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Abstract 

Background Delayed recognition of acute disease among older adults hinders timely management and increases 
the risk of hospital admission. Point‑of‑Care testing, including Focused Lung Ultrasound (FLUS) and in‑home analysis 
of biological material, may support clinical decision‑making in suspected acute respiratory disease. The aim of this 
study was to pilot test the study design for a planned randomised trial, investigate whether in‑home extended use 
of point‑of‑care testing is feasible, and explore its’ potential clinical impact.

Methods A non‑randomised pilot and feasibility study was conducted during September–November 2021 in Kold‑
ing Municipality, Denmark. A FLUS‑trained physician accompanied an acute community nurse on home‑visits 
to citizens aged 65 + y with signs of acute respiratory disease. The acute community nurses did a clinical assessment 
(vital signs, capillary C‑reactive protein and haemoglobin) and gave a presumptive diagnosis. Subsequently, the physi‑
cian performed FLUS, venipuncture with bedside analysis (electrolytes, creatinine, white blood cell differential count), 
nasopharyngeal swab (PCR for upper respiratory pathogens), and urine samples (flow‑cytometry). Primary outcomes 
were feasibility of study design and extended point‑of‑care testing; secondary outcome was the potential clinical 
impact of extended point‑of‑care testing.

Results One hundred consecutive individuals were included. Average age was 81.6 (SD ± 8.4). Feasibility of study 
design was acceptable, FLUS 100%, blood‑analyses 81%, PCR for upper respiratory pathogens 79%, and urine flow‑
cytometry 4%. In addition to the acute community nurse’s presumptive diagnosis, extended point‑of‑care testing 
identified 34 individuals with a condition in need of further evaluation by a physician.

Conclusion Overall, in‑home assessments with extended point‑of‑care testing are feasible and may aid to identify 
and handle acute diseases in older adults.
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Background
The population of older adults is increasing, and 
healthcare sectors worldwide face capacity challenges 
[1]. In Denmark, acute community healthcare services 
(ACHCS) were established in 2018 to carry out initial 
in-home clinical assessments of vulnerable citizens sus-
pected of emerging acute diseases. The purpose was to 
support early decision-making and triage to reduce the 
number of avoidable admissions and the pressure on 
the secondary healthcare sector [2]. However, diagnos-
ing older adults is challenging as they may present with 
vague symptoms, e.g., coughing is a less prominent 
symptom in pneumonia [3], or atypical symptoms e.g., 
functional decline, delirium, and falls [4, 5]. Delayed 
recognition of disease prevents timely management and 
increases the risk of hospital admission [6].

Point-of-care testing (POCT) is carried out bedside 
or near the patient, i.e., in-home [7], and increases 
timely diagnosis and decision-making in emergency 
departments and in primary care [8]. C-Reactive Pro-
tein (CRP), haemoglobin, international normalised 
ratio (INR), urine test strips, and blood glucose testing 
are widely implemented in primary care [9]. In recent 
years, new POCTs have been developed, such as white 
blood cell (WBC) differential count, hand-held point-
of-care ultrasound, and urine flow-cytometry, but the 
tests are still not widely implemented in primary care 
nor validated among older adults [10–12]. The Dan-
ish ACHCSs use POCT for CRP and haemoglobin on 
capillary blood, but given the challenges of diagnosing 
older adults, a comprehensive approach is needed with 
additional clinical assessment, biochemical results, 
and imaging modalities [6]. By introducing extended 
POCT (ExtPOCT) during in-home assessment, we 
hypothesize that ExtPOCT improves diagnostic work-
up and supports the primary care physicians’ clinical 
decision-making.

Prior to a planned randomised controlled trial (RCT), 
the primary objective was to investigate whether Ext-
POCT during in-home assessments among older adults 
was feasible, and, secondly, to pilot-test the study 
design including the intervention consisting of Ext-
POCT, defined by Focused Lung Ultrasound (FLUS) 
and in-home analysis of biological material (blood, 
nasopharyngeal swab, urine).

The secondary objective was to explore whether 
ExtPOCT had potential clinical impact by identify-
ing conditions in need of clinical decision-making not 
identified by usual in-home assessments.

Methods
Trial design
This study was conducted as a prospective observational 
non-randomised pilot and feasibility study, adhering to 
the guidelines outlined by the CONSORT 2010 state-
ment: extension to randomised pilot and feasibility stud-
ies [13, 14].

Study setting
The study was conducted in 2021 from September  1st 
to December  1st, in Kolding Municipality, Denmark, 
covering an area of 604.5  km2 with 93,161 inhabitants 
(65 + year olds: 18,453) [15]. The pilot study was con-
ducted in collaboration with the ACHCS in Kolding 
Municipality.

The ACHCS is operated by acute community nurses 
(ACNs) trained in in-home assessment including vital 
signs and POCT for C-Reactive Protein (CRP) and hae-
moglobin on capillary blood (usual care) [2]. All clinical 
information is communicated to the primary care phy-
sician (PCP) to support clinical decision-making. In-
home assessment is performed after referral from PCPs 
or home care service personnel when an acute condition 
in vulnerable citizens is suspected and can be carried out 
at the place of residence, i.e., in own home, care home, 
or skilled nursing facility. Approximately five patients are 
referred each day to the ACHCS for an in-home assess-
ment. Hospital physicians refer patients for in-home 
treatment with intravenous antibiotics carried out by 
ACNs.

Study participants
Participants eligible for this study were adults aged 
65  years or older, referred to the ACHCS in Kolding 
Municipality for an acute in-home assessment, irrespec-
tive of their status as home care recipients or their place 
of residence, including own home, a care home, or a 
skilled nursing facility.

The participants had at least one of the following inclu-
sion criteria: Cough, dyspnoea, fever (≥ 38  °C), chest 
pain, fall, or functional decline, defined as either subjec-
tive (not able to perform normal daily activities) or objec-
tive functional decline (increased need of home care 
service). Fall and functional decline are usually not per-
ceived as symptoms of worsened or acute respiratory dis-
ease, but are known as atypical disease presentations [4, 
5]. Participants with known moderate to severe cognitive 
impairment were excluded from the study, due to Dan-
ish legislation and recommendations from the Regional 
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Committees on Health Research Ethics for Southern 
Denmark.

Study size
A convenience sample of 100–150 participants was cho-
sen to investigate feasibility and potential clinical impact. 
The pilot-study should not exceed 3 months, as inclusion 
rate was part of the feasibility assessment.

Intervention
The intervention was an add-on to the ACNs’ usual 
in-home assessment and included hand-held FLUS, 
biochemical analysis on venous blood samples, and 
microbiological analysis of nasopharyngeal swabs and 
urine samples (Fig. 1).

FLUS examination was performed using a hand-held 
ultrasound scanner in the form of a Lumify® C5-2 
Curved Array Transducer (Philips Medical Systems, 
Bothell, WA) (5–2 MHz, scan depth up to 30 cm) con-
nected by USB-C to a FuturePAD® FPZ10-A tablet 
(CONCEPT International GmbH, Munich Germany). 
The standard Philips Lumify App version 4.0.1 soft-
ware and its dedicated lung-preset was installed on 

the tablet and used for the examination. FLUS fol-
lowed a standardised 14 scanning zone protocol using 
predefined questions regarding pneumothorax, pleu-
ral effusion, interstitial syndrome, and other obvious 
pathology [16, 17].

Blood-samples were collected by venipuncture and 
analysed immediately during in-home assessment. Blood 
samples for creatinine and electrolytes (collected in lith-
ium/heparin vacutainers) were analysed using CHEM8+ 
cassettes on i-STAT® (Abbott, Inc., NJ, U.S.A.). WBC 
differential count (collected in EDTA-vacutainers) was 
analysed using HemoCue® WBF DIFF System (HemoCue 
AB, Ängelholm, Sweden) with dedicated micro-cuvettes.

Nasopharyngeal swabs and urine samples were 
collected during in-home assessment, and carried 
to Hospital Lillebaelt, Kolding, within 2  h. Naso-
pharyngeal swabs were analysed on the BioMérieux 
 BioFire®FilmArray®  Respiratory Panel 2.1 (RP2.1) 
(BioFire Diagnostics, Salt Lake City, UT, USA). The 
 BioFire®   FilmArray® RP2.1 targets 22 respiratory patho-
gens [18]. Urine samples were analysed on urine flow-
cytometer Sysmex UF-5000 ® (Sysmex Corporation, 
Kobe, Japan).

Fig. 1 Overview of examination program and data collection. ^ POCT on capillary blood samples for C‑reactive protein and Hemoglobin 
(using Quick‑read PRO). *POCT on venous blood samples for creatinine and electrolytes (using i‑STAT ®), and for Leucocytes with differential 
count (using Hemocue® WBF DIFF System). **POCT on nasopharyngeal swabs for 22 different viral and bacterial pathogens (using BioMérieux 
 BioFire®FilmArray® Respiratory Panel 2.1). ***POCT on urine samples for flow‑cytometry (using Sysmex UF‑5000 ®). Abbreviations: ACN: Acute 
Community Nurse, POCT: Point‑of‑care Testing, PCP: Primary Care Physician, PCR: Polymerase chain reaction
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Outcomes
Feasibility was evaluated based on several criteria, 
including the average inclusion rate, acceptability of the 
intervention, and the utilization of ExtPOCT. The aver-
age inclusion rate was considered feasible if at least 
two participants a day, 4 days a week, were enrolled 
in the study. The acceptability of the intervention was 
determined by assessing the number participants who 
declined participation and by assessing the acceptance 
of the results from ExtPOCT by PCPs. Additionally, the 
feasibility of ExtPOCT and collection of other biologi-
cal material during in-home assessment was defined and 
calculated as the percentage of completed examinations. 
The intervention procedure (ExtPOCT) was considered 
feasible if used in > 80% of participants.

To assess the potential clinical impact of ExtPOCT, we 
predefined specific conditions in participants that neces-
sitated clinical decision-making by the PCP based on 
usual care results, and subsequently compared these with 
the findings from ExtPOCT. Conditions requiring clini-
cal decision-making were defined as instances necessitat-
ing treatment initiations or adjustments (e.g., antibiotics, 
diuretics, or inhalation therapy), hospital admission, or 
increased need for home care. The identification of par-
ticipants with conditions requiring further clinical deci-
sion-making, which were not detected by usual in-home 
assessment conducted by ACNs, was considered indica-
tive of potential clinical impact of ExtPOCT.

The registration of conditions requiring clinical deci-
sion-making was derived by using predefined cut-offs and 
international standardised agreements [16, 17, 19–22]. 
Conditions identified by  ExtPOCT were: Pneumotho-
rax, pleural effusion, interstitial syndrome, pneumonia, 
elevated leucocytes (> 11*109/L), elevated creatinine 
(> 150  µmol/L), abnormal electrolytes  (K+: < 3  mmol/L 
or > 5  mmol/L,  Na+: < 125  mmol/L or > 145  mmol/L), 
positive PCR for upper respiratory tract pathogens, posi-
tive urine flow-cytometry (>  105 BACT/ml).

Data collection
An overview of the data collection and examination pro-
gram is illustrated in Fig. 1.

The primary investigator, a physician certified and 
trained in thoracic ultrasound corresponding to Euro-
pean Federation of Societies for Ultrasound in Medicine 
and Biology (EFSUMB) thoracic ultrasound competency 
level 1, accompanied the ACNs during in-home assess-
ment [23]. The usual in-home assessment was made by 
the ACNs, after which the ACNs noted a presumptive 
diagnosis and whether a clinical decision by a physician 
was required. Subsequently the primary investigator per-
formed ExtPOCT.

All results from the usual care and ExtPOCT were 
communicated by the ACN to the participants PCP both 
by telephone and by written electronic communication.

The primary investigator collected descriptive data 
from all  study  participants during the in-home assess-
ment (Fig.  1), including  symptoms, symptom duration, 
height, smoking status, and alcohol consumption. Func-
tional level was assessed using the Barthel Index 20, 
while frailty among participants was evaluated using the 
Clinical Frailty Scale, both of which were assessed using 
validated Danish-translated assessment scales [24, 25]. 
Additional data on the amount of home care received 
by participants was extracted from the municipal Elec-
tronic Social Care Record. Polypharmacy, defined as the 
use of 5 or more medications per day, was assessed using 
the Shared Medication Record (In Danish: FMK – Fælles 
Medicin Kort), a nationwide digital database at the Dan-
ish Health Data Authority, storing data on all Danish citi-
zens’ current medication plans, electronic prescriptions, 
and medicine purchases [26].

The hospital Electronic Patient Journal (EPJ) was 
accessed after 30  days to register admissions, reasons 
for admission, length of admission, and deaths, as these 
variables are primary and secondary outcomes for the 
planned RCT. Adverse events and harms were also regis-
tered and served as safety assessment of the intervention.

Statistical methods
We used descriptive statistics to present demographic 
and baseline characteristics. Categorical data was 
reported as number and percentage. Continuous data 
was reported as means (SD), medians [IQR], and range. 
The primary outcome was assessed by calculating inclu-
sion-rate, number of declining participants, and number 
of contacts to the PCPs. The feasibility of ExtPOCT was 
calculated as the percentage of completed examinations. 
The secondary outcome was reported as the number of 
participants in need of clinical decision-making not iden-
tified by the ACNs usual in-home assessment. All statis-
tical analyses were carried out using STATA version 16 
software (StataCorp LLC, Texas, USA).

Results
Inclusion‑flow
Totally, 139 older adults were assessed for eligibility dur-
ing the study period, of which 35 could not be included 
due to cognitive impairment, two declined, and two 
required urgent hospitalisation, thereby including 100 
participants in the study. For details, see Fig. 2. Inclusion 
rate was 2.08 participants per day, 4 days a week, for 3 
months. All participants were followed for 30 days.
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Study population
Mean age of included participants was 81.6  years 
(SD ± 8.4) and 54% were female. Most assessments were 
carried out in the participants own home (86%), of whom 
71% received home care. The prevalence of polyphar-
macy (> 5 medications daily) was high (95%). Median 
Clinical Frailty Scale level was 5 (range 1–9). Less than 
four participants had chest pain. For details, see Table 1.

Usual in‑home assessment
The ACNs carried out in-home assessment in all partici-
pants. Median values of vital signs are shown in Table 2. 
Median value of CRP and haemoglobin was 24  mg/L 
(IQR 5.3–57) and 7.4 mmol/L (IQR 6.6–8.1), respectively. 
ACNs presumptive diagnoses based on results from the 
usual in-home assessment suggested that 48 partici-
pants had conditions requiring clinical decision-making 
by a physician. The suggested diagnoses and conditions 
were pneumonia (n = 20), acute exacerbation of chronic 
obstructive pulmonary disease (n = 15), infection but 
unclear focus (n = 6), urinary tract infection (n = 5), and 
other (n < 3). For details, see Table 2.

Intervention – ExtPOCT
FLUS was performed in all participants (100%), venous 
blood-samples in 81%, nasopharyngeal swabs in 79%, 
and urine samples in 4%. Reasons for missing venous 
blood samples were practical difficulties in obtaining a 

blood sample. Reasons for missing nasopharyngeal swabs 
were acute admissions, and urine samples were missing 
due to permanent catheters (27%) or participants una-
ble to provide a urine sample (73%) during the in-home 
assessment.

ExtPOCT identified additional 34 participants with 
acute conditions requiring clinical decision-making by a 
physician. This is illustrated in Fig.  3. FLUS alone iden-
tified additional conditions in 21 participants needing 
further clinical decision-making by a physician: Pneumo-
thorax, interstitial syndrome, moderate to large pleural 
effusions, and pneumonia. A significantly elevated cre-
atinine (> 150  µmol/L) supporting a diagnosis of dehy-
dration was identified in nine participants, which was 
not identified in the usual in-home assessment. Elevated 
WBC differential counts were identified in 16 partici-
pants, not suspected to have a bacterial infection in the 
usual in-home assessment. PCR for respiratory patho-
gens identified less than three viral infections. Only few 
urine samples were collected, and the potential clinical 
impact is therefore uncertain.

Healthcare contacts
In 62 of the in-home assessments, the PCP was contacted 
on the day of the visit directly by phone, and in 77% of the 
cases, the contact led to initiation of treatment, mainly 
oral antibiotics (37%), diuretics (6%), or hospital admis-
sion (21%). In total 42 participants (55 admissions) were 
admitted to hospital from the day of inclusion to 30 days 

Fig. 2 Flow‑chart
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follow-up. Median duration of hospital admission was 
5 days (IQR 2–8).

Adverse events
No adverse events were reported to or observed by the 
research team. In total, 11 deaths occurred, and most 
deaths took place in hospital (n = 7).

Discussion
Key results and interpretation
The overall study design and use of ExtPOCT during 
in-home assessment of older adults were feasible. Our 
results suggest that FLUS and POCT on venous blood 
might supplement the usual in-home assessment of older 
adults suspected of acute respiratory disease by identify-
ing additional conditions - potentially facilitating diag-
nostic work-up and early treatment.

The study design of the planned RCT has been modi-
fied based on the insights gained from the pilot study. As 
a result, the inclusion criteria were revised, which involved 
omitting chest as an eligibility symptom. This adjustment 
was informed by the observation that very few participants 
presented with chest pain. It is also important to note that 
in Denmark, chest pain as a standalone symptom typi-
cally warrants acute admission regardless of other factors. 
Therefore, including chest pain as a criterion in our study 
was deemed potentially confounding, and it was decided to 
exclude chest pain as a specific inclusion criterion for our 
study. We also omitted nasopharyngeal swab for PCR for 
upper respiratory pathogens and urine flow-cytometry from 
the intervention as explained in the following sections.

FLUS had the highest feasibility and did provide addi-
tional information to the clinical decision making. These 
findings are in line with other studies, showing that FLUS 
identifies missed conditions in need of treatment [16, 
27, 28]. In general, only few studies on the use of FLUS 
have been conducted in primary care [29]. A recent study 
conducted in primary care investigated lung ultrasound 
performed by PCPs in patients suspected of commu-
nity-acquired pneumonia found a higher prevalence of 
pneumonia compared to our findings (53% vs 25%) [30]. 
However, they used more specific inclusion criteria for 
community-acquired pneumonia, and patients were 
younger (median age of 47 vs 81.6 years). Only one par-
ticipant in our study had classic dynamic bronchoaero-
grams, whereas most participants with pneumonia had 

Table 1 Characteristics of study sample

Characteristic Total study 
population 
(N = 100)

Age, mean (SD) 81.6 (8.4)

Female, % 54

Place of in‑home assessment, %
 Own home 86

 Care home 9

 Skilled nursing facility 5

Referred by, n
 General practitioner 68

 Home care 24

  Othera 8

Socioeconomic status, %
 Living alone 60

 Danish nationality 99

 Daily alcohol intake 15

 > 14 units/week 3

 Smoking daily 23

 Receiving home  careb 71

Polypharmacy, n
 > 5 medications daily 95

Functional level (Barthel 20)
 Mean (SD) 14.9 (5.8)

Clinical Frailty Scale (1–9)
 Very fit, well, managing well (1–3) 26

 Vulnerable (4) 19

 Mildly Frail (5) 18

 Moderately Frail (6) 15

 Severely Frail (7) 12

 Very Severely Frail (8) 3

 Terminal Ill (9) 7

 Median (IQR) 5 (3–6)

Body Mass Index,
 < 18 16

 18–25 31

 > 25–30 18

 > 30 35

Symptoms
 Cough 52

 Fever 23

 Fatigue 61

 Dyspnoea 68

 Chest pain 3

 Functional  declinec 58

 Other  symptomsd 11

Days ill
 1 to 3 days 52

 4 to 7 days 28

 > 7 days 20

Table 1 (continued)
a Other: acute community nurses, nurses from care homes, palliative nurses
b Percentage of home care receivers among participants living in own home
c Functional decline defined as subjectively not able to conduct daily activities 
or objectively in need of increased home care
d Other symptoms: Abdominal pain, muscle pain, fall
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Table 2 Findings from usual care and intervention

Total study sample (N = 100)

Usual care ‑ ACNs in‑home assessment
 Vital signs
  Respiratory rate, breaths/min

   Median (IQR) 21(18–24)

   Range 11–50

  Saturation, %

   Median (IQR) 96(92–99)

   Range 77–100

  Systolic blood pressure, mmHg

   Median (IQR) 133 (117–143)

   Range 81–208

  Diastolic blood pressure, mmHg

   Median (IQR) 74 (67–80)

   Range 49–113

  Heart rate, beats/min

   Median (IQR) 81 (71–92)

   Range 44–116

  Body temperature

   Median (IQR) 36.9 (36.6–37.4)

   Range 35.7–40

  GCS

   Median (IQR) 15 (15–15)

 Simple POCT
  C‑Reactive protein, mg/L

   Median (IQR) 24 (5.3–57)

   Range 0.6–171

  Haemoglobin, mmol/L

   Median (IQR) 7.4 (6.6–8.1)

   Range 0.1–10.2

 Presumptive diagnoses, made by the acute nurse, n
  Pneumonia 20

  Viral infection 18

  Urine infection 5

  Infection, unclear focus 6

  AE‑COPDb 15

   Otherc 36

Intervention – Results from Extended POCT
 Feasibility of extended POCT, n
  FLUS 100

  Creatinine, electrolytes, leu‑
cocytes with differential count

89

  PCR for upper respiratory 
pathogens

79

  Urine flow cytometry 4

 FLUS, n 100

  Patient positioning
   8 scanning zones 28

   14 scanning zones 72

  Normal 36

  Pneumothorax ≤  3a

Table 2 (continued)

Total study sample (N = 100)

  Interstitial syndrome 8

  Pleural Effusion 32

   Unilateral 25

   Bilateral ≤  3a

   Simple 30

   Complex ≤  3a

   Small 26

   Moderate 3

   Large 3

 Pneumonia, n 25

  Consolidated lung tissue ≤  3a

  Dynamic bronchoaerograms ≤  3a

  Focal B‑lines 7

  Focal B‑lines, fragmented 
and thickened visceral pleura, 
and pleural effusion

15

 Other pathologies, n 16

  Thickened parietal pleura 7

  Uncharacteristic lung con‑
solidations

6

  Tumour/suspected malig‑
nancy

3

 Venous blood samples, n 89

  Creatinine, µmol/L
   Median (IQR) 80 (66–118)

   Range 24–281

  Na+, mmol/L
   Median (IQR) 138 (136–140)

   Range 126–144

  K+, mmol/L
   Median (IQR) 4 (3.7–4.2)

   Range 3.2–5.3

  Blood Urea Nitrogen (BUN), mmol/L
   Median (IQR) 7.7 (6.2–10.5)

   Range 1.8–26.5

  Total leucocytes, 109/L
   Median (IQR) 9.4 (7.3–12,1)

   Range 1.6–25

  Neutrophils, 109/L
   Median (IQR) 5.1 (3.9–7.7)

   Range 0.3–19

  Lymphocytes, 109/L
   Median (IQR) 2.3 (1.8–2.8)

   Range 0.8–5.2

  Monocytes, 109/L
   Median (IQR) 0.6 (0.4–0.7)

   Range 0–1.6

  Eosinophils, 109/L
   Median (IQR) 0.3 (0.2–0.6)

   Range 0–4
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unspecific findings with a thickened, fragmented visceral 
pleura, smaller sub-pleural consolidations, and focal 
B-lines [19]. Another notable finding from FLUS was 
pleural effusions: The identified moderate to large pleu-
ral effusions were among individuals without classic res-
piratory symptoms, but functional decline. In conclusion, 
FLUS is highly feasible, could have clinical impact, and 
will remain part of the intervention in the planned RCT.

Elevated creatinine level led to initiation of treatment 
or hospital admission in cases not identified by usual in-
home assessment. Elevated leucocytes > 11*109/L were 
interpreted as sign of bacterial infection, although cut-
off points on different biomarkers of inflammation in 
older multimorbid adults have not reached international 
consensus and/or are still not validated [10, 11, 31]. In 

addition, systematic reviews and prospective studies have 
shown that older adults differ in biochemical presentation 
compared to younger adults [32–34]. This highlights the 
need for further research in diagnosing infections in older 
adults. Due to high feasibility and potential clinical impact, 
we chose to keep both creatinine, electrolytes, and WBC 
differential count in the planned RCT.

Nasopharyngeal swabs were feasible to collect, but PCR 
for upper respiratory pathogens did not add to the clini-
cal decision-making. During the study period, rates of 
viral respiratory tract infections were very low probably 
as a consequence of general restrictions and recommen-
dations to reduce and contain the COVID-19 pandemic 
in Denmark [35]. Because of the possible low number of 
positive samples, the uncertain clinical impact, and the 
high cost, POCT PCR was omitted from the RCT.

Urine samples were difficult to collect as many par-
ticipants had catheters or were unable to provide a urine 
sample during the in-home assessment. Hence, the added 
clinical value of urine analysis is unknown and urine 
flow-cytometry is therefore excluded from the RCT.

Healthcare contacts
The high rate of hospital admissions during the 30 days 
follow-up highlights the need for early detection of sus-
pected disease in older adults. ExtPOCT might have 
added to the high rate by detecting pathologies in need 
of hospital admissions e.g., large pleural effusions. Addi-
tionally, ExtPOCT may yield false positive findings, or 
unclear results leading to unnecessary contacts to the 
secondary healthcare sector. However, it also has poten-
tial for early, relevant treatment decisions to prevent clin-
ical deterioration and subsequent functional decline. Our 
planned RCT aims to investigate the effect of ExtPOCT 
on specific healthcare outcomes such as hospital admis-
sions, in-hospital length of stay, and mortality, thereby 
addressing the effect of ExtPOCT on hospital admissions.

POCT for CRP, haemoglobin, blood glucose, and urine 
test strips, are widely implemented in primary care, but 
there is limited evidence of using other POCT in primary 
care especially among older adults and during in-home 
assessments [10, 11, 36]. A recent study from Germany 
highlighted that many PCPs rated only a limited num-
ber of POCT as useful [37], but without explaining why. 
Barriers towards POCT among PCPs, e.g., low economic 
benefit, over-reliance, increased risk of over-treatment, 
over-diagnostics, and unnecessary hospital admis-
sions, can hinder implementations. We therefore plan to 
explore how citizens, ACNs, and PCPs experience Ext-
POCT during in-home assessment, in a user-perspective 
evaluation after completion of the planned RCT.

Table 2 (continued)

Total study sample (N = 100)

  Basophils, 109/L
   Median (IQR) 0 (0–0.1)

   Range 0–0.9

 Biofire filmarray, n 79

  Respiratory pathogens 
detected

≤  3a

 Urine samples, n 4

  >  105 BACT/ml ≤  3a

Primary care physician contact
 Primary care Physician, n
  Doctor reached by phone, 61

  Secretary reached by phone 17

  No phone contact 22

 Initiated treatment during 
in‑home‑assessments, n

48

  Antibiotic, oral, no (%) 18 (37)

  Diuretics, oral, no (%) 3 (6)

  Acute hospital admission 
following in‑home assessments, 
no (%)

21 (43)

  Other  treatmentsd, no (%) 12 (25)

 Planned follow‑up in‑home assessment by ACN
  Planned new in‑home assess‑
ment in 3 days

15

Abbreviations: ACN Acute Community Nurse, FLUS Focused Lung Ultrasound, 
POCT Point-of-care Testing
a Due to Danish Legislation and EU General Data Protection Agency reporting of 
observations below 3 is not permitted
b AE-COPD Acute exacerbation of chronic obstructive pulmonary disease
c Other: suspected malignancy (6), functional decline (4), chronic condition 
(10), orthostatic hypotension (4), dehydration (≤ 3), heart problem (≤ 3), skin 
infection (≤ 3), deep venous thrombosis (≤ 3), not ill (≤ 3), anaemia (≤ 3), unclear 
but ill (≤ 3)
d Other treatments: Salbutamol inhalation (3), prednisolone (3), increased home 
care (3), subcutaneous furosemide injection (≤ 3), cutaneous antibiotic (≤ 3), 
change in antibiotics (≤ 3)
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Fig. 3 Potential clinical impact of extended point‑of‑care testing. Extended point‑of‑care testings’ potential for clinical impact by identifying 
additional participants with conditions in need of clinical decision‑making compared to usual in‑home assessments. A ACNs identified 48 
out of 100 participants in need of clinical decision‑making by a primary care physician. Extended POCT identified additional 34 participants 
with a condition in need of clinical decision‑making, not identified by the usual in‑home assessment. Each specific POCT is illustrated in B, C, 
D, except for PCR for upper respiratory tract infection and urine flow‑cytometry, as results did not change clinical decision‑making: B Focused 
Lung ultrasound identified 21 participants with a condition in need of clinical decision‑making not identified by the ACNs in‑home assessment. 
(Feasibility 100%). C POCT for leucocytes with differential count identified 16 participants with a condition in need of clinical decision‑making 
not identified by the ACNs in‑home assessment. (Feasibility 89%). D POCT for creatinine identified 9 participants with a condition in need of clinical 
decision‑making not identified by the ACNs in‑home assessment. (Feasibility 89%). Abbreviations: ACN: Acute Community Nurse, ExtPOCT: 
Extended point‑of‑care testing, FLUS: Focused Lung Ultrasound, POCT: Point‑of‑care Testing, PCR: Polymerase chain reaction
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Generalisability
The study sample was older adults with high rates of 
polypharmacy, frailty, and home-care dependency – a 
group of older adults who are at increased risk of hospital 
admission, and similar to the study population we aim to 
include for our planned RCT [1, 38].

The ACHCS setup is common in Scandinavia, 
though organised differently between countries and 
municipalities [39]. Results from the present pilot-
study and the planned RCT might not be applicable 
in other countries than Denmark, but the concept is 
applicable: By increasing competencies, e.g., introduc-
ing in-home POCT, to healthcare professionals caring 
for frail older adults, timely clinical decisions may be 
facilitated.

Limitations
Our study is classified as a pilot and feasibility study, as it 
aims to assess both the feasibility of the intervention and 
its potential clinical impact. Although our study lacked 
randomisation, we aimed to pilot-test the intervention 
and explore our hypothesis that ExtPOCT had poten-
tial to enhance the diagnostic work-up. Acceptability of 
the intervention was utilized as an outcome measure to 
assess feasibility. While acceptability traditionally focuses 
on participants’ and stakeholders’ attitudes towards an 
intervention, data collection process, or randomization, 
we followed the approach advocated by Eldridge et al. to 
explore acceptability as a means of informing the feasi-
bility of a larger RCT [14]. Therefore, we utilized accept-
ability as a measure of feasibility to evaluate whether the 
intervention could be effectively implemented in a future 
RCT.

We had to exclude participants with cognitive impair-
ment, and therefore we do not know whether ExtPOCT is 
feasible or have potential clinical impact in the diagnostic 
work-up among older adults with cognitive impairment.

We are well aware that it is not possible for us to deter-
mine the causal effect of ExtPOCT on clinical impact, 
and we do not have a final diagnosis on all participants. 
However, it was important to explore the potential 
clinical impact prior to the RCT: If the usual in-home 
assessments carried out by ACNs can identify most con-
ditions in need of clinical decision-making, ExtPOCT is 
redundant.

The primary investigator performed ExtPOCT. Prior 
to the planned RCT, ACNs will complete an extensive 
training programme for collecting venous blood samples, 
handling POCT, and performing FLUS, and subsequently 
carry out ExtPOCT during the RCT.

Conclusions
The overall study design for the planned RCT is feasible, 
and in-home blood analyses and FLUS have a potential 
clinical impact by identifying acute conditions earlier 
in the diagnostic process, which suggests a potential 
for improving clinical decision-making during in-home 
assessment among older adults.

Abbreviations
ACHCS  Acute community healthcare service
CAN  Acute community nurse
CFS  Clinical Frailty Scale
CRP  C‑reactive protein
ExtPOCT  Extended Point‑of‑care testing, including a focused lung ultra‑

sound scan (FLUS), biochemical analysis on venous blood sam‑
ples, and microbiological analysis of nasopharyngeal swabs and 
urine samples

FLUS  Focused lung ultrasound scan
GDPR  General Data Protection Regulation
INR  International Normalised Ratio
OPEN  Open Patient data Explorative Network
PCR  Polymerase chain reaction
POC  Point‑of‑care
POCT  Point‑of‑care testing
RCT   Randomised controlled trial
WBC  White blood cells

Acknowledgements
We would like to acknowledge Open Patient Explorative Network (OPEN) for 
support on data‑management. We would also like to thank the Acute Com‑
munity Healthcare Service in Kolding Municipality (Acute Team Kolding) and 
all Acute Community Nurses for their cooperation in the study. Peter Barkholdt 
and Anne‑Mette Rottwitt contributed with their assistance to the implemen‑
tation of the study and dedicated engagement in the Advisory Board. We 
would also like to thank all the primary care physicians in Kolding Municipal‑
ity for their collaboration. The Emergency Department and Department of 
Biochemistry and Immunology, Lillebaelt Hospital, Kolding, and Department of 
Clinical Microbiology, Lillebaelt Hospital, Vejle, supported the study with their 
expertise in handling and analysing POCT samples.

Authors’ contributions
SAS, CBL, DEJ, FSR and KAR designed the study. SAS conducted the study, col‑
lected data, analysed data, prepared manuscript, figures, and tables. CBL, DEJ, 
FSR, and KAR provided constructive feedback on the draft and manuscript. 
SAS, CBL, FSR, DEJ, and KAR interpreted findings and read and approved the 
final manuscript.

Funding
Open access funding provided by University of Southern Denmark. This work 
was supported by Odense University Hospital, Innovationspuljen [A4848], 
Hartmann Foundation [A36257], Grosserer L. F. Foghts Foundation, and the 
University of Southern Denmark [20/15107]. None of the funding bodies had 
any role in the conceptualization of design, data collection, analysis, interpre‑
tation, peer‑review, decision to publish, or preparation of the manuscript.

Availability of data and materials
The dataset generated and analysed during the current study is available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
The ethical principles for medical research as stated by the Declaration of 
Helsinki, were applied throughout the study [40]. The study is reported in 
line with CONSORT 2010 statements for pilot and feasibility trials [13]. The 
study was approved by the Regional Committees on Health Research Ethics 
for Southern Denmark (S‑20210046). Methods have followed guidelines and 
regulation given by the Regional Committees on Health Research Ethics for 



Page 11 of 12Smedemark et al. BMC Geriatrics          (2024) 24:373  

Southern Denmark. Consent forms and process have been ethically reviewed 
by the Regional Committees on Health Research Ethics for Southern Denmark. 
All participants provided written informed consent. Written informed consent 
was obtained from all participants by the principal investigator.
The pilot‑study was registered at the Research & Innovation Organisation 
(RIO), University of Southern Denmark, record of data processing activities, 
(Project identification number: 11.404). Data was processed and stored in 
accordance with EU General Data Protection Regulation (GDPR) and the Dan‑
ish Data Protection Act.

Consent for publication
Not applicable.

Competing interests
SAS declare no competing interest.
CBL has in the past 36 months received speaker’s honoraria for lectures at 
educational events / symposia / courses organised by AstraZeneca, royal‑
ties as author of book chapters or as editor of books / web publications by 
Munksgaard.
DEJ declare no competing interest.
FSR declare no competing interest.
KAR declare no competing interest.

Author details
1 Department of Geriatric Medicine, Odense University Hospital, Odense, 
Denmark. 2 Department of Clinical Research, University of Southern Denmark, 
Kløvervænget 2D, Indgang 112, 7. Sal, Odense 5000, Denmark. 3 Department 
of Respiratory Medicine, Odense University Hospital, Odense, Denmark. 
4 Research Unit of General Practice, Department of Public Health, University 
of Southern Denmark, Odense, Denmark. 5 Department of Clinical Microbiol‑
ogy, Odense University Hospital, Odense, Denmark. 6 Research Unit of Clinical 
Microbiology, University of Southern Denmark, Odense, Denmark. 

Received: 5 September 2023   Accepted: 21 March 2024

References
 1. Oksuzyan A, Höhn A, Krabbe Pedersen J, Rau R, Lindahl‑Jacobsen R, 

Christensen K. Preparing for the future: the changing demographic com‑
position of hospital patients in Denmark between 2013 and 2050. PLoS 
One. 2020;15:e0238912.

 2. Sundhedsstyrelsen. Kvalitetsstandarder for kommunale akutfunktioner i 
hjemmesygeplejen ‑ krav og anbefalinger til varetagelse af særlige syge‑
plejeindsatser. Sundhedsstyrelsen; 2017. https:// www. sst. dk. Accessed 3 
Mar 2020.

 3. Schoevaerdts D, Sibille FX, Gavazzi G. Infections in the older population: 
what do we know? Aging Clin Exp Res. 2021;33:689–701.

 4. Harper C, Newton P. Clinical aspects of pneumonia in the elderly veteran. 
J Am Geriatr Soc. 1989;37:867–72.

 5. Berman P, Hogan DB, Fox RA. The atypical presentation of infection in old 
age. Age Ageing. 1987;16:201–7.

 6. Struyf T, Boon HA, van de Pol AC, Tournoy J, Schuermans A, Verheij TJM, 
et al. Diagnosing serious infections in older adults presenting to ambula‑
tory care: a systematic review. Age Ageing. 2021;50:405–14.

 7. Schols AMR, Dinant GJ, Hopstaken R, Price CP, Kusters R, Cals JWL. Inter‑
national definition of a point‑of‑care test in family practice: a modified 
e‑Delphi procedure. Fam Pract. 2018;35:475–80.

 8. Rooney KD, Schilling UM. Point‑of‑care testing in the overcrowded emer‑
gency department–can it make a difference? Crit Care. 2014;18:692.

 9. Howick J, Cals JWL, Jones C, Price CP, Plüddemann A, Heneghan C, et al. 
Current and future use of point‑of‑care tests in primary care: an interna‑
tional survey in Australia, Belgium, The Netherlands, the UK and the USA. 
BMJ Open. 2014;4:e005611.

 10. Boere TM, Hopstaken RM, van Tulder MW, Schellevis FG, Verheij TJM, Her‑
togh C, et al. Implementation and use of point‑of‑care C‑reactive protein 
testing in nursing homes. J Am Med Dir Assoc. 2021;23(6):968–975.e3.

 11. Smedemark SA, Aabenhus R, Llor C, Fournaise A, Olsen O, Jørgensen 
KJ. Biomarkers as point‑of‑care tests to guide prescription of antibiotics 

in people with acute respiratory infections in primary care. Cochrane 
Database Syst Rev. 2022;10:Cd010130.

 12. Nadim G, Laursen CB, Pietersen PI, Wittrock D, Sørensen MK, Nielsen LB, 
et al. Prehospital emergency medical technicians can perform ultra‑
sonography and blood analysis in prehospital evaluation of patients with 
chronic obstructive pulmonary disease: a feasibility study. BMC Health 
Serv Res. 2021;21:290.

 13. Eldridge SM, Chan CL, Campbell MJ, Bond CM, Hopewell S, Thabane 
L, et al. CONSORT 2010 statement: extension to randomised pilot and 
feasibility trials. BMJ. 2016;355:i5239.

 14. Eldridge SM, Lancaster GA, Campbell MJ, Thabane L, Hopewell S, Cole‑
man CL, et al. Defining feasibility and pilot studies in preparation for 
randomised controlled trials: development of a conceptual framework. 
PLoS One. 2016;11:e0150205.

 15. Statistics Denmark. FOLK1A: population at the first day of the quarter by 
region, sex, age and marital status. Statistics Denmark; 2022. www. stati 
stikb anken. dk/ FOLK1A. Accessed 2 Mar 2022.

 16. Laursen CB, Sloth E, Lambrechtsen J, Lassen AT, Madsen PH, Henriksen DP, 
et al. Focused sonography of the heart, lungs, and deep veins identi‑
fies missed life‑threatening conditions in admitted patients with acute 
respiratory symptoms. Chest. 2013;144:1868–75.

 17. Laursen CB, Sloth E, Lassen AT, Christensen R, Lambrechtsen J, Madsen 
PH, et al. Point‑of‑care ultrasonography in patients admitted with respira‑
tory symptoms: a single‑blind, randomised controlled trial. Lancet Respir 
Med. 2014;2:638–46.

 18. Biomérieux. The BioFire® Respiratory 2.1 (RP2.1) Panel. Biomérieux; 2021. 
https:// www. biofi redx. com/ produ cts/ the‑ filma rray‑ panels/ filma rrayrp. 
Accessed 5 May 2023.

 19. Laursen CB, Clive A, Hallifax R, Pietersen PI, Asciak R, Davidsen JR, et al. 
European Respiratory Society statement on thoracic ultrasound. Eur 
Respir J. 2021;57(3):2001519.

 20. Rustad P, Felding P, Franzson L, Kairisto V, Lahti A, Mårtensson A, et al. 
The Nordic Reference Interval Project 2000: recommended reference 
intervals for 25 common biochemical properties. Scand J Clin Lab Invest. 
2004;64:271–84.

 21. Yahav D, Schlesinger A, Daitch V, Akayzen Y, Farbman L, Abu‑Ghanem Y, 
et al. Presentation of infection in older patients—a prospective study. 
Ann Med. 2015;47:354–8.

 22. Riley LK, Rupert J. Evaluation of patients with leukocytosis. Am Fam Physi‑
cian. 2015;92:1004–11.

 23. European Federation of Societies for Ultrasound in Medicine and Biology. 
Minimum training requirements for the practice of medical ultrasound in 
Europe. EFSUMB; 2008. https:// efsumb. org/ wp‑ conte nt/ uploa ds/ 2020/ 
12/ 2009‑ 04‑ 14apx 11. pdf. Accessed 4 Aug 2023.

 24. Nissen SK, Fournaise A, Lauridsen JT, Ryg J, Nickel CH, Gudex C, et al. 
Cross‑sectoral inter‑rater reliability of the clinical frailty scale ‑ a Danish 
translation and validation study. BMC Geriatr. 2020;20:443.

 25. Collin C, Wade DT, Davies S, Horne V. The Barthel ADL Index: a reliability 
study. Int Disabil Stud. 1988;10:61–3.

 26. The Danish Health Data Authority. Digital health solutions 2021. https:// 
sundh edsda tasty relsen. dk/ da/ engli sh/ digit al_ health_ solut ions. Accessed 
16 Feb 2024.

 27. Weile J, Laursen CB, Frederiksen CA, Graumann O, Sloth E, Kirkegaard H. 
Point‑of‑care ultrasound findings in unselected patients in an emergency 
department ‑results from a prospective observational trial. BMC Emerg 
Med. 2018;18:60.

 28. Goffi A, Pivetta E, Lupia E, Porrino G, Civita M, Laurita E, et al. Has lung 
ultrasound an impact on the management of patients with acute dysp‑
nea in the emergency department? Crit Care. 2013;17:R180.

 29. Sorensen B, Hunskaar S. Point‑of‑care ultrasound in primary care: a 
systematic review of generalist performed point‑of‑care ultrasound in 
unselected populations. Ultrasound J. 2019;11:31.

 30. Rodríguez‑Contreras FJ, Calvo‑Cebrián A, Díaz‑Lázaro J, Cruz‑Arnés M, 
León‑Vázquez F, del Carmen L‑A, et al. Lung ultrasound performed by pri‑
mary care physicians for clinically suspected community‑acquired pneu‑
monia: a multicenter prospective study. Ann Fam Med. 2022;20:227–36.

 31. Liu A, Bui T, Van Nguyen H, Ong B, Shen Q, Kamalasena D. Serum 
C‑reactive protein as a biomarker for early detection of bacterial infection 
in the older patient. Age Ageing. 2010;39:559–65.

 32. Gbinigie OA, Ordóñez‑Mena JM, Fanshawe TR, Plüddemann A, Heneghan 
C. Diagnostic value of symptoms and signs for identifying urinary tract 

https://www.sst.dk
http://www.statistikbanken.dk/FOLK1A
http://www.statistikbanken.dk/FOLK1A
https://www.biofiredx.com/products/the-filmarray-panels/filmarrayrp
https://efsumb.org/wp-content/uploads/2020/12/2009-04-14apx11.pdf
https://efsumb.org/wp-content/uploads/2020/12/2009-04-14apx11.pdf
https://sundhedsdatastyrelsen.dk/da/english/digital_health_solutions
https://sundhedsdatastyrelsen.dk/da/english/digital_health_solutions


Page 12 of 12Smedemark et al. BMC Geriatrics          (2024) 24:373 

infection in older adult outpatients: systematic review and meta‑analysis. 
J Infect. 2018;77:379–90.

 33. Gbinigie OA, Onakpoya IJ, Richards GC, Spencer EA, Koshiaris C, Bobrovitz 
N, et al. Biomarkers for diagnosing serious bacterial infections in older 
outpatients: a systematic review. BMC Geriatr. 2019;19:190.

 34. Edvardsson M, Sund‑Levander M, Milberg A, Ernerudh J, Grodzinsky E. 
Elevated levels of CRP and IL‑8 are related to reduce survival time: 1‑year 
follow‑up measurements of different analytes in frail elderly nursing 
home residents. Scand J Clin Lab Invest. 2019;79:288–92.

 35. Statens Serums Institut. Uge 44/45‑2021: Lav influenzaaktivitet 2021. 
https:// www. ssi. dk/ aktue lt/ nyhed sbreve/ influ enza‑ nyt/ 2021‑ 2022/ 44‑ 45‑ 
2021. Accessed 1 Mar2023.

 36. Lhopitallier L, Kronenberg A, Meuwly JY, Locatelli I, Mueller Y, Senn N, 
et al. Procalcitonin and lung ultrasonography point‑of‑care testing to 
determine antibiotic prescription in patients with lower respiratory 
tract infection in primary care: pragmatic cluster randomised trial. BMJ. 
2021;374:n2132.

 37. Oehme R, Sandholzer‑Yilmaz AS, Heise M, Frese T, Fankhaenel T. Utiliza‑
tion of point‑of‑care tests among general practitioners, a cross‑sectional 
study. BMC Prim Care. 2022;23:41.

 38. Rodrigues LP, de Oliveira Rezende AT, Delpino FM, Mendonça CR, Noll 
M, Nunes BP, et al. Association between multimorbidity and hospitaliza‑
tion in older adults: systematic review and meta‑analysis. Age Ageing. 
2022;51(7):afac155.

 39. Fournaise A, Andersen‑Ranberg K, Lauridsen JT, Espersen K, Gudex C, 
Bech M. Conceptual framework for acute community health care services 
– illustrated by assessing the development of services in Denmark. Soc 
Sci Med. 2023;324:115857.

 40. Association WM. World Medical Association Declaration of Helsinki: 
ethical principles for medical research involving human subjects. JAMA. 
2013;310:2191–4.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://www.ssi.dk/aktuelt/nyhedsbreve/influenza-nyt/2021-2022/44-45-2021
https://www.ssi.dk/aktuelt/nyhedsbreve/influenza-nyt/2021-2022/44-45-2021

	Improving diagnostics using extended point-of-care testing during in-home assessments of older adults with signs of emerging acute disease: a prospective observational non-randomised pilot and feasibility study
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Background
	Methods
	Trial design
	Study setting
	Study participants
	Study size
	Intervention
	Outcomes
	Data collection
	Statistical methods

	Results
	Inclusion-flow
	Study population
	Usual in-home assessment
	Intervention – ExtPOCT
	Healthcare contacts
	Adverse events

	Discussion
	Key results and interpretation
	Healthcare contacts
	Generalisability
	Limitations

	Conclusions
	Acknowledgements
	References


