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Abstract

Objectives: NHS Digital issued new guidance on sepsis coding in April 2017 which was further modified in April
2018. During these timeframes some centres reported increased sepsis associated mortality, whilst others reported
reduced mortality, in some cases coincident with specific quality improvement programmes. We hypothesised that
changes in reported mortality could not be separated from changes in coding practice.

Methods: Hospital Episode Statistics from the Admitted Patient Care dataset for NHS hospitals in England, from April
2016 to March 2020 were analysed. Admissions of adults with sepsis: an International Classification of Diseases 10
(ICD-10) code associated with the Agency for Healthcare Research and Quality Clinical Classifications Software class
‘Septicaemia (except in labour); were assessed. Patient comorbidities were defined by other ICD-10 codes recorded
within the admission episode.

Results: 1,081,565 hospital episodes with a coded diagnosis of sepsis were studied. After April 2017 there was a
significant increase in admission episodes with sepsis coded as the primary reason for admission. There were signifi-
cant changes in the case-mix of patients with a primary diagnosis of sepsis after April 2017. An analysis of case-mix,
hospital and year treated as random effects, defined a small reduction in sepsis associated mortality across England
following the first change in coding guidance. No centre specific improvement in outcome could be separated from
these random-effects.

Conclusion: Changes in sepsis coding practice altered case-mix and case selection, in ways that varied between
centres. This was associated with changes in centre-specific sepsis associated mortality, over time. According to the
direction of change these may be interpreted either as requiring local investigation for cause or as supporting coinci-
dent changes in clinical practice. A whole system analysis showed that centre specific changes in mortality cannot be
separated from system-wide changes. Caution is therefore required when interpreting sepsis outcomes in England,
particularly when using single centre studies to inform or support guidance or policy.
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Introduction

Sepsis is defined as life-threatening organ dysfunc-

tion due to a dysregulated host response to infection
[1]. It is an important cause of morbidity and mortality.
] : : In 2015, 123,000 cases of sepsis were reported by NHS
PIONEER, HDR-UK Health Data Research Hub in Acute Care, Institute England (NHSE) to be associated with 36,900 deaths, [2,
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under-recognised, under-diagnosed and under-recorded
[5, 6]. Early recognition and treatment is important as
there is evidence that this can reduce mortality [7]. Clini-
cal definitions have therefore been extended to include
various features, including reduced conscious level and
hypoxia as well as hypotension [1].

Initiatives to improve the identification and manage-
ment of sepsis have been introduced, including public
health campaigns raising awareness of the diagnosis [8].
In England, financial incentives were introduced to pro-
mote screening for sepsis in emergency departments in
2015 and acute inpatient settings in 2016 [9]. These were
followed by recommendations on the use of NEWS2 to
screen for sepsis by the Royal College of Physicians (RCP)
in 2017 [10], NHSE in 2018 [11] and the National Insti-
tute for Health and Care Excellence (NICE) in 2019 [12].

A range of local responses to improve the recogni-
tion of sepsis have emerged in primary and secondary
care [13, 14], with reports of best-practice identified by
NHSE as associated with major reductions in sepsis asso-
ciated mortality. However, these innovations coincided
with national guidance issued to improve the recording
of sepsis within the diagnosis [15]. In April 2017 NHS
Digital implemented a change in the guidance on how
to code a diagnosis of sepsis, with the aim of increasing
the identification of sepsis as the primary diagnosis lead-
ing to admission. This involved an emphasis on clinical
terminology, so that clinicians’ reference to organ spe-
cific sepsis, meaning local infection, was more likely to
be coded as sepsis. In addition, when conditions such as
pneumonia presented with sepsis, there was an empha-
sis on coding sepsis in the primary position rather than
the underlying condition. A further change in guidance
was issued from April 2018, advising that this sequenc-
ing of conditions should be left to ‘clinical judgement’
[16]. The effect of these changes on Hospital Episode
Statistics (HES) derived outcome metrics [17, 18], such
as Hospital Standardised Mortality Ratios (HSMR) and
Summary Hospital-level Mortality Indicator (SHMI),
have been discussed in a briefing document by Dr Foster
Intelligence. After the coding change in 2017, an increase
in sepsis associated mortality was reported by many hos-
pitals. This triggered further investigation of cause and
effect by those hospitals and by the Care Quality Com-
mission (CQC) [19].

We hypothesised that altered coding practice could
have affected the sepsis associated mortality rates
reported, without changes in actual outcome. This
change would confound the interpretation of practice
changes introduced during this period. In order to under-
stand this, we undertook a detailed examination of the
relationship between altered coding and patient age, type
of admission and secondary diagnoses associated with
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sepsis, [20] or ‘case-mix’ This was with a view to under-
standing the factors influencing sepsis associated mortal-
ity and determining whether centre specific changes in
outcome can be differentiated from changes arising from
coding practices.

Methods

Data were extracted from the Hospital Episode Statis-
tics (HES) Admitted Patient Care dataset for the period
between April 2016 and March 2020, providing data for
126 NHS acute hospital trusts in England.

Non-identifiable data was accessed and therefore the
project did not require specific Human Research Author-
ity (HRA) ethical approval, however, the study was
approved by the non-HRA Data Committee at University
Hospitals Birmingham NHS Foundation Trust.

Adult patients, aged 18 years or over, with an Inter-
national Classification of Diseases 10 (ICD-10) code
associated with the Agency for Healthcare Research
and Quality (AHRQ) Clinical Classifications Software
(CCS) class ‘Septicaemia (except in labour)’ recorded in
the dominant inpatient episode were identified and is
referred to as ‘sepsis’ Patient comorbidities were assessed
using the ICD-10 codes recorded within the admission
episode, aggregated using the AHRQ CCS categories for
ICD-10-CM Diagnoses v2019.1.

Changes to sepsis coding criteria based on recom-
mendations published by NHS Digital were introduced
in April 2017 and April 2018. Data were analysed within
12 month sample periods beginning in April each year,
providing data for 12 months leading up to the first cod-
ing change, the 12 months between coding changes, and
the 24 months following the April 2018 coding change.

Statistical analysis

Data analysis was performed through the Quality and
Outcomes Research Unit in conjunction with the Health
Informatics Department at University Hospitals Bir-
mingham, using SAS/STAT software version 9.4. Models
were constructed including cases with septicaemia coded
as the dominant diagnosis. A change in prevalence of a
comorbidity was determined by modelling the propor-
tion of patients with the comorbidity before and after the
coding changes using a logistic regression model with
terms for provider, age and sample period.

Mortality status was obtained from the Office for
National Statistics. Hospital mortality was modelled
using a generalised linear mixed model. Provider and
sample period were treated as random effects. The effects
of case-mix, provider and sample period were modelled
using the terms identified via backwards elimination
logistic regression. Age was represented by a natural
cubic spline with six knots placed at even percentiles of
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the data. Deprivation was represented by Quintiles plus
a category for unmatched and missing data. Season was
represented by a cyclic linear spline with knots in March
(Spring), June (Summer), September (Autumn), and
December (Winter).

Backwards elimination logistic regression was per-
formed to identify comorbidities that were associated
with death. Comorbidity classes that recorded death, for
example ‘Sudden death cause unknown’ were excluded
prior to analysis, as were comorbidity classes associ-
ated with fewer than 10 deaths in each year, to prevent
numeric convergence problems and unstable parameters
associated with these small groups. The logistic regres-
sion model also included demographic variables (age,
sex, ethnicity, index of multiple deprivation), type of
admission (emergency or non-emergency), time period,
season and provider.

Results

The number of admissions where sepsis was recorded
within the diagnosis is shown in Table 1, increasing from
199,395 between April 2016 and March 2017 (‘2016—
2017’) to 312,780 between April 2017 and March 2018
(2017-2018’), 291,110 between April 2018 and March
2019 (‘2018-2019’), and 278,270 between April 2019 and
March 2020 (‘2019-2020).

In parallel with these changes in the absolute number
of admissions in which sepsis was recorded, the propor-
tion in which it was in the primary position increased in
2017-2018 versus 2016—2017 (56.0% vs. 34.6%, p < 0.005),
after the first change in coding guidance. After the sec-
ond change in coding guidance in April 2018 this propor-
tion fell to 45.3% but remained significantly higher than
in 2016-2017 (45.3% vs. 34.6%, p<0.005). These over-
all trends were mirrored across different demographic
groups, albeit that as age increases the proportion in
which sepsis appeared in the primary vs secondary posi-
tion also increased (Table 2).

Inpatient mortality following admission with a diagno-
sis of sepsis is summarised in Fig. 1. Inpatient mortality
associated with sepsis coded in the primary position fell
from 17.8% (2016-2017) to 16.8% (2017-2018), 15.7%
(2018-2019) and 16.2% (2019-2020). However, changes
in coding practice were also associated with significant
changes in comorbidities coded in the secondary posi-
tions, shown in Additional file 1: Table S1 and sum-
marised in Table 3. Thus for 2017-2018 compared to
2016-2017, 84 diagnostic codes were more common
and 27 less common in patients with sepsis in the pri-
mary position. Of those that were more common, 53
were associated with increased mortality and 31 with
decreased mortality. Of those that were less common,
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20 were associated with increased mortality and 7 with
decreased mortality.

As there was a change in the case-mix of patients with
sepsis in the primary position, case-mix adjusted log
odds of death were calculated from the mortality risk of
comorbidities. The median log odds of death account-
ing for all coded comorbidities increased from —2.21
(2016-2017) to —2.10 (2017-2018), —2.15 (2018-2019)
and —2.11 (2019-2020). There was therefore a small but
significant increase in the calculated mortality risk of the
population with sepsis in the primary position.

Figure 2 presents the findings of the mixed model in
which provider and year were treated as random effects.
The observed sepsis associated mortality (the log odds
ratio for the provider in the year vs the average provider
across all years) is plotted against the expected mortal-
ity (the within year normal standardised deviates of the
case-mix adjusted predicted mortality). In this analy-
sis, mortality falls from 2016-2017 to 2017-2018, and
reduces a little further in the subsequent 2 years. This
reduction in mortality occurs despite the adjusted mor-
tality risk derived from the coded comorbidities increas-
ing. The shift in mortality is consistent across all but one
centre, which exhibited higher than expected mortality
across all three years following the coding change. All
other centres form a continuous distribution across the
years studied; there were no other outlying centres in
which the observed mortality significantly differed from
that expected in 2018-2019 and 2019-2020.

Discussion

The recognition and response to sepsis is of concern to
patients and healthcare professionals, since it is a sig-
nificant cause of morbidity and mortality [2, 3]. NHSE
have used various means to improve the recognition and
treatment of sepsis, most recently mandating the use of
NEWS?2 in acute hospital trusts to screen for sepsis [10,
11]. The effect of such a screening strategy is poorly
understood [21], nevertheless a range of centre specific
quality improvement programmes have been described
and endorsed by NHSE, in ways that appear to link pro-
cess change to outcome, resulting in statements such as:
‘Hundreds of lives saved through new tech to spot sepsis’
[22]. This interpretation reflects the results of interrupted
time series, during a period in which NHS coding guide-
lines for sepsis have changed twice, in April 2017 and
April 2018. The effects of these changes on standardised
measures of hospital mortality have been recognised.
Our analysis set out to understand their effects on inter-
pretation of centre specific changes in sepsis associated
mortality, analysing Hospital Episode Statistics from
2016 to 2020.
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Table 1 Number of patients with septicaemia recorded within diagnosis

Time period Sepsis recorded as  Sepsis recorded in diagnosis  Total number where Percentage with sepsis
primary diagnosis  (but not in primary position)  sepsis recorded in recorded where sepsis in
diagnosis primary position (%)
Apr 2016-Mar 2017 71,400 127,995 199,395 358
Apr 2017-Mar 2018 179,760 133,020 312,780 575
Apr 2018-Mar 2019 135,140 155,970 291,110 464
Apr 2019-Mar 2020 122,870 155,400 278,270 44.2
2016 April 5275 9715 14,990 352
May 5295 10,220 15515 341
June 5205 10,205 15410 338
July 5935 10,535 16,470 36.0
August 5690 10,980 16,670 34.1
September 5675 10,375 16,050 354
October 5925 10,830 16,755 354
November 5895 10,695 16,590 355
December 6335 11,150 17,485 36.2
2017 January 5915 11,540 17,455 339
February 5920 10,440 16,360 36.2
March 8335 11,310 19,645 424
April* 13,470 10,480 23,950 56.3
May 14,850 10,930 25,735 57.7
June 14,430 11,000 25,430 56.7
July 15,215 11,060 26,275 579
August 15,270 10,965 26,235 582
September 15,205 10,550 25,755 59.0
October 15,580 11,115 26,695 584
November 14,940 10,955 25,895 57.7
December 16,815 11,190 28,005 60.0
2018 January 15,980 12,000 27,980 57.1
February 13,910 10,550 24,460 56.9
March 14,140 12,225 26,365 536
April* 11,045 12,450 23,495 47.0
May 11,440 13,105 24,545 46.6
June 11,250 12,555 23,805 47.3
July 12,130 12,980 25,110 483
August 12,070 13,230 25,300 47.7
September 11,160 12,255 23415 477
October 11,555 13,480 25,035 46.2
November 10,980 12,885 23,865 46.0
December 11,385 13,355 24,740 452
2019 January 11,615 14,085 25,700 444
February 10,005 12,510 22,515 44.5
March 10,505 13,080 23,585 442
April 10,795 13,235 24,030 449
May 10,945 13,005 23,950 457
June 10,660 12,710 23,370 456
July 11,460 13,770 25,230 454

August 11,340 13,195 24,535 46.2
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Table 1 (continued)
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Time period Sepsis recorded as  Sepsis recorded in diagnosis  Total number where Percentage with sepsis
primary diagnosis  (but not in primary position)  sepsis recorded in recorded where sepsis in
diagnosis primary position (%)
September 10,550 12,935 23,485 449
October 10,765 13,655 24,420 441
November 10,220 13,415 23,635 43.2
December 10,515 13,560 24,075 43.7
2020 January 9865 13,455 23,320 423
February 8890 11,760 20,650 43.1
March 6865 10,705 17,570 39.1

Number of coded admissions for sepsis from hospitals in England, taken from the Hospital Episode Statistics Admitted Patient Care dataset. Changes to coding of
septicaemia were introduced in April 2017 and April 2018 (denoted by *). Data has been rounded for reporting. (A reduction in admissions coded for sepsis in March
2020 was associated with a rapid increase in COVID19 admissions and reduction in other admissions, as the pandemic began to take effect in the UK)

As intended, in April 2017 there was a substantial
increase in the number of patients in which sepsis was
defined as the primary diagnosis. There was a coincident
change in the case-mix which would have been expected
to increase mortality associated with a primary diagno-
sis of sepsis. There were for example, 111 comorbidities
associated with a change in sepsis associated mortality,
whose prevalence changed following the introduction
of the new coding recommendation. Comparing sep-
sis mortality across these time periods must therefore
consider that this altered case-mix will itself impact,
and increase, expected mortality, as the population now
defined as sepsis has altered. This alteration in comor-
bidities contributes to complexity in the interpretation
of changes in sepsis associated mortality within and
between individual centres, in which there may be differ-
ent population patterns of comorbidity and differences in
coding practice, accentuated at times of change in coding
as well as clinical practice [17, 19].

The mixed methods analysis performed here sepa-
rates the effects of case-mix and centre, adjusting for the
changes in case-mix that influence sepsis associated mor-
tality, facilitating comparison of effects related to centre
to expected distributions. This showed that variation in
mortality between centres follows parallel distributions
before and after coding changes, suggesting a systemic
change that affected sepsis associated mortality across
centres. This presentation focuses on observations which
are inconsistent with expectations, identifying just one
centre where reported mortality is higher than expected
in 2018-2019 and 2019-2020. No centre was identified
in which sepsis associated mortality was significantly bet-
ter than expected. Although this does not preclude the
possibility that specific interventions have influenced
outcomes in individual centres, these would not be of
sufficient magnitude to allow their identification within

the observed level of random variation, including unpre-
dictable changes in the application of coding guidance.
After April 2018, the sequencing of conditions in epi-
sodes in which sepsis appears was left to ‘clinical judge-
ment, so that interactions between coder and clinician
further influences local coding. This may itself be affected
by conduits for that interaction, including the electronic
healthcare record, and the emergence of local applica-
tions of specific terminologies, particularly in the context
of local sepsis awareness campaigns. These are some of
the potential contributors to unaccounted for inter-cen-
tre variation in coding for sepsis.

Although not formally proven, it is extremely likely that
the shift in mortality from April 2017 is consequent upon
systematic increases in coding for sepsis in the primary
position, in patients with a lower mortality risk, that is
to say with less severe disease, rather than being due to
changes in clinical practice. This would be an expected
consequence of a policy that sets out to increase coding
for sepsis. Furthermore, there was no universal inter-
vention introduced in April 2017 that would otherwise
account for such a consistent change towards lower sep-
sis associated mortality across centres (with one centre
excepted). Caution should therefore be exercised when
interpreting the outcomes of interventions introduced
from 2016 to 2018 in particular. This situation has now
been further complicated by the emergence of COVID19.

We set out to understand whether reasonable conclu-
sions could be made regarding the benefits of specific
interventions, during a period of rapid change. Our
findings illustrate the general issue of comparing out-
comes, on the background of changing data definitions
and standards over time and across systems [1, 23]. Use
of coded data to provide longitudinal comparison and
monitoring of outcomes, including mortality, is reli-
able only where definitions have remained consistent.
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Fig. 1 Outcome of admission episodes with a diagnosis of septicaemia. Legend. Number of admissions shown for patients with septicaemia as
primary diagnosis, or as secondary diagnosis, for survivors and for those who died, presented by month. Data from Hospital Episode Statistics (HES)
Admitted Patient Care dataset

Table 3 Prevalence of comorbidities in patients with a primary
diagnosis of septicaemia

Prevalence of Effect of comorbidity on mortality Total
comorbidity

Increased Decreased
Increased 532 31P 84
Unchanged 9 6 15
Decreased 20° 72 27
Total 82 44

Change in prevalence of comorbidities in patients with a primary diagnosis of
septicaemia, comparing April 2016-March 2017 to April 2017-March 2018

2 Change may worsen mortality rate
b Change may benefit mortality rate

Change in nationally reported mortality rates for spe-
cific diseases has been demonstrated previously fol-
lowing the introduction of new coding systems [24,
25]. The specific case of sepsis is important, given that
the benefits of national policy and resulting organisa-
tional and individual behaviours, remain unproven [12,
26]. This needs to be considered by individual centres

and regulators responding to adverse changes in sepsis
associated mortality, as well as policy makers interpret-
ing changes in outcome. This is not simply a question
of case-mix but of case selection, changes in phenotype
that are not captured within the case-mix.

Assessment of the effects of process or policy change
could be improved, independent of the effects of cod-
ing, by using underlying data from electronic healthcare
records, to consistently define the phenotype of inter-
est. Previous research suggests that utilising clinical data
from electronic healthcare records to monitor sepsis
may provide more accurate estimates of sepsis incidence
and its associated mortality in comparison to coded
diagnoses [27]. Also, the NHS would be well placed to
implement a systematic approach to the evaluation of
interventions in the electronic environment, through
cluster randomised studies; an approach well illustrated
in a recent study of the automated identification of adults
at risk of deterioration in hospitals in Northern Califor-
nia [28]. A more robust approach to the evaluation of
practice than longitudinal analysis post policy change.
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Our study relies on clinical coding which is recog-
nised to under-report relevant comorbidities [29], vary
between hospitals [30] and between diagnoses [31].
This does not alter our conclusions, rather is the rea-
son to account for random effects in our analysis. The
findings do not invalidate evaluations of interventions
reporting improvements in process.

Conclusion
Changes in the coding of sepsis from medical records
in England altered the case-mix and case-selection
of patients, altering the expected mortality rate in
patients where sepsis was recorded as a primary diag-
nosis. These changes resulted in systematic and random
effects which impact upon the interpretation of centre
specific mortality rates over time. This is therefore rel-
evant to local quality management and improvement.
Although this focuses on sepsis, the principle applies
to other fields where coding practice is subject to
intended change or unrecognised drift. This must be
considered in determining any clinical response recom-
mendations arising from uncontrolled evidence.
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Additional file 1. Comorbidity codes associated with an altered risk of
mortality, where prevalence of the comorbidity code changedin those
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Acknowledgements

This work was supported by PIONEER, the Health Data Research UK Health
Data Research Hub in Acute Care. HDR-UK is an initiative funded by UK
Research and Innovation, Department of Health and Social Care (England)
and the devolved administrations, and leading medical research charities. This
work uses data provided by patients and collected by the NHS as part of their
care and support. We would like to acknowledge the contribution of all staff,
key workers, patients and the community who have supported our hospitals
and the wider NHS at this time.

Author contributions

CA drafted the initial manuscript, with all authors contributing. Data analysis
was performed by DM. All authors reviewed and approved the final version of
the manuscript.

Funding
This project has no specific funding.

Availability of data and materials
The datasets used and/or analysed during the current study are available from
the corresponding author on reasonable request.



https://doi.org/10.1186/s12911-022-01947-x
https://doi.org/10.1186/s12911-022-01947-x

Atkin et al. BMC Medical Informatics and Decision Making

Declarations

Ethics approval and consent to participate

Non-identifiable data was accessed and therefore the project did not require
specific Human Research Authority (HRA) ethical approval, however, the study
was approved by the non-HRA Data Committee at University Hospitals Bir-
mingham NHS Foundation Trust. All methods were carried out in accordance
with relevant guidelines and regulations.

Consent for publication
Not applicable.

Competing interests

C Atkin, T Pankhurst, D McNulty, A Keogh, S Gallier and D Pagano, report no
conflicts of interest. E Sapey reports funding support from HDRUK, MRC, Well-
come Trust, EPSRC, NIHR, Alpha 1 Foundation and British Lung Foundation. S
Ball reports funding support from the HDRUK.

Author details

'PIONEER, HDR-UK Health Data Research Hub in Acute Care, Institute

of Inflammation and Ageing, University Hospitals Birmingham NHS Founda-
tion Trust, University of Birmingham, Edgbaston, Birmingham B15 2GW, UK.
“Renal Medicine, University Hospitals Birmingham NHS Foundation Trust,
Birmingham B15 2GW, UK. *Department of Health Informatics, University
Hospitals Birmingham NHS Foundation Trust, Birmingham B15 2GW, UK. 4Uni-
versity Hospitals Birmingham NHS Foundation Trust, Birmingham B15 2GW,
UK. °PIONEER, HDR-UK Health Data Research Hub in Acute Care, University

of Birmingham, Birmingham B15 2GW, UK. ®Cardiac Surgery, University Hospi-
tals Birmingham NHS Foundation Trust, Birmingham B15 2GW, UK. 7PIONEER,
HDR-UK Health Data Research Hub in Acute Care, Institute of Inflammation
and Ageing, University of Birmingham, Birmingham B15 2GW, UK. ®Depart-
ment of Acute Medicine, University Hospitals Birmingham NHS Foundation
Trust, Birmingham B15 2GW, UK. “HDR-UK Midlands Site, University Hospitals
Birmingham NHS Foundation Trust, Edgbaston, Birmingham B15 2GW, UK.

Received: 19 April 2021 Accepted: 11 July 2022
Published online: 01 August 2022

References

1. Singer M, Deutschman CS, Seymour CW, Shankar-Hari M, Annane D,
Bauer M, et al. The third international consensus definitions for sepsis and
septic shock (sepsis-3). JAMA. 2016;315(8):801-10.

2. National Institute for Health and Care Excellence. Resource impact report:
sepsis: the recognition, diagnosis and early management (NG51); 2016.

3. Daniels R. Surviving the first hours in sepsis: getting the basics
right (an intensivist's perspective). J Antimicrob Chemother.
2011;66(suppl_2):i11-23.

. NHS England. Improving outcomes for patients with sepsis; 2015.

5. Gaieski DF, Edwards JM, Kallan MJ, Carr BG. Benchmarking the inci-
dence and mortality of severe sepsis in the United States. Crit Care
Med. 2013;41(5):1167-74.

6. Seventieth World Health Assembly. Improving the prevention, diagno-
sis and clinical management of sepsis; 2017.

7. Gao F, Melody T, Daniels DF, Giles S, Fox S. The impact of compliance
with 6-hour and 24-hour sepsis bundles on hospital mortality in
patients with severe sepsis: a prospective observational study. Crit Care
(London, England). 2005;9(6):R764-70.

8. Public Health England. Sepsis. https://campaignresources.phe.gov.uk/
resources/campaigns/54-sepsis.

9. NHS Digital. Data Provision Notice. Sepsis CQUIN (Commissioning for
Quality and Innovation) data collection; 2018.

10. Royal College of Physicians. National Early Warning Score (NEWS) 2:
Standardising the assessment of acute-illness severity in the NHS.
Updated report of a working party. London: RCP; 2017.

11. NHS England, Royal College of Physicians, NHS Improvement. Patient
safety alert: resources to support the safe adoption of the revised
National Early Warning Score (NEWS2). NHS; 2018.

(2022) 22:204

Page 10 of 10

12. Exceptional surveillance of sepsis: recognition, diagnosis and early
management (NICE guideline NG51) and acutely ill adults in hospital:
recognising and responding to deterioration (NICE guideline CG50).
NICE; 2019. Report No.: 978-1-4731-3301-3.

13. Camm CF, Hayward G, Elias TCN, Bowen JST, Hassanzadeh R, Fanshawe
T, et al. Sepsis recognition tools in acute ambulatory care: associations
with process of care and clinical outcomes in a service evaluation
of an Emergency Multidisciplinary Unit in Oxfordshire. BMJ Open.
2018;8(4):2020497.

14. Bentley J, Henderson S, Thakore S, Donald M, Wang W. Seeking sepsis
in the Emergency Department- identifying barriers to delivery of the
sepsis 6. BMJ Qual Improv Rep. 2016;5(1):u206760.w3983.

15. NHS England. Cross-system sepsis action plan 2017; 2017.

16. Health and Social Care Information Centre. Coding of sepsis consulta-
tion results; 2017.

17. Aylin P, Bottle A, Jen MH, Middleton S. HSMR mortality indicators; 2009.

18. Bottle A, Jarman B, Aylin P. Strengths and weaknesses of hospital stand-
ardised mortality ratios. BMJ. 2011;342:c7116.

19. Cecil E, Wilkinson S, Bottle A, Esmail A, Vincent C, Aylin PP. National
hospital mortality surveillance system: a descriptive analysis. BMJ Qual
Saf. 2018;27(12):974.

20. Mohammed MA, Deeks JJ, Girling A, Rudge G, Carmalt M, Stevens
AJ, et al. Evidence of methodological bias in hospital standardised
mortality ratios: retrospective database study of English hospitals. BMJ.
2009;338:b780.

21. National Early Warning Score systems that alert to deteriorating adult
patients in hospital (MIB 205). Medtech innovation briefing: NICE; 2020.

22. Honeyford K, Cooke GS, Kinderlerer A, Williamson E, Gilchrist M,
Holmes A, et al. Evaluating a digital sepsis alert in a London multi-site
hospital network: a natural experiment using electronic health record
data. bioRxiv. 2019; 637967.

23. Shankar-Hari M, Harrison DA, Rowan KM. Differences in impact of defi-
nitional elements on mortality precludes international comparisons of
sepsis epidemiology: a cohort study illustrating the need for standard-
ized reporting. Crit Care Med. 2016;44(12):2223-30.

24. Anderson RN, Minifio AM, Hoyert DL, Rosenberg HM. Comparability of
cause of death between ICD-9 and ICD-10: preliminary estimates. Natl
Vital Stat Rep. 2001;49(2):1-32.

25. Schmidlin K, Clough-Gorr KM, Spoerri A, Egger M, Zwahlen M, for the
Swiss National C. Impact of unlinked deaths and coding changes on
mortality trends in the Swiss National Cohort. BMC Med Inform Decis
Mak. 2013;13(1):1.

26. Singer M, Inada-Kim M, Shankar-Hari M. Sepsis hysteria: excess hype
and unrealistic expectations. Lancet. 2019;394(10208):1513-4.

27. Rhee C, Dantes R, Epstein L, Murphy DJ, Seymour CW, Iwashyna TJ,
et al. Incidence and trends of sepsis in us hospitals using clinical vs
claims data, 2009-2014. JAMA. 2017;318(13):1241-9.

28. Escobar GJ, Liu VX, Schuler A, Lawson B, Greene JD, Kipnis P. Automated
identification of adults at risk for in-hospital clinical deterioration. N Engl J
Med. 2020;383(20):1951-60.

29. Capita. The quality of clinical coding in the NHS. Payment by Results data
assurance framework. 2014.

30. Nimptsch U. Disease-specific trends of comorbidity coding and implica-
tions for risk adjustment in hospital administrative data. Health Serv Res.
2016;51(3):981-1001.

31. Jordan K, Porcheret M, Croft P. Quality of morbidity coding in general
practice computerized medical records: a systematic review. Fam Pract.
2004,21(4):396-412.

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


https://campaignresources.phe.gov.uk/resources/campaigns/54-sepsis
https://campaignresources.phe.gov.uk/resources/campaigns/54-sepsis

	The impact of changes in coding on mortality reports using the example of sepsis
	Abstract 
	Objectives: 
	Methods: 
	Results: 
	Conclusion: 

	Introduction
	Methods
	Statistical analysis

	Results
	Discussion
	Conclusion
	Acknowledgements
	References


