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Abstract

Background

Electronic early warning systems have been used in adults for many years to prevent critical
deterioration events (CDEs). However, implementation of similar technologies for monitoring
children across the entire hospital poses additional challenges. While the concept of such
technologies is promising, their cost-effectiveness is not established for use in children. In this
study we investigate the potential for direct cost savings arising from the implementation of the
DETECT surveillance system.

Methods

Data were collected at a tertiary children’s hospital in the United Kingdom. We rely on the
comparison between patients in the baseline period (March 2018 to February 2019) and
patients in the post-intervention period (March 2020 to July 2021). These provided a matched
cohort of 19,562 hospital admissions for each group. From these admissions, 324 and 286 CDEs
were observed in the baseline and post-intervention period, respectively. Hospital reported
costs and Health Related Group (HRG) National Costs were used to estimate overall expenditure
associated with CDEs for both groups of patients.

Results

Comparing post-intervention with baseline data we found a reduction in the total number of
critical care days, driven by an overall reduction in the number of CDEs, however without
statistical significance. Using hospital reported costs adjusted for the Covid-19 impact, we
estimate a non-significant reduction of total expenditure from £16.0 million to £14.3 million
(corresponding to £1.7 million of savings — 11%). Additionally, using HRG average costs, we
estimated a non-significant reduction of total expenditure from £8.2 million to £ 7.2 million
(corresponding to £1.1 million of savings — 13%).

Discussion and Conclusion

Unplanned critical care admissions for children not only impose a substantial burden on patients
and families but are also costly for hospitals. Interventions aimed at reducing emergency critical
care admissions can be crucial to contribute to the reduction of these episodes’ costs. Even
though cost reductions were identified in our sample, our results do not support the hypothesis
that reducing CDEs using technology leads to a significant reduction on hospital costs.
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1. Background

Paediatric intensive care admissions impose a substantial burden on children, carers and in the
health system. These admissions are very costly, implying increasing financial strain to hospitals
[1]. Moreover, the length of stay is usually identified as the key determinant for paediatric
intensive care costs [2]. Hence, interventions aiming at reducing the length of stay or avoiding
admissions, are likely to contribute to improved efficiency and cost savings.

Electronic early warning systems (e-EWS) have been used in adult health settings for many years
to prevent critical deterioration events (CDEs). These systems are typically based on algorithms
which analyse regular and observable data to predict patient deterioration [3, 4]. The use of
technology to improve the accuracy, reliability and availability of patients’ vital signs is often
associated with reduced mortality [5].

However, similar technologies have not yet been widely diffused for children in hospitals [6].
Nonetheless, outcomes for critical care paediatric patients change considerably depending on
admission characteristics [7, 8]. The use of Paediatric Early Warning (PEW) scores and systems,
which exploit this variability in admission characteristics and outcomes, has increased over the
last decades. Still, its implementation has been inconsistent and evidence of effectiveness of
PEWS have been hampered by paper-based implementation [9].

Some studies suggest that these types of systems can reverse an increasing trend of critical
deterioration [10] and improve clinical outcomes [11]. However, a large international study,
comparing paper-based bedside PEWS with usual care, did not find a significant decrease in
mortality among hospitalised paediatric patients [12].

While the concept of e-EWS is promising, its cost-effectiveness is not established for use in
children and the impact of these programs on hospital costs or profits is unclear [13, 14]. Most
studies typically fail to provide detailed cost information, precluding a detailed analysis on the
cost-effectiveness of these technologies.

This paper presents the cost-effectiveness findings from the DETECT study (Dynamic Electronic
Tracking and Escalation to reduce Critical care Transfers) [6]. The DETECT study implemented a
proactive end-to-end deterioration solution (the DETECT surveillance system) across a tertiary
children’s hospital in the United Kingdom (UK). The DETECT surveillance system aims to
proactively screen paediatric patients for early signs of serious deterioration or sepsis, thereby
reducing complications and emergency transfers to critical care following deterioration in
hospital. This paper provides evidence on the direct cost savings arising from the
implementation of the DETECT surveillance system, which contributes to reduce CDEs.

2. Methods

This paper aimed to explore cost savings with the implementation of the DETECT surveillance
system. To estimate such costs, we relied on the comparison between patients in the baseline
period (March 2018 to February 2019) and patients exposed to the DETECT surveillance system



(March 2020 to July 2021). In each period, a total of 19,562 hospital admissions (excluding day-
cases) were recorded.

The analysis was based on the quantification of costs associated with the CDEs for those hospital
admissions. In the baseline period, a total of 324 CDEs were recorded in a set of 19,562 hospital
admissions. In the post-intervention period, for the same overall number of hospital admissions
(matched cohort), a total of 286 CDEs were identified within 225 different patients. In this paper,
we quantified the direct hospital costs associated with these CDEs for the baseline period and
compared them with the costs observed in the post-intervention period.

The analysis is performed with an hospital perspective, i.e., not accounting for costs outside the
hospital setting. This implies that all direct costs recorded during each hospital admission were
included in the analysis. We estimated changes in costs arising from the utilization of the DETECT
surveillance system. These were estimated by comparing the costs for CDEs in the baseline and
post-intervention period. Two data sources were used to value the resources consumed: a) The
primary data source was based on hospital reported costs; b) National average costs, based on
Healthcare Resource Group (HRG), were also used as a sensitivity analysis.

a. Hospital Reported costs

To understand the determinants of the costs associated with the CDEs, patient-level costs were
reported by the hospital. These costs were generated by the cost accounting department at the
hospital and included all direct health care costs allocated to each individual episode. To avoid
bias from long hospital admissions, and according to the predefined protocol, costs per day for
critical care and hospital stay following a CDE were capped at up to 90 days. All costs were
reported in British pounds (GBP).

Hospital reported costs were generated by Alder Hey Children’s Hospital's patient level
information and costing system (PLICS) which has a “full assurance” audit rating from auditors
EY — Ernst & Young and NHS Improvement. The system takes patient level information feeds for
most departments in the Trust, which show what happened to each patient each day. Hospital
reported costs were computed based on the NHS Costing Standards?, which are used by every
NHS provider trust in England.

For example, ICU costs were allocated on a daily basis to everyone who was on ICU during the
year on the basis of minutes they spent on the ward that day, weighted by the acuity of the
patient that day. Similarly, biochemistry costs were allocated to all patients who had
biochemistry tests, with each test weighted according to time spent and consumable cost.
Therefore, the system can report the actual costs of the actual patients on the actual days that
they were in critical care. This enabled us to aggregate the cost of each relevant patient on the
days when they were in critical care.

2 Further details on the NHS Costing Methodology available at https://www.england.nhs.uk/costing-in-
the-nhs/approved-costing-guidance/



b. Health Resource Groups costs

Patient-level costs reported by the hospital may differ from national average costs. An important
part of health economics analysis concerns whether those costs are generalizable to other
hospitals in the National Health Service (NHS). Hence, we used national average costs, based on
Healthcare Resource Groups (HRG), to compare patients in the baseline and in the post-
intervention period. This improved the robustness of the analysis and the external validity of the
results in the NHS.

Within the NHS, patient events which consume a similar level of resources are grouped in a HRG.
These groups are used to compare activity across hospitals and have unit costs associated which
influence reimbursement schemes. However, relative to hospital reported costs, national
average costs are less precise since they represent the average cost of all critical care patients,
rather than just the patients who had unplanned admissions to critical care.

National average costs for hospital episodes are published under the National Cost Collection.
This collection includes aggregated costs for providing defined services to NHS patients. NHS
providers submit costs annually, which are then used to compute a national cost schedule. The
average national costs for these HRGs were collected for the two years: 2019/2020, as well as
for a pre-pandemic period (2018/2019).

Alder Hey Children’s Hospital reported the HRG associated with each episode recorded in the
baseline and post-intervention data. This captures the number of days the patients spent in
critical care units. Patients included in the data display eight different Paediatric Critical Care
HRGs. Further detail on the characteristics of each of the HRGs included in the analysis is
available in table Al in the appendix. Thus, hospital costs for the CDEs were estimated using
HRG codes reported by the hospital and the respective National average costs. The expenditure
estimation was performed for the baseline group and compared with the post-intervention

group.

A comparison between the national average costs and the hospital-reported costs was also
performed, using both unadjusted costs and the reference cost index (RCI). This allowed to check
the accuracy of cost estimates, as well as to adjust Alder Hey Children’s Hospital costs based on
the same case mix delivered at national average cost. Such comparison further contributed to
the robustness and reliability of the estimates.

3. Results

This section describes the results regarding the comparison of costs between baseline and post-
intervention episodes. Comparison between groups was conducted using two different
approaches: costs were compared using hospital reported costs, and costs were also compared
using national average costs, based on the Healthcare Resource Group associated with each
CDE. Table 1 describes the main characteristics of each cohort.



Table 1: Key characteristics of each cohort

Post-

Baseline . . Change Change (%)
intervention
Hospital admissions (n) 19562 19 562 0 0%
Critical Deterioration Events (n) 324 286 -38 -12%
Critical Care Days (n) 3847 3457 -390 -10%
Patients (n) 251 225 -26 -10%
Non ICU bed days (n) 86 635 98 363 11728 14%
Readmissions to critical care
o 48 38 -10 -21%
within 48hrs (n)
All cause mortality, whole
) 64 89 25 39%
hospital (n)
Mortality of unplanned
24 32 8 33%

admission to critical care (n)

Comparing both cohorts, one can see that for the same overall number of hospital admissions,
there was a reduction in the number of Critical Deterioration Events, as well as a reduction on
the number of patients experiencing CDEs. In the post-intervention period, however, there was
an overall increase in the number of non-ICU bed days and an increase in mortality. These
changes are probably linked with the impact of the COVID-19 pandemic during that period.

3.1. Hospital reported costs

In the baseline period, the 324 CDEs had a combined duration of 3,847 critical care days. As
discussed before, each CDE in the dataset was capped at 90 days. Nonetheless, such a cap is
rarely binding as most CDEs last for less than 90 days. Total cost reported by the hospital for
these admissions amounted to £11.8 million, which corresponded to an average daily cost of
£3,079.

Comparison between CDEs was made between patients in the baseline and intervention period.
These periods were very different in terms of hospital activity, patient population admitted and
hospital procedures and processes. Most admissions exposed to the intervention occurred
during the Covid-19 pandemic, which increased hospital average costs substantially. Thus,
baseline costs were adjusted to account for the additional expenditure that these admissions
would face if they had occurred during the Covid-19 pandemic (as the admissions registered in
the post-intervention period). The hospital cost accounting department estimated that critical
care admission costs increased by 35.4% due to Covid-19. This estimate was done by comparing
overall critical care costs before and after Covid-19. Since Covid-19 and the implementation of
the DETECT surveillance system happened simultaneously, Covid-19 cost correction is subject to



high uncertainty. Nonetheless, adjusting baseline costs for the Covid-19 impact increased total
cost to £16 million, which corresponded to an average daily cost of £4,170.

During the intervention period, for the same number of overall admissions, there were 286 CDEs
registered, with a combined duration of 3,457 critical care days. Again, these critical care days
were capped at 90 days per admission. These implied a total cost above £14 million, which
corresponded to an average daily cost of £4,150.

Table 2 displays the comparison of costs for baseline and intervention CDEs, considering both
the 90 days cap and the Covid-19 adjustment. For the same overall level of admissions (19,562),
there was a reduction from 324 CDE (1.66%) to 286 (1.46%). This corresponds to a reduction of
37 CDEs (-11%). However, such overall reduction is not statistically significant, based on a Fisher
exact test (p-value = 0.13).

There was a small increase in the average number of days per CDE, which increased from 11.9
to 13.1 between the baseline and the intervention period. However, this difference was not
statistically significant (t-test = 0.19).

Additionally, there was a small decline on the average daily cost adjusted for the Covid-19 impact
(-0.5%). However, considering the uncertainty of these estimates, reflected by relatively high
standard deviations, the differences in the average daily cost were not significant at the usual
significance levels (t-test = 0.44). This suggests that there is no evidence of a significant reduction
in the average daily cost, nor in the average number of days per CDE.

These effects combined, resulted in a decrease in expenditure of £1.7 million pounds, which
corresponded to an 11% decrease in admission-related expenditures associated with the
implementation of DETECT surveillance system. However, as discussed above, such reduction is
not statistically significant, considering that the average cost per CDE remained unchanged and
that the overall reduction in the number of CDEs was also not significant.

Table A2, available in the appendix, provides the same analysis without the Covid-19
adjustment. Without Covid-19 adjustment, overall costs would increase relative to the baseline.
Considering the high degree of uncertainty associated with the Covid-19 adjustment, hospital
reported data suggests that there is no statistical evidence that major savings were achieved
following the implementation of the DETECT surveillance system.

Table 2: Hospital reported costs for Baseline and Intervention CDE (capped at 90 days and with
Covid-19 adjustment)

Baseline Intervention Change Change (%)

Number of events 324.00 286.00 -38.00 -12%
Total days 3,847.00 3,457.00 -390.00 -10%
Days per CDE

Average 11.87 13.05 1.17 10%

Standard Deviation 15.48 16.18
Total cost (£) 16,041,992.65 14,347,068.27 -1,694,924.37 -11%
Daily Cost (£)

Average 4,170.00 4,150.15 -19.85 0%

Standard Deviation 2,460.82 3,221.93



3.2. Healthcare Resource Groups costs

Alder Hey Children’s Hospital reported the HRG associated with each episode in the baseline
and intervention data. Based on these HRGs and on the average unit cost published by the NHS
(see Table A3 available in the appendix), we estimated Alder Hey Children’s Hospital
expenditure. Patients included in the study displayed eight different Paediatric Critical Care
HRGs.

Table 3 displays the comparison of the HRG units (which reflects the total number of admissions
days) recorded between baseline and intervention patients. Overall, when comparing both
periods, we observed a sizeable reduction in the volume of most HRGs. The only three HRGs
with more activity (bed-days) in the post-intervention period relative to the baseline were
Enhanced Care and Basic Critical Care (XB09Z and XB07Z), as well as Advanced Critical Care 5
(XB01Z). Within the Paediatric Critical Care HRGs, Enhanced Care and Basic Critical Care are the
least complex HRGs and the two with the lowest costs. As each unit corresponds to one bed-
day, we observed that the total number of critical care days decreased from almost 3,800 in the
baseline to approximately 3,300 in the post-intervention data. This represents a decrease of 455
critical care days for the matched cohort of 19,562 admissions.

The overall reduction in HRG codes is mostly related with the overall decline in the number of
CDEs between the baseline and intervention period (324 and 286, respectively). However, as
mentioned above, the overall reduction in the number of CDEs was not statistically significant.

Table 3: Paediatric Critical Care HRG comparison between baseline and intervention admission

Code* HRG Baseline Intervention Change Change (%)
XB01Z  Advanced Critical Care 5 68 76 8 12%
XB02Z  Advanced Critical Care 4 56 17 -39 -70%
XB03Z  Advanced Critical Care 3 228 181 -47 -21%
XB04Z  Advanced Critical Care 2 633 587 -46 -7%
XB05Z  Advanced Critical Care 1 918 766 -152 -17%
XB06Z Intermediate Critical Care 1554 1292 -262 -17%
XB07Z  Basic Critical Care 183 234 51 28%
XB09Z  Enhanced Care 152 184 32 21%

3792 3337 -455 -12%

*HRG codes are ordered from the most complex critical care admissions (XB01Z) to the least complex one (XB09Z)

The reduction in the number of days in critical care following a CDE has a direct implication in
terms of costs. We used 2019/2020 NHS costs to estimate the potential saving by comparing the
overall cost associated with these CDE between patients in the baseline and in the post-
intervention period. As expected, we observed a reduction in expenditures for most HRG codes,
as described by Table 4. Overall, there was a reduction close to £1.1 million when comparing the
costs associated with the CDEs between baseline and post-intervention patients. This represents
a reduction of 13% relative to the baseline cost.



This effect is mostly explained by the non-significant reduction in the number of CDEs when
comparing both periods. The reduction in the number of CDEs, contributed to reducing the
number of critical care days, leading to a cost reduction. Considering that the reduction in the
number of CDEs was not significant, there is also uncertainty regarding the cost saving
estimated.

Table 4: Estimated HRG Costs for patients in the Baseline and Post-Intervention period (£)

National .
. . Intervention
Code* HRG average unit Baseline (£) () Change (E)  Change (%)
cost (£)
Advanced Critical
XB01Z Care 5 4491.84 305444.84  341379.52 35934.69 12%
are
Advanced Critical
XB02Z Care 4 3808.28 213263.41 64 740.68 -148 522.73 -70%
are
Advanced Critical
XB03z Care 3 2844.61 64857191 514 875.07 -133 696.84 -21%
are
Advanced Critical
XB04Z R 2673.76 1692490.55 1569 497.55 -122 992.99 -7%
are
Advanced Critical
XB05Z Care 1 222496 2042515.56 1704321.27 -338194.30 -17%
are
Intermediate
XB06Z . 1867.66 2902347.85 2413020.22 -489 327.63 -17%
Critical Care
XB07Z Basic Critical Care 1572.52 287771.33 367969.90 80 198.57 28%
XB09Z Enhanced Care 1023.38 155554.22 188302.48 32 748.26 21%

8247 959.66 7164 106.68 -1083 852.98 -13%

*HRG codes are ordered from the most complex critical care admissions (XB01Z) to the least complex one (XB09Z)

Despite the overall non-significant reduction in the overall number of CDE, one can also
investigate the composition of each CDE: by analysing the number and type of codes per CDE,
as described by Table 5.

Overall, the average number of codes per CDE increased from 10,16 to 12,37, although such
increase was not significant as well. This suggests that the average number of days per CDE
remained did not change considerably — similarly to what was found when using hospital-
reported costs.

In terms of composition of each CDE, one can observe a significant reduction in the number of
days in an advanced critical care code (XB02Z) and an increase in the number of days in an
intermediate critical care code (XB062Z). This suggests some potential de-escalation of care for
these admissions.



Table 5: Estimated HRG Costs for patients in the Baseline and Post-Intervention period per CDE

Code* HRG Baseline Intervention Change
Standard Standard t-test
Mean o Mean o Mean
Deviation Deviation (p-value)

Advanced Critical

XB01Z 0.24 2.02 0.32 1.93 0.09 0.32
Care 5
Advanced Critical

XB02Z 0.18 1.11 0.06 0.34 -0.12 0.05
Care 4
Advanced Critical

XB03Z 0.64 2.12 0.69 2.46 0.06 0.40
Care 3
Advanced Critical

XB04z 1.52 4.80 1.71 4,53 0.18 0.34
Care 2
Advanced Critical

XB05Z 2.26 492 2.15 4.32 -0.11 0.40
Carel
Intermediate

XB06Z . 4.21 7.60 4.26 7.73 0.05 0.47
Critical Care
Basic Critical

XB07Z 0.57 7.60 0.80 7.73 0.24 0.04
Care

XB09Z Enhanced Care 0.54 1.08 0.69 1.74 0.15 0.18

10.16 12.13 10.69 12.37 0.53 0.32

*HRG codes are ordered from the most complex critical care admissions (XB01Z) to the least complex one (XB09Z)

Since the average number of codes per CDE remained relatively stable, without major shifts
between different codes, the estimated cost per CDE did not decrease as well. Thus, all cost
reductions were driven by a non-significant reduction in the overall number of CDEs, and not by
a reduction in the unit cost of each CDE, as described by Table 6.

Using the same cost schedule to analyse both the baseline and intervention data prevents
potential cost bias arising from the Covid-19 pandemic. Thus, no adjustment to these costs is
required, contrary to the approach followed in the hospital reported cost section. Overall,
savings were aligned between both approaches. We estimated that implementation of the
DETECT surveillance system reduced critical care admissions costs by 11% and 13%, depending
on whether we look at Hospital Reported Costs or Healthcare Resource Groups, respectively. A
sensitivity analysis was also performed using national average costs from 2018/2019, to capture
pre-pandemic trends. Estimates did not change significantly.

Nonetheless, there is significant asymmetry in hospital costs across the country. The NHS has
developed the reference cost index (RCI) which measures the relative cost difference between
NHS providers. This index shows the actual cost of a provider’s case mix compared with the same
case mix delivered at national average cost. Table A4, available in the appendix, displays the
Reference Cost Index for Alder Hey Children’s Hospital. Using the most recent year available
with Market Forces (MFF) adjustment (2018) it shows that Alder Hey’s costs are typically slightly
above the national average. Regarding critical care services, Alder Hey Children’s Hospital costs
were, on average, 18% higher than national average. Among other factors, this may reflect
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variation in the admission thresholds to PICU, nationally. In fact, since some PICUs are co-located
with HDUs, the threshold for admission in these units might be lower.

Table 6: Estimated HRG Costs per CDE (£)

Code* HRG Baseline Intervention Change Change (%)
XB01Z  Advanced Critical Care 5 1 064.80 1457.35 392.55 37%
XB02Z  Advanced Critical Care 4 690.34 239.94 -450.40 -65%
XB03Z  Advanced Critical Care 3 1808.58 1965.19 156.61 9%
XB04Z  Advanced Critical Care 2 4 074.56 4562.03 487.47 12%
XB05Z  Advanced Critical Care 1 5031.28 4791.67 -239.61 -5%
XB06Z Intermediate Critical Care 7 868.74 7963.12 94.38 1%
XB07Z  Basic Critical Care 889.11 1259.75 370.64 42%
XB09Z  Enhanced Care 551.78 704.43 152.65 28%
2175.09 2 146.87 -28.22 -1%

*HRG codes are ordered from the most complex critical care admissions (XB01Z) to the least complex one (XB09Z)

The overall estimated costs are lower than the ones reported by Alder Hey Children’s Hospital
cost accounting. In the baseline period, hospital reported costs amount to £16.0 million,
considering the Covid-19 adjustment, while HRG expenditure amounts to £8.2 million. Similarly,
in the intervention period, hospital reported costs are £14.3 million compared with a total cost
of £7.2 million with HRG costs.

The difference can be explained by cost differences between the hospital and the national
average (used to compute unit costs), as well as methodological differences regarding the type
and scope of the costs included. According to the Reference Cost Index, Alder Hey’s critical care
costs are typically 18% above the paediatric national average for critical care. This reflects
potential differences in terms of the case-mix and differentiation of each centre. Therefore,
extrapolation of costs implies an adjustment of Alder Hey’s costs relative to average. This
adjustment decreases overall hospital reported daily costs.

Nonetheless, hospital reported costs after adjustment remained higher than the national
average costs for paediatric critical care in 2019/2020. HRG cost were 49% and 50% lower than
hospital costs for the baseline and intervention period respectively. This gap decreased to 39%
and 41% after the adjustment. However, the scope of the paper is focused on the cost change —
and not on the level of costs — which is not affected by this (savings after adjustments remain at
11% and 13%, depending on whether one uses hospital reported costs or HRG costs,
respectively).

11



4. Discussion

The DETECT surveillance system aims to proactively screen paediatric patients for early signs of
serious deterioration or sepsis, thereby reducing complications and emergency transfers to
critical care following deterioration in hospital. Avoiding the unexpected escalation of care for
these patients can contribute to cost savings through an overall reduction in the number of CDEs
registered, as well as through a reduction on the average cost per CDE. Our results suggest a
decrease in costs following the implementation of the DETECT surveillance system, there is an
annual reduction in costs of between £1.1 and 1.7M. Although the reduction is not statistically
significant in our analysis, it is a consistent finding using both the hospital costs and the HRG
costs, and could be an intervention that could support efficiency saving in the NHS.

In this paper we estimated the cost change associated with the intervention. We employed two
complementary approaches; hospital reported costs for patients who experienced CDEs in the
baseline and the post-intervention period; and data on NHS average costs, based on HRG codes
for patients.

On average, hospital reported costs were higher than the respective HRG national average costs
used by the NHS. The difference is explained by three main effects. Firstly, HRG data reflect
average national costs, which differ from each specific hospital cost. We accounted for this
difference by using the Reference Cost Index provided by the NHS, which corrects for average
cost differences between hospitals. Correcting for the permanent cost difference, the gap on
reported costs decreases from 49% to 39% for baseline patients, and from 50% to 41% for
patients exposed to the intervention.

Secondly, there are methodological differences regarding the scope of the costs reported. For
instance, the mandatory reporting of costs from hospitals to the NHS uses a top-down approach
[15], while hospital reported costs can have additional detail, as discussed above.

Thirdly, HRG costs are based on all elective and emergency admissions to critical care. It is clear
from these data that emergency transfer to critical care following in-patient deterioration incurs
significantly higher costs patient-level costs per episode compared to aggregated HRG costs. The
mismatch in HRG pay-back for in-patient deterioration episodes highlights that early
intervention and stabilisation of in-patient deterioration could yield benefits in minimising
excess expenditure for patient care delivery, which is an important point for hospitals seeking
to deliver cost-effective care.

Our results suggest a decrease in costs following the implementation of the DETECT surveillance
system. However, such reduction is not statistically significant, as it is driven by an overall non-
significant reduction in the number of CDE: when comparing both periods, we observed a
reduction in the volume of most HRGs (the total number of critical care days decreased from
3800 to approximately 3300 days in the post-intervention data), reflecting a reduction in the
number of CDEs, which decreased from 324 in the baseline period to 286 in the post-
intervention period. Using the 2019/2020 NHS costs, we estimated a reduction in expenditures
for most HRG codes.

12



Overall, there was a reduction of 13% relative to the cost for baseline patients. When looking to
hospital reported costs, we estimated a reduction of 11%. These savings were not statistically
significant. Further research is required to enlarge the sample size and to collect data after the
impact of Covid-19 to provide a more accurate comparison. Nonetheless, even though our
sample size did not allow for the identification a statistically significant effects, there is
suggestive evidence that this intervention may contribute to reduce costs.

As discussed above, such savings can be attributed to either a decline in the number of CDEs or
to a reduction in the average cost per CDE. The latter would happen if the CDEs for the post-
intervention data were, on average, less severe than for baseline patients. Our results suggest
that all savings are explained by the overall reduction in the number of CDEs. This reduction is,
however, not statistically significant. Moreover, the estimated cost per CDE does not seem to
decrease — suggesting that each CDE implies a similar cost. Contrary to previous studies [14] we
did not find a substantial average cost reduction associated with each episode. Still, we find
suggestive evidence that there is a reduction in the number of days in an advanced critical care
code and anincrease in the number of days in an intermediate critical care core. This may reflect
lower chances of death and potentially lower costs. Given the low number of observations in
our sample, these changes were not enough to be translated into statistically significant cost
reductions.

These cost estimates can be seen as a proxy for the opportunity cost of those critical care beds.
If the intervention allows for the reduction of CDEs, and for the reduction in the number of
critical care days, then these cost savings represent the value of the resources that will be
available to be used in other patients and purposes. However, our results do not provide enough
evidence to support this hypothesis: even though a cost reduction was estimated in our sample,
such reduction was not statistically significant.

Some considerations must also be discussed regarding the external validity of these results. As
the intervention took place in a single hospital, extrapolations of these results to other hospitals
must be carefully made. It is likely that hospital-specific characteristics (such as patient case mix,
pathways, and processes for recognising and responding to deterioration and for admission to
critical care) may have some impact on the estimates.

One major concern is the fact that the two groups of patients were not observed simultaneously.
In particular, the post-intervention data was exposed to the Covid-19 pandemic, which could
have affected estimates. Nonetheless, it was possible to collect data on a matched cohort which
allowed this concern to be minimised. Further research will be required to fully control for this
limitation and overcome potential sample size issues.

Unit costs were also adjusted to capture average cost increases relative to the Covid-19
pandemic. However, adjustments to Covid-19 related cost increases were subject to high
uncertainty. This adjustment was estimated by comparing overall critical care costs before and
after Covid. To some extent, costs post-Covid may also include the effect of the DETECT
surveillance system. Nonetheless, the estimate of a 35,4% cost increase in critical care due to
Covid seems relatively conservative. In fact, overall health care budget in the UK increased by
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roughly 25% due to Covid?3. It is likely that critical care costs increased above the average, with
some European studies estimating critical care costs increases due to Covid above 70% [16].

Nonetheless, to deal with the uncertainty related with the Covid-19 cost adjustment, the
hospital reported costs perspective was complemented with an analysis of national level costs,
which improves the reliability of the estimates. Variations are expected to occur depending on
how each hospital performs relative to the national average.

5. Conclusion

This study provides a discussion on the potential direct critical care cost savings arising from the
implementation of the DETECT surveillance system. Although the overall reduction of the
number of CDEs is not statistically significant, the potential saving of between £1-1.7 million
/year (or ~10% hospital costs due to CDE) is one that would be welcomed by hospitals seeking
to make efficiency savings.

We compared the cost associated with CDEs experienced by 19,562 hospital admissions in the
baseline period and the same number of admissions during the DETECT surveillance system
period, by combining hospital reported costs with NHS average costs, into an integrated
perspective on how costs are affected by the DETECT surveillance system. We observed a
reduction in the total number of critical care days leading to a cost reduction of between £1.1
and £1.7 million/year. This implies an 11% - 13% saving relative to the baseline cost, depending
on the approach followed (hospital reported costs versus NHS average costs). These cost
reductions were driven by an overall reduction in CDEs and not by a reduction in the unit cost
of each CDE.

These estimates focus exclusively on critical care costs, both for hospital reported and HRG
costs. Total ward costs and changes associated with potentially different lengths of stay were
not included in the scope of this paper. Moreover, these estimates reflect the direct cost change
associated with CDEs but do not include the cost of acquiring and implementing the technology.
Even if not translated directly in terms of cost savings, early warning systems may contribute to
improve the quality of care and enhance patient outcomes.

Overall, our results support the hypothesis that reducing CDEs has a direct impact on critical
care costs and highlights the importance of surveillance technologies in anticipating patients’
deterioration and avoiding care escalation.

List of abbreviations

CDE — Critical Deterioration Event

DETECT - Dynamic Electronic Tracking and Escalation to reduce critical Care Transfers
LSOA - Lower Super Output Area code

MFF — Market forces adjustment

NHS — National Health Service

PPI - Patient and Public involvement

3 https://www.bma.org.uk/advice-and-support/nhs-delivery-and-workforce/funding/health-funding-
data-analysis
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Appendix

Table A1: Description of HRG codes

Code Label

Description

Paediatric Critical Care,

X801z Advanced Critical Care 5

Extracorporeal membrane oxygenation (ECMO)
Extracorporeal Life Support (ECLS) including Ventricular Assist Device (VAD)
Aortic balloon pump

Paediatric Critical Care,

XB02z Advanced Critical Care 4

Invasive Mechanical Ventilation or

Advanced Respiratory Support (Jet Ventilation or HFOV) and at least one of:
Burns >79% BSA
>80 ml/kg volume boluses

Paediatric Critical Care,

X803z Advanced Critical Care 3

Invasive Mechanical Ventilation or

Advanced Respiratory Support (Jet Ventilation or HFOV) and at least one of:
Haemofiltration
Haemodialysis
Peritoneal dialysis
Burns 50-79% BSA
Extracorporeal liver Support (MARS)
Exchange transfusion
iNO
Surfactant
Plasmafiltration

Paediatric Critical Care,

XB04z Advanced Critical Care 2

Advanced Respiratory Support (ARS) or

Frequency Oscillatory Ventilation (HFOV) or

Invasive Mechanical Ventilation and at least one of:
Vasoactive infusion
ICP monitoring
Burns 20-49% BSA
Intravenous thrombolysis
CPRin last 24 hrs

Paediatric Critical Care,

XB05Z
05 Advanced Critical Care 1

Invasive Mechanical Ventilation (IMV)

Non-invasive ventilation / CPAP

PLUS one or more of:

Vasoactive infusion CPR in last 24 hrs

>80 ml/kg volume boluses Intravenous thrombolysis
Haemofiltration Burns >20% BSA

Haemodialysis iNO / Surfactant

Peritoneal dialysis Exchange transfusion
Plasmafiltration ICP monitoring

Extracorporeal liver Support (MARS)

Paediatric Critical Care,
Intermediate Critical
Care

XB06Z

Airway: Nasopharyngeal airway
Airway: Care of tracheostomy (first seven days of episode only)
Breathing: Non-invasive ventilation (including CPAP and BiPAP)
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Breathing: Long-term ventilation via a tracheostomy

Circulation: >80 ml/kg volume boluses

Circulation: Vasoactive infusion (including inotropes and prostaglandin)
Circulation: Temporary external pacing

Circulation: Cardiopulmonary resuscitation in the last 24 hours
Diagnosis: Acute renal failure requiring dialysis or haemofiltration
Diagnosis: Status epilepticus requiring treatment with continuous IV infusion
Monitoring:

Monitoring: Invasive arterial monitoring

Monitoring: Central venous pressure monitoring

Monitoring: Intracranial monitoring / external ventricular drain

Other: Exchange transfusion

Other: Intravenous thrombolysis

Other: Extracorporeal liver support (MARS)

Other: Plasmafiltration

Other: Epidural infusion

Airway: Upper airway obstruction requiring nebulised adrenaline
Breathing: Apnoea — recurrent
Breathing: Oxygen therapy plus continuous pulse oximetry plus ECG monitoring

XBO7Z Paediatric Critical Care,  Breathing: Nasal high flow therapy

Basic Critical Care Circulation: Arrhythmia requiring IV anti-arrhythmic therapy
Diagnosis: Severe asthma (IV bronchodilator / continuous nebulisers)
Diagnosis: Diabetic ketoacidosis requiring continuous insulin infusion
Other: Reduced level of consciousness (GCS <=12) and hourly GCS monitoring
XBO9Z Paediatric Critical Care,

Enhanced Care Enhanced observation and monitoring without any added organ support.

Table A2: Hospital reported costs for Baseline and Intervention CDE (capped at 90 days and

without Covid-19 adjustment)

Baseline Intervention Change
Number of events 324 286 -38
Total days 3847 3457 -390
Average daily cost (£) 3078.99 4 150.15 1071.16
Total cost (£) 11 840 888.80 14 347 068.27 2506 179.47
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Table A3: National Schedule of NHS Costs (2019-20) - All NHS trusts and NHS foundation trusts

HRG Activity Unit Cost (£) Total Cost (£)
XB01z 1988 7 646.26 15 200 769.96
XB02Z 1282 4 903.62 6286 440.80
XB03z 4297 3301.36 14 185 949.53
XB04zZ 15 379 2 873.50 44 191 529.11
XB05Z 32736 2493.31 81621 102.55
XB06Z 55480 1581.90 87763 621.19
XB07Z 31747 1478.16 46 927 117.93
XB09zZ 32257 907.43 29270933.71
Table A4: Reference Cost Index (100 = national average)
Index 2016 2017 2018 2019 D.17-16 D.18-17 D.19-18

MFF Adjusted

Organisation-Wide Index 111 103 107 -8% 4%

Critical Care Services 115 90 118 -22% 32%

Unbundled 110 120 116 9% -3%
MFF Unadjusted

Org-Wide Index 105 97 101 97 -8% 3% -4%

Critical Care Services 107 84 110 109 -21% 31% -1%

Unbundled 106 115 112 113 8% -2% 1%
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