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To KP or not to KP: a retrospective

cohort study

Neonatal sepsis is a leading cause of neonatal mortality; however, it is also acknowledged that
current guidelines overtreat this condition. Some units across the UK have transitioned to the
Kaiser Permanente (KP) sepsis risk calculator (KPSRC) in an effort to reduce unnecessary early
onset neonatal sepsis (EONS) screens. This study compares the sensitivity and specificity of the
KPSRC to current guidance using a retrospective cohort approach. It aims to identify whether the
use of the KPSRC has the potential to reduce unnecessary bed days without resulting in a
potential increase in missed cases of sepsis.
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1. This study reinforces that transitioning
to a new protocol could cut down on
unnecessary septic screens, however,
there is a potential risk of missed cases
of EONS.

2. There is need for substantial training,
robust supervision and safety
mechanisms during the transition
process.

. Rationalising the definition of sepsis to
better risk stratify culture-negative
sepsis could make EONS risk calculators
more accurate. The current definition
used in clinical practice does not reflect
the definition of neonatal sepsis used
for research purposes.
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Neonatal sepsis

Neonatal sepsis affects three million babies
worldwide' and is responsible for 13% of
neonatal mortality.* Early onset neonatal
sepsis (EONS) is a bloodstream infection
in a neonate within the first 72 hours of
life.>** The diagnosis of EONS is challen-
ging as the quoted prevalence of positive
blood cultures in cases of EONS is 0.5%."'
The need for more structured guidance led
the National Institute for Health and Care
Excellence (NICE) to release the EONS
guideline in 2012.° NICE acknowledges
that its guidance overtreats the neonatal
population to avoid under-diagnosing
sepsis and the resultant mortality.’

The coronavirus pandemic created
pressure on maternity units to reduce
inpatient bed days. This led to a drive to
find a new approach to risk-stratifying
EONS that avoided the pitfalls in the
current NICE guidance. As a result, there
was increased interest in the Kaiser
Permanente sepsis risk calculator
(KPSRC),* which was developed in 2017.
The KPSRC is based on identified
demographic and maternal factors
common to sepsis cases in the USA

Research has shown the KPSRC has
potential to reduce antibiotic use;*
however, there are concerns that the
KPSRC has potential to miss cases of
sepsis. Pettinger et al’ conducted a meta-
analysis that concluded that the KPSRC
would have resulted in delayed or
missed treatment in 14-22 of 75 blood
culture-positive cases of EONS. In view of
this, NICE 2021" recommends evaluating

the KPSRC with prospective audit
alongside use.

At St Helier (STH), a South London
district general hospital, we conduct a
yearly EONS audit to evaluate our
adherence to current guidance (based on
NICE 2012°). We took this opportunity to
evaluate the KPSRC without risk to
patients. The aim of this study was to see
whether, when the KPSRC is applied to
those cases screened and treated for sepsis,
they would continue to be screened, and to
evaluate the number of false negatives
generated. The hypothesis is that using the
KPSRC will result in fewer EONS screens
while not resulting in increased rates of
false negative cases.

Methods

We applied a retrospective cohort
approach using BadgerNet to identify
babies screened and treated for EONS over
a two-month period in June and July 2021
at STH (level 2 maternity and neonatal
unit). Risk factors and KPSRC data points
were collected for each case using a
combination of BadgerNet and electronic
patient records. Exclusion criteria included
incomplete data sets, readmissions, birth
at <34 weeks’ gestation and antibiotic
usage for non-sepsis infections.

The cases identified were run through
the KPSRC using an incidence of 1/1,000
(reflecting local incidence"), to see whether
these babies would have been screened
and treated with antibiotics (Yes = KPSRC
positive). Blood culture only was not
considered as KPSRC positive as
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antibiotics were not recommended. Each
case was then labelled as positive or
negative for sepsis. Positive cases were
defined as: positive blood cultures, an
increase in C-reactive protein (CRP) to
>5mg/dL, focal infective chest X-ray
changes or a duration of antibiotics of
=5 days (as per local guidance).

We repeated this process with a cohort of
patients from June and July 2022 using a
semi-blinded investigator; no data
regarding whether the cases were positive
or negative for EONS were collected until
all protocols had been applied. Once
KPSRC data points were collected for all
cases, the KPSRC protocol was applied
three times using 0.5/1,000, 0.7/1,000 and
1/1,000 incidence settings. This reflects the
range of quoted incidences in the pub-
lished literature."” The data were also
subjected to the NICE 2021 guideline,"
and a modified KPSRC tool from our
regional tertiary centre." Each case was
then labelled as positive or negative for
EONS according to the definitions used for
the 2021 cohort. Total number of EONS
screens, KPSRC specificity and false
negatives, were the outcome measures
for comparison.

Results
2021 cohort

There were 23 positive cases of sepsis
identified from the cohort of 66 with 117
live births in total in this period. Clinical
indicators in the baby (eg respiratory
distress, prematurity, tachypnoea, jaundice,
etc) were the most common indication for
a septic screen (n=37). Some cases had
both maternal and baby indications so
were classed as a combined screen (n=20).
Maternal factors alone (eg premature
rupture of membranes, GBS, maternal
pyrexia, etc) were indicated in nine septic
screens (TABLE 1).

27 out of the 37 babies screened on
clinical indicators alone, met the threshold
for screening using the KPSRC. There were
0 positive blood cultures and 23 cases of
culture-negative sepsis (CNS) (CNS cases
defined as CRP >5mg/dL, focal infective
chest X-ray changes or antibiotic duration
=5 days). 13 of these CNS cases had CRP
rises to >10mg/dL.

Of the 66 septic screens, 52 cases were
suitable for running through the KPSRC
(14 were excluded due to prematurity,
incomplete data sets and readmission)
(TABLE 2). The KPSRC reduced the total

Group of indications Number of babies Number positive for EONS
2021 cohort | 2022 cohort | 2021 cohort | 2022 cohort

Baby indications 37 21 12 7

Maternal indications 9 17 5 7

Combined screens 20 13 6 6

TABLE 1 Number of positive EONS cases per indication subtype in the two cohorts.

Sepsis

KPSRC positive
KPSRC negative

Comment Sensitivity=35%

PPV=31%
27 NPV=86%
Specificity=84% p=0.02

TABLE 2 Outcomes of running identified cases through the KPSRC (n=52) in the 2021 cohort.
The green cell gives the true positive rate for the KPSRC and the red cell the false negative rate
for the KPSRC. The blue cell gives the false positive rate. The p value for the data was
calculated using a chi-squared test. Key: NPV=negative predictive value; PPV=positive

predictive value.

Investigations Total number of false Recommended for blood
negatives culture only

CRP 5-10mg/dL 3 1

CRP 11-20mg/dL 2 1

CRP >20mg/dL 7 4

Chest X-ray changes 1 0

Blood culture positive 0 0

TABLE 3 Characteristics of false negatives generated by the KPSRC, according to investigation
findings. CRP results have been sub-grouped into three levels according to maximum rise.
Column 3 outlines those cases that would have been allocated to the blood culture only
pathway, which would attract additional observations.

number of EONS screens from 52 to 12;
a 77% reduction. However, sensitivity in
this cohort was low at 35%, giving a false
negative rate of 65%. The KPSRC
demonstrated a high specificity; 16% of
screened babies were false positive.

70% (9 out of 13) of false negatives were
significant (TABLE 3); significance is defined
as positive blood cultures, CRP >10mg/dL
and focal infective chest X-ray changes as
these babies would require five days of IV
antibiotics, according to local policy. 54%
(7 out of 13) of the false negatives would
have been recommended for lumbar
puncture (a CRP of 20mg/dL or positive
blood culture at STH). 46% (6 out of 13)
of the false negatives would have been
recommended for the blood culture only
pathway by the KPSRC (TABLE 3).

2022 cohort

There were 20 positive cases in a cohort of
51 with one exclusion for incomplete data
and 360 live births in this period. Clinical
indicators in the baby were the most
common indication for an EONS screen
(TABLE 1), however the spread of

indications was more even than in 2021.
Of the babies screened on clinical
indicators alone, 17 out of 21 met the
threshold for screening in the KPSRC.
There were two positive blood cultures for
group B streptococcus (GBS) and 18 cases
of culture-negative sepsis. 13 of these
culture-negative sepsis cases had CRP rises
to >10mg/dL.

44 of the cohort were suitable to subject
to the KPSRC; exclusions included one
additional incomplete data set and six
premature babies. Sensitivity and
specificity for KPSRC used with incidences
of 1/1,000 and 0.7/1,000 were identical;
high specificity (83%) and low sensitivity
(15%) were found (TABLE 4). Unlike the
2021 data, these were not statistically
significant outcomes. KPSRC applied with
an incidence of 0.5/1,000 resulted in a
sensitivity of 0%. NICE 2021 guidelines
resulted in a lower specificity but improved
sensitivity, in comparison to the KPSRC.
The modified KPSRC protocol has a
sensitivity and specificity that sat between
the KPSRC and NICE tools. The specificity
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found was similar in 2022 to that found in
2021 (83% vs 84%), across all unmodified
KPSRC protocols.

All KPSRC-based protocols showed
higher rates of false negatives and
significant false negatives in 2022 in
comparison to 2021. The percentage of the
false negatives that would have been
recommended for lumbar puncture was
lower across all KPSRC protocols in the
2022 data (ranging from 40-42%)
compared to 2021 (data not shown but
available from the authors on request). The
number of these false negatives recom-
mended for lumbar puncture in 2022 that
would have been allocated to the blood
culture only or enhanced observations
pathway was similar to the number seen in
2021. Fewer of the false negatives were
recommended for the blood culture only
or enhanced observation pathway in 2022
(13-35%) compared to 2021.

In terms of applying these data for
practical use, we considered the potential
saved bed days and number of significant
false negatives. For each case screened and
treated (in each protocol) that transpired
to be negative for EONS, we allocated one
saved bed day and identical criteria were
used for significant false negatives, as in the
2021 cohort (TABLE 5). NICE 2021 showed
the most modest changes in both bed days
and false negatives. From a safety per-
spective, all new protocols missed one GBS
positive case; this case was screened and
treated based on maternal sepsis only
(maternal temperature of 38.2°C and
maternal treatment with IV antibiotics).

Summary of results

In 2021 the KPSRC would have reduced
the number of EONS screens by 77% with
84% specificity. The false negative rate
was 65%.

In 2022 the KPSRC protocols resulted in
specificities of 70-83%, however the false
negative rates increased to 75-100%. NICE
2021 guidance reduced EONS screens by
34% and resulted in a false negative rate of
35% (data not shown). All protocols
missed one GBS-positive case.

Discussion

Based on the 2021 data, applying the
KPSRC does have potential to eliminate
unnecessary EONS screens; however, this
could result in missing cases of sepsis.
Seven of the 13 potential missed cases
could have been complicated by
meningitis. Four of these babies would
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EONS protocol used Sensitivity False negative rate | Specificity
KPSRC 1/1,000 15% 85% 83%
KPSRC 0.7/1,000 15% 85% 83%
KPSRC 0.5/1,000 0% 100% 83%
Modified KPSRC 25% 75% 70%
NICE 2021 65% 35% 33%

TABLE 4 Outcome of running identified cases through the KPSRC and NICE protocols. Cases
defined as sepsis positive were defined as: positive blood cultures, CRP >5mg/dL, chest X-ray

changes or a duration of antibiotics of 25 days.

EONS protocol Potential saved bed days | Potential significant false negatives:
raw figure (% of false negative total)

KPSRC 1/1,000 19 14 (82%)

KPSRC 0.7/1,000 20 14 (82%)

KPSRC 0.5/1,000 20 15 (78%)

Maodified KPSRC 17 12 (80%)

NICE 2021 8 6 (85%)

TABLE 5 The potential clinical consequences of transition to use of each EONS protocol. Saved
bed days = 1 per case. Significant missed cases of sepsis defined as positive blood cultures, CRP

>10mg/dL, or chest X-ray changes.

have been allocated to blood culture only;
however, given the poor yield of positive
blood cultures, this would not be a reliable
alternative.

Of the KPSRC protocols applied in 2022,
all had similar sensitivities but lower
specificities than seen in the 2021 data.
However, these were not statistically
significant. This could be due to the
smaller cohort in 2022 and the fact that the
indications for EONS screens were less
skewed towards baby clinical factors alone.

Comparing the different protocols run
with the 2022 cohort, the more conser-
vative the protocol became, the fewer
missed cases of sepsis occurred. Of the new
potential protocols, the safest for STH to
adopt would be the NICE 2021 guidance. It
is, however, worth noting that all protocols
missed a GBS-positive case of sepsis as
maternal sepsis alone was not sufficient to
screen and treat this case.

Limitations of this study

Our data are in keeping with the general
body of observational cohort
literature,'™">'*'* however, using a
retrospective cohort approach at a single
unit faces challenges. Using data from only
one centre and a small time period results
in a small cohort. Collins et al"” recom-
mends at least 100 cases of blood culture-
positive sepsis are needed to validate a
predictive EONS tool; small cohorts
cannot achieve this. Retrospective analysis

also depends on accuracy of medical
records — the exclusions for incomplete
data led to an even smaller cohort and
small cohorts do not lend themselves well
to producing robust trends in data.

Researcher bias could also have
contributed to the findings from the 2021
cohort therefore plans were made to
eliminate this issue. It was not possible to
recruit enough researchers to fully blind
the study, thus a compromise was reached
with all KPSRC and NICE data collected
first. Given that the positive or negative
sepsis outcome data are objective, the
impact of subconscious researcher bias
should be limited.

The incidence rates found in our
cohort are above that in the published
literature;'>" considering blood culture-
positive cases alone (as per the approach
used in existing research) the incidence of
EONS was 4.2/1,000 (two positive blood
cultures in 477 live births). If we con-
sidered CNS, this would rise to 90/1,000
(43 positive cases in 477 live births). This
might explain why the KPSRC tends to
miss cases of sepsis in our cohort. It would
be worth considering inputting data with
the incidence for the KPSRC set to 2/1,000
and 4/1,000 in future studies. A longer data
collection period would also better clarify
local incidence rates.

It may be argued that the inclusion
criteria in our cohort are too broad
compared with other published research;
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however, they reflect those used in clinical
practice and so must be used to allow direct
comparison with current guidance. Also,
the aim of transitioning to the KPSRC is to
reduce unnecessary EONS screens — this is
a clinical outcome. Definitions in clinical
practice are looser, in a large part due to the
low prevalence of positive blood cultures
seen in clinical practice. Trusts have had to
look for other identifiers of EONS in order
to identify and treat EONS early and
prevent mortality, relying mainly on CRP
as a proxy marker.

Wider issues with developing guidance
for EONS

Our research reinforces the wider issue that
most cases of EONS are not blood culture-
positive, which makes it challenging to set
incidence rates for risk stratification tools.
Very little of the published data on EONS
includes CNS and very little is known
about CRP levels post-birth in healthy
babies." Research does seem to suggest a
negative CRP is reassuring in terms of
ruling out EONS,"” but its use to identify
positive cases is due to a lack of alternative
diagnostic markers.”®” A raised CRP
indicates only that there is an increased
level of inflammation within the baby;
however, inflammation can occur in the
immediate neonatal period for multiple
reasons including infection, birth trauma,
meconium and hypoxia.>” There are no
data available that specifically look at CRP
levels in babies who have other causes for
inflammation vs CRP levels seen in EONS.
Hence, more research into CRP thresholds
is needed to clarify its role in the diagnosis
of EONS.

Wider issues with the application
of the KPSRC
The uptake of the KPSRC across the UK
has been variable, largely driven by fears
surrounding the potential for missed cases
of EONS. But why is it that the KPSRC
appears to miss cases of sepsis?>"
Comparing UK and American cohorts,
patterns of EONS risk factors are different.
In NICE guidance, clinical indicators and
maternal risk factors for EONS are equally
weighted, whereas the KPSRC focuses
primarily on maternal factors.® Other
maternal factors common in UK cohorts,
such as postpartum maternal temperatures
and chorioamnionitis" are not included in
KPSRC. Additionally, GBS status of
mothers in the UK is often unknown as
screening is not universal.”

With regards to clinical assessment, the
KPSRC threshold for clinical illness is
high.® Babies in the UK are often screened
for EONS based on a combination of softer
clinical indicators that are not taken into
account in the KPSRC. For those babies
classed as equivocal clinically, the KPSRC
does not automatically recommend
observation — this is dependent on
background risk. When increased
observation is recommended, this is only
for 24 hours, which risks discharge home
prior to symptoms presenting. Experienced
clinicians can bear all this in mind when
applying the KPSRC; however, the
guidance for EONS screens is more often
applied by junior doctors on postnatal
wards who might rely more heavily on
the tool than their own developing clinical
judgement.

Conclusions

If looking to transition to a new EONS
protocol to reduce unnecessary septic
screens, the NICE 2021 guidance would be
the safest initial option. Further evaluation
of, and education about, the KPSRC would
be needed prior to use locally. The wider
issue is that most EONS cases in clinical
practice are culture-negative and research
is based on culture-positive cases.

Overall, the retrospective approach to
comparing KPSRC and NICE protocols,
seems to offer potential based on existing
research and analysis at our local district
general hospital. It requires a more
substantial collection period and more
researchers to produce more robust data.
A subset analysis could be undertaken to
analyse CRP levels in EONS babies with
and without alternative causes for
inflammation.

Our working hypothesis at the start of
this project was that using the KPSRC
would result in fewer EONS screens but
not an increased rate of false negative
cases. All existing evidence appears to
indicate that the introduction of the
KPSRC has potential to reduce antibiotic
use and possibly length of inpatient stays.
However, as our study suggests, this could
be complicated by increased false negatives
and an associated risk of increased
mortality/morbidity. A recent British
Association of Perinatal Medicine safety
alert suggests, as we do, that transitioning
to KPSRC is not without risk
(www.bapm.org/articles/safety-alert-using-
the-kp-risk-calculator-nice-categorical-
framework-with-the-newtt2-tool).

The caveat remains that there are no
data to show what would happen if you
did not treat the cases identified by current
guidelines as at risk of sepsis. All protocols
discussed are ways of stratifying risk. The
choice of protocol used will depend on the
level of risk the unit as a whole is willing to
accept, the experience of its clinicians and
the supervision possible for junior staff.
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18-19 APRIL 24

SIGNEC 2024 and Neonatal
Innovation & Quality
Improvement Conference

The special interest group for necrotising
enterocolitis (NEC) aims to facilitate
knowledge sharing, networking and
collaboration to optimise research and
improvements in practice.

Venue:  Tower Bridge, London

Contact: info@signec-conference.com
www.mcascientificevents.eu/signec

19 APRIL 24

Implementing and Embedding
PSIRF

This conference will look at the
practicalities of implementing and using
the Patient Safety Incident Response
Framework (PSIRF).

Venue:
Cost:

Virtual online
From £300

Contact: sarahjane@hc-uk.org.uk
www.healthcareconferencesuk.co.uk

20-21 APRIL 24

STAN Course

Stabilisation and Transfer of the Acutely

unwell Neonate (STAN) is a course

specially developed to teach and embed the

theoretical understanding and practical

skills needed for a safe and efficient

neonatal transfer.

Venue: Maidstone, Kent

Cost: From £499

Contact: Lee Collier
lee@neonatalskills.uk
https://neonatalskills.uk

Visit the Infant online Calendar for
more meetings, conferences and
study days www.infantjournal.co.uk/
conferences.html

23 APRIL 24

Consanguinity in Child Death
Review

This National Child Mortality Database
(NCMD) webinar will explore the current

guidance on how consanguinity is recorded

in child death
Venue:
Cost:

Online webinar
Free (advance registration required)

Contact: www.ncmd.info/events/
consanguinity-child-death

24-25 APRIL 24

National Neonatal Grid Trainee
Meeting

The programme is designed to cover
clinical and non-clinical areas of the

neonatal curriculum with ‘career surgeries’
for ST7s and ST8s.

Venue: Macdonald Burlington Hotel,
Birmingham
Cost: £160

Contact: Tel: 44 (0)1438 751 519
lucy@cfsevents.co.uk
www.cfsevents.co.uk

6-8 MAY 24

COINN 2024

The 11th Council of International
Neonatal Nurses (COINN) Conference
will be based on the theme: Supporting
Closeness, Building Relations.

Venue: Aalborg, Denmark

Contact: www.coinn2024denmark.com

31 MAY 24

SNNG Annual Conference

Join the Scottish Neonatal Nurses’ Group
(SNNG) for a day of learning and
networking.

Venue: University of Stirling, Scotland
Cost: £0-35

CONFERENCE PLANNER

Contact: www.eventbrite.co.uk/e/scottish-
neonatal-nurses-group-annual-
conference-tickets-852261586347?

6-7 JUNE 24

Annual International Neonatal
Conference

This advanced neonatal conference is
aimed at professionals who are engaged in
the care of newborn infants, including
consultants, specialist trainees, advanced
nurse practitioners and senior neonatal

nurses.

Venue: James Cook University Hospital,
Middlesbrough

Cost: ~ £325

Contact: nicky.robinson@nhs.net
https://events.southtees.nhs.uk/
events

JFNS 2024 Summer Meeting

The annual international meeting between
the Neonatal Society and the Fetal &
Neonatal Physiological Society. With 10
keynote speakers and plenary sessions, and
two auditoriums for parallel sessions.
Venue:
Cost:

University of Nottingham
From £240

Contact: www.neonatalsociety.ac.uk

24-25 JUNE 24

REaSoN Neonatal Meeting 2024

The conference provides dedicated sessions

that cover current research evidence,

quality improvement, nursing hot topics,

ethics and frontier science.

Venue: Holywell Park Conference Centre,

Loughborough University and

virtual online

Contact: terrie@cfsevents.co.uk
www.cfsevents.co.uk
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