain.

Additionally, findings are limited by the use of PIVC-
contextualised responses for EQD-5L and FACIT-TS-G, 
to the exclusion of AHPEQS, for which patients were 
asked to elicit responses related to their whole hospital 
experience. AHPEQS responses were also limited to one 
site (Site 1), resulting from timing of parent trial recruit-
ment periods. Furthermore, as this site was limited to 
two metropolitan hospitals in Queensland, Australia, 
findings may not be externally generalisable. Despite 
this, the large number of responses elicited, and the high 
number of outcomes of interest (PIVC-failure, and mul-
tiple insertion attempts) enabled a meaningful analysis. 
We believe these findings may be useful to clinicians and 
researchers utilising HRQoL measures and PREMs in a 
PIVC-specific context in the future.

Conclusions
Initial investigation of the HRQoL and PREM instru-
ments assessed in this secondary analysis suggest these 
tools are inadequate in the context of PIVCs among hos-
pitalised patients. Several individual items demonstrated 
significant results in our analysis, which correlated with 
similar themes identified in recent qualitative studies 
Future purpose-built PREM and HRQoL measures, if 
developed, should consider inclusion of these items, in 
addition to robust qualitative assessment to ensure their 
relevance, comprehensiveness and comprehensibility.
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