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ABSTRACT

Objectives We aimed to evaluate test usage and patient
and clinician experience following the introduction of
point-of-care (POC) blood tests into a primary care out-of-
hours service.

Design A mixed methods service evaluation comprising
quantitative records of the clinical contexts of tests taken
and qualitative interviews with clinicians. Research
permissions and governance were obtained for patient
interviews.

Setting Out-of-hours primary care.

Participants All patients requiring home visits from the
service during the implementation period.

Interventions The i-STAT POC blood test platform was
introduced to two bases providing home visits for a period
of 8 months. Venous blood samples were used and two
cartridges were available. The CHEM8 cartridge measures
sodium, potassium, chloride, total carbon dioxide (TCO2),
anion gap, ionised calcium, glucose, urea, creatinine,
haematocrit and haemoglobin. The CG4 cartridge
measures lactate, pH, Pa02 and PC02, TCO2, bicarbonate,
base excess and oxygen saturation.

Primary and secondary outcome measures The
proportion of home visits where tests were taken,

the clinical contexts of those tests, the extent to

which clinicians felt the tests had influenced their
decisions, time taken to perform the test and problems
encountered. Clinician and patient experiences of using
POC tests.

Results i-STAT POC tests were infrequently used, with
successful tests taken at just 47 contacts over 8 months of
implementation. The patients interviewed felt that testing
had been beneficial for their care. Clinician interviews
suggested barriers to POC tests, including practical
challenges, concerns about time, doubt over whether they
would improve clinical decision making and concern about
increased medicolegal risk. Suggestions for improving
adoption included sharing learning, adopting a whole team
approach and developing protocols for usage.
Conclusions POC tests were not successfully adopted
by an out-of-hours home visiting service in Oxfordshire.
While some clinicians felt they could not add value, in
other cases they resulted in improved patient experience.
Adoption could be promoted by improving technical, team
and education factors.

,' Sharon Dixon,' Sophie Garland,? Margaret Glogowska,’
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Strengths and limitations of this study

» This is the first description of the use of point-of-
care (POC) tests in a UK out-of-hours primary care
service.

» The mixed methods approach allowed a nu-
anced understanding of the impact of POC tests
implementation.

» The project was limited to a single service and
therefore may lack generalisability to other services.

INTRODUCTION
Out of hours (OOH) primary care involves
high-risk  decision-making, as clinicians
assess patients with a high prevalence of
acute illness without prior knowledge of
the patient and with limited access to their
background medical information and diag-
nostic tests. For older patients living with
frailty who develop an acute illness, assess-
ments by OOH clinicians are often made
in the patient’s home with critical decisions
about escalation to hospital care being made
with limited evidence. Our previous work on
OOH consultations found that admission due
to deterioration after initial assessment was
more than twice as likely in patients aged over
80 as those aged under 10, and more likely in
patients assessed in their own home.'

Delayed escalation to hospital care is
associated with greater risk of a poor clin-
ical outcome for many conditions such as
serious infections and acute kidney injury.
Patients can suffer from prolonged acute
illness, incomplete recovery and increased
mortality.”® Conversely, inappropriate admis-
sion to hospital for patients who could be
managed in the community is expensive and
poses risks from infection and functional
decline.*’

Access to blood tests available rapidly at
the point of care (POC) could support OOH
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clinicians who perform home visits in the early identifica-
tion of patients with acute illness and in decision making
regarding location of care. However, currently, blood
POC testing in the home is limited to measurement of
blood glucose levels

In a service improvement project, we introduced POC
tests giving immediate results from handheld devices
into OOH primary care home visits in Oxfordshire. We
employed a mixed methods design to evaluate this service
improvement. A quantitative study aimed to describe
the usage of tests across the period of implementation.
Within this, we embedded a qualitative study to gather
information on clinicians’ views of having access to the
POC tests in this setting and how they were used, and
patients’ views of the POC tests being offered to them
during OOH home visits.

METHODS

Setting

The Oxfordshire OOH service works out of six bases,
two of which were included in this study. The Oxford city
base serves an urban population of approximately 160
000, and the Abingdon base serves a more rural popula-
tion of approximately 130 000.° Each base has two cars,
so simultaneously two patients can be visited at the same
time. In Oxford, mainly GPs perform home visits and in
Abingdon typically one GP and one emergency practi-
tioner (EP) perform visits.

Implementing POC blood tests

The Abingdon and Oxford bases of the Oxfordshire
OOH service were each supplied with two Abbott i-STAT
devices with a staggered start: Abingdon began on 11

November 2016 and Oxford began on 7 January 2017.
Implementation lasted until 2 July 2017.

The i-STAT is a platform POC closed cartridge blood
testing system which requires 95 pL of blood per cartridge
and can be used with capillary, venous or arterial blood.”
Two cartridges were available in this project. The Chem8
cartridge measures sodium, potassium, chloride, total
carbon dioxide (TCOZ2), anion gap, ionised calcium,
glucose, urea, creatinine, haematocrit and haemoglobin.
The CG4 cartridge measures lactate, pH, PaO2 and
PCO2, TCO2, bicarbonate, base excess and oxygen satu-
ration. At the time of the project, there was no validated
portable C Reactive Protein (CRP) test available commer-
cially so this test was not an available option for clinicians.
General Practitioners (GPs) and EPs (a role performed by
clinicians trained as either emergency nurse practitioners
or paramedics) were trained to perform POC tests, with
‘champions’, who expressed an interest in supporting the
intervention, appointed at each base to promote usage
and offer additional training. Clinicians were advised to
use the tests when they felt it was appropriate to support
their decision-making. No guidance on test result inter-
pretation was provided, but EPs could call a GP colleague
for advice if needed. On six included shifts, a healthcare
assistant (HCA), trained to measure vital signs and perform
phlebotomy, accompanied the GPs. This was commenced
to support the visiting clinician in performing their assess-
ment, including overcoming any practical barriers to phle-
botomy where it was indicated.

Table 1 Test usage across the two sites

Abingdon

Oxford

11/11/16-2/7/17
48, at 41 contacts

Implementation period
Successful blood tests

Failed attempt at blood tests 11

Number of potentially appropriate home 1495

visits

Proportion of home visits where successful 2.7%

blood test performed

Type of cartridges used* 38 Chem8
10 CG4

Types of clinicians who performed tests

support)
Timing of tests
Overnight 00:00-08:00 hours 10
Evening 18:00-00:00 hours 8
Daytimet 8:00-18:00 hours 23

28 Emergency practitioners
13 GPs (one with healthcare assistant

TN T=2/7/17
6, at 6 contacts
5

833

0.7%

5 Chem8
1CG4

5 GPs (three with healthcare assistant
support)
1 Emergency practitioner

*The CHEMS cartridge measures sodium, potassium, chloride, total carbon dioxide (TCO2), anion gap, ionised calcium, glucose, urea,
creatinine, haematocrit and haemoglobin. The CG4 cartridge measures lactate, pH, PaO2 and PCO2, TCO2, bicarbonate, base excess

and oxygen saturation.

tDaytime contacts were limited to Saturdays, Sundays and public holidays.

Hayward G, et al. BMJ Open 2020;10:e033428. doi:10.1136/bmjopen-2019-033428

"1ybuAdos Ag paroalold
'|J00YoS [edIpa|N Areiqi saureg Ye 020z ‘8¢ Arenuer uo jwod fwg uadolway/:dny woly papeojumoq ‘0Z0g Arenuer GT U0 827££0-6T0Z-uadolwa/oeTT 0T se paysignd 1siy :uado NG


http://bmjopen.bmj.com/

Table 2 Clinical presentations where tests were taken

Patient problem Frequency

Lower respiratory tract infection
Urinary tract infection
Respiratory condition
Gastroenteritis/vomiting/abdominal pain
Dizziness/collapse/falls
Endocrine

Acute renal failure

Laboratory test abnormal
Dehydration

Sepsis

Heart failure

Malaise and fatigue
Generalised pain

Chest pain

Cellulitis

Musculoskeletal disease

Iron deficiency anaemia
Oedema

Multiple superficial injuries
Terminal illness

GG T S SRR S SR RN R AR R NS, RO . Y

Data collection

Quantitative

In a service evaluation prospectively approved by Oxford
Health NHS Foundation Trust, a member of the direct
OOH care team (SG) used medical records to document
types of test used, patient problems and outcomes and
timings of consultations in all home visits performed at
the Abingdon and Oxford bases. Only routinely collected
data were used, and these were anonymised before any
analysis was performed. When a test was performed,
clinicians used a paper form to document the extent to
which they felt that POC tests had influenced their diag-
nosis on a 5-point scale from extremely likely to extremely
unlikely, and recorded time taken for testing and details
of unsuccessful test attempts.

Qualitative

Clinicians: Semistructured qualitative interviews were
conducted with clinicians who had access to the POC
testing equipment by SD (a GP and researcher). Clini-
cians were invited to participate by members of the direct
care team and the interviews were prospectively approved
by Oxford Health NHS Foundation Trust as part of our
service evaluation. An information leaflet about the
interviews was provided and participants gave informed
consent including the right to withdraw and the use of
anonymous data and direct quotations in research reports
and publications prior to participating.

Patients: Patients who had POC tests performed were
provided with an information sheet by the visiting clini-
cian and asked for consent for further contact by the study
team. SD or MG (a qualitative researcher) then contacted
the patient, explained the study and sent written informa-
tion. Patients who were willing to participate were offered
a choice of face-to-face or telephone interview. Informed
consent, including for the audio-recording of the inter-
view, was obtained prior to interview.

Analysis
Quantitative data were reported descriptively. Home visits
for death certification, catheter changes and dressings
changes were categorised as unlikely to be appropriate
for a POC blood test, the remainder of the home visits
were categorised as potentially appropriate and included
in the analysis.

Qualitative: The interviews were transcribed in full,
entered onto NVivo V.10, and analysed iteratively using
thematic analysis.”

Patient and public involvement

The protocol for this project and the patient facing mate-
rials were developed following discussion with the Patient
and Public Involvement group of the National Institute
for Health Research Diagnostic Evidence Cooperative.

RESULTS
Test usage
Across both sites, a total of 54 tests were performed at 47
patient contacts. Table 1 details the types of tests, clinicians
who took them, timing of tests, failed tests and proportion
of home visits where tests were successfully performed,
subdivided by site. The majority of tests were performed
by the clinicians working from the Abingdon base. In the
Oxford base, three of the six home visits where POC tests
were used successfully were visits supported by HCAs.
The reasons for failed attempts at blood tests were as
follows: Equipment forgotten or out of date (3), unable to
bleed patient (3), machine / cartridge fault (5), cartridge
filling issue, unable to scan ID, no reason given (2).

Presenting problems of patients receiving blood tests

The most common presenting problems where a blood
test was felt to be appropriate were lower respiratory
tract infection and urinary tract infection. The full list of
presenting problems is in table 2

Outcomes

Sixty two per cent of patient contacts where POC tests
were used resulted in ongoing care in the community.
By comparison, 88.4% of all home visits where a blood
test might have been appropriate resulted in ongoing
care in the community. Table 3 illustrates the outcomes
of contacts where a POC test was used. Nineteen per cent
(9/47) of contacts resulted in antibiotic prescriptions
being issued by the OOH clinician, compared to 30% of
the home visits with no POC test performed.
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Table 3 Initial outcomes of contacts where point-of-care
(POC) tests performed

Initial contact outcome where POC test

performed Frequency
Admitted to hospital 12
Referred to emergency department 6
Referred to community ambulatory unit 2

Advised to contact own GP 22

Own GP to contact patient

No follow-up 2

Passed to another provider 2

Workload implications

In 8/28 (29%) of EP contacts where blood was tested, a
GP was contacted for advice on the results. Tests took on
average 7.3 min. Clinicians rated the extent to which the
blood test result was likely to have influenced their diag-
nosis. Seventeen per cent reported extremely likely, 43%
reported likely and the remaining 40% reported neutral
influence.

Patient experience of POC testing

Due the frailty inherent within the patient population in
this project and the small numbers of tests performed,
it proved very difficult to recruit participants who were
well enough to consent to interview. We interviewed
three patients who had received successful or partially
successful POC tests. For these patients, the convenience
of having the test at home, for example saving one patient
from having to travel a significant distance to an unfa-
miliar hospital, was invaluable. Patients appreciated
results being available immediately, to allow reassurance,
or to inform further care decisions.

And we were so grateful for him coming. I thanked
him for coming, and he said, "No need to thank, we
were concerned. There was a worry, because over the
phone we couldn’t tell how much you were bleeding.
Now, I can tell you, you haven’t much.” Patient 1

It would have meant I'd been going on a journey of
about 8 miles to a hospital I didn’t know, just for a
blood test that they weren’t really sure was correct or
not, you know, to me it was sort of excellent. Patient 2

Clinician perspectives

We undertook 19 clinician interviews in total: six EPs, of
whom three initially trained as paramedics, and three
initially trained as emergency nurse practitioners, 1
HCA, 2 interface clinicians (a doctor working in hospital
ambulatory care settings) and 10 GP interviews (four GPs
interviewed once and three GPs interviewed twice; at the
beginning and the end of the study period). The main
themes and subthemes are detailed in table 4.

Table 4 Themes from clinician qualitative interviews

Reasons for low uptake of
testing

Time pressures
Practical challenges

Uncertain clinical value of
testing

Availability of appropriate tests
Potential medicolegal risks
Reasons for differential testing across sites

Factors which could
promote test usage

Shared learning and
experience of benefits

Potential reasons for differential
usage between two out-of-
hours sites

Protocols for testing and
interpreting

Reasons for low uptake of testing

In this study, the majority of clinicians did not use POC
tests. We interviewed clinicians who had chosen to use
them often, rarely and not at all, and highlight the themes
arising from the interviews which might help explain the
low uptake of testing.

Time pressures

Clinicians reflected that the time taken to use the tests
needed to be considered in the context of the pressures
of working in an OOH setting and to be balanced against
the needs of other patients who were still waiting to be
seen and how likely the result was to alter the patient’s
management.

And I'd say it did take at least another ten minutes for
this. So, almost doubled my actual consulting time, al-
though you know I guess the counter might be, well if
I hadn’t done...spent that ten minutes, well actually,
calling the hospital or writing a letter, or ringing an
ambulance would have taken me a bit longer anyway.
GP5

Practical challenges

Practical challenges, including need to obtain venous
blood, apply this to the cartridge, ensure the cartridges
were correctly stored and in date, and then interpret the
results were all raised as significant considerations. The
requirement for venepuncture was identified by many as
a barrier. A number of clinicians told us that if the testing
had been possible using a finger-prick test, this would
have increased their uptake of testing.

I think that the technical side of it is a bit...made it
difficult. But as a principle, I think it's very good. For
example, as I've said, if you make it a bit easier, like
BM [capillary blood glucose] test, that’s fantastic GP2

Some clinicians reflected on the challenges of using
the equipment in a patients’ home, including finding a
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suitable space to use the equipment and whether doing
this was appropriate.

it seems fairly unwieldy to use. There's quite a lot of
steps involved, and there was a bit of squirting syring-
es of blood around, which isn't overly appealing GP7

Uncertain clinical value of testing

Some clinicians expressed the belief that immediate
access to blood tests would not their change management
or would not add to existing clinical assessment.

The doctors that I... some of the doctors that I spoke
to were for it, although some of the older ones tend-
ed to think their clinical judgement was...didn't re-
quire the i-STAT cartridges at all HCA.

There hasn’t been a visit where doing...having access
to that would actually change what I do GP7

Availability of appropriate tests

In this service innovation, clinicians did not have access
to some tests commonly used in evaluating acute illnesses,
such as CRP. The majority of clinicians we spoke to would
have liked to have access to CRP testing to support
decision making about both diagnosis and treatment,
although others had some concerns. This may have influ-
enced perceptions of likely usefulness and test uptake.

I wish we had a white cell count or a CRP or some-
thing like that so that we could definitely tell more
for the infection side of it EP1

So, if you have got a high CRP you might be more
likely to give antibiotics or not, or that...you know
that would also be...guide your treatment GP6

generally the teaching was always don’t do a CRP
because it's just going to tell you they're unwell and
you should know that clinically GP5

Potential medicolegal risks

Some clinicians reflected that potential medicolegal
risks of obtaining and managing abnormal or borderline
results were an important consideration for them when
deciding whether to use the tests.

And what I think we don’t necessarily evaluate is the
risk that comes with more information. So, you know
you’ve got a long strip of blood test results, and you’ve
missed the fact that, you know one of them is slightly
abnormal but that the patient then deteriorates at a
later stage, and is someone going to come back and
say, “Well, hang on you missed that.” GP5

Potential reasons for differential usage between two OOH
sites

There was a clear difference in test usage across our two
OOH bases, with the majority of tests performed on visits
by staff based in Abingdon. We explored this difference
in our analysis. Abingdon is relatively more rural than
the city centre Oxford base, meaning that patients would

often need to travel further to access tests in a traditional
model, whereas some of the GPs working in the Oxford
city setting viewed the journey to hospital for blood testing
as less inconvenient for patients. A number of clinicians
felt that different types of practitioner working in the
OOH setting viewed the POC tests differently, including
attitudes and skillsets for taking the blood and using the
equipment, and approaches to managing risk and clin-
ical uncertainty. If so, the fact that EPs more commonly
worked out of the Abingdon site may have contributed to
the differential usage we observed.

I think nursing and paramedic practitioners are a
more practical skilled base. So, I think we've been
able to get to grips with using it a little bit easier. EP6

I think the GPs are generally, sort of, of the impres-
sion as well that, you know oh well...you know my de-
cision's made on my clinical findings with...you know
or my examination without needing anything else, or
whether that’s just a case of, you know they don’t...I
think that practitioners are more likely to go out and
take the bloods, that’s probably more to do with it.
EP4

I think, as a doctor, we tend to go on more clinical...
just how you feel about a patient, Whereas the nurse
and paramedics go on definitely protocol and they
like to have their numbers. GP6

What factors could have promoted test usage?

Shared learning and experience of benefits

Clinicians identified that learning about where testing
had been useful, and sharing those experiences with
colleagues, could be a valuable way to learn about and
support usage of the equipment. It is possible that the
development of positive feedback and a culture that was
supportive of usage may have contributed to the differen-
tial uptake between sites.

once we start to use it we'll get examples of patients
where it's been really helpful. So I think from there
people only will then go, “Ah that was a good time to
use it,” or, “That was useful,” and from there people
will start to build up and have a place for it. Because
I think if people...if initially they don’t get an oppor-
tunity to use it they might forget, but once they start
hearing a little vignette of a case they’ll go, “Oh, ah
right,” and they’ll remember the next time. GP 1

I do think once people start to see the benefit to
their clinical work from using it that will just spur and
encourage them to use it more and more anyway EP1

Team approach to technology adoption

Making the equipment available as part of a team role, so
that it became a normal part of practice when leaving for
a visit was identified as valuable.

I'm finding that receptionists are now saying for visits,
“Do we need to take the i-STAT?” or hospital at home
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will say, “Do you think we'll take the i-STAT?” or, you
know so we're...it's on everyone's mind. GP1

Although some of the GPs were initially apprehensive
about having to take responsibility for blood tests done by
other practitioners.

what I wouldn’t want in the middle of the night is
that, you know as practitioner phoning from some-
where saying, “I've seen this patient; I've done all
these bloods, this is what they are,” and then you say,
“Why have you done the bloods?” “Oh just did them
to see what they were.” GP1

For others, the extra information from POC tests could
help the OOH team members to collectively make deci-
sions about patient care.

I think it's a good. For example if a nurse visits the
patient; if you give me the whole...the picture of the
patient and give me the vital signs of his or her obser-
vation; with the blood result it certainly is very helpful
GP2

I'm asking the doctor to make decisions. When he's
not seeing the patient and there are obviously, some
issues around that as it is. Anything that makes it safe
for them to...for us, together, to make a decision,
then they're going to be...they’ll grab hold of that
for sure EP5

Protocols for testing and interpreting

When considering the training needs of staff, considering
how they understand and interpret results, as well as how
to use the machine was considered important.

I think all of us maybe need to...especially those of
us that are not doctors working in this setting, so a lot
of us are nurses and paramedics who have got vary-
ing degrees of experience of assessment technique....
but none of us would have really done any blood work
and interpretation ourselves. So, I think it's maybe
knowing what would be normal in those results and
what wouldn’t be normal in those results, and what
each of maybe the indicator markers very clearly will
indicate might be wrong with the patient. EP1

DISCUSSION

Summary

OOH clinicians used POC tests infrequently on home
visits, performing tests at just 2% of all home visits where
they may potentially have been of use. Almost two thirds
of the tests taken were by EPs and they consulted doctors
about the findings in 29% of cases. Qualitative inter-
views revealed a number of possible reasons for the very
limited usage. These included the practical challenges of
using the equipment, balancing the time taken to obtain
POC test results against other competing demands, the
tests that were available, and perceptions of the risks and
added value of the POC tests.

Strengths and limitations

To our knowledge, this is the first study to describe usage
of handheld POC tests in a primary care OOH service,
and to describe clinician and patient experience. Our
mixed methods approach gave us a richer understanding
of the barriers and facilitators to test usage. The study was
limited by the number of OOH bases available for POC
test implementation. Given the variation seen between
usage at the two sites, it is unclear whether either setting
can provide generalisable results for other services. The
study was also limited by the available POC testing plat-
forms which were sufficiently portable to be practical
on OOH home visits. This meant that testing required
venous sampling, and could not provide some blood tests,
such as CRP, which could be helpful in acute settings.
Therefore our findings might not generalise to the use of
single biomarker tests or panel tests which use fingerprick
testing or offer a different range of blood test results.
Indeed our qualitative work suggests that uptake might
be improved if technical factors could be overcome in
this setting.

Furthermore, due to a lack of training in arterial
sampling, the CG4 cartridge was only used with venous
blood, when values from arterial samples might have
offered additional clinically helpful information.
However, there is evidence that venous blood gases can
be a useful screen for ventilatory failure in the context of
acute illness and can also screen for raised lactate which
indicates poorer prognosis in sepsis.9 While venous values
do not agree with arterial values at abnormal levels,’
normal venous values would effectively provide reassur-
ance in a community setting. Finally, it is also possible that
the knowledge that usage was being monitored and the
requirement for a short feedback form to be completed
by clinicians may have affected uptake.

Comparison with other literature
The limited literature in this area suggests that POC tests
could be successfully adopted in OOH services. Clinicians
who provide community care were enthusiastic about the
potential benefits of POC blood tests in one interview
study.'” A Dutch study found that GPs working in OOH
would like greater access to diagnostics, with 93% of GPs
desiring access to POC testing for CRP."' An international
survey of GPs also suggested that primary care clinicians
want to have access to POC tests to help them with diag-
nosis and patient care.'” Patients have also been shown to
be positive about POC testing, reporting that it results in
increased confidence in, and a strengthened relationship
with, their GP."®

A systematic review of qualitative studies exploring
clinicians’ views on POC testing identified barriers to
use including concerns about accuracy, limited situa-
tional usefulness, erosion of clinical skills, and costs and
time of the equipment. Facilitators included greater
diagnostic accuracy, communication with patients
and targeted antibiotic usage.'* This review included
clinicians who had not used POC testing, or who were
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participating in randomised controlled trials, where
the use of the equipment was within a trial protocol. In
contrast, our qualitative study explored experiences of
POC tests when they were simply made available for clini-
cians to use (or not) at their discretion. The decision-
making processes described here may therefore offer
additional insights into real world implementation.

Implications for research and practice

The clinical benefits outlined by clinicians who did
use POC tests suggest it could add value in urgent care
systems if barriers to usage are overcome. Our interviews
highlighted technical, team and educational elements
which could facilitate adoption of this technology.

Technical elements included the need to minimise the
level of practical skill required to take the test and the
number of steps in the process of achieving the result.
A number of clinicians favoured fingerprick tests, and
although the i-STAT can be used with fingerprick samples
the volume of blood required makes this challenging to
execute.” Improving the range of available blood tests
could also improve adoption; some clinicians felt that
markers which were not available on this platform such as
CRP would have been helpful.

Team elements included the need to establish support
systems for learning and maintaining the skills and a team
approach to ensuring the equipment was ready for use
when visits were planned. Education elements included
the need for a forum to share positive impacts and
outcomes of testing and clinical scenarios where benefit
was likely to be gained. There was an identified need for
further training on the implications of test results for EPs,
which could have reduced the burden on GP colleagues
in the service.

CONCLUSIONS

The i-STAT POC testing platform was not successfully
adopted by an OOH home visiting service in Oxfordshire.
While some clinicians felt they could not add value, in
other cases they resulted in improved patient experience.
Adoption of POC tests in this context could be promoted
by improving technical, team and education factors.
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