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Abstract

Background: The UK healthcare system faces challenges due to an ageing population and chronic bed shortages. An
acute hospital-at-home (HaH) model of care can offer an alternative for acutely ill patients requiring hospital admission.
However, monitoring thesepatients at home presents its own challenges. We used the National Early Warning Score
(NEWVS) for patients admitted to a HaH to identify deteriorating patients and ensure safe and timely transfer back to
hospital when needed.

Design: Retrospective observational cohort study of patients with selected medical conditions admitted to acute HaH,
from an NHS district hospital, between 2014 and 2017.

Results: Of the 502 patients admitted to HaH, 443 (88.2%) were successfully treated and discharged, | patient died at HaH
(an expected death), and 58 (11.5%) required transfer back to hospital and no fatalities reported after transfer. The AUC for
total NEWVS was significantly lower for non-transferred patients (14.06) compared to transferred patients (24.71) (p <0.001).
95% of patients treated at HaH rated their care as excellent or good, and 98% were likely to recommend the service
Conclusion: The study confirms the safe and effective use of the NEWS to identify deteriorating patients in an acute
HaH setting, enabling timely transfer back and demonstrating that HaH care can be extended to acutely ill patients.
This service could serve as an alternative healthcare system for clinically selected patients. It optimizes resource utiliza-
tion, reduces the burden on acute medicine departments, and enhances patient experience.
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Introduction

Healthcare systems worldwide face challenges due to an
ageing population, growing healthcare demands, costs,
and shortages of hospital beds and personnel.! The Royal
College of Emergency Medicine estimates that an add-
itional 13,000 hospital beds are required across the
National Health Service (NHS) to drive meaningful change
and improvement in patient care.” However, this has proven
difficult due to chronic bed shortages. The COVID-19 pan-
demic highlighted challenges in hospitals, including
increased patient numbers, resource shortages, and staffing
issues, emphasising the need for adaptable strategies to
maintain effective healthcare delivery.® In response, there
was a surge in home-based care models, such as telemedi-
cine and HaH services.* The recent Darzi Independent
Investigation of the NHS in England emphasised the need
for innovation, including a significant shift to community-
based care and increased use of digital technology, thus
reinforcing the benefits of HaH models of care.’

HaH is a care service that brings hospital-level staff,
equipment, and treatments to patients in their homes for
conditions that usually require inpatient care. Studies
show that this care model reduces mortality, readmission
rates, and costs, while increasing patient and carer satisfac-
tion compared to in-hospital care.*” HaH services are to
become a key component of the NHS strategy, with the
UK government planning to treat up to 50,000 patients a
month in virtual wards to alleviate pressure on hospital ser-
vices, reduce waiting times, and improve care for patients.®
These services are primarily used by NHS trusts to continue
the treatment of clinically stable patients, enabling them to
complete their care at home. However, they are not
designed for acutely ill patients requiring hospital admis-
sion. The care of acutely ill patients at home is quite

Table I. Care pathways for HaH admissions (CAP,
Community-Acquired Pneumonia; HCAP, Healthcare-Associated
Pneumonia; COPD, Chronic Obstructive Pulmonary Disease;
NIV, Non-Invasive Ventilation).

| Lower respiratory tract infection (CAP, HCAP)

2 COPD exacerbation not requiring NIV

3 Urinary tract infection

4 Intestinal infectious disorder and electrolyte imbalance
5 Lower limb cellulitis

6 Low-risk pulmonary embolism

7 Decompensated heart failure

challenging due to the need for close monitoring and regular
assessments. Nevertheless, advancements in technology,
such as telemedicine, e-patient records, remote monitoring,
and tools like NEWS to identify patients at risk of deterior-
ation,”'® alongside a dedicated clinical team visiting the
patient at home, make this achievable.

In this manuscript, we present our experience with a
HaH service for acutely ill patients who require hospital
admission. This contrasts with existing HaH models that
primarily focus on post-discharge care continuity. The ser-
vice was operated by ORLA, a private healthcare provider
contracted by Bristol Royal Infirmary NHS Trust and
Princess Alexandra Hospital NHS Trust, from 15th April
2014 to 15th July 2017. It provided hospital-level care at
home for selected patients with acute medical conditions
that required hospital admission. To monitor these patients,
the NEWS system was used, and the aim of the study was to
demonstrate that NEWS can be reliably recorded within a
HaH setting and used as a track-and-trigger mechanism to
identify deteriorating patients and facilitate timely transfer
back to the hospital.

Methods

Study design

We conducted a retrospective observational service evalu-
ation of adult patients admitted to the ORLA acute HaH ser-
vice. The ORLA Healthcare Institutional Review Board
granted the study as a service evaluation; hence, ethical
approval and written informed consent were waived
(Waiver No. 2017-001), and the study was conducted using
fully anonymised data. Over this period, the ORLA HaH
team provided 24/7 care for 3000 patients. We analysed
502 patient records, randomly selected by the electronic
patient record system used by HaH (Crosscare). We
recorded changes in NEWS during the admission period,
and compared between patients who were successfully dis-
charged from the HaH service, and those who required
transfer back to hospital. All patients admitted under the
HaH team were requested to complete a patient satisfaction
questionnaire. The questionnaire was developed by the
HaH service and was not validated prior to its implementa-
tion. It aimed to evaluate the quality of care provided by the
service, doctors, and nurses. It also included a Friends and
Family Test, asking patients how likely they were to recom-
mend the service to others (Supplementary).

Statistical analysis

Data were analysed using R (version 4.4.1; R Project for
Statistical Computing) software. NEWS was considered a
continuous variable and was plotted against time for both
groups (transferred and non-transferred). The area under
the curve (AUC) of total NEWS over time was calculated
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for both transferred and non transferred patients. We
preferred AUC over alternative methods, such as repeated
measures ANOVA or summary statistics (e.g., mean or
peak), due to the limited data and the advantage of using
all available data rather than replacing them with summary
measures. To compare AUCs between the two groups, the
Mann-Whitney U test was applied. A p-value<0.05 was
considered statistically significant.

Procedure

Patients presenting to the hospital A&E department were
initially assessed and referred by A&E physicians or acute
physicians to the HaH team. HaH team evaluated the patients
to determine their suitability for admission to HaH.

Patients were eligible for HaH admission if they met the
following inclusion criteria: were 18 years or older who
required hospital admission for one of the seven diagnoses
listed in Table 1, had a baseline NEWS (Table 2) of less
than 5 and were acutely unwell but clinically stable enough
to be managed in a HaH setting (based on clinical judge-
ment). Additionally, patients had to have a home environ-
ment suitable for HaH care, reside within an agreed
proximity to the hospital, and pass a satisfactory social
care assessment by the HaH team.

Exclusion criteria included patients with a NEWS score
of 5 or higher, as well as those requiring advanced inpatient
care, multidisciplinary input, or social services support. The
NEWS cut-off of 5 was used, as scores at or above this
threshold indicate moderate and high clinical risk and the
need for more intensive monitoring and intervention.''
Patients provided consent prior to admission under HaH.
The HaH service utilised a fully developed protocol for con-
ditions admitted under HaH.

Suitable patients were admitted to the HaH service by a
senior nurse and a General Internal Medicine-accredited
consultant, who also performed the admission clerking.
The patients were then transferred home by

an ambulance, and the first clinical team visit took place
within an hour, at patient’s home. Monitoring and telemedi-
cine equipments were installed to record and transmit
physiological parameters, observe clinical progress, and
calculate NEWS. Patient observations, including respira-
tory rate, oxygen saturation, temperature, blood pressure,
heart rate, and consciousness level, were recorded in the
HaH electronic patient records system (EPR) by the visiting
nurse and were accessible to all HaH staff via customised
tablets and hospital personal computers.

Patients received up to six visits per day by a nurse,
along with daily phone calls from a physician, coordinated
with the visiting nurse, to assess the patient’s clinical sta-
tus. The number of nursing visits was determined by the
admitting team based on their initial assessment and was
adjusted as the patient progressed towards discharge.
Daily updates on patients’ progress were documented by
the clinical team. Physician visits occurred every two to
three days or more frequently, depending on clinical
needs. Drug charts were left at the patient’s home, and
any new medications were screened by a pharmacist
from the HaH team.

In the event of a patient’s clinical deterioration; a two-
point increase in the NEWS above baseline prompted a
review by a HaH nurse, and then a physician visit if
required, and If the NEWS increased by three or more
points, an urgent physician review was conducted at the
patient’s home within an hour to assess whether transfer
back to hospital was required.

Results

A total of 502 patients admitted to the HaH service were
analysed. Among these patients, 443 (88.2%) were success-
fully treated and subsequently discharged from the service.
One patient (0.2%) passed away (expected death) while
under HaH care, and 58 patients (11.5%) necessitated trans-
fer back to the hospital for escalation of treatment. There

Table 2. NEWS system, CVPU: confusion, voice, pain, unresponsive.

Respiratory Rate (breaths/min) <8 - 09-11 12-20 21-24 - >25
Oxygen Saturation (%) <91 92-93 94-95 >96 = = =

Any Supplemental Oxygen - Yes - No - - -

Systolic Blood Pressure (mmHg) <90 91-100 101-110 111-219 - - >220

Heart Rate (beats/min) <40 - 41-50 51-90 91-110 111-130 >131

Level of Consciousness = = — Alert — — CV, P, orU
Temperature (°C) <35.0 - 35.1-36.0 36.1-38.0 38.1-39.0 >39.1 -
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was no mortality in this group, through that admission
period. Charactristics of studied population are given in
Table 3.

Comparison of NEWS between
transferred and non-transferred
(discharged) patients from HaH

Mean NEWS (zstandard deviation) for patients who
remained in HaH versus those transferred back to hospital
from Day 0 (DO) to Day 10 (D10) is compared in
Table 4. The data indicate that patients transferred back to
the hospital had a higher mean NEWS. The AUC for
NEWS was 14.06 for non-transferred patients and 24.71
for the transferred group, with the difference being highly
significant (p<0.001; Figure 1). For day-to-day changes
in NEWS, the AUC was 3.60 for non-transferred patients

Table 3. Characteristics of the studied population

Age Distribution

>71 years 241 48

31-70 years 226 45

18-30 years 35 7

Diagnoses

Lower respiratory tract infection/COPD 216 43
exacerbation

Urinary tract infection 96 9.1

Lower limb cellulitis 75 149

Intestinal infectious disorders and electrolyte 50 9.9
imbalance

Decompensated heart failure 45 8.9

Low-risk pulmonary embolism 20 4

Baseline NEWS on Admission

NEWS of 0 168 33.5

NEWS of | 128 25.5

NEWS of 2 9 179

NEWS of 3 69 137

NEWS of 4 47 9.4

and 6.74 for transferred patients, also demonstrating a stat-
istically significant difference (p =0.01; Figure 2).

Patient experience

A total of 604 participants completed the patient satisfaction
questionnaire developed by the HaH service, with 98% of
patients indicating they were highly likely or likely to rec-
ommend the HaH service to their friends and family. 95%
of patients rated their doctors’ and nursing care as excellent
or good with regard to communication, explaining their
condition, treatment risks within the HaH model, and
involving them in decision-making. High satisfaction levels
(96%) were also noted for other aspects of the service,
including the effective organization, transfers, information
provision, and discharge.

Discussion

Our data showed that incorporating the NEWS
track-and-trigger mechanism in a HaH setting for acutely
ill patients could effectively predict clinical deterioration
and ensure timely transfer back to the hospital. We demon-
strated that approximately 90% of these patients were safely
treated at home, with only 10% requiring transfer, and no
fatalities among those transferred back. Additionally, we
observed statistically significant differences in total
NEWS between patients successfully managed at home
and those requiring transfer.

To the best of our knowledge, this is the first study on
acute HaH services in the UK. The literature on acute HaH
services is limited, with most studies focusing on outpatient
infusion therapies and early discharges, rather than on acute
care within the HaH setting.12 Few studies, however, have
explored the management of acute conditions at home."*™
Leff et al. demonstrated that conditions like pneumonia, heart
failure, COPD, and cellulitis can be safely managed at
home."* A randomized controlled trial also confirmed that
HaH is safe for certain acute conditions and is associated
with reduced costs, fewer readmissions, and higher patient
satisfaction compared to inpatient care.* For COPD exacer-
bations, a systematic review showed that HaH significantly
reduces readmissions and lowers mortality rates.'> While
previous studies of HaH models have shown promising
results, the absence of a standardized mechanism for detect-
ing patient deterioration remains a significant gap. Our study
addresses this gap by incorporating the NEWS, offering a
systematic approach to patient monitoring.

The use of NEWS as a predictive tool for patient deteri-
oration has been extensively studied and validated in mul-
tiple settings. Studies have demonstrated that the NEWS
is a reliable predictor of prehospital and in-hospital clinical
deterioration, ICU admissions, and mortality across various
patient groups.'®~° It is more reliable than other monitoring
systems in predicting cardiac arrest, ICU admissions, and
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Table 4. Mean NEWS (+SD) of patients admitted to HaH

No-Transfer 18+19 161+19 13+16 13x+15 12+15 12+15 12+14 1417 I5+15 1.7+18 14+18

Transfer 22+2.1 22426 2+201 24+24 23+24 26+3.1 25+24 22+23 1.8+2 28+22 28+22

NEWS from Admission to Day 10: Green for
Transfer, Red for No Transfer
3
2.5
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Figure |. Mean NEWS by day for all HaH patients.
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Figure 2. Change in NEWS (A), calculated by deducting NEWS on the day from the previous day.

mortality.?' Our data demonstrated that NEWS could be service helped develop a care model that enabled selected
accurately recorded in a HaH setting and could detect acutely unwell patients to be treated safely at home, thereby
patients at risk of deterioration, hence, enabling timely reducing pressure on hospital resources and allowing acute
transfer back to hospital. Integrating NEWS into a HaH hospitals to focus on critically ill patients.
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Our data revealed high levels of patient satisfaction with
the HaH care model, consistent with previous studies show-
ing high satisfaction with these services.”* > Our patients
were satisfied with both clinical care and service provision.
However, potential biases may exist, as patients who chose
HaH care may naturally prefer this model, and those with
positive experiences may be more likely to respond and pro-
vide favourable feedback. Patient satisfaction is a widely
recognized metric for assessing quality in healthcare.
Furthermore, high levels of patient satisfaction are linked
to reduced emergency attendance, lower healthcare expen-
ditures, and decreased mortality rates.**

Our service evaluation had several limitations. The retro-
spective design may have introduced selection bias, which
limited the generalizability of the findings and reduced con-
trol over potential confounding factors. The lack of a con-
trol group and comparison with in-hospital care limited
the ability to assess relative effectiveness or safety. We
assessed total NEWS rather than individual NEWS compo-
nents, which made it difficult to correlate deterioration in
specific organ systems. We did not collect data on patients
following their transfer back to hospital, which limited our
ability to assess the longer-term safety of this model.
However, there was no mortality, as no mortality root cause
analysis was conducted. Finally, the patient feedback tool
used in this study was not pilot-tested, and the results
may be influenced by response and selection bias.

Conclusion

Our data demonstrate that selected acutely ill patients can be
safely treated in a HaH setting. NEWS can be reliably mea-
sured in acute HaH and effectively used as a
track-and-trigger mechanism to identify patient deterior-
ation. Given the increasing pressure on acute hospitals,
HaH has the potential to become an integral part of future
healthcare systems for selected patients. Future studies
should focus on comparing HaH with traditional in-hospital
care and assess long-term outcomes, cost-effectiveness, and
patient outcomes in those who deteriorate and are subse-
quently readmitted to the hospital. Additionally, we recom-
mend using standardised questionnaire tools for assessment
of patient satisfaction in future research.
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