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Chapter 1

General introduction and outline of the thesis

GENERAL INTRODUCTION AND OUTLINE OF THE THESIS

In 2008 | encountered the sickest patient | had ever seen. | had only just graduated
from medical school when a 55-year-old man entered the Emergency Department of
the small hospital | was working in. He came in with confusion, general weakness and
a low blood pressure. Before this episode, he had been in good health. | noticed tiny

red marks all over his body, which later turned into obvious petechial hemorrhages.

His lab showed multi-organ failure, and only a few hours later he was critically ill in the
intensive care department. The diagnosis was sepsis by meningococcal infection.

My supervisor lectured me on the importance of door-to-needle time for antibiotics’.

The huge impact of sepsis and the rate of deterioration left me in fear and awe of this
disease and triggered an interest that has ultimately resulted in this thesis.

THE HISTORY OF SEPSIS

The concept of sepsis (omic) has already been described in ancient Greece by Homer
(~750 b.c.) and Hippocrates (~400 b.c). Stemming from onnw (I rot), it was described as
a general decay of the body. From a historical perspective, sepsis or septicaemia was
used for patients that were severely ill due to infections, although for decades it was un-
clear what caused infections. With the discovery of bacteria and hand hygiene in the
nineteenth century, the understanding of the pathogenesis of infections was much im-
proved. The real game-changer, antibiotic treatment, was discovered by Alexander
Fleming who published on penicillin in 1929. Despite these improvements in the treat-
ment of infections, sepsis as a condition was not clearly delineated and several terms
were used like septiceamia, endotoxemia and bacteremia. Many studies on the topic of
sepsis focused on blood-stream infections, especially on the role of endotoxins in gram-
negative bacteremia. Studies in the seventies and eighties found that early empirical
therapy reduced the mortality of gram-negative bacteremia, however these were predo-
minantly small studies, and quite a few of these studies focused on neutropenic patients?.

In 1992 a first international conference was held on the topic of sepsis. At this conferen-
ce, consensus was reached to define sepsis as a systemic inflammatory response to an
infection®, named the Sepsis-I definition. Sepsis was further categorized in sepsis (SIRS +
suspected infection), severe sepsis (organ dysfunction) and septic shock. The systemic
inflammatory response and the sepsis classifications are illustrated in figure 1.1. After this
conference, a lot of research was conducted to gain more understanding in the patho-
genesis of sepsis. In 2001, the sepsis definition was refined to incorporate the threshold
values for organ damage, and it was called sepsis-II.

'Kumar A, Roberts D, Wood KE, Light B, Parrillo JE, Sharma S, et al. Duration of 10 hypotension before
initiation of effective antimicrobial therapy is the critical determinant of survival in human septic shock.
Crit Care Med. 2006 Jun;34(6):1589-96.

2Calandra T, Cometta A. Antibiotic therapy for gram-negative bacteremia. Infect Dis Clin North Am. 1991
Dec;5(4):817-34. PMID: 1783770.

3Bone RC, Balk RA, Cerra FB, Dellinger RP, Fein AM, Knaus WA, Schein RM, Sibbald WJ. Definitions for sepsis
and organ failure and guidelines for the use of innovative therapies in sepsis. The ACCP/SCCM Consensus
Conference Committee. American College of Chest Physicians/Society of Critical Care Medicine. Chest.
1992 Jun;101(6):1644-55. doi: 10.1378/chest.101.6.1644. PMID: 1303622.
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Figure 1.1 Earlier Conceptual View and Definition of Systemic Inflammatory Response Syndrome
(SIRS), Sepsis, Severe Sepsis and Septic Shock
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Author: Matthew J. Delano and Peter A. Ward, Immunol Rev. 2016 November; 274(1):330-353.,
who adapted a figure from Bone RC et al, Cehst.1992,101:1644-55

SCIENTIFIC SUCCESS AND THE SURVIVING SEPSIS CAMPAIGN

A landmark trial was published in 2001 by Rivers®, in which a bundle of interventions was

implemented for patients with sepsis were admitted to the intensive care unit. This bundle
consisted of intravenous fluids based on measurements such as lactate and the central

venous pressure. The bundle was named Early Goal Directed Therapy (EGDT). Patients
treated with the bundle had a much lower in-hospital mortality of 30.5 %, compared with
46.5% in the usual care group. To improve sepsis recognition and outcome, a worldwide
campaign titled the Surviving Sepsis Campaign (SSC) was launched in 2001. In 2004, the
SSC produced the first consensus guidelines®, recommending EGDT and early antibiotic
treatment. In 2006, another very important trial was published by Kumar® who found that
every hour that antibiotic therapy was delayed in patients with septic shock, mortality in-
creased with 7.6%. This study underpinned the SSC recommendation for early antibiotic
treatment.

“Rivers E, Nguyen B, Havstad S, et al. Early Goal-Directed Therapy Collaborative Group. Early goal-directed
therapy in the treatment of severe sepsis and septic shock. N Engl J Med. 2001 Nov 8;345(19):1368-77.
PMID: 11794169.

°Dellinger RP, Carlet JM, Masur H, et al; Surviving Sepsis Campaign Management Guidelines Committee.
Surviving Sepsis Campaign guidelines for management of severe sepsis and septic shock. Crit Care Med.
2004 Mar;32(3):858-73. Erratum in: Crit Care Med. 2004 Jun;32(6):1448. Dosage error in article text. Erratum
in: Crit Care Med. 2004 Oct;32(10):2169-70. PMID: 15090974.

¢Kumar et al Duration of hypotension before initiation of effective antimicrobial therapy is the critical
determinant of survival in human septic shock. Crit Care Med. 2006 Jun;34(6):1589-96. doi: 10.1097/01.
CCM.0000217961.75225.E9. PMID: 16625125.
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Given the mortality rate of sepsis, and the large effect size of early antibiotics and EGDT,
great urgency was felt to implement the recommendations of the Surviving Sepsis cam-
paign. Following the SSC, many emergency departments implemented sepsis screening
using the SIRS criteria. However, the SIRS criteria were criticized from the introduction,
with many in the field asserting that any person who ran up a flight of stairs might meet
2 of the SIRS criteria’®. The focus on early antibiotic treatment also led to concern on
antibiotic overuse 7. Often, it was perceived, clinicians would err on the side of caution.
However, without an accepted alternative, SIRS was accepted as the best-practice.

NEGATIVE TRIALS AND CONTROVERSY - TIME FOR A NEW DEFINITION

The recommendations of the SSC were widely implemented, but not all components of
the EGDT were regarded as equally effective. In 2014 and 2015, three large trials (ARISE,
ProCESS and ProMISe) were published that did not find a mortality benefit using EGDT.
The exact timing of antibiotic treatment was also disputed. Two large retrospective trials
found a significant effect of early antibiotic treatment, but the effect was strongest in
patients with shock''". This led critics to dispute if the results of early antibiotic treat-
ment in patients with shock should be extrapolated to patients without shock. The only
prospective, randomized trial on antibiotics, the Phantasi'? trial, also did not find benefit
of early antibiotic treatment. However, it was disputed if the candidates included in these
trials were really similar to the patients in the trials of Rivers and Kumar. It was argued
that the SIRS-based sepsis definitions were too broad, leading to poor patient selection
and overuse of antibiotics. Due to the observed difficulties of the SIRS-based definition,
the definition of sepsis was replaced in 2016. In the sepsis lll paper, sepsis was defined
as life-threatening organ dysfunction caused by a dysregulated host response to infec-
tion . This new definition was widely adopted and the SIRS criteria were abandoned.

SEPSIS Il - NEW CHALLENGES

After the new definition was launched, many clinicians and researchers had to re-invent
their approach of sepsis. With the new definition, it was unclear how to approach the
topic of sepsis in the Emergency department. Should we identify patients based on
(suspected) infection or based on organ dysfunction/ threat to life? How can we accu-

7 Vincent Dear SIRS, I'm sorry to say that | don't like you.. Crit Care Med. 1997 Feb;25(2):372-4. PMID: 9034279.

8 Marshall J. Both the disposition and the means of cure: “Severe SIRS,” “sterile shock,” and the ongoing
challenge of description. Crit Care Med. 1997 Nov;25(11):1765-6. PMID: 9366746.

? Fitzpatrick F, Tarrant C, Hamilton V, et al Sepsis and antimicrobial stewardship: two sides of the same coin
BMJ Quality & Safety 2019;28:758-761.

0Liu VX, Fielding-Singh V, Greene JD, Baker JM, lwashyna TJ, Bhattacharya J, Escobar GJ. The Timing of
Early Antibiotics and Hospital Mortality in Sepsis. Am J Respir Crit Care Med. 2017 Oct 1;196(7):856-863.
doi: 10.1164/rccm.201609-18480C. PMID: 28345952; PMCID: PMC5649973.

" Seymour CW, Gesten F, Prescott HC, Friedrich ME, lwashyna TJ, Phillips GS, Lemeshow S, Osborn T,
Terry KM, Levy MM. Time to Treatment and Mortality during Mandated Emergency Care for Sepsis.
N Engl J Med. 2017 Jun 8;376(23):2235-2244. doi: 10.1056/NEJMoa1703058. Epub 2017 May 21. PMID:
28528569; PMCID: PMC5538258.

2Alam N, Oskam E, Stassen PM, et al. ; Prehospital Antibiotics against Sepsis Trial Investigators and the
ORCA (Onderzoeks Consortium Acute Geneeskunde) Research Consortium the Netherlands. Prehospital
antibiotics in the ambulance for sepsis: a multicentre, open label, randomised trial. Lancet Respir Med
2018; 6:40-50.

¥Singer M, Deutschman CS, Seymour CW, et al. The Third International Consensus Definitions for Sepsis
and Septic Shock (Sepsis-3). JAMA. 2016;315(8):801-810. doi:10.1001/jama.2016.0287
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rately identify patients with sepsis in the Emergency Department? And how can we avoid
overuse of antibiotics?

To answer these questions, we first need to understand what the SEPSIS [l definition
consist of, and how the components are related to each other. In a background paper on
the sepsis definition in 2016, Derek Angus' unraveled the process of the development
and interpretation of sepsis definitions. In this article it was stated that “sepsis is a function
of four variables linked in a causal pathway, with, from left to right, one conditional upon

the other”. In the article the definition was written as a logic statement (see box 1.1).

Box 1.1 Sepsis defenition as logic statement

sepsis=f(threat to life 1 organ dysfunction | dysregulated host response 1 infection)

If we want to accurately recognize sepsis, we
can start by examining how accurately we mea-
sure the variables that it consists of. Then, we
must add up the components and asses the
causal pathway to decide if the patient has
sepsis.

SEPSIS AND ITS COMPONENTS, A CASE

As pointed out above, the SEPSIS III defini-
tion consists of four components linked in a
causal pathway. How do we measure these
components in clinical practice and how do
we assess the causal pathway? To illustrate
this, a case, Sheila, is presented in box 1.2.
In order to sepsis, we would like to find out
if Sheila has an infection (1), a dysregulated
host response (2), organ dysfunction (3) and
if her situation is life threatening (4). If all
these components are present and they are
causally related, than her illness is consistent
with the concept of sepsis™. In the next para-
graphs we will discuss how these components
are defined and handled in the clinical process.

Box 1.2

T,

Sheila comes to the emergency
department a few days after visiting
her grandchildren. During her visit,
one of the children turned ill and
vomited a few times. One day after
the meeting, Sheila starting vomiting,
and progressed to have diarrhea for
3 days in a row. She has a history of
hypertension and tension headache.

She has been taking her blood
pressure medication (perindopril)
and ibuprofen for her headache.

In the emergency department, Sheila
has a low blood pressure, 80/40 mmHg
and a high pulse of 110 beats per
minute. She is not quite alert.

Her MEWS is 4 and her gSOFA score
is 2. Her blood tests show evidence
of an acute kidney injury, as well as
signs of mild inflammation (normal
leucocyte count with a moderately
elevated CRP).

" Angus DC, Seymour CW, Coopersmith CM, Deutschman CS, Klompas M, Levy MM, Martin GS, Osborn
TM, Rhee C, Watson RS. A Framework for the Development and Interpretation of Different Sepsis Defini-
tions and Clinical Criteria. Crit Care Med. 2016 Mar;44(3):e113-21. doi: 10.1097/CCM.0000000000001730.

PMID: 26901559; PMCID: PMC4765912.

> Angus DC, Seymour CW, Coopersmith CM, et al. A Framework for the Development and Interpretation
of Different Sepsis Definitions and Clinical Criteria. Crit Care Med. 2016;44(3):e113-e121.
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Infection

The definition of an infection, or infectious disease is an invasion and multiplication of a
pathogenic organisms in (a part of) the body'é. Many organisms can cause diseases, such
as viruses, bacteria, yeast, funghi and parasites. To determine if a person has an infection,
we ideally want to identify the organism causing it. Several methods are used to demon-
strate the presence and invasion of these organisms: molecular methods (such as poly-
merase chain reaction, PCR), direct methods (such as cultures), and serological methods.
In clinical practice, we often rely on cultures, but cultures usually take 24-72 hours to
yield a result. Cultures also have limited sensitivity, since in some infectious diseases,
the majority of patients have negative cultures. The most important example of this is
pneumonia. In about 50% of the patients with pneumonia, the causative organism is not
found". This is the reason why pneumonia is usually defined by radiological (x-ray) ab-
normalities, combined with clinical features. Therefore, clinicians need to assess clinical,
radiological and microbiological data to establish if a patient has an infection. Clinicians
are used to analyzing multiple sources of information to come to a diagnosis. For the
purpose of this thesis, we were interested in how accurately we diagnose infection.

Organ dysfunction

Organ dysfunction is hard to define because every organ has its own type of dysfunction.
Some patients might present with delirium, which is indicative of malfunctioning of the
central nervous system, whereas others present with widespread endothelial damage and
an activated coagulation cascade (diffuse intravasal coagulation) and yet others present
with hypotension or oliguric kidney injury. For every type of organ failure, we have to
find a cut-off to differentiate function from dysfunction. To complicate things, the organ
dysfunction could have been pre-existing, or could have been caused by other mecha-
nisms than infection. Paraphrasing Tolstoy it seems that “ in short, healthy bodies all
function alike; every dysfunctional body is dysfunctional in its own way.”'® Despite these
challenges, organ dysfunction does correlate with mortality. Several scoring systems,
based on organ dysfunction are used successfully to predict the chance of mortality.

In intensive care units (ICU), a score was developed and validated to measure organ
dysfunction, to predict the risk of death. This score, the Sequential Organ Function
Assesment (SOFA)'" has been validated en used for many years. However, this score is
unsuitable for use in the emergency department (ED), since it requires many measure-
ments that are not available in the ED. With the introduction of the SEPSIS Il definition,
a new score was also introduced, named the quick SOFA (qSOFA). The gSOFA was in-
troduced as a simple tool for risk stratification, outside of the ICU. However, many other
scoring systems, some specifically for infections, some generic, were already used to

1 M Mandell, Douglas, and Bennett's Principles and Practice of Infectious Diseases Mandell, Douglas, and
Bennett's Principles and Practice of Infectious Diseases

7 Cilloniz, Catia et al. "Microbial Etiology of Pneumonia: Epidemiology, Diagnosis and Resistance Patterns.”
International journal of molecular sciences vol. 17,12 2120. 16 Dec. 2016, doi:10.3390/ijms 17122120

'®Leo Tolstoy: Anna Karenina

”Vincent JL, Moreno R, Takala J, Willatts S, De Mendonca A, Bruining H, Reinhart CK, Suter PM, Thijs LG.
The SOFA (Sepsis-related Organ Failure Assessment) score to describe organ dysfunction/failure. On
behalf of the Working Group on Sepsis-Related Problems of the European Society of Intensive Care
Medicine. Intensive Care Med. 1996 Jul;22(7):707-10. doi: 10.1007/BF01709751. PMID: 8844239.
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risk-stratify patients in the Emergency Department. In the first two chapters of this thesis,
we will examine how accurate these scores identify patients in the ED who are at risk for
adverse outcomes (death, ICU admission).

Summarizing, organ dysfunction is usually measured by using scoring systems, we just

have to find out which score has the best accuracy for our ED patients.

Dysregulated host response

In reaction to a pathogen invading our body, the immune system will start a response to
fight off the invading organism. Early on, it was postulated that it in some cases, it was
not the pathogen that killed the host, but rather the overzealous reaction of the immune
system that caused the illness and demise of the host. The immune system consists of the
innate immune response and the adaptive response. The innate response, when triggered,
has components that stimulate inflammation (pro-inflammatory respons), but simultane-
ously has components that dampen the inflammatory response (the anti-inflammatory
response). The current concept is that in sepsis, the balance between pro-inflammatory
factors and anti-inflammatory factors is lost. A overshoot of the innate response leads to
hyperinflammation. Clinical signs of these hyperinflammation are thought to consist of
shock, multi-organ dysfunction and dysregulated clotting (diffuse intravasal coagulation).
The concept of dysregulated host response is illustrated in figure 1.2. The dysregulated
host response has been the target of many studies and treatments and is rapidly evol-
ving®but has also been the source of dispute since many trials that sought to treat this
response failed. In a critical article in 2018, Alcock, disputed the notion that the found

Figure 1.2 Adapted model of sepsis-3

T Hyperinflammation o Chronic >

\ eShock
«MODS

Pro-
inflammation «DIC
Persistent inflammation
o Inflammation
Sepsis-3 e S
resolution
Anti-

inflammation

lmmuno-/

: suppression * Secondary infection

l 4—— Acute —p, * Long-term mortality

In the acute phase of sepsis, the host inflammatory response to an infection is heterogeneous. In some
patients, the classical picture of hyperinflammation (red line) is observed, whereas others have signs of
hypoinflammation (green line). In the chronic phase of sepsis, persistent inflammation and immunosup-
pression can cause secondary infection and long-term mortality.

Abbreviations: DIC, disseminated intravascular coagulation; MODS, multiple organ dysfunction syndrome;
SOFA, sequential organ failure assessment.

This figures was adapted and simplified from. Ding R, Meng Y, Ma X. The Central Role of the Inflammatory
Response in Understanding the Heterogeneity of Sepsis-3 et al. Biomed Res Int. 2018;2018:5086516.
Published 2018 Jun 7.
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immune responses are in fact dysregulated, and argued that it is more likely that these
responses are physiological?'.

Despite a large body of literature on the dysregulated host response, translation to
bedside medicine has proved difficult. In usual care, the dysregulated host response it
is not currently measured in a uniform and clinically relevant way. Since this thesis was
focused on bedside medicine, this element was not the subject of further study in this
thesis.

Threat to life

The item of “threat to life” in the definition of SEPSIS Ill was a new component, but it was
hardly discussed in the paper proposing the new definition?, or in subsequent papers
discussing the definition®. In the original paper, it was explained that in lay terms, sepsis
is a life-threatening condition that arises when the body’s response to an infection injures
its own tissues and organs. It seems therefore to function as a threshold. Only if the in-
fection, leading to organ dysfunction has led to a ‘threat to life’, only then can we call it
sepsis. In both the original study, and in following articles, it is unclear how we should
measure ‘threat to life’. However since qgSOFA was designed and tested to predict mor-
tality, it becomes clear that the purpose of the item of threat to life is to confer that a
certain degree of organ dysfunction is required for the diagnosis of sepsis. From this it
follows that the elements of organ dysfunction and threat to life are connected, and
these items will be discussed together in this thesis.

EVALUATION OF SHEILA'S CASE

Now that we know the background of the components of sepsis, let's apply this know-
ledge to Sheila’s case. Sheila’s situation can be modeled in several ways. Some physi-
cians might argue that it is most likely that she has a self-limiting intestinal infection,
leading to dehydration due to ongoing losses, which, in combination with perindopril
and ibuprofen has led to kidney dysfunction and low blood pressure (Figure 1.3, model
A). This in turn, leads to a life-threatening situation.

Another physician may hypothesize that the intestinal infection has led to an imbalan-
ce in the immune system, the dysregulated host response. Unfortunately, we cannot
measure this respons, but we can measure the resulting organ dysfunction. In Sheila’s
case the hypothesized dysregulation has injured the kidneys and has led to distributory
shock, thus resulting in a life-threatening situation. (Figure 1.3, model B).

2 Wiersinga WJ, Leopold SJ, Cranendonk DR, van der Poll T. Host innate immune responses to sepsis.
Virulence. 2014 Jan;5(1):36-44. DOI: 10.4161/viru.25436.

2 Alcock J. The Emperor Has No Clothes? Searching for Dysregulation in Sepsis. J Clin Med. 2018 Aug 29,
7(9):247. doi: 10.3390/jcm7090247. PMID: 30158480; PMCID: PMC6162833.
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Figure 1.3 Model of Sheila’s situation
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TREATMENT OF SEPSIS AND THE PROBLEM OF HETEROGENEITY

Does it matter if we follow model A, or model B? It is quite likely that both models lead
to a good outcome. However, if it we would like to include Sheila in a trial, with the target
of treating a dysregulated host-response, it would be important that she indeed has a
dysregulated host-response. Similarly, if we include her in a trial on early antibiotic treat-
ment, it is relevant if she has a bacterial intestinal infection, and not a viral infection.

If we include the patients without the targeted disease in a trial, we risk finding an effect,
that is not really present (type 1 error) or not finding an effect that is present (type 2
error). For example, assume that model A is true, and that Sheila is dehydrated, and
responds well to fluids. She might be included in a trial on sepsis, which studies a treat-
ment bundle consisting of both early antibiotic treatment and standardized fluid resus-
citation. Sheila would have a favourable outcome, because she does respond well to
fluids. If many patients like her would be included in the trial, it might show a significant
beneficial effect of the treatment bundle for suspected sepsis. However, if the trial is
flawed it might erroneously lead to the conclusion that all patients like Sheila need anti-
biotic treatment.

The negative outcomes of the large EGDT trials (ARISE, ProCESS and ProMISe) and early
antibiotic therapy (Phantasi) were in fact attributed to heterogeneity and poor patient
selection using the SIRS-based sepsis definition. The new SEPSIS-III definition was intro-
duced to improve patient selection and homogeneity. But is it really more accurate?
How can we use the SEPSIS-IIl definition in the ED?

The main goal of this thesis is to find out in how accurate we are in recognizing sepsis.
If we are wrong about sepsis in only a small percentage of the cases, the effect on con-
clusions will be small. But if we are wrong in in one-third or even half of the cases this
has a profound impact on the validity of our studies. In this thesis, we tried to find out
how accurate we can recognize sepsis in the ED, by studying the underlying components:
infection, organ dysfunction and threat to life.

19
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AIMS AND OUTLINE OF THE THESIS

In 2012, we started to evaluate the sepsis protocol that was implemented at the time
in the Albert Schweitzer hospital (Dordrecht). The central question | started with in
2012 was: how many of the patients treated for sepsis in the Emergency Department,
actually have sepsis? However, after the introduction of the sepsis-3 definition, we re-
alized we needed more insight in the components that sepsis consist of, to answer the
bigger question.

Part one of the thesis studies scoring systems that are used to measure organ dysfunc-
tion, with the aim of identifying patients that are in a life-threatening situation, in the
Emergency department. In chapter 2 we performed a narrative review of the diagnostic
performance of risk-stratification scores in the Emergency Department. In this review, we
included risk-stratification scores that were studied for the whole ED population, but we
separately described the studies that focused on patients with infections.

In chapter 3, the results are described of our prospective multicenter study, where we
compared the qSOFA score to other risk stratification scores and the SIRS criteria for
early risk stratification in the Emergency department. We chose to study the first set of
vital parameters to calculate the risk scores, because treatment decisions such as anti-
biotics, fluids are often made early in the ED visit. Which score can we use best for this
setting?

Part two of this thesis explores several research questions in relation to diagnosing in-
fection in the emergency department. In chapter 4, a retrospective evaluation of the
(suspected) sepsis patients in the Albert Schweitzer hospital is described. Of all the
patients that were treated with antibiotics for suspected sepsis, we studied how many
had objective signs of a bacterial infection.

In chapter 5, all patients that were tested for influenza in the influenza season of 2017/
2018 were studied. Identifying viral infections accurately when patients are admitted is
very relevant because it influences the correct treatment, but also because it influences
decisions on placement on the ward, such as allocation of isolation rooms. By chart re-
view, we scored predefined clinical symptoms to see if clinical symptoms could be used
to distinguish patients with influenza from those without influenza.

In chapter 6, we studied if procalcitonin can help to rule out bacteremia in patients in
with suspected infections in the Emergency Department. Based on chapter 5, and on our
clinical experience, we hypothesized that a viral infection affects the likelihood of bac-
teremia in patients with suspected infection in the ED. In a cohort of patients in whom
the physician apparently doubted between a viral infection and a bloodstream infection,
we measured procalcitonin and observed the results. We then studied the likelihood of
bacteremia in patients with and without viral infection, and studied the optimal cut-off
of procalcitonin to exclude bacteremia in these groups.

In Chapter 7 a new approach on diagnosing infection was sought. In the ED, many pa-
tients have extensive testing for infections including blood cultures. However, blood
cultures are often negative, contaminated, and even if they are positive often do not
impact clinical care. In this chapter we studied a machine learning algorithm to predict
positive blood cultures.
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Part three of this thesis discusses the broader implications of sepsis. In chapter 8 we
studied the quality of life in patients with sepsis, that were included in the Phantasi trial.
The Phantasi trial was designed to test if prehospital antibiotic treatment could improve
the outcome in patient with suspected sepsis. Approximately 1 month after discharge,
patients included in the study were sent a survey on the quality of life (SF-36). The results
were compared to age-matched controls and are described in the article.

Chapter 9 consists of a letter to the editor. In 2020, an article in Lancet, discussing the
global burden of disease, concluded that an estimated 48-9 million (95% uncertainty
interval 38:9-62-9) incident cases of sepsis were recorded worldwide in 201722 About 1
in 5 deaths globally, was ascribed to sepsis, with the majority of deaths in sub-Sahar
Africa. In our letter, we discuss if naming their condition sepsis can really benefit these
patients. Originally this letter was named; What's in a name, referring to Romeo & Juliet,
by Shakespeare. Juliet wonders if we call a rose by any other name, would it not smell as
sweet? In the letter, we wonder if it really changes anything for our patients if we attach
the name sepsis to deaths caused by diarrhea, pneumonia, malaria and HIV.

22 Rudd, Kristina E et al. Global, regional, and national sepsis incidence and mortality, 1990-2017: analysis
for the Global Burden of Disease Study The Lancet, Volume 395, Issue 10219, 200 - 211
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Part 1 - Chapter 2

Prognostic value of early warning scores in the emergency department (ED)
and acute medical unit (AMU): A narrative review

ABSTRACT

Background

A wide array of early warning scores (EWS) have been developed and are used in different
settings to detect which patients are at risk of deterioration. The aim of this review is to
provide an overview of studies conducted on the value of EWS on predicting intensive
care (ICU) admission and mortality in the emergency de- partment (ED) and acute me-
dical unit (AMU).

Methods

A literature search was conducted in the bibliographic databases PubMed and EMBASE,
from inception to April 2017. Two reviewers independently screened all potentially
relevant titles and abstracts for eligibility.

Results

42 studies were included. 36 studies reported on mortality as an endpoint, 13 reported
ICU admission and 9 reported the composite outcome of mortality and ICU admission.
For mortality prediction National Early Warning Score (NEWS) was the most accurate
score in the general ED population and in those with respiratory distress, Mortality in
Emergency Department Sepsis score (MEDS) had the best accuracy in patients with an
infection or sepsis. ICU admission was best predicted with NEWS, however in patients
with an infection or sepsis Modified Early Warning Score (MEWS) yielded better results
for this outcome.

Conclusion

MEWS and NEWS generally had favourable results in the ED and AMU for all endpoints.
Many studies have been performed on ED and AMU populations using heterogeneous
prognostic scores. However, future stud- ies should concentrate on a simple and easy
to use prognostic score such as NEWS with the aim of introducing this throughout the
(pre-hospital and hospital) acute care chain.
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INTRODUCTION

Studies have consistently shown that clinical deterioration of hospi- talized patients is
often preceded by changes in vital signs up to 6 to 24 h before an adverse event'.
However, these changes in vital signs were often underreported or were disregarded®.
In an effort to prevent these adverse events, several systems have been developed to
identify patients that are most likely to deteriorate. By 2015 over 36 Early Warning Sys-
tems (EWS) were developed with variable success and rate of implementation ¢. Hospitals
worldwide use different EWS and due to the large number of EWS models it might be
difficult to determine which EWS is most suitable for different settings in the acute care
chain. Most of the studies have investigated the value of EWS in clinical wards. However,
large scale studies investigating the value of EWS on top of triage systems in the emer-
gency department (ED) to timely detect deterioration is lacking.

Some groups have developed separate scoring systems specifically designed for medi-
cal patients in the ED. An example is the Rapid Emer- gency Medicine Score (REMS) that
was introduced in 2004 . In addition, some scores have been developed to be used
specifically in certain patient groups. For example the Mortality in Emergency Department
Sepsis score (MEDS) for patients with an infectious disease 8, and CURB-65 (acronym
for Confusion, Urea nitrogen, Respiratory rate, Blood pressure and age = 65) for patients
with pneumonia®.

Different types of EWS have also been used in the Acute Medical Unit (AMU), which is a
department that has been implemented in several countries to optimize care for acutely
admitted medical patients '°. This department is essentially a multi-disciplinary gateway
between the emergency department and the ward of the hospital caring for acutely ad-
mitted during the first 72 h. However patients can only be admitted from the outpatients
setting to the AMU, but not from a ward to the AMU™"'2,

As specialists in (acute) internal medicine, we see our patients both in ED, the AMU and
the clinical wards. A uniform scoring system in the acute care chain would be preferable
instead of using separate scores for ED, the AMU and the clinical wards. For the purpose
of this review, we decided to provide an overview of the prognostic value of various
(early warning) scores in predicting mortality or ICU admission that have been studied
in medical patients in the ED and in the AMU.

MATERIAL AND METHODS

Study identification/search strategy

To identify all relevant publications, we performed a systematic search on 15 April 2017
in the bibliographic databases PubMed and EMBASE from inception to April 2017.
Search terms included controlled terms from MeSH in PubMed, EMtree in EMBASE as
well as free text terms. Search terms expressing “EWS"” were used in combination with
search terms comprising “emergency department” and terms for “Acute Medical Unit”
and “adults”. The search strategy can be found in appendix 1. Subsequently, the refe-
rences of identified articles were manually searched for relevant publications.
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Eligibility criteria

The literature search generated a total of 1651 references. Hereafter, all titles were re-
viewed to determine which studies were possibly con- ducted in the ED and/or AMU and
involved the use of Early Warning Scores (EWSs). Thereafter, abstract selection was per-
formed. Studies were selected if they met the following inclusion criteria: (i) the study
was a retrospective or prospective observational studly; (i) the study population consisted
of patients (16 years and older) at the ED or AMU; (iii) the study used the predictive value
of EWS as a primary or secondary outcome; (iv) The predictive value of the EWS was
studied for mortality, intensive care admission or a composite outcome of these. Studies
were excluded if: (i) they were conducted exclusively on patients from disciplines other
than internal medicine; (i) unclear when the first assessment of EWS was performed (iii)
first assessment of EWS was done after the ED or AMU; (iv) if the aim of the study was
to determine whether implementation of an EWS led to an improvement in patient mor-
tality and/or ICU admission; (v) no full text was available (in English); (vi) certain publica-
tion types such as editorials, letters, legal cases, interviews, posters etc.

Study selection and data collection

Two reviewers (RN and TM) independently screened all potentially relevant articles and
abstracts for eligibility. Where required, the full ar- ticle was checked for eligibility criteria.
Differences in opinion were re- solved through deliberation. All retrieved abstracts were
in English. The authors extracted data from the different studies independently and in-
serted this in a standardised worksheet, which contained among others the following:
study type, inclusion period, study setting, study group size, type of EWS used, the
(primary) outcome variables and the conclusions of the study (Flowchart Fig.2.1).

Quality assessment data

Study quality was assessed with the Quality In Prognostic Studies (QUIPS) tool which has
been recommended by the Cochrane Prognosis Method Group 3. The QUIPS consists of
six quality criteria: (i) study participation; (i) study attrition; (iii) prognostic factor measure-
ment; (iv) outcome measurement; (v) study confounding and (vi) statistical analysis and
reporting. These six quality criteria can each be scored in either low bias, moderate bias
or high bias and thus a conclusion regarding the bias and quality of each individual study
can be determined objectively.

Data presentation

Area under the receiver operator characteristic (AUROC) is de- scribed using the standard
terms, where AUROC 0.6-0.7 is considered poor, 0.7-0.8 fair, 0.8-0.9 good and N 0.9
is excellent™ and will as such be applied in our description of the results. In the case
that AUROC is not reported, we will use the p value of either the odds ratio (OR), hazard
ratio (HR) or relative risk (RR) to determine whether there is a strong correlation between
the prognostic score and the out- come. A p value b 0.05 will be considered a significant
correlation. A de- tailed overview of the results of the prognostic studies with their res-
pective follow-up moments can be found in Table 2.4 (study outcomes).
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Figure 2.1 Flowchart of study selection
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RESULTS

Study characteristics

Of the total 1651 citations that were found, 71 articles were assessed for eligibility of
which 42 studies were found suitable for inclusion (Figure 2.1 Flowchart). The study cha-
racteristics of these 42 studies can be found in Table 2.1 (study characteristics). A total of
25 different types of EWS were identified in these 42 articles. The most frequently used
prognostic scores were the Modified Early Warning Score (MEWS), which was applied
in 19 studies "%, and the National Early Warning Score (NEWS), which was used in 12
studies 18203443 Nine studies used the REMS1618.19.2644-48 and seven studied MEDS 821 25
26303346 Several variations of the EWS were used, with slight modifications such as adding
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age, adding laboratory values or different cutoff values. An overview of scores and the
information needed to cal- culate them, is provided in Table 2.2 (overview of scores).

Study quality

All 42 included studies were assessed using the QUIPS tool. Accord- ing to this tool 18
studies 16:19:20:26-28:3032,37,39.4042-4649.50 \yere found to have a low risk of bias and were thus
regarded to be of high quality, 22 studies 17/18:21-25.27,3133-36,38:41,47.485155 had a moderate risk
of bias and were considered to be of moderate quality and 2 studies '>**had a high risk
of bias and therefore were considered to be of low quality. The subdomains that were
most at risk of high bias were study attrition (n = 9) mainly due to inadequate reporting
of data on patient follow-up and study confounding due to in- complete reporting on
(possible) confounders (n = 14). Table 2.3 (Risk of bias) provides an overview of the
included studies with their respective QUIPS scores.

Prognostic score performance

Due to the heterogeneity of the included studies, results will be pre- sented in three
groups: studies that included the general ED population, studies that only included pa-
tients with a possible infection or sepsis and studies that specifically included patients
who had either a community acquired pneumonia or respiratory distress. In these three
groups of patients a distinction will be made for the prognostic value in three domains,
which are: mortality, ICU admission and a composite outcome which consists of mortality
and ICU admission. Mortality will be split up in in-hospital mortality, short-term (0-30 days)
and long-term mortal- ity (N 30 days). A detailed overview of the outcomes of each study
can be found in table 2.4 (study outcomes).
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Table 2.1 Study characteristics

Author Country Study Design Inclusion Period Study group | Age, Years,
Year size median
(IQR/TR), mean
+SD
Abott United Retrospective March 2013 — April 431 60.9+22.4
2015 Kingdom 2013
Abott United Prospective March 2013 — April 310 63+21.8
2016 Kingdom 2013
Alam Netherlands | Prospective January 2013 — February | 274 U
2015 2013
Armagan Turkey Prospective April 2007 — August 309 57.1+15.3
2008 2007
Barlow United Retrospective November 2001 - April 419 74 (TR 16-98)
2006 Kingdom 2002 and November
2002 - April 2003
Bilben Norway Prospective July 2014 - November 246 70.5 (IQR 60-80)
2016 2014
Bulut Turkey Prospective October 2011 - April 2000 61.4+18.9
2014 2012
Burch South Africa Prospective u 790 43 (TR 16-89)
2008
Cattermole Hong Kong Prospective April 2006 — May 2006 330 61.3+20.6
2009
Cattermole Hong Kong Prospective November 2008 - 234 65.8+18.1
2014 January 2009
Cetinakya Turkey Prospective February 2015 - June 616 74.3+6.9
2016 2015
Churpek United States | Retrospective November 2008 - 18523 58 +18.0
2017 January 2016
Cildir Turkey Prospective August 2009 - February | 230 U
2012 2011
Corfield United Retrospective March 2009 - May 2009 | 2003 72 (1QR 59-81)
2014 Kingdom
Delgado- United States | Retrospective January 2014 - May 2147 56 (IQR 38-73)
Hurtado 2015
2016
Duckitt United Prospective October 2005 - 1102 U
2007 Kingdom November 2005
Dundar Turkey Prospective January 2014 - February | 671 75+11
2016 2014
Fairclough United Prospective January 2004, January 300 73 (TR 16-99)
2009 Kingdom 2005 and January 2006
Geier Germany Prospective August 2012 - 125 68.3+18
2013 September 2012
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Table 2.1 (continued) Table 2.1 (continued)

Author Country Study Design Inclusion Period Study group | Age, Years, Shiti-Rohr Switzerland Retrospective October 2008 - March 925 73 (IRQ 59-82)
Year size median 2016 2009
(IQR/TR), mean Singer United States | Retrospective January 2014 — March 22530 54 +21.0
+SD 2017 2015

Ghanem- Israel Prospective February 2008 - April 1072 74.7 +16.1 Smith United Retrospective 2006-2008 35585 67.7 (U)
Zoubi 2009 2013 Kingdom

2011 Vorwerk United Retrospective January 2006 and 307 69.7 (U)
Goodacre United Retrospective 1996 to 2001 5583 63.4 (V) 2009 Kingdom January 2007

2005 Kingdom

Groarke Ireland Prospective V] 225 64.7+19.1 IQR = interquartile range, TR = total range, SD= standard deviation, U= unknown

2008

Ha Vietnam Prospective u 1746 65.9+17.0 General ED population

2015 Mortality

Heitz United States | Retrospective 2005 280 56 (IQR 41-73) 22 studies 15-17.20.22-24,28,31,36,40,41,43-45,47,48,50-52,5456 \nare conducted on mortality as an outcome
2010 value and used a total of 12 prognostic scores. MEWS was the most applied method of
Hilderink Netherlands | Retrospective August 2009 - August 600 64.6+17.6 assessment (n = 8)'517.22:242831 followed by REMS (n = 5)'644454748 and NEWS (n = 4)364041.43,
a?)ls Singapore Retrospective ;(()Ji?ember 2006 - 1024 u 12 of t.he15228 ;ti?;?i?isziied in—hospital .mo.rta“ty.w TR, ten §h<1t1't4-;cerm
5013 December 2007 mortality6:28:31:36,40,41,43,45,48, and two studies investigated long-term mortality 448,
Hodgson United Retrospective March 2012 - February | 2361 74 1IGR 67-82) All studies that used the MEWS as a predictor of in-hospital mortal- ity 15-17:2224:4044.47,52,54,56
2016 Kingdom 2014 found it to be an acceptable method of mortality prediction with AUROCs ranging from
Howell United States | Prospective December 2003 - 2132 61 (IQR 44.5-77) 0.707 to 0.891. Studies that did not use the AUROC as the outcome varible for the MEWS
2007 September 2004 all found a significant correlation for this outcome (p b 0.05)'%172224525% REMS was the

second most frequent method of assessment of inhospital mortality and found fair to

Huggan Singapore Prospective May 2011 - June 2011 | 398 64.6 +20.2 excellent results (AUROC 0.70 to 0.911)'444_ Other methods of assessment that were
2015 used for inhospital mortality were: Vitalpac Early Warning Score (VIEWS), Rapid Acute
Innocenti Italy Retrospective June 2008 - April 2016 | 742 75.0+14.0 Physiology Score (RAPS), Groarke's EWS, Worthing Physiological Score (WPS), Standar-
2017 dised Early Warning Score (SEWS), acute physiology and chronic health evaluation Il score
Jo South Korea | Retrospective September 2014 - 4624 57.7+18.9 (APACHE ll) and the NEWS, of which the APACHE Il yielded the highest (AUROC 0.901)
2016 October 2014 23,40,44,47,52,54,56

Koksal Turkey Prospective U 502 62 (TR 18-102) '

2016 Studies that were conducted on short-term mortality 2831364041, 4345483051 most frequently
Nickel Denmark Retrospective October 2008 - Febuary | 1201 62.7+18.8 used the NEWS (n .= 434048, followed by the MEWS (n = 2) % and the REMS (n =2 "%
2016 2009 The NEWS had fair to excellent results (AUROC 0.768-0.94) [36,40,43], which improved
Olsson Sweden Prospective November 1995 - 1027 70+18.1 when combined with lactate (AUROC 0.96) . Combining NEWS with d-dimer was also
2003 November 1996 beneficial for mortality prediction [41]. Studies that applied the MEWS found fair to good
Olsson Sweden Prospective October 1995 - 11751 61.9+20.7 predictive value (AUROC 0.71-0.846) 3", which was in line with the results of the findings
2004 November 1996 of the REMS (AUROC 0.712 and HR 1.34) *48, Less frequently used EWS were WPS,
Paterson United Prospective October 2013 - 435 69 (IQR 43-79) VIEWS and the GAP (acronym for Glasgow coma scale, Age and systolic blood Pressure).
2006 Kingdom November 2013 Of these, the VIEWS had the best prognostic performance (AUROC 0.888) "4,

Perera Sri Lanka Prospective June 2009 242 49.4 +18.7

2011

Prytherch United Retrospective May 2006 - June 2008 39992 67.7 (V)

2010 Kingdom
32 33
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Table 2.2 Overview of prognostic scores

Name Data required Range
MEWS Pulse, respiratory rate, temperature, urinary output, blood 0-17
Modified Early Warning Score | pressure, AVPU
SEWS Pulse, respiratory rate, temperature, blood pressure, spO2, 0-18
Standardised Early Warning AVPU
Score
NEWS Pulse, respiratory rate, temperature, blood pressure, spO2, 0-20
National Early Warning score oxygen supplemental, AVPU
VIEWS Pulse, respiratory rate, temperature, blood pressure, spO2, 0-21
Vitalpac Early Warning score oxygen supplemental, AVPU
WPS Respiratory rate, pulse, blood pressure, temperature, spO2, 0-14
Worthing Physiological Score AVPU
REMS Age, blood pressure, blood pressure, Heart rate, Respiratory 0-26
Rapid Emergency Medicine rate, spO2, GCS
Score
qSOFA Blood pressure, respiratory rate, mental status, 0-3
quick Sequential Organ
Function Assessment
RAPS MAP, HR, Respiratory rate, GCS 0-16
Rapid Acute Physiology Score
RTS Blood pressure, respiratory rate GCS, 0-15
Revised trauma score
GAP GCS, age, blood pressure 3-21
(Glasgow- Age- Systolic
BLOOD PRESSURE)
CClI Age, comorbid conditions. 0-6
Charlson Comorbidity index
CURB-65 Mental status, urea, respiratory rate, blood pressure, age (>65) | 0-5
(Confusion, Urea, Respiratory
Rate, Blood pressure, Age)
CRB-65 Mental status, respiratory rate, blood pressure, age (>65) 0-4
(Confusion, Respiratory rate,
Blood pressure, Age)
APACHE Il Vital parameters, GCS, laboratory results. 0-44
PIRO Combination of comorbidity, lab results, current physiological 0-33
(Predisposition, Insult, parameters
Response, Organ dysfunction)
PSI Age, type of residence, laboratory values, vital parameters 0-395
Pneumonia Severity Index
MEDS Functional status, vital parameters, lab values 0-27
(Mortality in Emergency
Department Score)
SIRS Vital parameters + lab values 0-4
Systemic Inflammatory
Response Syndrome
SCC Based on ABCDEF parameters: 0-21
(Simple Clinical Score) A; age, airway, spO2

B; breathing (resp rate)

C: blood pressure/ pulse

D: stroke, altered mental status, pulse,

E: ECG (abnormal ECG)

F: fever
MEES GCS, HR, respiratory rate, ECG, level of pain, blood pressure, | 6-28
Mainz Emergency Evaluation sp02
Score
PEDS Blood pressure, GCS, glucose, HCO3, white cell count, -2-58

Prince of Wales Emergency
Department Score
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metastatic cancer history

Table 2.2 (continued)

THERM GCS, HCO3, blood pressure 0-37
The Resuscitation
Management Score

ESI Clinical judgement, heart rate, respiratory rate, spO2 0-5
Emergency Severity Index
CREWS Pulse, respiratory rate, temperature, blood pressure, spO2, 0-20

Chronic Respiratory Early
Warning Score

Oxygen supplemental, AVPU

GCS= Glasgow Coma Scale, HR = Heart Rate, MAP = Mean Arterial Pressure

Two studies investigated long-term mortality 4. Nickel et al.*' concluded that a com-
bination of NEWS and d-dimer could predict patients at risk of 1-year mortality, while
similar results were found for the REMS in a study by Olsson et al. for 90-day, 1-year
mortality and 4.7- year mortality .

ICU admission

Nine studies '>162223:2836,404352 \were conducted on the predictive value of prognostic
scores on ICU admission. Five studies used the MEWS 1516222328 three studies used the
NEWS 3640.43 or a derivate of it and one study included the REMS . Groarke et al. used
a self-developed EWS *2, while Dundar et al. included the VIEWS %. Three studies '>2223
found the ICU admission rate to increase significantly (p b 0.05) for every point the MEWS
increased, while two studies '*?® considered it to be a poor predictor with AUROC of
0.538 and 0.49 respectively. All included studies 34%43 found a strong correlation between
the NEWS and ICU admission. In- crease in NEWS led to a significant increase in ICU
admission *, the addition of lactate improved the AUROC, increasing from 0.78 to 0.834.
A study by Smith et al. even found the NEWS outperforming 33 other EWS that had pre-
viously been evaluated . The EWS of Groarke *2 and the VIEWS % were both strongly
correlated with ICU admission, while the REMS had a poor predictive value for this out-
come (AUROC = 0.598) 6.

Composite outcome of ICU admission and mortality

Eight studies used a composite outcome of ICU admission and mortality '817:27:2%.32,34:35.40.
Five of the studies included the MEWS 18.19.27.29.32 " \yhile four studies used a NEWS or a
derivate 18343540 35 method of assessment and two included the REMS 817,

Studies that applied the MEWS in the general ED population found it to be a poor pre-
dictor for composite outcomes with AUROC for this value ranging from 0.668 to 0.680
and concluded a cut-off value of 5 for the MEWS to be optimal #2732, In patients admit-
ted to the resuscitation room the MEWS was superior to the NEWS (AUROCs 0.730 -
0.761 vs 0.71) 8" The NEWS outperforms the REMS with an AUROC of 0.696 in these
patients in one study '°.
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The NEWS was also used in the general ED population and deemed to be a fair predic-
tor of the composite outcome in the general ED population (AUROC 0.74-0.79) 343540,
Adding the lactate to the NEWS further improved the composite outcome to an AUROC
of 0.84 “°. Eight other EWS were used for the composite outcome, which were the Re-
vised Trauma Score (RTS), APACHE I, Prince of Wales Emergency Department Score
(PEDS), Mainz Emergency Evaluation Score (MEES), The Resuscitation Management
Score (THERM), Simple Clinical Score (SCS), Patient At Risk Score (PARS) and MEDS.
Of these eight EWS, The PEDS yielded the highest AUROC (0.909) 181935,

Prognostic scores in patients with (suspected) infection or sepsis

Mortality

Ten studies 20:2125,26:30,3336:464955 \were identified that studied early warning scores in patients
with suspected infection or sepsis. With the exception of two studies **, all studied and
compared multiple scoring systems. Six studies assessed in-hospital mortality 20226384655,
five short-term mortality 226303347 while one study 2 was conducted on long-term mor-
tality.

The most common methods of prognostic outcome scoring were the MEDS (n = 7)
2125263033469 and MEWS (n = 6) 20:21:252630.33 Other common prognostic scores were
Charlson Comorbidity Index (CCl)2"%3, REMS 264447 and quick Sequential Organ Function
Assessment (qSOFA) [20,30,55], which were each used in three studies.

In studies that investigated the in-hospital mortality, the MEWS (n= 3) %252 and the MEDS
(n = 3) 264 were the most utilized methods of assessment. The prognostic value of the
MEWS was poor to fair (AUROC 0.642-0.73) 2°252¢, while the MEDS performed better
with fair to good prognostic value (0.73-0.871) 2244 The follow- ing eight prognostic
scores were also investigated: CURB-65, Simple Clinical Score (SCS), Emergency Severity
Index (ESI), CCl, Rapid Emer- gency Medicine Score (REMS), NEWS, Systemic Inflamma-
tory Syn- drome (SIRS) and qSOFA tested in this group of patients 202526384655 The REMS
was the best performing prognostic score among them (AUROC 0.80) *, thereby out-
performing the gSOFA (AUROC 0.76) ?5°which was specifically developed to detect
mortality in pa- tients with an infection or sepsis 2.

Five studies assessed short-term mortality 226303347 al| five of them included the MEDS
as a prognostic score and found varying results, with the MEDS being a poor to good
predictor (AUROC 0.674- 0.82). The MEWS was the second most common prognostic
value for this outcome, four studies 2"%303 included this prognostic score and found this
score to be a poor to fair predictor of short-term mortality (AUROC 0.608-0.72). Other
scores that were included in the studies on short-term mortality were: SCS, REMS, gSOFA,
Sequential Organ Function Assessment (SOFA), CCl, APACHE Il, PIRO (acronym for Pre-
disposition, Insult response, organ dysfunction), CURB-65, RAPS and Near Patient lactate
Test (NPT). The CURB-65 and REMS had the best results of these (AUROC 0.78 for both
SCOI’eS) 21,26,30,33,49.

Ghanem et al.?¢ conducted the only study on long-term mortality and assessed this with
the MEWS, SCS, MEDS and REMS. For 60-day mortality, the SCS was the most accurate
tool (AUROC 0.76).
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ICU admission

Corfield et al. and Singer et al. conducted studies on ICU admission predictability of the
NEWS and qSOFA respectively. The predictive value was concluded to be poor (AUROC
0.67 vs 0.61) 35, A study by Innocenti et al. * found a significant correlation between
ICU ad- mission and each of the following EWS: MEWS, gSOFA, CCl, SOFA, APACHE I
and MEDS. All EWS had a strong significant correlation with ICU admission in this group
of patients (p b 0.05).

Composite outcome of ICU admission and mortality

Two studies were conducted on the composite outcome of ICU and mortality 3¢, One
study 2 investigated the composite outcome of ICU admission and mortality for the
NEWS, MEWS, gSOFA and SIRS. The NEWS was the most accurate, while the SIRS was
the least accurate (AUROC 0.72 vs 0.58) %°. A study by Corfield et al. found similar results
with the NEWS having an AUROC of 0.70 for this outcome .

Patients with community acquired pneumonia or respiratory distress

Four studies were conducted in subgroup of patients with community acquired pneumo-
nia or respiratory distress 3274253 All four studies reported on mortality, of which one study
reported in-hospital mortality *, two studies investigated short-term mortality **** and
another two studies *%? long-term mortality. Hodgson et al. investigated the value of
in-hospital mortality for the NEWS and the Chronic Respiratory Early Warning Score
(CREWS), and found the NEWS to be the superior of these scores (AUROC 0.74 vs
0.062)*. Short-term mortality studies [42,53] included a multitude of prognostic scores,
namely: NEWS, Pneumonia Severity Index (PSI), CURB-65, CRB- 65, SIRS and SEWS of
which the PSI was the best performing scores (AUROC 0.80) 423,

Sbiti-Rohr et al. > was the only study that investigated the value of prognostic scores for
the prediction of long-term in this subgroup and found the PSI to be the most reliable
predictor for 6-year mortality, when compared to the NEWS and CURB-65 (AUROC 0.79,
0.60 and 0.73 respectively). Sbiti-Rohr et al. also investigated the value of these three
prognostic scores for ICU admission and found the NEWS to be outperforming both the
CURB-65 and PSI for this outcome (AUROC 0.73, 0.64 and 0.64 respectively) 2.

DISCUSSION

We conclude that a wide array of prognostic scores is in use in different settings with a
considerable heterogeneity in the used parameters. All studies that included AUROC
for one or more outcome measures found AUROCs which were far greater than N 0.5,
which is the cut-off for correlation that is reached by chance alone '*. The majority of the
studies that objectified the performance of EWS with either HR, OR, RR or p value found
a strong significant correlation with their out- come variables.

Mortality was the most prevalent prognostic outcome, followed by ICU admission and

the composite outcome of mortality and ICU admission. Patient population and time to
follow-up greatly influenced the performance of EWS, with some scores reaching good
to excellent AUROC in some populations, but only poor AUROC in others. For in-hospital
mortality MEWS was the most reliable method of assessment in the general population,
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Table 2.3 Risk of bias

Study Overall Study Study Prognostic Outcome Study Statistical
risk of participation | Attrition Factor measurement | confounding | analysis
bias measurement and

reporting

Abott 2016 Moderate | L M L L M L

Abott 2015 Moderate | L M L L H M

Alam 2015 Moderate | M M L L M L

Armagan 2008 High M H L L H H

Barlow 2007 Moderate | M H L L N/A L

Bilben 2014 Low L N/A L L L L

Bulut 2014 Low L N/A L L M L

Burch 2008 Moderate | M M L L M M

Cattermole 2009 | Low L L L L M M

Cattermole 2013 | Moderate | L M L L H M

Cetinkaya 2016 Moderate | L H L L H L

Churpek 2017 Low L L L L N/A L

Cildir 2012 Moderate | M H L M L L

Corfield 2013 Moderate | M M L L M M

Delgado- Moderate | H M L L M L

Hurtado 2016

Duckitt 2007 Moderate | M L L L H M

Dundar 2016 Moderate | M H L L H L

Fairclough 2009 | Moderate | M H L L M H

Geier 2013 Moderate | L H L L H L

Ghanem-Zoubi Low L L L L N/A L

2011

Goodacre 2005 Low M L L L L L

Groarke 2008 Moderate | H L L L H M

Ha 2015 Low M L L L L L

Heitz 2010 Low M L L L L L

Ho 2013 Low M L L L N/A L

Hodgson 2016 Low L H L L L L

Howell 2007 Low L M L L N/A L

Hilderink Low L L L L N/A L

2015

Huggan 2015 Moderate | L M L L M L

Innocenti 2017 Low M L L L N/A M

Jo 2016 Low L L L L L L

Koksal 2016 Moderate | M L L L H L

Nickel 2016 Moderate | M L L L M M

Olsson 2003 Moderate | M H L L M L

Olsson 2004 Moderate | M H L L H L

Paterson 2006 High M H H H H L

Perera 2011 Low L L H L L L

Prytherch 2010 Low M N/A L L L L

Shiti-Rohr 2016 Low L L L L M L

Singer 2017 Moderate | M M L M M H

Smith 2013 Low L N/A L L H L

Vorwerk 2009 Moderate | M N/A L L H L

L low risk of bias, M moderate risk of bias, H high risk of Bias, N/A Not applicable
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MEDS reached the highest AUROC in those with an infection and NEWS was the most
reliable in those with community acquired pneumonia. Short-term mortality was best
predicted by the NEWS in the general population, the MEDS in the population with an
infection and the PSI in those with community acquired pneumonia. NEWS was the best
predictor of long-term mortality in the general population and those with community
acquired pneumonia, but was outperformed by the SCS in patients with an infection.

Innocenti et al. [30] studied the predictive value of multiple prognostic scores for ICU
admission in patients with an infection. All prognostic scores, including the MEWS, had
a significant correlation with ICU ad- mission. Although this study did not include it, other
studies found that NEWS outperformed qSOFA [38,55] despite the fact that the gSOFA
was specifically developed for the purpose of detecting deterioration in patients with an
infection ?°. Moreover, NEWS had the strongest correlation of all prognostic scores for
ICU admission in the general population and those with community acquired pneumonia.
For the composite outcome NEWS outperformed the other included EWS in both the
general population and in those with an infection or sepsis. Studies in patients with
respiratory symptoms did not include composite outcomes.

EWS are developed with the purpose of detecting patient deteriora- tion and are espe-
cially applied in the acute healthcare chain and should therefore be simple, reliable and
comprehensible among all the healthcare providers in this chain. Therefore uniformity
in the used EWS across all departments of the healthcare chain might be beneficial for
the improvement of patient care. The ideal prognostic score should be easy to calculate,
preferably without the need of laboratory results and should show good predictive value.
Simple bedside systems such as RTS, CRB-65 or qSOFA are appealing due to their sim-
plicity and ease of use, however it is difficult to combine both simplicity and accuracy, as
this review shows that simple prognostic scores were outperformed by more elaborate
scoring systems such as the NEWS and MEDS.

As this study shows, staffs in different hospitals and settings are like- ly to use different
EWS and often multiple EWS are used in one hospital *’. The fact that pre-hospital care-
givers also have EWS which differ from the hospital causes further fragmentation. Recog-
nizing this issue, an effort was made in the United Kingdom in 2015 to use one uniform
EWS throughout the whole healthcare chain in order to reduce the chance of miscom-

munication between the different disciplines and caregivers *. Although the results of

this implementation are not yet known, it is likely to increase the detection of patients

that are at risk chain and therefore optimizing adequate treatment.

Although EWS recognize patients which are at risk of deterioration, they are unable to
aid in the prevention of these adverse events. More-over, EWS are scored on the basis
of vital parameters and a study by Baker et al.*® has shown that recognition and treat-
ment of deteriorating vital parameters does not necessarily lead to improved patient
outcomes. Recognition and treatment of systolic hypotension at admission was the only
factor that significantly improved patient survival, while treating other factors such as
GCS and tachycardia did not im- prove patient outcome. This emphasizes that EWS
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Part 1 - Chapter 2

Prognostic value of early warning scores in the emergency department (ED)
and acute medical unit (AMU): A narrative review

CONCLUSION

Evidence regarding the prognostic value of EWS in the ED and AMU is hampered by the
use of a large array of similar, yet slightly different scoring systems. A reliable comparison
among these systems is therefore difficult. The ideal EWS is both simple and accurate,
with few chances of calculation errors and can be used in the whole acute care chain.
No prognostic score can impeccably detect all patients at risk of an adverse outcome.
Therefore EWS should not replace clinical judgement, but should instead be used as a
complementary method of judgement which assists clinicians in their decision making.
Future studies should be conducted on the development and implementation of a simple
but accurate EWS for the whole acute healthcare chain, which might lead to improved
care in both developing and developed countries. These studies should be conducted
with at least the NEWS in the general population and the MEDS in those with an infection
as reference score, as we have found these scores to be best performing prognostic
scores.
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Part 1 - Chapter 3

A prospective, observational study of the performance of MEWS, NEWS, SIRS and qSOFA for early risk
stratification for adverse outcomes in patients with suspected infections at the emergency department

Risk stratification

What is the best score for the ED?
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The NEWS had the highest AUROC of 0.740 (95% Cl 0.682-0.798) for predicting
30-day mortality, compared to gSOFA, MEWS and SIRS. It also had the highest
sensitivity of 76.8 % at the cut-off NEWS =5. qSOFA = 2 had the lowest

sensitivity but the highest specifity, as illustrated above.

Conclusion

Among patients presenting to the ED with suspected infection,
early risk stratification with NEWS (cut-off of =5) is more sensitive
for prediction of mortality than gSOFA > 2 , MEWS =3 or SIRS=2,
with adequate specificity.

The alternative cut off point of gSOFA= 1 increased the sensitivity to
69.4% (Cl 56.4-80.4), with a specificity of 66.1% (95% Cl 63.4-98.7). In
some settings, qSOFA= 1 can be a suitable and easy to calculate

alternative.
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A prospective, observational study of the performance of MEWS, NEWS, SIRS and qSOFA for early risk
stratification for adverse outcomes in patients with suspected infections at the emergency department

ABSTRACT

Background

Many patients with suspected infection are presented to the emergency Department.
Several scoring systems have been proposed to identify patients at high risk of adverse
outcomes.

Methods

We compared generic early warning scores (MEWS and NEWS) to the (SIRS) criteria
and quick Sequential Organ Failure Assessement (qSOFA), for early risk stratification in
1400 patients with suspected infection in the ED. The primary study end point was 30-
day mortality.

Results

The AUROC of the NEWS score for predicting 30-day mortality was 0.740 (95% Confi-
dence Interval 0.682-0.798), higher than gSOFA (AUROC of 0.689, 95% Cl 0.615- 0.763),
MEWS (AUROC 0.643 (95% ClI 0.583-0.702) and SIRS (AUROC 0.586, 95%Cl 0.521 -
0.651). The sensitivity was also highest for NEWS= 5 (sensitivity 75,8% specificity of
67,4%).

Conclusion

Among patients presenting to the ED with suspected infection, early risk stratification
with NEWS (cut-off of =5) is more sensitive for prediction of mortality than gSOFA,
MEWS or SIRS, with adequate specificity.
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INTRODUCTION

Severe infection, leading to organ dysfunction is a public health concern affecting milli-
ons of people around the world each year' 2. A study in the United States by Wang *
estimated that approximately 21% of the patients that present to the Emergency De-
part-

ment have (severe) infections, and approximately 3 % have associated organ dysfuncti-
on. This suggests that systemic infections are a frequent cause of ED presentation, but
only a smaller proportion of these infections actually lead to sepsis and mortality. To
determine if a patient, coming in with suspected infection, suffers from sepsis, organ
function has to be assessed. However, while some patients have overt organ dysfuncti-
on at presentation, others have organ dysfunction that can only be detected by labora-
tory tests (taking time), whereas others will not develop organ dysfunction at all.

It will therefore not always be possible to establish if organ dysfunction is present ear-
ly in the process, however decisions regarding management (such as early antibiotic
treatment) will have to be made early. To enable early decision making, an early risk
assessment in patients suspected of infection is needed.

Over the past years, several scoring systems have been proposed to assess the risk of
death or an adverse outcomes in Emergency Department patients. Some were specifi-
cally designed for patients suspected of infection or sepsis, such as the quick Sequen-
tial Organ Failure Assessment (qSOFA)', and the Systemic Inflammatory Response
Syndrome (SIRS). The latter was not designed as a risk stratification tool, but was intro-
duced as a diagnostic criterion. However, over the years several studies have used it as
risk stratification tool #%. In the Netherlands SIRS was routinely used by emergency de-
partments for flagging patients with possible sepsis up to 2016, as this was suggested
in a government program introduced in 2008 7.

Since changing the definition of sepsis in 2016, many Emergency Departments struggled
how to proceed with early risk stratification in patients suspected of infection. In the UK,
the NICE guideline on sepsis (2016) suggested the use of a generic early warning score
to assess the risk of death in patients at risk of sepsis®. The most commonly used Early
Warning Scores are the Modified Early Warning Score (MEWS) and the National Early
Warning Score (NEWS). A review of early warning scores in 2018 found that the National
Early Warning score (NEWS) was the most accurate score in the general ED population
for prediction of mortality ?. The Surviving Sepsis campaign introduced qSOFA as a risk
stratification tool, also in 2016. It was not prospectively validated in the ED setting at the
time. Studies published in the meantime have found conflicting results regarding the
accuracy of gSOFA in ED populations 431013,

The aim of this study was to compare the predictive value of early risk stratification scores

(gSOFA, SIRS, MEWS and NEWS) at the primary assessment for predicting death or
the need for ICU admission in adults presenting to the ED with suspected infection.
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METHODS

Design

This study was a multi-centre prospective observational study and was performed in the
ED in two general and one university hospital in the Netherlands. We included patients
between November 2016 and May 2018 in the university hospital (Amsterdam Univer-
sity Medical Center, location VUmc) and between November 2017 and January 2018 in
the two general hospitals.

Study population

Patients =18 years who visited the ED with a suspected infection (who were admitted to
the hospital or discharged from the ED) were prospectively included. Both medical and
surgical patients were included. Patients that could not complete follow-up (i.e. tourists)
were excluded. Patients were included during peak hours (10 am to 8 pm) by trained
researchers.

Ethics
All patients, or their proxies, signed written informed consent forms prior to inclusion.

Variables

All clinical data were measured upon arrival at the ED and registered in a secure data-
base, Castor (https://www.castoredc.com) compliant with Good Clinical Practice guide-
lines. The following data were collected at the time of arrival: baseline characteristics
and the vital signs. The NEWS, MEWS, gSOFA and SIRS scores were calculated in the
database using the first set of vital signs. A detailed overview of variables included in
these scores can be found in the supplement (S3.1). Information regarding medical history,
organ dysfunction and laboratory tests were extracted from the electronic medical re-
cord (EMR) in the ED. After 30 days, the record was checked for the clinical endpoints
death and/or ICU admission, revisitation and culture results.

Definitions

Suspected infection was flagged by the (trained) triage nurse or treating physician or
both

at presentation at the Emergency Department. This was based on the reason for refer-
ral (referral by General Practitioner, or paramedics, if available) and the first impression
at triage or primary assessment. This broad inclusion criterion was chosen as it reflects
current practice, because infection is suspected in many different clinical situations.
Since the signs of infection are diverse, any more specific criteria might lead to selection
bias and poor external validity. For example, up to 33% of patients with bacteremia in
the ED may present without fever .

End point

The primary study end point was the 30-day mortality. Secondary endpoints were the
need of ICU admission and a composite outcome measure of adverse outcome (30-
day mortality and ICU admission).
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STATISTICS

All continuous variables with a normal distribution are expressed as percentages, means
and standard deviations (SD) and non-normally distributed variables as median with inter-
quartile range (IQR). Differences between groups were assessed using independent
T-testing for normally distributed variables and Mann-Whitney U for non-normally distri-
buted variables. Chi-square or Fisher's exact test were used for categorical variables.
Receiver Operating Characteristics (ROC) were constructed and the sensitivity and spe-
cificity for predefined cut-offs was calculated. We used the cut-offs that were standard
at the hospitals, during the time of inclusion, (qSOFA= 2, SIRS = 2, MEWS = 3, NEWS
of = 5) for the primary comparison of sensitivity, specificity, as well as negative predic-
tive value (NPV) and positive predictive value (PPV) '>'¢. Because several cut-offs have
been proposed in the past, we also calculated the test specifics at alternative cut-offs
to see if this could lead to optimization of sensitivity and specificity and PPV and NPV.
A p-value <0.05 was considered to be statistically significant for all analyses. An AU-
ROC from 0.6 t0 0.7, 0.7 t0 0.8, 0.8 to 0.9, and 0.9 or higher were respectively consi-
dered as poor, adequate, good, and excellent 7.

Missing values

In some cases, the set of vital signs in the EMR were incomplete. In case of missing
values, we assumed a normal result to calculate the risk stratification scores. During
the inclusion of patients, we found that the respiratory rate was often poorly recorded,
which has been observed before in literature '8. As this might influence the accuracy of
the scores, we performed a sensitivity analysis to see how this affected the AUROC. All
data analyses were performed using SPSS software (SPSS version 22.0, IBM, Armonk,
NY, USA)

Results

Between November 2016 and May 2018 1401 patients were included in the study as
is shown in Figure 1. Due to incomplete data and withdrawal of consent, 73 patients
were excluded from the final analysis.

In total 1328 Patients were included in the final analysis. At day 30, the survival rate was
95.3% (n=1266) and 4.7% (n=62) had died. In-hospital 30-day mortality was 3.5 %
(N=46), out-of-hospital 30 day mortality was 1.2 % (N=16). Of all included patients, 63
(4.7%) were admitted to the ICU. 17 (27%) of the patients admitted to the ICU died.
The composite outcome of ICU and/or death was reached by 108 patients (8.1%).
The inclusion process is illustrated in Figure 3.1.

Baseline characteristics are shown in table 3.1. Non-survivors were significantly older
and had a higher Charlson Comorbidity index (CCl).
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Figure 3.1 Inclusion process
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1401 patients presented at the
ED with a suspected or proven
infection eligible for inclusion

1328 patients included in
analysis

1266 alive at 30 days

Table 3.1 Baseline characteristics of Study Participants

73 Excluded for final analysis
* 39 missing vital parameters
* 26 noinformed consent
+ 8lostto follow up

62 deceased at 30 days

All patients Survivors Nonsurvivors
N=1328 N=1266 N =62
Demographics
Age, mean (SD) 62.62 (2.3) 62.1(18.0) 73.0 (13.5)
Male, n (%) 694 (5.3) 655 (51.5) 39 (62.9)
Admission, n (%) 963 (72.5) 903 (71.3) 60 (96.8)
Admission IC, n (%) 63(4.7) 46 (3.6) 17 (27.4)
Readmission, n (%) 160 (12.0) 151 (11.9) 9 (14.5)
Co-morbidities, n (%)?
COPD (GOLD >2) n (%) 135 (10.5) 127 (10.0) 8(12.9)
Astma 62 (4.8) 60 (4.8) 2(3.2)
Heart failure 92 (7.1) 74 (5.8) 18 (29.0)
Renal insufficiency 133 (10.3) 125 (9.9) 8 (6.0)
Current Malignancy 284 (22.0) 260 (20.5) 24 (38.7)
CCl (data complete N=994), mean (SD) 2.8(2.2) 2.8(2.2) 3.5(2.5)
Laboratory analysis on admission °
White bloodcell count (10°/L, mean (SD) 11.9 (7.6) 11.8(7.5) 14.2 (9.8)
Lactate (mmol/L), mean (SD) 1.6 (1.0) 1.5(1.0) 2.2(1.4)
Platelets (*10%/L), mean (SD) 260 (119) 259 (116) 278 (168)
Creatinine (ug/L), mean (SD) 109.0 (95.6) 107.7 (95.3) 135.1 (98.1)

CRP (mg/L), mean (SD)

104.6 (102.2)

102.4 (101.3)

147.9 (110.7)

True positive BC/ total BC (%) 94/694 (13.5%) 88/659 (13 %) 6/35 (17%)
Positive scores at primary survey

MEWS > 3, n(%) 560 (42,2) 521 (41.2) 39 (62.9)

NEWS >5, n (%) 481 (36,2) 434 (34.3) 47 (75.8)

gqSOFA 22, n (%) 67 (5.0) 57 (4.5) 10(16.1)

SIRS 22, n (%) 758 (57.1) 711 (56.2) 47 (75.8)
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MAIN OUTCOME

The accuracy of the gSOFA, SIRS, MEWS and NEWS was assessed with AUROC curves.

Results are shown in Table 3.2. The curves are added in the supplement S3.2. The NEWS
score showed an adequate AUROC of 0.740 (95% CI 0.682- 0.789) for mortality. gSOFA
scored an AUROC of 0.689 (95%-Cl 0.615 - 0.763) for prediction of mortality, followed
by MEWS with an AUROC 0.643 (95% Cl 0.583 — 0.702) and SIRS, AUROC 0.586 (95%-
Cl0.521 - 0.651). For predicting ICU admission NEWS had an adequate AUROC of
0.775 (95%-Cl1 0.719 - 0.831), followed by MEWS with an AUROC of 0.731 (95%-Cl
0,671-0,797) and SIRS with an AUROC of 0.722 (95%-ClI 0,625-0,764). gSOFA scored
the lowest AUROC of 0.702 (95%-Cl 0.625 - 0.764).

For the composite outcome, NEWS had an adequate AUROC of 0.763 (95% CI 0.719-
0.808), followed by MEWS with an AUROC of 0,697 (95%-Cl 0.648-0.746). gSOFA had
a AUROC of 0.691 (95%Cl 0.638-0.744), and SIRS an AUROC of 0.667 (0.618-0.717).
The AUROC curves can be found in the Supplement (S3.2).

Table 3.2 AUROC of risk-stratification scores, ranked high-to-low

Outcome: mortality

Score 30-day mortality 95 % Confidence interval
NEWS 0.740 (0.682-0.798))
qSOFA 0.687 (0.618-0.756)
MEWS 0.643 (0.583-0.702)
SIRS 0.586 (0.521-0.651)

Outcome: ICU admission

NEWS 0.775 (0.719-0.831)
MEWS 0.731 (0.671-0.797)
SIRS 0.722 (0.681-0.790)
qSOFA 0.702 (0.625-0.764)

Composite: Death/ICU admission

NEWS 0.763 (0.719-0.808)
MEWS 0.697 (0.648-0.746)
qSOFA 0.691 (0.638-0.744)
SIRS 0.667 (0.618-0.717)

gSOFA: quick Sequential Organ Failure; SIRS Systemic Inflammatory Response Syndrome; MEWS:
Modified Early Warning Score; NEWS: National Early Warning score
Cl: confidence interval.
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Sensitivity, specificity, negative predictive value and positive predictive value
30-day mortality

Table 3.3 shows the sensitivity, specificity and the predictive value of the scores with
various cut-off values. NEWS = 5 had sensitivity of 75.8 % (95%-Cl 63.3-85.8) and a
reasonable specificity of 65.9% (95%-Cl 63.2-68.5). The PPV was 9,8 (95%-Cl 8.5-11.3).
NEWS= 5 had also the highest NPV of 98,2% (95%-Cl 97.3-98.9).

Of the 62 patients that died within 30 days, 51 had a negative qSOFA score. gSOFA>2
had a very low sensitivity for predicting 30-day mortality of 17.7 % (95%-Cl, 9.20-29.5),
but the highest specificity of 94.2% (95%-Cl 92.8-95.5) and PPV of 13,1% (95%-Cl 7.7-

21.2).

The MEWS score at a cut-off point of 3 or above had a sensitivity of 72.6% (95%-Cl 59.8
- 83.2%) with a specificity of 54,9% (95%-Cl 52.1-57.7 %). The PPV and NPV were 5.6%
(95%-Cl 3.4 - 9.0) and 95.5% (95%-Cl 94.9-96.0) respectively.

Alternative cut-off points for NEWS and MEWS are displayed in table 3, but did not
improve sensitivity. The alternative cut off point of gSOFA= 1 increased the sensitivity
to 69.4% (Cl 56.4-80.4), with a specificity of 66.1% (95% Cl 63.4-98.7). The PPV was
9,19.1 (95% CI 7.7-10.7) with a NPV of 97.8 (95% Cl| 96.8-98.5)
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Table 3.3 Diagnostic Performance for Prediction of 30-day Mortality Across Different Score Thresholds

All patients Survivors Nonsurvivors
N=1328 N=1266 N =62
Demographics
Age, mean (SD) 62.62 (2.3) 62.1(18.0) 73.0 (13.5)
Male, n (%) 694 (5.3) 655 (51.5) 39 (62.9)
Admission, n (%) 963 (72.5) 903 (71.3) 60 (96.8)
Admission IC, n (%) 63 (4.7) 46 (3.6) 17 (27.4)
Readmission, n (%) 160 (12.0) 151 (11.9) 9(14.5)
Co-morbidities, n (%)?
COPD (GOLD >2) n (%) 135 (10.5) 127 (10.0) 8(12.9)
Astma 62 (4.8) 60 (4.8) 2(3.2)
Heart failure 92(7.1) 74 (5.8) 18 (29.0)
Renal insufficiency 133 (10.3) 125 (9.9) 8(6.0)
Current Malignancy 284 (22.0) 260 (20.5) 24 (38.7)
CCl (data complete N=994), mean (SD) 2.8(2.2) 2.8(2.2) 3.5(2.5)
Laboratory analysis on admission ®
White bloodcell count (10°/L, mean (SD) 11.9 (7.6) 11.8(7.5) 14.2 (9.8)
Lactate (mmol/L), mean (SD) 1.6 (1.0) 1.5(1.0) 2.2(1.4)
Platelets (*10%/L), mean (SD) 260 (119) 259 (116) 278 (168)
Creatinine (pg/L), mean (SD) 109.0 (95.6) 107.7 (95.3) 135.1(98.1)
CRP (mg/L), mean (SD) 104.6 (102.2) 102.4 (101.3) 147.9 (110.7)
True positive BC/ total BC (%) 94/694 (13.5%)  88/659 (13%)  6/35 (17%)
Positive scores at primary survey
MEWS > 3, n(%) 560 (42,2) 521 (41.2) 39 (62.9)
NEWS 25, n (%) 481 (36,2) 434 (34.3) 47 (75.8)
qSOFA 22, n (%) 67 (5.0) 57 (4.5) 10 (16.1)
SIRS 22, n (%) 758 (57.1) 711 (56.2) 47 (75.8)

gSOFA, quick Sequential Organ Failure; SIRS, Systemic Inflammatory Response Syndrome; MEWS,
Modified Early Warning Score; NEWS, National Early Warning score; PPV, positive predictive value;
NPV, negative predictive value; Cl, confidence interval.

Outcomes for sensitivity, specificity, PPV and NPV are shown as percentage with the 95% confidence
interval.
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ICU admission

Table 3.4 shows that the SIRS score has the highest sensitivity for predicting ICU admis-
sion of 92.0 % (95% Cl 82.4-97.4) with a specificity of 44,6% (95% Cl 41.8-47.4). NEWS
= 5 had a sensitivity of 79.4 (95% Cl 67.3-88.5) with a specificity of 65,9 % (95% Cl 63.2-
68.5). gSOFA = 2 had a sensitivity of 15.9 % (95% Cl 7.9-27.3) with a specificity of 94.1
(95% Cl 92.7-95.4). gSOFA with a cut-off of 1 had a sensitivity of 73.0 % (95% Cl 60.4-
83.4) with a specificity of 66,9% (95% Cl 64.2-69.5).

Table 3.4 Diagnostic Performance for Prediction of IC admission Across Different Score Thresholds

Score/ threshold Sensitivity (95% Cl) Specificity (95% Cl) PPV (95% ClI) NPV (95% Cl)

NEWS >5 79.4 (67.3-88.5) 65.9 (63.2-68.5) 10.6 (9.3-12.1)  98.2(97.5-99.0)

NEWS > 7 57.1(44.1-69.5) 78.9 (76.5-81.1) 12.1(9.7-14.9)  97.3 (96.5-98.0)
qSOFA 21 73.0 (60.4-83.4) 66.9 (64.2-69.5) 10.1(8.7-11.7)  98.0(97.0- 98.7)
qSOFA 22 15.9 (7.9-27.3) 94.1(92.7-95.4) 12.1(6.9-20.1)  95.7 (95.2-96.1)
MEWS > 3 76.2 (63.8-86.0) 59.6 (56.8- 62.3) 8.73(7.6-10.0)  98.0(96.9-98.7)
MEWS 2 5 42.9 (30.5-56.0) 85.1 (83.0-87.0) 12.7(9.6-16.7)  96.7 (95.9-97.3)
SIRS 22 92.0 (82.4-97.4) 44.6 (41.8-47.4) 7.77(7.2-8.4)  99.1(97.9-99.6)

qSOFA, quick Sequential Organ Failure; SIRS, Systemic Inflammatory Response Syndrome; MEWS,
Modified Early Warning Score; NEWS, National Early Warning score; PPV, positive predictive value;
NPV, negative predictive value; Cl, confidence interval.

Outcomes for sensitivity, specificity, PPV and NPV are shown as percentage with the 95% confidence
interval.

Composite outcome Death/ICU

Results for all scores are displayed in table 3.5. For the composite outcome, NEWS =5
had a sensitivity of 76.9 % and a specificity of 67.4 %. Only SIRS =2 showed higher sen-
sitivity but with a specifity of only 45.2%. qSOFA = 2 had a sensitivity of 15.7 % and a
specifity of 94.5. gSOFA cut-off =1 showed a sensitivity of 69.4% and a specifity of 67.5%.

Table 3.5 Diagnostic Performance for Prediction of death/ ICU Across Different Score Thresholds

Score/ threshold Sensitivity (95% Cl) Specificity (95% ClI) PPV (95% Cl) NPV (95% Cl)

NEWS >5 76.9 (67.8-84.4) 67.4 (64.7-70.0) 17.3(15.5-19.2)  97.1(95.9-97.9)
NEWS > 7 55.1 (45.2-64.8) 79.8 (77.5-82.1) 19.3(16.4-22.7  95.3(94.3-96.2)
qSOFA 21 69.4 (59.8-78.0) 67.5 (64.8-70.1) 15.9 (14.0-18.0  96.2 (95.0-97.0)
qSOFA 22 15.7 (9.5 -24.0) 94.5(93.1-95.7) 20.2 (13.4-29.4) 92.7(92.1-93.2)
MEWS 2 3 68.5 (58.9-77.1) 60.2 (57.4-62.9) 13.2 (11.6-15.0)  95.6 (94.2-96.6)
MEWS 25 32.4(23.7-42.1 85.2 (83.0-87.0) 16.2 (12.5-20.8)  93.4(92.6-94.2)
SIRS 22 82.4(73.9-89.1) 45.2 (42.4-48.0) 11.7 (10.7-12.8)  96.7 (95.1-97.8)

qSOFA, quick Sequential Organ Failure; SIRS, Systemic Inflammatory Response Syndrome; MEWS,
Modified Early Warning Score; NEWS, National Early Warning score; PPV, positive predictive value;
NPV, negative predictive value; Cl, confidence interval.

Outcomes for sensitivity, specificity, PPV and NPV are shown as percentage with the 95% confidence
interval.
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Sensitivity Analysis

Of all the vital parameters, the respiratory rate was missing most often (136 of 1328 re-
cords). Closer analysis of these cases revealed that of these patients, one patient died,
one (other) patient was admitted to the ICU, thus a total of two patients reached the
composite outcome (death/ICU admission). The assumption of normal values might have
more influence on the calculation of the qSOFA score, as this score consists only of 3
parameters. Therefore, we performed a ROC analysis of the sample, excluding the pa-
tients with missing respiratory rates. The area under the curve was slightly different, but
the ranking stayed the same. NEWS scored the highest AUROC of 0.729 for 30-day mor-
tality, 0.759 for ICU admission and 0.751 on the composite outcome. The curves and
values of AUROC can be found in the Supplement, S3.3 and S3.4.

DISCUSSION

Our prospective observational study in patients with suspected infection demonstrates
that the NEWS at a cut-off of =5, measured during the primary assessment, has the high-
est sensitivity for predicting the risk of death or IC admission compared to qSOFA,
SIRS, MEWS scores.

This finding is in line with the findings of several other (retrospective) studies. Churpek
et al.”® who retrospectively studied 30,677 ward and ED patients and found a comparable
AUROC of 0.77 for NEWS and of 0.69 for gSOFA. The study of Goulden et all showed
similar results 4. This study was also a retrospective cohort study which included patients
who were presented to the ED or medical admissions unit with suspected sepsis.

An observational prehospital study by Silcock also showed similar results for the com-
bined outcome for NEWS comparing it with gSOFA ™.

Our study studied the early warning scores in a prospective cohort. In the ED, decisions
regarding treatment and admission often have to be made early and within a short time
frame. For that reason, we need a sensitive score to identify patients at risk for adverse
outcome as early as possible in the ED. Ideally this score also has a high negative pre-
dictive value in a population with low incidence of the outcome of interest in this case
mortality. In our study, NEWS consistently showed the highest AUROC for prediction of
mortality, ICU admission. At a cut-off of =5 the sensitivity was the highest of all scores
tested for mortality, coupled with a high negative predictive value. Therefore, we find it
the most suitable score to identify patients at risk of adverse outcomes early in the ED
presentation.

Strengths and weaknesses

We decided to include patients with suspected infection. This suspicion was based on
early clinical judgment of the treating physician or triage nurse. This reflects daily practice,
where decisions on management, such as antibiotic treatment are often made during
the primary assessment of the patient. Some studies investigated the predictive validity
of gSOFA, including only patients in whom the suspicion of infection was based upon
body fluid culture and or administration of antibiotics 2 ' '22° However this method
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can limit external validity since risk stratification is usually done before the decision

to give empirical antibiotics. A recent article of the NEJM illustrated how hard it is to
make treatment decisions on patients with suspected infection with organ dysfunction?
The strength of our broad inclusion criterion is the generalizability. However, it has also
resulted in inclusion of a very heterogeneous population of patients with suspected
systemic infection in the ED. This explains the low rates of mortality and ICU admission
in contrast to other studies. However, this represents the diversity of patients that are
daily seen in the ED, and in whom decisions about treatment and admission have to be
made.

The findings of our study must be interpreted in light of several limitations. First this is an
observational study which is subject to errors in data collection and entry. Second, the
most severely ill patients, who directly presented to the critical-care room were difficult
to include because the informed consent could not be obtained. This has probably
affected the results, in particular the PPV and NPV which are influenced by the low in-
cidence of the outcome measure. However, in daily practice, we need risk assessment
scores most in the patients that are moderately ill. It is not difficult to identify those
patients that are obviously severely ill, for example, overtly hypotensive. It is much harder
to spot those with a normal blood pressure, but already elevated respiratory rate, and
at risk of deterioration in the next 24 hours.

Another important limitation is that we included a convenient sample of patients, that
presented between 10AM to 8PM. We missed a portion of patients who presented
during the evening and night. However, we think our results are still valuable, especial-
ly since an earlier analysis of the patient flow in our hospital showed that most patient
presentations in our ED occurs between 10 AM and 9 PM?2.

IN CONCLUSION

In conclusion, we found that NEWS with a cut-off of 5 provides the best balance be-
tween sensitivity, specificity and NPV for early identification of high-risk patients with
suspected infection in the Emergency Department. As NEWS is a general predictive
score already being used in many ED's, we recommend using it for early risk stratification
in patients with suspected or proven infections at the Emergency Department.
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Table $3.1 Components of qSOFA, SIRS, MEWS and NEWS

Parameter qSOFA SIRS MEWS NEWS
Respiratory rate X X X X
Systolic blood pressure X X X
Mental status X X X
Heart rate X X
Temperature X X X
Part 1 / Cha pter 3 Oxygen saturation X
° Use of supplemental oxygen X
Supplementary materials Wi s s soun ;

gSOFA, quick Sequential Organ Failure; SIRS, Systemic Inflammatory Response Syndrome; MEWS,
Modified Early Warning Score; NEWS, National Early Warning score.
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Table S3.2 ROC curves for qSOFA, SIRS, MEWS and NEWS score
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Table $3.3 Missing analysis - ROC curves (patients with missing respiratory rate excluded)
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Prognostic value of early warning scores in the emergency department (ED)
and acute medical unit (AMU): A narrative review

Table $3.4 AUROC of risk-stratification scores, ranked high-to-low, sensitivity analysis

Outcome: mortality 95 % Cl

score AUROC 95%ClI
NEWS 0.729 0.670-0.789
gSOFA 0.679 0.609 -0.748
MEWS 0.620 0.558-0.683
SIRS 0.568 0.501- 0.634
Outcome: ICU admission

NEWS 0.759 0.701- 0.818
MEWS 0.721 0.656- 0.787
SIRS 0.709 0.653-0.765
qSOFA 0.693 0.627-0.759
Composite: Death/ICU

admission

NEWS 0.751 0.705- 0.797
qSOFA 0.683 0.630-0.737
MEWS 0.682 0.632-0.733
SIRS 0.652 0.601-0.703

gSOFA: quick Sequential Organ Failure; SIRS Systemic Inflammatory Response Syndrome; MEWS:
Modified Early Warning Score; NEWS: National Early Warning score; Cl: confidence interval.
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ABSTRACT

Objective
To study the presence of bacterial disease and antibiotic use in patients in the emer-
gency department (ED) included in the local sepsis protocol.

Methods

An observational retrospective cohort study. Adults aged > 18 years, presenting to the
ED of a large teaching hospital, from 1 January to 1 June 2011, with more than two SIRS
criteria and a clinical suspicion of sepsis were included.

Results

Bacterial disease was suspected or confirmed in only 71% of all the patients with
suspected sepsis (2008 definition) and consequently treated with antibiotics. Most of
these patients (58%) suffered from systemic inflammatory response syndrome (SIRS)
without signs of organ dysfunction, hypotension or hypoperfusion. Despite absence of
bacterial disease in 29% of the patients after rigorous diagnostics, median antibiotic
treatment in this group was still seven days (IQR 4-10).

Conclusions

Standard sepsis detection using SIRS criteria and clinical suspicion identified patients
with suspected or confirmed bacterial disease in 71% of the cases. A significant pro-
portion of patients were exposed to prolonged antibiotic use without proof of bacterial
disease. This study illustrates the difficulties in correctly identifying bacterial disease
and sepsis, and shows that overuse of antibiotics may be the consequence.
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INTRODUCTION

Over the last decade, sepsis has been increasingly recognised as a major cause of death.
After Rivers' publication and the start of the Surviving Sepsis Campaign, early detection
and treatment has become a general endeavour with a special focus on the early
administration of antibiotics." It should be noted that current evidence regarding early
treatment with antibiotics was founded on studies including only patients with severe
sepsis (mostly needing ICU treatment) or septic shock.™ However, in the effort to avoid
delays in identifying sepsis many emergency departments (EDs) have started using the
criteria of systemic inflammatory response syndrome (SIRS) and a clinical suspicion of
infection as a way to screen their patients. The difficulty in identifying severe sepsis is
that testing for organ damage (for example: renal function) takes time, whereas the re-
commendation is to treat severe sepsis within one hour (2012 Sepsis Guidelines?).
Under the presumption that this waiting time may harm the patient, patients are incre-
asingly treated with antibiotics without awaiting (all) the test results.

The Surviving Sepsis Guidelines of 2004 recommended administration of antibiotics in
patients with severe sepsis or septic shock. The 2008 guideline did not give guidance
as to how patients should be screened, but the 2012 guideline recommended screening
of potentially infected seriously ill patients. The proposed instrument to screen for severe
sepsis was an instrument based on SIRS criteria and clinical judgment, which was, how-
ever, only validated in ICU patients.?

From the very start, the SIRS criteria were criticised as defining condition for sepsis and
recent publications refuelled the discussion.®® In February 2016, sepsis was redefined,
removing the SIRS criteria and adding that the term sepsis had to be reserved for patients
with severe organ dysfunction. The term ‘severe’ sepsis was dismissed and replaced by
sepsis-3 and septic shock.” However, SIRS criteria are still in use in clinical practice.

This study was undertaken to evaluate current practice and study the likelihood of bac-
terial infection in patients treated for sepsis in the ED according to the SIRS criteria.

To address issues regarding antimicrobial stewardship, duration of antibiotic therapy was
also evaluated.

METHODS

Study design and setting

A retrospective analysis was conducted using a cohort of consecutive adult patients
presenting to the ED of the Albert Schweitzer Hospital (a large teaching hospital in
Dordrecht, the Netherlands) from 1 January to 30 June 2011.

Inclusion

Patients diagnosed with sepsis (2008 definition) according to two or more SIRS criteria
and a clinical suspicion of an infection, as assessed by the resident or ED physician, who
received antibiotics upon admission were eligible.
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Data collection

Data regarding vital parameters were extracted from the standard protocol form if com-
pletely filled out. All additional and missing data were extracted by hospital chart review.
If more than one measurement of parameters was done in the ED, the most aberrant
measurement was used in the analysis (the lowest BP recorded in the ED, or the highest
respiratory rate or pulse). The primary investigator, as well as authors Spruyt and Huisman,
performed the data extraction. The primary investigator then checked the data and in
case of doubt regarding the primary outcome measures the case was discussed be-
tween the primary investigator and Dr. Levin until consensus was reached. Consensus
was reached in all 37 patients that were discussed.

Definitions

The definitions for SIRS, sepsis, severe sepsis, sepsis-induced hypotension and septic
shock were derived from the guidelines of the Surviving Sepsis Campaign in 2008.

For the sake of clarity, in this article sepsis conform the old criteria will be referred to as
sepsis and if referring to the new definition, sepsis-3 will be used.

The criteria to define confirmed or suspected bacterial infection were derived from an
article by Limper,'® as displayed in figure 4.1. In addition to these criteria another crite-
rion, as found in previous literature, was added for further clarification of suspected
bacterial disease: ‘Clinically documented infection: presence of gross purulence or an
abscess (anatomical and/or by imaging and/or histological evidence), which may not be
microbiologically documented if the culture remains sterile due to antibiotic therapy.""

Figure 4.1 Definitions of groups of infection, derived from Limper'®

e Confirmed bacterial infection: positive culture result in
concordance with clinical findings.

e Suspected bacterial infection: clinical findings strongly suggestive
for bacterial infection, but without positive culture result; for
instance, a patient with fever, purulent cough, crackles on
auscultation and a lobar infiltrate on the thoracic X-ray.

e Confirmed viral infection: positive viral PCR in concordance with .
clinical findings.

e Suspected viral infection: clinical findings indicative of viral
disease in the absence of positive bacterial cultures despite
extensive culture taking and in the absence of underlying auto-
immune or auto-inflammatory disease, malignancy,
thromboembolic disease or medication use that could explain b= Absent bacterial infection
clinical finding.

e Non-bacterial/non-viral infection: positive fungal culture or
proven parasite in concordance with clinical finding.

e Non-infectious disease: no evidence of infectious fever despite
extensive supplementary diagnostics and a strong alternative
diagnosis. -
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Outcome measures

Primary outcome measures were the number of patients with confirmed or suspected
bacterial infection as assessed by the primary investigator using predefined criteria (stated
above) and days of antibiotic use in these patients. Secondary outcome measures were
severity of sepsis, rate of ICU admission, and mortality.

Data analysis

Results are expressed as mean * standard deviation (SD), or median * inter-quartile
range (IQR) depending on normality of the data. Comparison between patients with and
without bacterial infection was performed using the x? test for categorical variables and
the Students t-test (equal variances) or nonparametric Mann-Whitney U test for contin-
uous data with non-normality. Statistical analyses were carried out using IBM SPSS
22.0.0 for OSX (SPSS, Chicago, IL). Missing data were excluded list-wise.

Ethics

The local institutional ethics review board approved the study design and a waiver for the
retrieval of informed consent was obtained.
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Table 4.1 Baseline characteristics

Confirmed / suspected bacterial Absent bacterial P-value
infection (n = 191) infection (n = 78)
Age, years (+ SD) 67 (£17,8) 61 (+18,8) ,0097
Males, % 89 (46,8%) 37 (46,8%) ,900*
Comorbid conditions
Immune deficiency 43 (22,6%) 24 (30,4%) ,155%
Current malignancy 28 (14,7%) 11 (13,9%) ,906*
Liver cirrhosis 2(1.1%) 2(2.5%) ,351*
Renal insufficiency 30 (15,8%) 6 (7,6%) ,080%*
Congestive heart failure 8 (4,2%) 5(6,3%) ,446*
Respiratory disease (COPD) 28 (14,8%) 19 (24,1%) ,060%*
Laboratory findings
C-reactive protein (CRP) day 0 151 (+ 132,0) 66 (+ 66,97) ,0007
CRP maximum (first 72 hrs) 212 (£ 124,1) 99,7 (£ 74,0) ,0007
Bilirubin 16,0 (+ 10,5) 17,7 (£ 38,8) 5718
Creatinine 95 (+54,7) 85,3 (+39,1) ,1437
Lactate 2,31 (£ 2,89) 1,94 (+ 1,19) 12921
Bacterial outcomes
Positive blood cultures 51 (26,8%)
Sepsis severity
Sepsis 111 (58.1%) 55 (70,5%) ,058*
Severe sepsis 57 (30,0%) 20 (26,3%) ,511%
Sepsis-induced hypotension 18 (9,5%) 2 (2,6%) ,057*
Septic shock 5(2,6%) 1(1,3%) ,506*
Length of stay (days) (median (IQR) 8(5-11,7) 6(3-10) ,006§
ICU admission % 8 (10,1%) 17 (8,9 %)
Duration of antibiotic treatment (median + 10 (7-14) 7 (4-10) ,0008
1QR)
Mortality 4(5%) 17(8,9%) ,295%

Continuous data are presented as mean + standard deviation, unless otherwise mentioned. Categorical

data as number (percentages); *chi square, Mt-test, § Mann-Whitney U test.
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RESULTS

Patients and likelihood of bacterial infection

From 1 January 2011 to 30 June 2011, a total of 269 patients were diagnosed with sepsis
(2008 definition) in the ED and received antibiotic treatment in the ED. Table 4.1
shows the baseline characteristics and main outcome measures. Retrospective analysis
of clinical signs, cultures and other investigations using predefined criteria'( figure 4.1)
showed a confirmed bacterial infection in 98 (36%) patients, of whom 51 patients had
bacteraemia. In addition, 93 patients (35%) were classified as suspected bacterial disease
without microbiological proof. A total of 78 patients (29%) did not have objective evi-
dence of bacterial disease. Amongst them 21 suffered from proven or suspected viral
infection. Figure 4.2 illustrates the proportions.

Figure 4.2 Presence of bacterial disease

Presence of bacterial
disease

Absent bacterial infection
[ Confirmed bacterial infection
[ Susected bacterial infection

Severity of illness

In total 71% of patients, identified with sepsis in the ED, were likely to have bacterial in-
fection. In the group with bacterial infection, the largest proportion (58%) fulfilled criteria
for sepsis, 30% fulfilled criteria for severe sepsis, and only 9.5% showed sepsis-induced
hypotension. A small percentage (3%) suffered from septic shock. This means that the
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largest proportion of the patients identified with bacterial infection (58%) would probably
not fulfil the current sepsis-3 definition, although mental status was not documented
reliably in all patients.

Factors associated with patients without bacterial infection

As shown in table 4.2 no significant differences in sex or comorbidity between patients
with and without bacterial disease were established. The patients with bacterial disease
were significantly older compared with the group without bacterial disease (p = 0.014).
C-reactive protein at day O and day 3 was significantly higher in patients with bacterial
disease than those without (p < 0.001 in both cases).

Table 4.2 SIRS criteria and bacterial infection

Alternative diagnosis in patients without bacterial infection

To further understand how patients become misdiagnosed as possible sepsis we care-
fully studied the alternative diagnoses in the residual group (table 4.3). The most fre-
quent alternative diagnosis was exacerbation of chronic obstructive pulmonary disease
(COPD) with or without viral respiratory infection (n = 26). Congestive heart failure (n = 7),
neutropenic fever (n = 5), pulmonary embolism (n =4 ) and viral pneumonia due to
H1N1 influenza (n = 4) were the most prevalent alternative diagnoses, apart from quite
a large group (n = 15), in which no clear diagnosis was made.

Table 4.3 Final diagnosis in patients without bacterial infection

Characteristics of patients in sepsis protocol without bacterial infection

Clinical severity of | N = Final diagnosis N
sepsis 78
Sepsis 55 Arrhythmia / congestive heart failure

Exacerbation of COPD or upper respiratory infection (viral)

Neutropenic fever

Pulmonary embolism

Malignancy (tumour-related fever)

Epstein-Barr virus infection

Meningitis (viral )

Pericarditis (viral)

Unclear diagnosis / insufficient information

Mean (t SD) Confirmed / suspected Absent bacterial P-value
bacterial infection infection (n =78)
(n=191)
Temperature (continuous) 38,99 38,89 ,475"
Normothermia (36-38 °C) n=2(2,5%) n =17 (8,9%) ,061*
Leucocytes count (mean + SD) 13,6 (£ 7,2) 10,5 (£ 5,4) ,001A
Blood pressure (MAP) 91,9 (+ 17,3) 97,7 (+ 15,3) ,0134
Systolic BP 129,3 (£ 25,3) 133,5 (£ 19,7) ,2057
Diastolic BP 73,3 (£ 17,8) 79,7 (+ 16,1) ,0074
Respiratory rate 24,6 (+6,7) 23,6 (£ 6,6) ,2797
Pulse 107,8 (+ 18,7) 115,6 (+ 22,9) ,0047
SIRS criteria
<3 n=132 n=62 ,018*
4 n=74 n=17

A Students t-test, * Pearson c2

The number of SIRS criteria was significantly associated with the presence of bacterial
disease. The odds ratio of having a bacterial infection was 2.32 (Cl 1.3-4.3) if all four
SIRS criteria were met in comparison with < 3 criteria. The mean arterial pressure was
significantly lower in the group with proven infection (p = 0.012), even though this was
not reflected in the systolic blood pressure, but rather in the diastolic blood pressure.
Leucocyte count was significantly higher in the group with bacterial infection (p = 0.001).
Unexpectedly, patients with bacterial disease had a lower pulse than patients without
a bacterial disease (p < 0. 001). Taking into account the severity of sepsis, the patients
with more severe forms of sepsis (severe sepsis, sepsis-induced hypotension or septic
shock) were significantly (p = 0.046) more likely to have bacterial infection compared

with the group with sepsis alone.
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Severe sepsis 20 Neutropenic fever

Fever in immunocompromised host (not neutropenic)

H1N1 infection / pneumonia

Viral hepatitis (Epstein-Barr virus)

Exacerbation of COPD / upper respiratory infection

Pulmonary embolism

Congestive heart failure

Unclear diagnosis / insufficient information

R|IRIWINR ORI WWINNR(RRIRINWWERLNDOVG

Sepsis-induced 2 H1N1 pneumonia

hypotension Multi organ failure in a patient with new diagnosis of aggressive
lymphoma (DLBCL) and history of mRCC

Septic shock 1 Diabetic keto-acidosis 1

Met onder de table de tekst
COPD = chronic obstructive pulmonary disease; HIN1 = influenza of subtype HIN1; DLBCL = diffuse
large B-cell lymphoma; mRCC = metastatic renal cell carcinoma
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Antibiotic use

Data regarding duration of antibiotic treatment were available for 251 patients. In the
remaining patients, data could not be retrieved, for example due to transfer to another
hospital. The median duration of antibiotics for all patients was 9 days (IQR 3-15), but
media' days ( IQR 7-14) in patients with bacterial infection and 7 days (IQR 4-10 days)
in patients without bacterial infections as displayed in table 4.4.

Table 4.4 Antibiotic duration in subgroups

n=251 Duration of antibiotic treatment IQR
(median, days)

Absent bacterial infection (n = 72) 7 4-10
Suspected / confirmed bacterial infection (n = 179)

Pulmonary (n =88) 10 7-11
Abdominal (n = 25) 7 5-12
Urinary tract (n = 39) 10 7-15
Soft tissue / skin infection (n = 15) 13 8-14
Endocarditis (n = 4) 35 N/A
Joints / bone infection (n = 3) 9 N/A
CNS (epidural abscess) (n = 1) 84 N/A
PM line associated infection (n = 1) 42 N/A
Ear-nose-throat (n = 1) 8 N/A
Bacteraemia with unknown focus (n = 2) 16 (mean) N/A
Total n =251

IQR = interquartile range; CNS = central nervous system; PM = pacemaker; N/A not applicable

The most frequent infection was respiratory infection, which was treated for a median

of 10 days. This is remarkable as evidence has shown that shorter treatments are safe
and effective.’?'* Antibiotics were stopped in the first 5 days in only 23 (32%) of the
patients without bacterial infection, see figure 4.3 for more information. In this group
antibiotic duration was significantly longer (p = 0.037) in patients with COPD in relation
to patients with other comorbidities (current malignancy, congestive heart failure, liver
cirrhosis, chronic renal insufficiency). Median duration was shortest in patients with con-
firmed or suspected viral disease (median 3 and 4 days, IQR 1-10.5 and 1.5-7.5).
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Figure 4.3 Distribution of antibiotic duration among subgroups
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DISCUSSION

This study demonstrates that in almost 30% of the patients with suspected sepsis in the
ED no objective evidence of bacterial disease could be found. This puts patients at risk
of overtreatment with antibiotics. This finding is in concordance with an earlier report of
patients admitted to the ICU with a diagnosis of sepsis, 15 in whom no evidence of bac-
terial infection could be found in 13% and only a possible infection could be established
in 30%. In spite of the improved outcome of patients treated early with antibiotics for seve-
re sepsis or septic shock, this antibiotic overtreatment in patients with sepsis is a very
important finding and often underreported. It is of paramount importance to establish
that patients included in sepsis research (on clinical suspicion) are in fact suffering from
an infectious disease. Future research will have to report infectious outcomes in detail,
to enable correct interpretation and extrapolation of the results.

Antibiotic treatment within the hour

The most important intervention in severe sepsis treatment in the last decades, next to
fluid treatment, has been the emphasis on early antibiotic treatment. The problem in every
ED, however, is that signs and symptoms of severe sepsis can be deceiving or occult.
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Postponing antibiotic treatment whilst awaiting basic test results (i.e. kidney function,
chest X-ray) does not fit well within the one-hour target which has been outlined by the
sepsis guidelines. The benefit of early antibiotic treatment has been established in suspec-
ted sepsis patients admitted to the ICU.™*'¢'® Two other studies showed benefit of early
antibiotic treatment in ED patients but selected only patients with sepsis and organ
dysfunction or patients with hypotension/ hyperlactataemia (lactate > 4 mmol/I)."*%’
However the largest group identified by our screening did not have organ dysfunction,
and only about 10% needed ICU care. This means that more than half of our patients
could have awaited basic test results (which might have raised suspicion of alternative
diagnoses), thus allowing more time to consider if antibiotic treatment is really indicated.
In pneumonia, studies have shown that treatment within four hours is safe.?? This leaves
more than enough time for at least a chest X-ray and lab results to come in.

Antibiotic treatment in the ED within the hour should generally be reserved for critically
ill patients, patients deteriorating quickly, or specific patient groups such as neutropenic
patients. Future research will hopefully guide us further as to which risk-stratification score

(Modified Early Warning Score (MEWS), National Early Warning Score (NEWS) or Quick
Sequential Organ Failure Assessment (QSOFA) is most helpful with identifying patients

at risk of deterioration or death.

Duration of antibiotic therapy

Overall the duration of antibiotic therapy was long in our cohort. This may reflect local

standards or may be because our patients were selected in 2011.

Of concern, patients in our cohort without evidence for bacterial disease were

treated with antibiotics for a median duration of 7 days, pointing to overuse. Antibiotic

treatment was stopped in the first 5 days in only 32% of the patients with negative cul-
ture results. Several reasons for the prolonged use of antibiotics can be suggested.

1. The ED presumptive diagnosis of sepsis makes it hard to stop antibiotics despite
negative cultures. This could be due to cognitive errors such as the tendency to stick
to first impressions (anchoring error) and the tendency to stick to prior diagnoses
(confirmation bias) despite conflicting evidence.

2. The large number of patients suffering from COPD in this subgroup, in whom anti-
biotic treatment is often given despite negative cultures. Even so, evidence is moun-
ting that shorter regimens are safe for bronchitis and pneumonia.12-14

. Clinical improvement of patients after admission and starting antibiotics.

. Fear of undiagnosed bacterial disease by physician or patient.

5. Fear of inducing antimicrobial resistance if antibiotics are stopped prematurely. This
is a theoretical problem which is hard to prove or refute in practice. Though widespread,
it has been challenged over recent years. New research in the area of pneumonia
shows that shorter treatment regimens are safe without signs of inducing microbial
resistance.12-14 A review in 2016, looking at de-escalation of antimicrobials, conclu-
ded that de-escalation appears safe and effective for certain conditions, but calls for
further, high-quality, research.23 All in all, de-escalation seems safe, and if antibiotics
are used for too long for fear if inducing resistance, this might actually constitute anti-
biotic overuse.

~ W
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Limitations

Limitations of the study are its retrospective character and the single-cohort design in a
single hospital. Another point of concern is the allocation of patients to groups suffering
from proven/ suspected or no bacterial disease. It has been pointed out before that many
patients suffering from a bacterial infection (i.e. pneumonia) may not have positive cul-
ture results. A patient suffering from urosepsis may have negative cultures due to prior
treatment initiated by the primary care physician. In these patients, it is hard to determine
in retrospect if they were truly suffering from bacterial disease. We have put a lot of effort
into accurately determining the correct group for each patient, but in some cases it is
inevitable that discussion will always remain. However, as this reflects daily practice it does
not reduce our concerns of overtreatment and the protracted duration of antibiotic use.

Future investigations evaluating the sepsis campaign or regarding screening in the ED
should report microbiological outcomes and include overuse and possible harm of
antibiotics as endpoint to avoid a singular focus on benefits of early sepsis treatment.

Relevance and recommendations

With the new sepsis-3 definition, treatment within one hour based only on SIRS criteria
cannot be substantiated. However, it is still difficult to know which patients in the ED
have to be treated within the hour. gSofa was introduced as an instrument to identify
patients with sepsis who are likely to fare poorly and should thus be treated early with
broad-spectrum antibiotics.9 This is an important step forward. However, it was noted
that early treatment should not be limited to patients with a positive gSofa. Several
reports have been made since, but acceptance of gSOFA is not universal. One investi-
gation showed poor sensitivity of 63% for gSOFA in the ED population.24 The same
report found that the NEWS was the most accurate tool in predicting in-hospital and ICU
mortality. In the UK, use of NEWS is mandatory and gSOFA has not been implemented.
Since the best way to identify a septic patient in the ED is still under discussion, this study
offers valuable information regarding the use of SIRS criteria.

With respect to antibiotic duration and de-escalation, the current guidelines recommend
daily reconsideration of antibiotic therapy. Unfortunately, only a few studies have been
performed regarding the safety of early de-escalation in patients outside the ICU. More
research is needed in the area of de-escalation in suspected sepsis patients.

CONCLUSION

Sepsis detection in the ED is a continuous challenge. This study shows that early recog-
nition of sepsis using SIRS criteria leads to over identification of sepsis. More than half
of the patients suspected of sepsis would probably not fulfil the current sepsis-3 defini-
tion, and almost 30% did not have objective evidence of a bacterial infection. In some
of the patients without bacterial infection, awaiting basic tests might have confirmed an
alternative diagnosis and antibiotic treatment could have been avoided.

In a significant proportion of patients, empiric therapy was justified but with a median
duration of therapy of seven days de-escalation should have been much more rigorous.
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Clinical complaints
Among influenza patients the most common
complaints were coughing (87,8%), fever
(73.6%), and dyspnea (56.1%). In patients
without influenza, the most common
complaints were coughing ( 64.9%), dyspnea
(57.6%) and fever (50.9%).

C

A DECISION RULE WAS IMPLEMENTED TO

m IDENTIFY HIGH RISK INFLUENZA PATIENTS IN
2017
TRUE PERCENTAGE TOTAL
d Three items were assessed PERCENTAGE IDENTIFIED BY ACCURACY OF
- - OF INFLUENZA VUMC DECISION VUMC DECISION
d — CASES RULE RULE
— - Upper respiratory tract symptoms
d - Fever with systemic symptoms .
— Conclusion
If a patient had ALL three items, a patient was high risk and isolated ® The clinical decison rule used in our emergency
pre-emtively. room to guide isolation in possible influenza has

a high specificity of 94 % and leads to restrictive
use of isolation rooms. However, due to its low
sensitivity of 15,9 % for identifying patients with
influenza, in-hospital transmission of influenza is
unacceptably high. Clinical symptoms are
unreliable to identify influenza, and rapid,
molecular 24/7 influenza testing is the most
efficient solution for correct allocation of

(] isolation measures in patients with suspected
influenza.

PCR
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ABSTRACT

Objective

A clinical decision rule (CDR) was introduced in our tertiary care hospital to use isolation
measures for influenza more effectively. The aim of this study is to evaluate the accuracy
our clinical decision rule.

Methods

We conducted a retrospective cohort study of all admitted patients who were tested for
influenza in the 2017-2018 influenza season. Symptoms at admission were extracted from
the electronic health record, as was the influenza PCR result. Performance of our CDR
was evaluated by calculating sensitivity, specificity and overall accuracy.

Results

Of all patients tested, 35,5 % were influenza positive. The CDR had a sensitivity of 15,9%
(95% Cl 10.33 — 22.84), specificity of 94.3 (?5% Cl 0.8 — 96.8) and an accuracy of 66,4
(95%Cl 61.6 -71.0) %.

Conclusion

The CDR used in our emergency room to guide isolation in possible influenza has a high
specificity of 94 % and leads to restrictive use of isolation rooms. However, due to its low
sensitivity of 15,9 % for identifying patients with influenza, in-hospital transmission of
influenza is a risk. Clinical symptoms are unreliable to identify influenza, and rapid, mo-
lecular 24/7 influenza testing seems the most efficient solution for correct allocation of
isolation measures in patients with suspected influenza.
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INTRODUCTION

Background

Each winter an influenza epidemic occurs in Europe. In 2017-2018 the influenza-epidemic in
the Netherlands lasted 18 weeks, starting December 11th 2017 and ending April 15th 2018.
An annual survey by the National institute for Public Health and Environment (RIVM)'
shows that in 2017-2018 approximately 900.000 people got infected. An estimated
16.000 people were admitted into hospitals due to influenza-like illness.

Importance

In many hospitals, the yearly influenza epidemic leads to dilemmas on testing and isola-
tion. On the one hand, we want to prevent transmission of influenza in the hospital. On
the other hand, the number of isolation rooms is restricted. For optimal use of available
isolation rooms, we want to avoid isolation in patients who turn out to be influenza nega-
tive. With the yearly surge of patients needing admission, and a concomitant increase
of influenza isolation, ED crowding, lack of admission capacity are often seen during the
influenza season?3.

Several strategies have been proposed to optimize diagnosis and the use of isolation
measures: clinical decision rules and rapid molecular testing. A recent review * of litera-
ture published up till 2017 showed good sensitivity and specificity of rapid molecular
testing. Though the rapid testing decreases turn-around times, in many hospitals it is
not available out of office hours. In our hospital we implemented an influenza protocol
in 2017 to optimize care for suspected influenza patients. In an effort to diminish unne-
cessary use of isolation rooms, it was decided to presumptively isolate only high-risk
patients. These patients were admitted in a single room in droplet isolation, conform
infection prevention guidelines °. Low risk patients were admitted with standard hygiene
measures on a ward. After definitive diagnosis, influenza positive patients were admitted
in a single isolation room or, depending on availability and influenza strain, were admitted
in cohort isolation. In the same season, turnaround time for rapid molecular testing be-
tween office hours was improved with results available within 2 hours including Saturday
and Sunday ¢. As a consequence, in case a low-risk patient unexpectedly did have influ-
enza, improving the time to diagnosis would allow less time for in-hospital transmission.

Goals of this investigation

To evaluate this strategy, the cohort of 2017-2018 was studied retrospectively. The prima-
ry outcome was how accurate the clinical decision rule was at identifying influenza in pa-
tients needing admission. Secondary, we also studied if other combinations of symptoms
could improve accuracy.

MATERIALS AND METHODS

Study design and setting

We conducted a retrospective cohort study of the 18 weeks in which the 2017/2018
influenza epidemic took place. The cohort comprised all adult patients who were tested
for influenza virus and admitted to the Amsterdam University Medical Center, location
Vrije Universiteit Medical Center (VUmc). The research received an approval from the
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Medical Ethics Board of the VU University medical center. A waiver for informed consent
was granted. Our approach and reporting follows STROBE guidelines.

Patient selection

The patient data were derived from the electronic medical records after an automated
search for all adult (>18 years) patients tested for influenza virus and admitted during
this period. All patients whose PCR test date was more than five days after their hospi-
tal admission, were excluded from the study. Age, sex, and clinical measurements in-
cluding body temperatures, and laboratory findings were also extracted automatically
from the electronic patient file.

Data abstraction

The clinical symptoms included in this study were extracted from the physicians electro-
nic notes by manual search. Data abstraction was done by a bachelor student of Health
Sciences (Amber Mers- AM). Based on literature research, AM and a specialist in Infec-
tious Diseases, Marije Bomers (MB) determined which clinical symptoms were relevant
for prediction of influenza, and they were defined in a coding log. After data extraction
and coding the first 40 patients, AM and MB checked the coding, and discussed any
problems in the coding process. Any issues were resolved by discussion, determining
a definitive version of the coding log. Tanca Minderhoud (TM) checked the accuracy by
checking random cases afterwards. Symptoms scored included: acute onset of symptoms,
fever, headache, arthralgia, myalgia, coughing, sneezing, rhinitis, sternal pain and a sore
throat. All these complaints were scored separately. An acute onset was defined as the
start of symptoms within a time frame of 72 hours & Fever is defined as either a body
temperature of 38.0 degrees Celsius or a history of fever as mentioned in the medical
records.

VUmc Clinical Decision Rule

The VUmc clinical decision rule consists of 3 items, and was based on the case definition
in the Influenza Guideline of the National institute for Public Health and Environment?.
If patients fulfill all 3 items, the patient was deemed high risk. If the patient has less than
3 items, he is classified as low risk. The items are 1) acute onset of the symptoms, 2) a
fever with at least one of the following systemic symptoms: headache, arthralgia or my-
algia, and 3) respiratory symptoms: coughing, sneezing, rhinitis, sternal pain and/or a
sore throat.

Outcome

The primary outcome measure was the result of the influenza test. Influenza testing was
performed by Cepheid Xpert Flu A/B/RSV XC assay. The secondary outcome was the
efficacy of allocation of isolation. Influenza isolation comprises of admission in a separate
room and use of a protective gown, mask and gloves.

Primary Data analysis

All continuous variables with a normal distribution are expressed as percentages, means
and standard deviations (SD). Non-normally distributed variables are expressed as me-
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dian with interquartile range (IQR). Differences between groups were assessed using
independent T-testing for normally distributed variables and Mann-Whitney U for non-
normally distributed variables. Chi-square or Fisher's exact test were used for categorical
variables. Sensitivity and specificity and Rand accuracy were calculated using crosstables.
(Rand) accuracy is defined as the proportion of true results (true positives and true nega-
tives) among the total number of cases examined™.

To study if we had missed important clinical factors in our cohort, that were associated
with a positive influenza test, a binary logistic regression was performed. The model was
reduced using the back-ward selection method. All variables with a p-value above 0.05
were excluded from the model.

Missing values and extreme values

In ten people, clinical complaints could not be assessed due to lack of a history, for ex-
ample due to reduced consciousness. In case of missing clinical complaints, patients were
classified as low risk. One of these patients turned out to have influenza. NAll data ana-
lyses were performed using SPSS software (SPSS version 24.0, IBM, Armonk, NY, USA)

RESULTS

Characteristics of study subjects

A total of 419 patients that were tested for influenza in the season of 2018-2019 were
identified. Of these 419 patients, 148 (35,3%) were influenza positive. The clinical signs,
radiological and laboratory results of patients with and without influenza are shown be-
low in table 5.1. The most common complaint in influenza patients were coughing (87,8%),
fever (73.6%), and dyspnea (56.1%). In patients without influenza, the most common
complaints were coughing ( 64.9%), dyspnea (57.6%) and fever (50.9%).

Testing properties of VUmc CDR and Dugas CDG

The clinical decision rule flagged 38 patients (9%) of all of the patients as high risk. Of
those patients identified as high risk, 23 (60,5%) tested positive for influenza. Of the 381
(91%) patients who were classified as low risk, 125 (32,8%) tested positive in subsequent
testing. Table 5.2 displays the performance of the single and combined parameters of
the clinical decision rule. For respiratory signs the sensitivity was 91.8% (95%Cl 86.08 -
95.68) with a specificity of 26.9% (?5%Cl 21.64 — 32.67) and total accuracy was 50.0%
(95% Cl 45.1-55.0) . For two out of three symptoms, the difference in performance were
minimal. The combination fever with one or more systemic symptoms and an acute onset
showed a sensitivity of 15.9% (95%Cl 10.33 — 22.84) with a specificity of 89% and an ac-
curacy of 63.0%. Adding respiratory signs to this, (conform the current CDR) did not alter
sensitivity but did raise the specificity to 94.3% (95%Cl 90.8 — 96.8). Rand accuracy was
66.4 % (95%CI1 61.6 - 71.0).
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Table 5.1 Baseline characteristics of patients with and without influenza

Table 5.2 Properties of VUmc clinical decision rule and of its components

Influenza No Influenza

(N = 148) (N =271)
Age, mean ( SD) 63.4 (19.0) 61.5(17.3)
Female N (%) 73 (49.3%) 125 (46.1 %)
Systemic symptoms® N (%)
Myalgia 27 (18.2) 34 (12.5)
Arthralgia 3(2.0) 8(3.0)
Shivering 23 (15.5) 41 (15.1)
Headache 26 (17.6) 36 (13.3)
Fever N (%) 109 (73.6) 138 (50.9)
Respiratory signs® N (%)
Coughing 130 (87.8) 176 (64.9)
Rhinitis 34 (23.0) 51 (18.8)
Sternal pain 4(2.7) 7(2.6)
Sore throat 19 (12.8) 27 (10.0)
Dyspnea N (%) 83 (56.1) 156 (57.6)
Acute onset N (%) 64 (43.2) 87 (32.1)
X-ray findings N (%) 2
No pneumonia 91(61.5) 150 (55.4)
Possible pneumonia 33(22.3) 67 (24.7)
Pneumonia 16(10.8) 34 (12.5)
Death (during admission) N (%) 15 (10.1) 26 (9.6)
Charlson Comorbidity Index, median (IQR) | 4 (3-6) 4 (2-6)
CRP, mean ( SD)3 67.7 (84.7) 90.5 (103.8)

N: Number, IQR: InterQuartile Range, SD: Standard deviation, CDR:
1. Outcome is missing for 8 influenza patients, and 2 non-influenza patients. A combination of symptoms
can be present in patients.

Clinical Decision Rule.

2. Outcome is missing for 8 influenza patients and 20 non-influenza patients.
3. Outcome is missing for 9 influenza patients and 24 non-influenza patients.
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Descriptions Sensitivity Specificity PPV NPV Rand
(95% ClI) (95% Cl) (95% ClI) (95% ClI) Accuracy
(95% CI)
Respiratory signsT 91.8 26.9 41 85.5 50.0
(86.1-95.7) (21.6 -32.7) (38.9-43.1) (76.9-91.3) (45.1-55.0)
Fever 74.8 47.5 43.4 77.8 57.1
(67.0-81.6) (41.4-53.6) (39.8-47.1) (72.1-82.7) (52.1-61.9)
Fever AND respiratory 67.8 64.1 50.4 78.7 65.4
signs (59.6-75.3) (58.0-70.0) (45.5-55.3) (74.2-82.6) (60.6-70.0)
Fever OR respiratory 99.3 10.3 374 96.5 41.5
signs (96.2-99.8) (6.9-14.6) (36.4-38.4) (79.3-99.5) (36.6-46.4)
Clinical Decision Rule 15.9 94.3 60.5 67.1 66.4
(Fever*, acute onset, (10.3-22.8) (90.8 —96.8) (45.4-73.9) (65.3-68.7) (61.6 —71.0)

respiratory signs)

* Fever accompanied by one of more systemic symptoms, as per definition in the VUmc CDR.

T Respiratory signs: coughing, sneezing, rhinitis, sternal pain and/or a sore throat.

95% Cl: 95 percent Confidence Interval PPV: Positive Predictive Value, NPV: Negative Predictive Value

LIMITATIONS

Our study has several limitations. First of all, our data are from a single influenza season
with a relative high number of influenza B infections. Symptoms of influenza can vary
according to the strain and the season, and therefore the results of our CDR and of the
Dugas CDG could be different in other seasons. However, this variability in clinical symp-
toms probably also means that any clinical score will show variable performance over the
years, as it is impossible to modify the score every year. This probably illustrates an in-
herent downside of using clinical symptoms in any type of predictive score.

Another limitation is that our data were from one center, and that the introduction of the
CDR could have led to selection bias. It is quite likely that clinicians would have been in-
clined to think of influenza most in patients that would have symptoms that are included
in the CDR. Since we only investigated patients in whom physicians already suspected
influenza, our data cannot answer the question which patients we should select for influ-
enza testing. Another limitation of the single center data is that our hospital ED is visited
by a high number of patients undergoing specialized oncologic and hematologic care.
In our sample the median comorbidity index (CCl) is 4, indicating considerable comor-
bidity. Signs and symptoms of influenza are more likely to be atypical in patients with
advanced age or comorbidity. A more general hospital might have a different casemix,
limiting the generalizability of our data.
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A third limitation is the high prevalence of influenza in our sample. This could be due to
selecting only the patients that were to be admitted, or that physicians only tested pa-
tients that were otherwise seen as ‘high risk’, for example due to being older or immuno-
compromised. In these patients, atypical presentations of common diseases are more
prevalent. This would have affected the test parameters, especially the PPV and NPV.
However, this is also precisely the group of patients that needs admission for influenza.

DISCUSSION

We investigated if we could improve allocation of isolation measures in patients with
possible influenza awaiting test results by using a clinical decision rule to identify high
risk patients. The goal was to minimize both inappropriate isolation of non-influenza
patients and ward admittance of undiagnosed influenza patients.

In our evaluation, we found a very low sensitivity of our CDR for influenza of 15,9 %
(95%Cl 10.33 — 22.84) albeit with a high specificity of 90.8 (85.28 — 94.76). The accuracy
was 66.4% (95%Cl 61.6-71.0), which means that 66% of the patients were true positive
or true negative. Compared to using no decision rule, in many hospitals it is custom to
isolate all patients with suspicion of influenza. Given that 35% tested positive, if you use
isolation preemptively, 65% of the patients in our sample would always be wrongly allo-
cated. By changing the default, the CDR increased the prior chance of correct isolation
of 35% to 66%. If all patients that might have influenza were not isolated (pending test-
results) than the prior chance of having it right would have been 65%, and adding the
CDR brought it up to 66.4%. The downside of this approach is the large number of false
negatives. Only a 38 (9%) of 419 patients with possible influenza of patients were admit-
ted directly in isolation because the CDR identified them as high risk. But following the
definitive test result, another 125 (29.8%) had to be isolated. Though our CDR decreased
the use of isolation measures, it was at the risk of increasing (possible) transmission to
other patient and healthcare workers. The risk of transmission was limited in duration,
due to short turnaround times and opening of the laboratory on Saturdays and Sundays.

An alternative approach to solve the dilemmas around isolation and influenza transmis-
sion is to implement 24/7 rapid viral testing. The review* in 2019 assessing accuracy of
rapid testing also investigated the clinical impact of rapid molecular testing. It found high
heterogeneity in design and outcome of the studies, but concluded that there was high
quality evidence that length of stay was reduced. Two other studies, published in 2019,
were not included in this review. Lankelma, in a Dutch study "' reported positive effects
on hospital flow and length of stay and also reported that implementation was cost-
effective. Youngs 2 showed a reduction of hospital-acquired influenza after implemen-
tation of POCT, but cost-effectiveness was not reported. Some studies have also reported
a reduction in antibiotic use after implementation of rapid testing ** ™ but this effect was
not confirmed in the review by Vos et al. However, due to the COVID-19 pandemic, rapid
viral testing upon admission has become standard of practice in many hospitals for pa-
tients with respiratory complaints or fever.
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In summary, the CDR used in our hospital in 2017 to guide isolation in suspected influ-
enza patients was effective in reducing isolation. But due to a low sensitivity of 15,9 %,
the risk of in-hospital transmission of influenza was high. In light of these limitations, 24/7
rapid molecular testing for patients, suspected of influenza and needing admission, is the
best solution to ensure prudent use of isolation rooms and to avoid nosocomial trans-
mission. It should be kept in mind that clinical symptoms have limited value in predicting
the presence of viral disease, especially in older patients and patients with comorbidity. Due
to COVID-19, rapid viral testing has already become common practice in the Emergency
Department.

105




Part 2 - Chapter 5 Acute admission of patients with suspected influenza.
Can we identify high-risk patients based on clinical symptoms?

REFERENCES

1 RIVM. Annual report Surveillance of influenza and other respiratory infections in the Netherlands:
winter 2017/2018. https://www.rivm.nl/bibliotheek/rapporten/2018-0049.pdf 2019.

2 Schilling PL, Campbell DA, Jr., Englesbe MJ, Davis MM. A comparison of in-hospital mortality risk
conferred by high hospital occupancy, differences in nurse staffing levels, weekend admission, and
seasonal influenza. Medical care. 2010;48(3):224-32.

3 Glatman-Freedman A, Kaufman Z, Stein Y, Sefty H, Zadka H, Gordon B, et al. Influenza Season Hospi-
talization Trends in Israel: A Multi-Year Comparative Analysis 2005/2006 Through 2012/2013. Journal
of hospital medicine. 2017;12(9):710-6.

4 Vos LM, Bruning AHL, Reitsma JB, Schuurman R, Riezebos-Brilman A, Hoepelman AIM, et al. Rapid
molecular tests for influenza, respiratory syncytial virus, and other respiratory viruses: a systematic
review of diagnostic accuracy and clinical impact studies. Clinical infectious diseases : an official
publication of the Infectious Diseases Society of America. 2019.

5  Control CfD. Prevention Strategies for Seasonal Influenza in Healthcare Settings. 2018.

6 M. Jonges ADH, B. Blok-Schuurs, M.K. Bomers, R. van Mansfeld. Rapid influenza diagnostics supports
effective and efficient patient isolation. 2019;Presented at the European Society for Clinical Virology
Conference september 2019.

7 Dugas AF, Hsieh YH, Lovecchio F, Moran GJ, Steele MT, Talan DA, et al. Derivation and Validation of
a Clinical Decision Guideline for Influenza Testing in Four U.S. Emergency Departments. Clinical infec-
tious diseases : an official publication of the Infectious Diseases Society of America. 2019.

8 Boivin G, Hardy I, Tellier G, Maziade J. Predicting influenza infections during epidemics with use of
a clinical case definition. Clinical infectious diseases : an official publication of the Infectious Diseases
Society of America. 2000;31(5):1166-9.

9 dr. A. Meijer RCI. Influenza Richtlijn https://Ici.rivm.nl/richtlijnen/influenza 2012 (Dutch)

10 Metz CE. Basic principles of ROC analysis. Seminars in nuclear medicine. 1978;8(4):283-98.

11 Lankelma JM, Hermans MHA, Hazenberg E, Macken T, Dautzenberg PLJ, Koeijvoets K, et al. Imple-
mentation of point-of-care testing and a temporary influenza ward in a Dutch hospital.

The Netherlands journal of medicine. 2019;77(3):109-15.

12 Youngs J, Marshall B, Farragher M, Whitney L, Glass S, Pope C, et al. Implementation of influenza
point-of-care testing and patient cohorting during a high-incidence season: a retrospective analysis
of impact on infection prevention and control and clinical outcomes. The Journal of hospital infection.
2019;101(3):276-84.

13 Tillekeratne LG, Bodinayake CK, Nagahawatte A, Vidanagama D, Devasiri V, Arachchi WK, et al.
Use of Rapid Influenza Testing to Reduce Antibiotic Prescriptions Among Outpatients with Influenza-
Like lliness in Southern Sri Lanka. The American journal of tropical medicine and hygiene. 2015;93(5):
1031-7.

14 Falsey AR, Murata Y, Walsh EE. Impact of rapid diagnosis on management of adults hospitalized with
influenza. Archives of internal medicine. 2007;167(4):354-60.

15 Vegting IL, Alam N, Ghanes K, Jouini O, Mulder F, Vreeburg M, et al. What are we waiting for?
Factors influencing completion times in an academic and peripheral emergency department. The
Netherlands journal of medicine. 2015;73(7):331-40.

16 Nesher L, Tsaban G, Dreiher J, Rolston KVI, Ifergane G, Shemer Y, et al. The impact of incorporating
early rapid influenza diagnosis on hospital occupancy and hospital acquired influenza. Infection
control and hospital epidemiology. 2019;40(8):897-903.

106 107



Chapter

Optimizing the cut-off of procalcitonin to rule out
bacteremia in patients with suspected viral infection.

accepted for publication JACEP Open

K. Azijli

T. C. Minderhoud
C. J. de Gans
A.W.E. Lieveld
PW.B. Nanayakkara

109



Part 2 - Chapter 6

Optimizing the cut-off of procalcitonin to rule out bacteremia in patients with suspected viral infection.

Optimizing cut-off by
using pre-test probability

Many patients in the Emergency
Department (ED) present with
suspected infection. It is hard to
determine which patients has a
bacterial, viral infection or co-
infection, especially during
epidemics of viral infections. It is

essential to start the right treatment.

We studied the optimal use of
procalcitonin to exclude bacteremia
in retrospect.

Can we optimize
the PCT cut-off
based on the
result of viral
testing?

Rate of bacteremia: 8,6% (47/546)
Rate of positive viral test: 39,3 % (212/546)
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16,6% < 2,6% ’ 24,3%

Conclusion: In patients with suspected infection, viral testing can be used to
estimate the probability of bacteremia. In patients with a low probabilty of
bacteremia, a pct of < 0.5 pg/L ruled out bacteremia, with a sensitivity of
100% ( (63.1-100) and a LR of zero. In patients with a high probability, pct of <
0.25 pg/L can be used, with a negative LR of 0.20.
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ABSTRACT

Objective

During the winter, many patients present with suspected infection, that could be a viral or
a bacterial (co-)infection. The aim of this study is to investigate whether the optimal use
of procalcitonin is different in patients with and without proven viral infections for the
purpose of excluding bacteremia. We hypothesize that when a viral infection is confirmed,
this lowers the probability of bacteremia, and therefore influences the appropriate cut-
off of procalcitonin.

Methods

This observational study was conducted in the Emergency Department of an academic
medical center, in The Netherlands, in the winter seasons of 2019 and 2020. Adults
(>18 years) with suspected infection and in whom a blood culture, procalcitonin and a
rapid viral PCR test was performed were included.

Results

A total of 546 patients were included of which 47 (8,6%) had a positive blood culture.
Procalcitonin had an area under the curve (AUROC) of 0.85 (?5% CI 0.80-0.91) for pre-
diction of bacteremia. In patients with a proven viral infection (N=212), f PCT <0.5ug/L
had a positive likelihood ratio of 5.21 (95% Cl 3.93 -6.90) and a negative likelihood ratio
of 0.0 to exclude bacteremia. In patients without a viral infection, the procalcitonin cut-off
point of <0.25 pg/L showed a LR(+) of 2.43 (95% Cl 2.00-2.96) and LR (-) of 0.20 ( 95%
C1 0.09 -0.45).

Conclusion

In patients with a viral infection, a procalcitonin of < 0.50 pg/L ruled out bacteremia.
However in patients without a viral cause of the complaints, the most appropriate cut-
off was <0.25 pg/L.

Background

Annually more than 20% of adult emergency department (ED) visits occur due to severe
infections.” The most frequent presenting symptoms are fever and respiratory complaints.
It is difficult to distinguish between a viral and bacterial cause of these complaints based
on clinical symptoms since the complaints in viral and bacterial disease show great over-
lap 3. During the winter season in the Netherlands, this clinical dilemma is encountered
more often as the incidence of viral infections rises. This is usually caused by the annual
influenza epidemic, however in 2020, this epidemic was curtailed by the COVID-19 pan-
demic. Rapid diagnosis of viral infections has become easier due to the availability of
accurate and rapid PCR test.* However, despite a positive viral test, clinicians often pre-
scribe antibiotics>®, since viral infections predispose patients to bacterial (co-)infection
especially in the elderly and mortality in those cases are higher.””?

The rate of bacterial co-infection in viral infections is highly variable. In influenza bacterial
co-infection rates varying from 2-65% have been reported. 7 A recent meta-analysis re-
Oported a rate of bacterial co-infection in patients with SARS-COV-2 at presentation of
3.5 %." The rate of bacterial co-infections with other viruses such as rhinovirus or RSV
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have been mostly reported from intensive care units, which is hard to extrapolate to
emergency department patients. ' Estimated rates of unnecessary antibiotic use at the
emergency department are between 30-60%, and it has been described as the most
preventable cause of antibiotic resistance.’®'. A recent report by the World Health Or-
anization (WHO) found that antibiotic resistance could lead to a significant increase in
economic costs, and 10 million annual deaths globally by 2050 without a sustained effort
to contain it"™.

To reduce antibiotic use and identify bacterial (co-)infection more accurately, biological
markers such as procalcitonin (PCT) have been used but with conflicting results.'¢”
One of the largest studies in the Cochrane meta-analysis of procalcitonin showed high
negative predictive value (NPV) of 91.9% for exclusion of a bacterial co-infection in pa-
tients admitted to the intensive care unit (ICU) with influenza, despite a high prevalence
of co-infection.®

Procalcitonin has been used with several cut-offs (< 0,10 pg/L, < 0,25 pg/L, < 0,5 pg/L).
In a review of procalcitonin algorithms, it was advised to take the pre-test likelihood of
bacterial infection into account, to choose the appropriate cut-off.”?".

The aim of this studly is to investigate if the procalcitonin cut-off to exclude bacteremia
should be different in patients with and without confirmed viral infections, presenting
during a viral epidemic or pandemic. We hypothesize that if a viral infection is found,
this lowers the probability of bacteremia, and therefore influences the appropriate cut-
off of procalcitonin.
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METHODS

Setting

This was a prospective study performed on the Emergency Department of Amsterdam
University Medical Centre (location VUmc) in The Netherlands, during two separate
winter seasons. The first inclusion period was from January 2019 to April 2019, the se-
cond inclusion period was from January 2020 until April 2020, coinciding with the start
of the COVID pandemic.

The study was approved by the local medical ethics committee, a waiver for informed
consent was obtained.

Participants
All patients 18 years and older in whom a blood culture and a viral test were ordered in
the ED were included. This was a consecutive sample of patients.

STUDY PROTOCOL

In our hospital, testing for influenza, was based on the case definition of the National
institute for Public Health and Environment (RIVM) which includes fever and respiratory
symptoms . Testing for the novel SARS-COV-2 was based on the clinical case definition
of the National institute for Public Health and Environment (RIVM) in march 2020. A blood
culture was drawn when a bacterial (co-)infection was suspected by the treating physician.
In all included patients PCT was determined in the blood sample that was drawn for
other biochemical tests. No additional sample was needed for this study. Procalcitonin
levels were not actively communicated to the treating physicians. Patients were treated
according to standard care. Patients were excluded if a blood culture, procalcitonin or
viral test was not available.

Test methods

Bacteremia was defined as true positive blood cultures. All blood cultures are processed
with the BACTEC system (Becton Dickinson). Contaminated cultures were assessed ac-
cording to pre-established criteria [ National Nosocomial Infection Surveillance (NNIS)
parameters and surveillance criteria for blood stream infection] and considered nega-
tive . Procalcitonin was measured using the Elecsys BRAHMS PCT assay. Viral testing
was performed by Cepheid Xpert Flu A/B/RSV XC assay in 2019, and by the Cepheid
Xpert SARS-CoV-2/Flu/RSV assay in 2020. If more extensive viral testing was deemed
indicated by the treating physician, the result was used in our analysis. All patients with
a positive viral test were considered to have a confirmed viral infection.

Data management
Data of patients were gathered by using chart review in EPIC and were entered in a
clinical data management platform, Castor EDC?*, in compliance with Good Clinical
Practice regulations.

Outcome

The primary outcome was the diagnostic accuracy of PCT to exclude bacteremia at the
pre-defined cut-offs of < 0,10 pg/L, < 0,25 pg/L, < 0,5 pg/L, overall, and in subgroups
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based on results of viral testing. The diagnostic accuracy of PCT was defined as the sen-
sitivity, specificity, positive/negative predictive value, Likelihood ratio (LR) and the area-
under-the-curve (AUC) in excluding bacteremia.

Secondary outcomes were the difference between incidence of bacteremia in patients

with and without viral infection, and the use of antibiotics.

For exploratory purposes, the time to onset of complaints, and general patient charac-
teristics of patients with a low procalcitonin (< 0,5 pg/L) and a true positive blood culture
were reported.

Statistical analysis

All data analyses were performed in SPSS version 26. Normally distributed continuous
variables were expressed by their mean and standard deviation (SD). Continuous varia-
bles that were not normally distributed were expressed by their median and interquartile
range (IQR). Comparison of continuous values, not normally distributed was done with
a non-parametric test (Mann Whitney). Analysis of proportions was done with chi-square
test (dichotomous variables) . Receiver operating characteristic (ROC) curves were drawn
to assess the overall diagnostic accuracy of PCT by calculating the area under the curve
(AUC) with confidence intervals (Cl). Sensitivity, specificity, negative predictive value
and positive predictive value and the LR were calculated using MedCalc version 19.4
(MedCalc Software, Ostend, Belgium).

Sensitivity analysis

Due to the pandemic, SARS-COV-2 infection heavily influenced the group of patients
with a viral infection, since 109 of the 210 patients with viral infection had COVID-19.
Therefore, we performed an additional analysis of the AUROC of procalcitonin in the
patients with a viral infection, but excluding the patients with COVID-19.

Reporting
Reporting was done in concordance with the guideline for Standards for Reporting
diagnostic Accuracy (STARD) 2015.%

115



Part 2 - Chapter 6

Optimizing the cut-off of procalcitonin to rule out bacteremia in patients with suspected viral infection.

Figure 6.1 Diagram of flow of participants through the study
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RESULTS

Population

During the study period a total of 767 patients presented with suspected infection at the
emergency department. A total of 221 patients were excluded because of missing data;
they lacked either blood culture (n=212), PCT (n=30) or both values. Figure 6.1 displays
the diagram of flow of participants. The final study population included 546 patients.
Patient demographics are described in table 6.1. Forty seven patients (8.6%) had a true
positive blood culture. Fourteen blood cultures were classified as contaminated. Details
of the contaminated cultures are described in supplementary table Sé6.1. Of the 546 pa-
tients, 212 patients (38.8%) had a viral infection. Infection with sars-cov-2 was the most
frequently diagnosed viral infection (N= 109), followed by influenza A/B (N=62). More
details of viral test results can be found in supplementary table S6.2.

Overall diagnostic value of procalcitonin (PCT) for bacteremia

The median PCT in the total study population (n=546) was 0.15 ug/L (IQR 0.06-0.57).
The area under the curve (AUROC) was 0.86 (95% Cl 0.81-0.91) and is displayed in figu-
re 6.2. The sensitivity, specificity, PPV and NPV, and likelihood ratios, at the pre-specified
cut-offs are presented in table 6.2.
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Table 6.1 Demographics

General characteristics

Study population

n= 546

Gender

Female, N (%) 245 (44.9)
Age, mean (SD) 64.0 (17.0)
Admission

Hospital admission, n (%) 363 (66.5)

ICU admission, n (%) 45 (8.2)

Readmission (30-days), n (%) 47 (8.7)
Comorbidities

Respiratory disease, n (%) 89 (16.4)

Diabetes mellitus, n (%) 94 (17.3)
Vital parameters

Respiratory rate, mean (SD) 21.7 (7.2)

Oxygen saturation levels, mean(SD) 95.3(3.9)

Temperature °C, mean (SD) 37.4(1.3)
MEWS score (median with IQR) 2.0 (2-4)

Laboratory tests (median with IQR)

CRP (mg/l) 55.0 (17.0-115)

PCT (ng/ml) 0.15 (0.06-0.57)
Positive SARS-CoV-2 PCR (%) 106 (19.5)
Positive blood culture (%) 47 (8.6)
30-days mortality n (%) 63 (11.5)

IQR: interquartile range, SD standard deviation, MEWS: modified Early Warning Score, CRP: c-reactive

protein, PCT: procalcitonin.
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Figure 6.2 ROC curve of procalcitonin for the outcome of bacteremia, total group
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Table 6.2 Diagnostic accuracy PCT in predicting positive blood culture in total study population

Groups Sensitivity Specificity PPV NPV LR + LR-

(95% CI) (95% C1) (95% CI1) (95% CI1) (95% CI) (95%CI)
PCT<0.10 95.7 (85.5-99.5) 38.9 (34.6-43.4) | 12.9(15.9-18.6) | 99.0(96.1-99.7) 1.57 (1.43-1.72) | 0.11(0.03-0.43)
PCT< 0.25 89.4 (76.9-96.5) 65.7 (61.3-69.8) | 25.7 (22.8-28.8) | 97.90 (95.3-99.0) 2.61(2.23-3.05) | 0.16 (0.07-0.37)
PCT< 0.50 76.6 (62.0-87.7) 77.6 (73.9-81.3) | 24.5(20.5-28.9) | 97.2(95.5-98.3) 3.44 (2.74-4.32) | 0.30(0.18-0.51)

All values are percentages, with the 95% confidence interval between brackets.
*PPV= positive predictive value, NPV= negative predictive value, LR + = positive likelihood ratio, LR-=
negative likelihood ratio.

118

Probability of bacteremia in patients with and without viral infection

Eight (3.8%) of the 212 patients with a confirmed viral infection had bacteremia. In the
patients without a viral infection, 39 of the 334 (11.7%) had bacteremia. This was a sig-
nificant difference, p-value 0.001 (chi-square test)

Diagnostic accuracy of procalcitonin in patients with a proven viral infection

In patients with a viral infection (N=212), median PCT was 0.14 pg/L (IQR 0.07-0.34).
The AUROC of PCT for prediction of bacteremia was 0.97 (95% CI 0.94-1.00), displayed
in figure 6.3. All eight patients with a viral infection and bacteremia had a procalcitonin
value of = 0.5 pg/L. The sensitivity, specificity, PPV and NPV, and likelihood ratios, at the
pre-specified cut-offs are presented in table 6.3. In the group with a viral infection, the
negative likelihood ratio was zero (?5% CI N/A), with a positive LR of 5.21 (95% Cl 3.93-
6.90).

Figure 6.3 ROC curve of procalcitonin for the outcome of bacteremia, split by viral infection
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Table 6.3 Diagnostic accuracy of PCT in predicting positive blood culture in study population with
positive viral test (low-pre-test probability)

Groups Sensitivity Specificity PPV NPV LR + LR-
(95% ClI) (95% ClI) (95% ClI) (95% CI1) (95% CI) (95%Cl)
PCT<0.10 100 (63.1-100) 34.0(27.5-41.0) 5.65 (5.14-6.20) | 100 1.51(1.37-1.67) | 0.00
PCT< 0.25 100 (63.1-100) 68.0 (61.1-74.4) 11.0(9.17-13.1) | 100 3.12(2.56-3.82) | 0.00
PCT <0.50 100 (63.1-100) 81.2 (75.1-86.3) 17.4 (13.7-21.9) | 100 5.21(3.93-6.90) | 0.00

*PPV= positive predictive value, NPV= negative predictive value, LR + = positive likelihood ratio,
LR-= negative likelihood ratio.

Diagnostic accuracy in patients without viral infection.

In patients without confirmed viral infection (n = 334), the median PCT was 0.13 (IQR
0.05-0.48). Of the 39 patients in this group with a positive blood culture, 28 had a pro-
calcitonin = 0.5 pg/L. Of the other 11 patients with positive bloodcultures , 2 had a pro-
calcitonin < 0.10 pg/L. Three had a procalcitonin = 0.10 pg/L but <0.25 pg/L, and 6 had
a procalcitonin = 0.25 pg/L but <0.5 pg/L. The AUROC of PCT for the outcome of bacte-
remia was 0.83 (95% Cl 0.76-0.88). The sensitivity, specificity, PPV and NPV, and likelihood
ratios are presented in table 6.4.

Table 6.4 Diagnostic accuracy of PCT in predicting positive blood culture in study population with
negative viral test (high pre-test probability).

Groups Sensitivity Specificity PPV NPV LR + LR-

(95% C1) (95% C1) (95% CI1) (95% C1) (95% C1) (95%Cl)
PCT<0.10 94.9 (82.7-99.4) 42.0 (36.4-48.0) 17.8 (16.1-19.6) | 98.4 (94.1.-99.6) 1.64 (1.45-1.85) | 0.12(0.03-0.47)
PCT<0.25 87.2(72.6-95.7) 64.1 (58.3-69.6) 24.3(21.0-28.3) | 97.4 (94.3-98.9) 2.43 (2.00-2.96) | 0.20(0.09 -0.45)
PCT< 0.50 71.8 (55.1-85.0) 75.6 (70.3-80.4) 28.0(22.7-34.0) | 95.3(92.4-97.1) 2.94(2.22-3.90) | 0.37(0.23-0.62)

*PPV= positive predictive value, NPV= negative predictive value, LR + = positive likelihood ratio, LR-=
negative likelihood ratio.

Patients with low procalcitonin and positive blood cultures

Eleven patients had a procalcitonin < 0,5 pg/L but a true positive blood culture. None
had a proven viral infection. The patient characteristics are summarized in S3. None of
these patients died within 30 days of this episode. Five patients had bacteremia and a
procalcitonin < 0.25 pg/L. The time between onset of complaints and the first laboratory
measurement of procalcitonin (A time) was less than 24 hours in all of these patients.
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Use of antibiotics

Of the total of 543, 288 patients (53.0%) received antibiotics at the emergency depart-
ment, including 37 patients with a positive blood culture. In patients with a confirmed
viral infection, 107 of the 210 (50.9%) patients were treated with empirical antibiotics in
the emergency department. Of these 107 patients, 74 (69,1%) had a PCT < 0.5 pg/L.
Of the patients without a viral infection (n=333), 180 (54,0%) patients were treated with
empirical antibiotics in the Emergency Department. Of these patients, 71 (39.4%) had
a PCT < 0.25 pg/L.

The most frequent administered antibiotic class were cefalosporines intravenous (n= 154,
51,8%). The median duration of given antibiotics was 6 (IQR 5-7) days.

Sensitivity analysis excluding SARS-Cov-2 patients

In 103 patients with a viral infection, but not sars-cov-2 the AUROC of PCT for prediction
of bacteremia was 0.96 (95% CI 0.90-1.00). The difference was not statistically significant,
when compared to the AUROC of the total population of patients with a viral infection
of 0.96 (95% CI 0.93-0.995).

DISCUSSION

In this study, we found that in patients with a confirmed viral infection, bacteremia can be
safely ruled out if the procalcitonin is < 0.5 pg/L, with a 100% sensitivity and a negative
LR of zero. However, in the patients without a viral infection, the cut-off of < 0.5 ug/L
resulted in a low sensitivity of 71.8 % (95% CI 51.9-81.9) and only a moderate negative
LR 0.37 (95% Cl 0.23-0.62). In this group, the cut-off value of PCT < 0.25 had better
results, with a fair sensitivity of 85.4 % (95% CI 55.1-85.0) and a negative LR of 0.20
(95% CI1 0.09 -0.45).

In an earlier epidemiological study at our institution, the rate of bacteremia in the ED
was 11.2%.26 In our study population, the patients with confirmedviral infection had a
significantly lower rate of bacteremia of 3.8%. The patients without viral infection how-
ever, had a comparable rate of bacteremia of 11.7%. In line with Bayes theorem we used
this knowledge of prior probability to optimize the use of procalcitonin, illustrated in
the infographic (page 112,113).

If procalcitonin, dependent on probability of bacteremia, had been used as a guide in
this population to initiate antibiotics, antibiotic use could have been reduced consider-
ably. In the group with a viral infection, antibiotic use could have been decreased from
50.9% to 21.9%. However in the group without viral infection, a cut-off of < 0.25 pg/L
would have resulted in a much smaller reduction of 54% to 42%.

What this study adds to the current knowledge is the results of (rapid) viral testing in the
ED, can be used to estimate the prior probability of bacteremia. And, if a viral infection
is confirmed, the patient thus has a low prior probability of bacteremia, a procalcitonin
of < 0,5 pg/L can be used to exclude bacteremia. If patients do not have a viral infection,
the cut-off of < 0,25 ug/L is more appropriate. However, in patients with a complaint of
less than 24 hours duration, a procalcitonin < 0,25 pg/L does not rule out bacteremia.
Five patients with positive blood cultures would have been missed if we had used PCT
< 0.25 pg/L as a guide to initiate antibiotics. All of this patients presented within 24 hours
after the onset of symptoms. Earlier studies have shown that procalcitonin can rise within
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2-4 hours, but it can take 8-24 hours to reach high values.'” % Therefore, when the pa-
tients present early after onset of symptoms the procalcitonin measurements should be
repeated to ensure it is representative, in line with previous recommendations.'

LIMITATIONS

An important limitation of this study is that this study focuses on bacteremia. Blood cul-
tures are the gold standard for detecting bacteria in blood. However, a negative blood
culture is no guarantee that there is no bacterial infection. Patients with pneumonia have
low rates of bacteremia.? In addition, patients previously treated with antibiotics before
presentation at the emergency department might have lower yield of blood culture.?
However, positive blood cultures are a clinically relevant outcome that most clinicians
would act upon instantly. Bacteremia is related to adverse outcomes and death. % In this
cohort, 30-day mortality was clearly higher in patients with positive blood cultures (16.3 %)
than in patients without bacteremia (11.1%). Results of sputum or urine cultures are less
time critical. In addition, it is easier to correlate blood cultures with clinical illness than
sputum or urine cultures. Sputum cultures and urine cultures are harder to interpret, as
they may represent colonization or asymptomatic bacteriuria, rather than an infection 2.
In our cohort, very few sputum samples were retrieved (N=25). Therefore, we did not
include this in our outcome.

Another limitation is that it was done in a single-center in the Netherlands, with a spe-
cific case-mix. First of all, due to a strong primary care system, almost all patients in the
Netherlands are seen first by a GP, who do not refer uncomplicated cases of (viral) infec-
tion. Because of this selection, patients presenting to our ED probably represent a sub-
group of patients with more severe illness. This is reflected in the high number of admis-
sions in our cohort (68%). Secondly, the population of our tertiary ED has a higher pro-
portion of patients with malignancies and immunosuppressive treatments. This might
influence the probability of bacteremia, and limit external validity.

Although all patients underwent influenza A/B/ RSV, and in 2020 sars-cov-2 testing, we
did not limit our analysis to patients with influenza, RSV and SARS-Cov-2. We pooled all
viral infections that were found, because we expected any viral explanation for infectious
complaints would make the chance of also having bacteremia smaller. In SARS-Cov-2
infection it has become clear that the incidence of bacterial (co)infection is very low.
The sensitivity analysis, excluding the SARS-cov-2 patients, did not meaningfully change
our results. However the results should be confirmed in a larger sample of patients, with
particular attention for the incidence of bacteremia in patients with influenza.

Summary

In summary, procalcitonin has a good overall diagnostic accuracy for ruling out bacteremia.
Rapid viral tests can be used to choose the most appropriate cut-off of procalcitonin in
the Emergency Department, because patients with a virus infection have a low prior pro-
bability of bacteremia. In patients with a proven viral infection a procalcitonin of < 0.5
pg/L ruled out bacteremia with a negative LR of zero. In patients without a viral infection,
the lower cut-off of <0,25 pg/L was more appropriate.
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Procalcitonin to exclude bacteremia in patients with suspected viral infection at the emergency department

Table S6.1 Details of contaminated cultures

Bacterial pathogen found

PCT values (ng/L)

Rothia mucilaginosa (n=1) 0.62
Stahylococcus capitis (n=2) 0.02, 0.07
Staphylococcus pettenkoferi (n=2) 2.11,0.06

Staphylococcus hominis (n = 5)

1.89,0.11, 2.15, 0.24,0.17

Acinetobacter johnsonii and Chryseobacterium hominis (n=1) 0.04
Staphylococcus epidermidis and Kocuria species (n=1) 6.22
Streptococcus oralis (n=1) 0.08

Table S6.2 Results of virology diagnostics

Viral diagnosis

Number of patients

Influenza A 56
Influenza B* 4
SARS-cov-2 54
Respiratory Syncytial Virus (RSV) 10
Human Metapneumovirus * 10
Coronavirus (not sars-cov-2) 6
Rhinovirus 4
Parainfluenza 3
Other (boca,virus, adenovirus, EBV) 4

*In one patient both influenza B and Human Metapneumovirus was detected
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Table S6.3 Characteristics of patients with a positive blood culture & PCT <0,5 ng/L

BCresult Age Timeonset to PCT WBC CRP MEWS Blood Final diagnosis
first ng/L (10n9) (mg/ pressure
measurement 1) mmHg

E.coli 82 6-12 hrs 0.07 13.7 9 100/60 Urosepsis

E.coli 93 6-12 hrs 0.02 2.7 <25 149/73 E. coli bacteremia
+10 hrs* 26.7 * 15.7* 22 %

S.aureus 51 unclear .32 12.0 273 142/82 S. aureus bacteremia

due to osteomyelitis
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ABSTRACT

Background

Blood cultures (BCs) are the gold standard for detecting bacteraemia, a condition with
high morbidity and mortality. The threshold for collecting BCs is low, resulting in a low
yield. Machine learning models may help identify patients with low bacteraemia risk and
reduce the number of unnecessary BCs and also antibiotic use at the emergency depart-
ment (ED).

Objective
To develop machine learning models to predict BC outcomes in an ED setting.

Design
Retrospective observational study.

Setting
ED of a large teaching hospital in the Netherlands between September 1st 2018 and
June 24th 2020.

Patients
Adult patients from whom BCs were collected in the ED.

Measurements

The primary outcome was the performance of two machine learning models to predict
bacteraemia in ED patients, defined as at least one true positive BC collected at the ED.
Data in the electronic health record, available at the end of the ED visits were used.

Results

In 4885 out of 51399 ED visits (9.5%), BCs were collected. In 598/4885 (12.2%) visits, at
least one of the BCs was true positive. Both the gradient boosted tree model and logistic
regression model showed good performance in predicting BC results with AUROCs of
0.77 (95%-Cl = 0.73-0.82) in the test sets.

Limitations
Not all data was uniformly registered in the electronic health records and only a propor-
tion of all data was used.

Conclusion

Both machine learning models can accurately identify patients with low risk of bacterae-
mia at the ED and may be useful to reduce unnecessary BCs, antibiotic use and associated
healthcare costs. Implementation studies are necessary to investigate the potential
clinical benefits.
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INTRODUCTION

Over 20% of adult emergency department (ED) visits occur due to serious infections’.
Current diagnostic modalities cannot sufficiently distinguish between bacterial and non-
bacterial disease during an early stage of the diagnostic workup?. However, timely dis-
tinction between bacterial and non-bacterial disease can reduce unnecessary diagnostic
tests and treatment with antibiotics. In case of a bacteraemia (bloodstream infection),
blood cultures (BCs) are the gold standard test. Unfortunately, turnaround times of BC
results of 24-72 hours make these cultures unhelpful for timely diagnosis of bacterial
infections at the ED. Accurate and early identification of patients with a high or low risk
of bacteraemia may be a first step to help to distinguish bacterial from non-bacterial
disease early.

Bacteraemia is associated with high morbidity and mortality, which makes missing a pos-
sible bacteraemia very harmful®. Therefore, physicians order BCs frequently and the over-
all BC yields are low?. Around 11-15% of collected BCs are positive and studies show
that up to half of those are false positives through contamination*”. These contaminated
BCs can lead to unnecessary downstream diagnostics, antibiotic overuse, and increased
hospital length of stay 87. Currently, we are unable to recognize patients with low risk of
bacteraemia, in which we could safely withhold BC testing and even antibiotics.

Machine learning already has significant impact on healthcare. Machine learning models
can use many data points from large numbers of patients to detect subtle patterns that
may go unnoticed by health care professionals. These insights may support the swift
assessment of a patient and selection of the appropriate diagnostic and treatment stra-
tegies. Complex situations, where multiple physiological mechanisms interact are perfect
areas to investigate machine learning decision support '°. The diagnostic workup of sus-
pected bacterial infections is such an area.

In this paper, we aim to create machine learning models to predict BC outcomes in an

ED setting which may help reduce unnecessary BCs and provide physicians with an ad-
ditional tool to help decide whether or not antibiotic treatment is needed. A secondary
aim of this studly is to create models that can straightforwardly be implemented at the ED.

METHODS

Study setting

We performed a retrospective observational study on data from the electronic health
records (EHR) of Amsterdam UMC, location VU University Medical Center, between Sep-
tember 1st 2018 and June 24th 2020. The VU University Medical Center is a large teaching
hospital with an estimated 28.000 ED presentations annually. The study adhered to the
“transparent reporting of a multivariable prediction model for individual prognosis or
diagnosis (TRIPOD)" "'. The study protocol was assessed by the local Medical Ethics
Review Committee (IRB number: IRBO0002991; case: 2020.486). The need for informed
consent was waived.
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Population

We included all adult patients who presented to the ED and in whom at least one BC
was taken during their ED stay because a bacterial infection was suspected on clinical
grounds. We included patients of all medical specialties. Whenever a patient presented
to the ED multiple times during the study period, each encounter was classified as a
unique visit.

Data collection

All data that was available under local privacy regulations was extracted from the EHR.
The data included demographic information, vital signs, laboratory results, and informa-
tion about imaging procedures and administered medications in the ED. Data on comor-
bidities or medication usage at home were not available. We only used data that would
be available before the end of the ED visit, which is the time when the prediction can
potentially have clinical consequences on the use of BCs and initiation of antibiotic therapy.
The data extracted from the EHR was further preprocessed to be used for predictive mo-
delling. Details about preprocessing are described in the supplementary files (e-Methods
and e-Tables 1-4).

Outcome
We aimed to predict bacteraemia, which was defined as at least one positive BC with a
pathogenic microorganism collected during the ED visit.

AB and MS mapped all microorganisms to be pathogens or contaminants based on
previous literature under supervision of WJW 24512 e-Table 5 lists all organisms that we
classified as contaminants. Then, we assigned the most important result to a specific BC
set (prioritizing positive over contamination over negative). Afterwards, the combination
of all BC sets in a unique ED visit was mapped to represent a visit with growth of a clinic-
ally significant pathogen in at least one BC set (positive) or a visit with only negative or
contaminated cultures (negative).

Model development and feature selection

We used all variables that were reported in over 10% of the ED visits as features. We also
created indicator features for all variables to indicate whether this variable was measured
or not. The dataset was randomly split into a training (75%) and test (25%) set for model
development. We used median imputation except for some situations where imputation
based on domain knowledge was used (see e-Table 6 for details). Median imputation is
a practical and adequate solution for handling missing data in non-linear models. Further-
more, the combination of median imputation and indicator features as we used is also
adequate for linear models, especially with data missing not at random . Additional
standard scaling around the mean was applied. We trained the models on the training
set using the full set of features, since the used models are robust to unimportant fea-
tures.

We used a gradient boosted tree model and a logistic regression model with L1 regu-
larization. These different model classes are known to be suitable for our type of data,
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which is limited in size and of mixed type. We used gradient boosted trees as a powerful
representative of tree-based models, which can uncover complex feature interdepen-
dencies and nonlinearities. We also used a simpler logistic regression for comparison,
since its coefficients are easier to interpret.

Within the training set, a fivefold cross-validated grid search was performed to find the
hyperparameters that optimize the model’s performances. An overview of the pipeline
from raw data to model can be found in the e-Methods section of the appendix.

Modelling was performed using Python version 3.7.9 (Python software foundation,
http://www.python.org) and the Scikit-learn package (version 23.1).

Model evaluation

The model performances were tested using the Area Under curve of the Receiver Ope-
rating Characteristics (AUROC), together with the Area Under the Precision Recall Curve
(AUPRC) since we had imbalanced outcome classes. We also reported Brier scores and
F1-scores during cross-validation as well as on the test set. The model calibration is pre-
sented in calibration plots.

The model’s output was the probability for the BC to be positive. To provide a clinically
meaningful result, we report on two preselected probability thresholds that predict BCs
to be positive above this threshold. Firstly, we show performances on the most optimal
sensitivity-specificity threshold based on maximization of the sensitivity-specificity sum
or minimization of the sensitivity-specificity difference '*. These approaches are useful
when omission errors (false negatives) should be avoided and provide a diagnostic test
with the power to rule out a diagnosis''°. Furthermore, we present model performances
on a threshold that retains a sensitivity of 90%, which would lower the number of false
negatives further at the expense of higher false positive rates.

Funding source
This project was funded by a research grant from the Dutch federation for acute internal
medicine (NVIAG). The funder had no involvement in any part of the study.

RESULTS

Baseline characteristics

We identified 51.399 ED visits by 41.280 unique adult patients in the VU Medical Center
between September 1st 2018 and June 24th 2020. One or more BC samples were taken
in 4885 (9,5%) of those visits. In 598/4885 (12.2%) of those visits, at least one of the cul-
tures was a true positive. In 254/4885 (5.2%) of the visits, at least one of the cultures was
contaminated (later mapped to be negative). Overall, 4074/4885 (83.4%) visits had only
truly negative cultures. Table 7.1 shows the baseline characteristics of the study popula-
tion stratified by culture outcomes.
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Figure 7.1 Receiver Operating Characteristic and Precision Recall curves for positive blood cultures

in aggregated cross-validation sets and test set
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GB = gradient boosted tree model; LR = Logistic regression model; Area = area under the curve; ROC
= Receiver Operating Characteristics; PR = Precision Recall.

Predictive performance

The gradient boosted tree model’s AUROC in the cross-validation (training) sets and
internal test set were 0.77 (standard deviation = 0.03) and 0.77 (95%-Cl = 0.73-0.82),
respectively. The logistic regression model's AUROC in the cross-validation and internal

test set were 0.75 (standard deviation = 0.02) and 0.77 (95%-Cl = 0.73-0.82). The AUROCs
of both models are shown in Figure 7.1. Table 7.2 shows the corresponding performance

scores. The calibration plots are presented in e-Figure 1 of the appendix.
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Table 7.1 Baseline characteristics of the study population stratified on blood culture outcomes

Characteristic Negative cultures* Positive cultures Total
(N=4287) (N=598) (N=4885)

Age, years

Median (IQR) | 66 (51-75) | 70 (59-79) | 66 (52-76)

Sex

Male | 56.3% | 62.2% | 57.0%

Modified Early Warning Score

Median (IQR) 3 (2-4) 4 (2-5) 3(2-4)

Missing (N) 2515 351 2866

Heart rate (beats per minute)

Median (IQR) 94 (82-107) 100 (88-111) 95 (82-108)

Missing (N) 181 15 196

Systolic blood pressure (mmHg)

Median (IQR) 91 (73-121) 86 (66-114) 90 (73-120)

Missing (N) 371 35 406

Respiratory rate (per minute)

Median (IQR) 19 (15-23) 21 (16-25) 19 (15-24)

Missing (N) 1310 149 1459

Temperature (Celsius)

Median (IQR)

37.8 (37.0-38.5)

38.1(37.2-38.8)

37.8(37.0-38.5)

Missing (N)

198

26

224

C-Reactive Protein (umol/L)

Median (IQR) 60 (25-134) 104 (39-216) 64 (25-144)
Missing (N) 132 23 155

White blood cell counts (1019/L)

Median (IQR) 10 (6.8-13.8) 11.9 (8.2-16.0) 10.2 (6.9-14.2)
Missing (N) 144 22 166

Thrombocyte counts (10°9/L)

Median (IQR)

234 (174-311)

211 (149-273)

231(171-307)

Missing (N) 593 105 698
Bilirubin (umol/L)

Median (IQR) 9 (6-13) 13 (8-22) 9 (6-14)
Missing (N) 1205 163 1368
Creatinine (umol/L)

Median (IQR) 82 (65-113) 105 (73-160) 84 (66-119)
Missing (N) 171 27 198

Length of ED stay (hours)

Median (IQR) | 43(3.2:5.8) [47(33-6.3) | 44(3.25.9)
Hospital admission

Admitted | 68.0% | 84.6% | 70.0%
30-day mortality

Died | 6.7% | 11.5% | 7.3%

IQR = Interquartile range; ED = Emergency department.
*Likely contaminants are classified as negative cultures in this table.
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Table 7.2 Performance metrics of both models in the aggregated cross-validation sets and the test set

Brier F1-
Model Modelling phase AUROC AUPRC score* score**
Gradient Cross-validation mean[0.77 (SD = 0.03) 0.340 0.066 0.16
Boosted trees |Test 0.77 (95% Cl: 0.73-0.82) 0.361 0.093 0.19
Logistic Cross-validation mean|0.75 (SD = 0.02) 0.309 0.098 0.14
Regression Test 0.77 (95% Cl: 0.73-0.82) 0.365 0.092 0.15

SD = Standard Deviation; Cl = Confidence Interval; AUROC = Area Under the curve of the Receiver

Operating Characteristics; AUPRC = Area Under the Precision Recall Curve.

*The Brier score is a cost function that measures performance of probabilistic predictions. The score ranges
from O to 1. The lower the score, the more accurate the prediction.

**F1-scores present a balance between precision and recall. The lower the score, the more accurate the
prediction.

Feature importances

Gradient Boosted trees

Feature importances for non-linear tree based models only indicate the magnitude and
not the directionality (positive/negative) of the effect. We present the feature contribu-
tions using Shapley additive explanation (SHAP) values, as depicted in Figure 7.2 ™.
These are distributions of local contributions per feature and per data point. Figure 7.2
shows the 20 most important features that drive predictions in the gradient boosted tree
model (see e-Table 2-4 for the full lists of features). This model recognizes bilirubin values
to be the strongest predictor of a positive BC. We see that high (red) bilirubin values are
associated with a higher risk of a positive BC (right on the x-axis). Conversely, high (red)
potassium levels are associated with a lower risk of a positive BC (left on the x-axis).

Logistic regression

The 20 features with the largest absolute coefficients in the logistic regression model are
presented in Figure 7.3. Age and lymphocyte counts are the strongest predictors. A high
age is associated with a higher risk of a positive BC, whereas a high lymphocyte count

is associated with a lower risk (see e-Table 7 for a full list of coefficients). Due to the im-
putation and the fact that physiological parameters are not strictly independent of each
other, no valid estimation of the odds ratios can be provided.
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Figure 7.2 SHAP-plot of feature importance in the gradient boosted tree model
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The Shapley additive explanation (SHAP) values, present distributions of local contributions per data
point per feature. The figure shows the 20 most important features in the gradient boosted tree model,
in order of importance on the Y-axis. The relative effect of the feature on the risk of a positive blood
culture is shown on the X-axis (right of 0.0 = increased risk, left of 0.0 = lower risk). The colours represent
the actual values of the features themself. Blue depicts a low actual value of the feature while red depicts
a high actual value. With yes/no features, no is depicted as a low value (blue) and yes as a high value (red).
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Figure 7.3 Feature importances of the logistic regression model
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The 20 most important features in the logistic regression model are shown. The features for which a high
value is predictive of a positive BC are shown in blue and those predictive of a negative culture in red.
The X-axis presents the relative importance of these features.

Thresholds

The models sensitivity and specificity depend on the probability threshold that is used to
predict a positive or negative BC. Table 7.3 presents model performances for the optimal
sensitivity-specificity threshold and a threshold that retains a sensitivity of 90%. The opti-
mal threshold in the gradient boosted tree model would predict 69.1% of BCs in the test
set to be negative, with a negative predictive value of over 94%. An extensive list of
thresholds and corresponding performances in both sets can be found in e-Table 8 and 9.
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Table 7.3 Performance metrics for both models at preselected thresholds in the aggregated
cross-validation sets and the test set

Model and metric Optimal sensitivity-specificity Sensitivity retained at over 90%
Cross-validation | Test Cross-validation | Test
(n=3608) (n=1277) (n=3608) (n=1277)
Gradient boosted tree model
Threshold for positive 10% 12.5% 6% 5%
prediction
True Negative (n (%)) 2119 (58.7%) 831(65.1%) | 1325 (36.7%) 360 (28.2%)
True Positive (n (%)) 325 (9.0%) 104 (8.1%) 405 (11.2%) 144 (11.3%)
False Negative (n (%)) 118 (3.3%) 51 (4.0%) 38 (1.1%) 11 (0.9%)
False Positive (n (%)) 1046 (28.8%) 291 (22.8%) | 1840 (51.0%) 762 (59.7%)
Sensitivity (%) 73.4 67.1 91.4 92.9
Specificity (%) 67 74.1 41.9 32.1
Positive predictive value (%) 23.7 26.3 18 15.9
Negative predictive value (%) 94.7 94.2 97.2 97
Logistic regression model
Threshold for positive 12.5% 10%* 6% 5%
prediction
True Negative (n (%)) 2160 (59.9%) 676 (52.9%) | 1120 (31.0%) 339 (26.5%)
True Positive (n (%)) 302 (8.4%) 123 (9.6%) 412 (11.4%) 146 (11.4%)
False Negative (n (%)) 141 (3.9%) 32 (2.5%) 31 (0.8%) 9 (0.7%)
False Positive (n (%)) 1005 (27.9%) 446 (34.9%) | 2045 (56.7%) 783 (61.3%)
Sensitivity (%) 68.2 79.4 93 94.2
Specificity (%) 68.2 60.2 354 30.2
Positive predictive value (%) 23.1 21.6 16.8 15.7
Negative predictive value (%) 93.9 95.5 97.3 97.4

*This is the only scenario where the optimal threshold would be different when based on the maximum
sum of sensitivity and specificity or on a minimal difference between sensitivity and specificity. In this
case, the threshold was chosen based on the maximum sum of sensitivity and specificity.

Medication administered in the ED

In coming to the final models, we evaluated the effects of excluding different groups of
features, such as medications given in the ED. Excluding all ED medication features led
to comparable model performances (see e-Table 10 for details). When including the ED

medication features, almost none provided predictive value, except for the administra-

tion of antibiotics (see e-Figures 7.2 and 7.3). Because this event may be associated with

the physician’s suspicion of bacteraemia, we decided to exclude ED medication features
in order to retain a model that can augment physician decision-making instead of depen-
ding on it.
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DISCUSSION

Short summary

We present two machine learning models that aim to predict the outcome of a BC
that is drawn during an ED visit. Both models show comparably good performance in
predicting BC results with AUROCs of 0.77 (95%-Cl = 0.73-0.82) in the test sets. The
models can identify patients in the ED with low risk for bacteraemia and can be useful
to reduce unnecessary BCs and provide physician decision support on the necessity of
antibiotic therapy.

In context of the literature

Many studies have aimed to identify factors associated with positive BCs or predict BC
outcomes. A 2012 systematic review reported on 35 studies that evaluated the perfor-
mance of clinical variables to detect bacteraemia?. Those clinical variables alone seemed
insufficient to detect bacteraemia and further studies on this subject have focused on
more advanced predictive models to detect bacteraemia. A 2015 systematic review
presented fifteen machine learning models that predicted BC outcomes 7. An additional
few were published since 82",

The various studies on this subject have been conducted in different settings, where the
reasons for drawing BCs vary. We focused on the ED setting, as the legacy of a probable
diagnosis of infection at the ED greatly influences decision-making throughout the hos-
pital stay, especially with regards to antibiotic treatment ?. Based on the 2015 systematic
review, only two other studies have been carried out fully in an ED setting 7?24, Those
models showed AUROCs of 0.75 and 0.74 in the test sets. The major difference with our
study is that those earlier models were trained on data that were prospectively collected
by researchers. This manual data collection resulted in few missing values, with 97.6%
of laboratory data being available %. This will not occur in clinical practice and may lead
to dramatic losses in predictive performance in implementation studies, when missing
values need to be imputed in order to do any prediction. Therefore, these models have
less potential for daily use in clinical practice and it will be difficult to implement them
successfully.

Another aspect of the manual data collection in earlier studies is that predictors like the
suspicion of endocarditis, which was an important predictor of BC outcomes, could be
used?®. This is very specific data that will rarely be available in the EHR, which again
limits the translation to clinical practice and automation of the prediction within an EHR
environment. As we illustrate here, the use of data that is not routinely captured in clinical
practice is one of the key reasons why none of these prediction models have been im-
plemented in clinical practice yet . In contrast, our models are based on routinely col-
lected clinical data that is available at the end of an ED visit and could be implemented
straightforwardly in practice.

Most of the literature on BC predictions focuses on the ICU setting. Recent examples

are models created by Roimi and colleagues and van Steenkiste et al '?°. Those models
show excellent performances with AUROCs of up to 0.98 in the critical care setting.
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These models are trained on temporal trends that have occurred over a period of at least
48 hours, in contrast with the short and heterogeneous ED visits during which patients
are not constantly monitored and where time-series data is rarely captured. Also, the
approaches as taken for most ICU models seem to be overfitting to the training data and
will likely perform worse in an external validation. This is underscored in the model by
Roimi and colleagues, in which the AUROC decreases from 0.92 to 0.60 during external
validation %°.

Clinical value

The main clinical value of our predictive model lies in the ability to identify a population
in which the chance of a positive BC is very low. The prediction can be made at the end
of the ED visit and can identify patients in which we can safely withhold BC testing.
Even in cases where BCs are already taken, there would be the option to not go through
with the analyses, where most of the costs are made. We showed that we would be able
to withhold BC draws or analyses in almost 70% of the population while still retaining a
negative predictive value of over 94%.

Our algorithm also has added value with regards to treatment selection, especially in
cases with high diagnostic uncertainty at the end of an ED visit. The BC outcome predic-
tion can be used as decision support tool to decide whether or not antibiotic treatment
is needed. Predictions of negative BCs can be an additional argument for withholding
antibiotic treatment at that point and may help avoid unnecessary courses of empiric
broad-spectrum antibiotics that can sometimes be given for several days due to delays
in the turnaround time of BC results . When a specific infection such as pneumonia is
very likely, then antibiotic treatment will be initiated regardless of the BC draw. However,
in these cases our algorithm can still be used to withhold unnecessary BC testing.

Another clinically relevant aspect of this study is that we were able to show that routine
laboratory results are associated with positive BCs. A low lymphocyte count appears to
be related to a positive BC. This association has been described in earlier studies, but
this variable has not been included in bacteraemia prediction models up until now %27,
Bilirubin is another notably strong predictor of a positive BC. Elevated bilirubin levels
have been observed in patients with sepsis, and it is included in prognostic scores, like
the Sequential Organ Failure Assessment (SOFA) score for sepsis 227. The association
with positive BCs of other variables such as thrombocyte counts, temperature, blood
pressure, heart rate and age is in line with previous studies %4,

Strengths

The main strength that distinguishes this work from what has been done before is the
comprehensive pipeline from raw data to model. The preprocessing and feature engi-
neering phases were conducted in collaboration with a machine learning scale-up com-
pany (Pacmed, the Netherlands), which has considerable experience with machine
learning in healthcare. The strategy towards the selection of features and algorithms that
were used to predict BC outcomes presents a significant improvement over currently
accepted methods in the medical literature. Our pipeline used all available data so that
the models themselves would decide on the importance of any feature.
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With this approach, the models were not limited by the selection of features through
current medical knowledge and had the potential to discover unknown associations with
bacteraemia. Throughout preprocessing stages, we put emphasis on only using data that
would routinely be available at the end of the ED visit, when the final treatment and
admission decisions have to be made. This approach facilitates straightforward imple-
mentation of the models in clinical practice. Finally, we compare the results of the more
complex gradient boosted tree model with a simpler logistic regression that is easier to
understand for physicians, to improve the overall interpretability.

Limitations

There are several important limitations within this study. Firstly, defining a positive BC is
difficult. Our definition of contamination, which was defined as BCs that grew pathogens
that are generally considered contaminants, is in line with previous literature 2452,
Nevertheless, it is still possible that samples, that were mapped as contamination, actu-
ally represented a true pathogen in that individual patient. However, the true positive
rate of collected BC's in our population was somewhat higher than those described in
previous literature #¢7%. This may be due to conservative mapping of pathogens to likely
contaminants. A related limitation is that the model should not be used when a physician
wants to detect a clinically relevant blood stream infection with pathogens that we con-
sidered to be contaminants, as with suspected central line-associated bloodstream in-
fections (CLABSI). Our algorithm should be used as additive to the clinical pretest pro-
bability of bacteraemia, based on syndromes with a high likelihood of bacteraemia
reported in earlier studies *.

Another limitation of this study is that various potentially predictive variables could not
be adequately extracted from the EHR system. Comorbidities, medication at home
and placement of lines are not well documented within the EHR and this data would
not be reliable enough to use in a prediction model. Furthermore, we were not able to
use free-text data due to privacy concerns. Therefore, we could not use physician and
nurse reports.

Future research

Our current study gives rise to several potential follow-up studies. Firstly, an implemen-
tation study should be done to study the clinical benefits derived from using such an
algorithm to safely withhold BC draws or analyses in low-risk patients.

Additionally, there is a need to further improve the model performance, without losing

sight of the usability of the model. For example, various studies have shown that procal-
citonin can predict BC positivity with good performance ¥, We would be interested to
see what the addition of procalcitonin and other novel biomarkers can do to our model

performances. Another important step could be to include additional clinical information
by using free-text data.

In conclusion, we created two machine learning models that predict BC outcomes in the
ED with an AUROC of 0.77. The models are based on routinely captured clinical data
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and are well suited for implementation in clinical practice. The main value of these models
lies in the ability to identify patients at low risk of bacteraemia, which can help reduce
unnecessary BC testing and provides an additional tool to decide whether antibiotic
treatment is needed. Based on the model predictions, we would be able to withhold
BC testing in 70% of the population with few omission.
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ABSTRACT

Background

Due to the rise in incidence, the long term effect of sepsis are becoming more evident.
There is increasing evidence that sepsis may result in an impaired health related quality
of life. The aim of this study was to investigate whether health related quality of life is
impaired in sepsis survivors and which clinical parameters are associated with the affected
health related quality of life.

Methods

We analyzed 880 Short Form 36 (SF-36) questionnaires that were sent to sepsis survivors
who participated in the Prehospital Antibiotics Against Sepsis (PHANTASI) trial. These
questionnaires were sent by email, 28 days after discharge. Data entry and statistical
analyses were performed in SPSS. The data from the general Dutch population, was
obtained from the Netherlands Cancer Institute (NKI-AVL) and served as a control group.
Subsequently, 567 sepsis survivors were matched to 567 controls. Non-parametric
Wilcoxon signed-rank test was performed to compare these two groups. Within the group,
we sought to explain the diminished health related quality of life by factor analysis.

Results

We found that sepsis survivors have a worse health related quality of life compared to
the general Dutch population. This negative effect was more evident for the physical
component than the mental component of health related quality of life. We found that
health related quality of life was significantly altered by advancing age and female sex.
We also found that the total length of stay (in the hospital) and (previous) comorbidity
negatively affect the physical component of health related quality of life.

Conclusion

In our study we found that health related quality of life in sepsis survivors, 28 days after
discharge, is severely diminished in comparison with the general Dutch population.
The physical domain is severely affected, whereas the mental domain is less influenced.
The length of stay, comorbidity, advancing age and female sex all have a negative effect
on the Physical Component Scale of the health related quality of life.
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INTRODUCTION

Sepsis is a syndrome of physiologic, pathologic and biochemical abnormalities induced
by infection’. The worldwide incidence of sepsis is rising. This is caused by several factors,
such as: the ageing population, antibiotic resistance, increased use of chemo-and immu-
notherapy and improved recognition?,'. A meta-analysis of 27 international studies re-
ported a global sepsis incidence of 437 per 100,000 person-years for the last decade °.
Conversely, in-hospital mortality is decreasing. Previous studies found that in-hospital
septic shock mortality decreased from 54.9% to 50.7% from 2005 to 2014 *. This decrease
in case fatality can be attributed to improved recognition, clinical advances including
early goal-directed therapy and mortality reduction campaigns®.

Previous research has shown that HRQolL (Health-Related Quality of Life) is impaired in
sepsis survivors ¢’£. A recent systematic review ? found that 81.3% of ICU-sepsis survivors
reported an impaired quality of life which lasted for years after the syndrome was treated.

However, research conducted on the HRQol of sepsis survivors has been focused only
on ICU patients. No studies have been conducted on the HRQoL in either a population
of sepsis survivors with varying severities of sepsis or in sepsis patients who were trans-
ported to the ED by EMS.

Studies that compared quality of life of sepsis ICU survivors to the general population in
several countries’'? found decreased HRQoL of the sepsis ICU survivors when their HRQoL
was compared to that of the general population of these countries. However, it is not yet
known if this effect is caused by the ICU admission or by the sepsis episode itself.

This prospective study will focus on the quality of sepsis survivors that were transported
by EMS to the ED. A study in the Netherlands found that nearly half of all patients pre-
senting to the ED were transported by Emergency Medical Services (EMS), and those
transported by EMS were sicker™". Therefore this population is a representative sample
of severely ill hospi-talized sepsis patients.

The patients in this study are those that were included in the Prehospital Antibiotics
Against Sepsis (PHANTASI) trial recently published in The Lancet Respiratory Medicine'?"3.

The primary aim of this study is to evaluate the HRQoL of sepsis survivors. Subsequently
the HRQol of sepsis survivors was compared to the general Dutch population in order
to determine to what extent the HRQoL of sepsis survivors differs from the general Dutch
population. The secondary aims were to analyze which patient characteristics and clinical
parame-ters were associated with the decreased HRQol in sepsis survivors.
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METHODS

Design and setting

This prospective study was part of the PHANTASI trial >3, In brief, the PHANTASI trial was
the first prospective randomized controlled trial in septic patients which investigated
whether improved recognition and administration of antibiotics in the ambulance led to
increased survival when compared to usual care. Sepsis severity was categorized in to three
groups as defined by the 2001 SSCM/ ESCIM/ ACCP/ ATS/ SIS International Sepsis defi-
nitions Conference guidelines: (uncomplicated) sepsis, severe sepsis and septic shock .
The sepsis diagnosis was cross-checked at the ED by the attending physician. Patients
characteristics and clinical parameters such as Charlson Comorbidity Index, clinical values,
laboratory values, sepsis severity, organ dysfunction, hospital and ICU length of stay and
readmission among others, were derived from patients medical charts.

Methodology

All patients in the study that survived their hospital admission were sent a SF-36 ques-
tionnaire '® by mail within one month after discharge in order to measure their HRQoL.
The SF-36 is a widely used ', standardized questionnaire for measuring HRQoL. This ques-
tionnaire has been validated for the measurement of HRQolL in sepsis survivors ? and is
also validated in the Dutch Language . The SF-36 measures HRQolL by addressing eight
domains: physical functioning, role limitation due to physical problems, role limitation
due to emotional problems, social functioning, bodily pain, mental health, vitality and
general health. These eight domains are clustered into two summary scores: a physical
component score (PCS) and a mental component score (MCS)™. The PCS consists of the
domains: Physical Functioning, Role Functioning Physical, Bodily Pain and General Health.
The MCS consist of the domains: Vitality, Social Functioning, Role Functioning Emotional
and Mental Health.

Outcomes

The primary outcome is the HRQoL in sepsis survivors in this Dutch population compared
to the HRQolL of the General Dutch population. To increase our understanding of the
potential changes in HRQoL we we examined which clinical parameters were associated
with the HRQoL. For this, we studied parameters that were associated with HRQOL in
previous studies "7'?. These factors consisted of demographic characteristics (age/sex),
overall comorbidity (charlson comorbidity index), and specific comorbidity such as chronic
pulmonary disease, heart failure, diabetes and cancer), sepsis severity, organ dysfunction
and length of hospital stay.

Statistical analysis

Data are expressed as means and standard deviation (SD =) if the data is normally distri-
buted or median and interquartile range (IQR) if the data exhibited a non-normal distri-
bution.

Raw scores from each of the 36 items were entered into SPSS (IBM version 22.0). These

raw scores were transformed to scores that ranged from O to 100 as per the guidelines
of the RAND corporation™. Higher scores of any domain correspond with a better HR-
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QolL. Differences between SF-36 domains per age category were analysed by non-para-
metric Kruskal-Wallis one-way-ANOVA. A p-value < 0.05 was considered statistically
significant.

Matching In order to compare the SF-36 data of our sepsis survivors population to the
general Dutch population we retrieved data from the Netherlands Cancer Institute
(NKI-AVL) . This general Dutch population did not necessarily contain patients with
malignant dis-eases, as it was a representative sample of the general Dutch population,
which was used in a previous study. The data in that study was retrieved by sending out
questionnaires to a randomly selected population in the Netherlands'’. The age and
gender matched data was com-pared by using a non-parametric Wilcoxon signed-rank
test. Patients were matched by gender with a maximum age difference of 5 years between
those in the study group and those in the control group. No information on the comor-
bidities of the patients in the control group was known and therefore matching for this
aspect was not possible.

To analyse clinical parameters associated with HRQoL, non-parametric Mann-Whitney U
test and Kruskal-wallis-1-way-ANOVA were used for prespecified factors. Clinical para-
meters with a P < 0.05 were included in a multiple linear regression analysis by blockwise
entry.

Ethics

The study protocol of the PHANTAS:I trial was approved by the medical ethical committee
of the Amsterdam University Medical Center, Location VU University Medical Center, the
coordinating center and all ethical bodies of each participating hospital. Due to the com-
plexity of the PHANTASI trial, the ethics committees granted approval to obtain deferred
consent when necessary. Informed consent before study enrollment or deferred consent
was obtained from all patients or their legal representatives or surrogates. All effort was
made by EMS personnel to obtain informed consent before study inclusion provided the
acuity of the situation allowed it.

RESULTS

Patient characteristics and demographics

The PHANTASI included patients who had sepsis according to the SEPSIS-2 criteria which
were used in the study. The SEPSIS-2 criteria are more sensitive but less specific in diag-
nosing sepsis®’. 2672 patients were included in the PHANTAS: trial. 13 patients were lost
to follow-up and 159 patients did not survive their hospital admission. 1610 patients did
not return the questionnaire or were excluded due to incomplete questionnaire. A total
of 880 questionnaires remained for analysis (Fig 8.1).

The 880 patients who returned the questionnaire had a mean age of 72.8 + 12.6 and
58.9% were male (Table 8.1). There were a number of important differences between
patients who did and did not return the questionnaire. The patients who did not return
the questionnaire had a significantly higher Charlson Comorbidity Index (p = .016), and
had significantly more cere-brovascular diseases and dementia (p < .001). Patients who
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did not return the questionnaire had a higher 90 day mortality rate of 5.2% versus 1.0%
(p < .001).Data are presented as N (%), mean (SD/%) or median (IQR = Inter Quartile
Range).

ED = Emergency Department. ICU = Intensive Care Unit.

Figure 8.1 Overview of patients included in the study

Data extracted from PHANTASi trial Database
N=2672

Excluded
N=13 lost to follow-up
N=159 because of in-hospital mortality
e N=1610 because of SF-36 questionnaire not
returned

Extraction

Y

A4

Remaining participants after screening
N=8S0

Excluded
N=10 because of incomplete guestionnaire

A4

\d

Number of SF-36 guestionnaires included
N=880
Remaining participants in each domain:
Physical Functioning PF N=866
Role Functioning physical RP N=848
Role Functioning Emotional RE N=836
Social Functioning SF N=880
Bodily Pain BP N=842
Mental Health MH N=868
Vitality VT N=868
General Health GH N=858
Physical Component Score PCS N=880
Mental Component Score MCS N=880

| ([sEsousesmonnaies))

Outcome

Data are presented as N (%), mean (SD/+) or median (IQR = Inter Quartile Range). ED = Emergency
Department. ICU = Intensive Care Unit. Aindependent samples T-test

xChi square test

# Mann whitney U test
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Table 8.1 Demographic and characteristics of the PHANTASI trial patients (Total N = 2649)

Characteristics SF-36 questionnaire returned [SF-36 questionnaire not returned P
(N = 880) (in hospital mortality excluded)(N =
1610)
Age-years 72.9 #1251 72.0+1251 1327
869
Male sex—no (%) 516(58.9) (56.4) .230®
Charlson Comorbidity Index
(median/IQR) 1(0-2) 1(1-3) 016"
Underlying chronic conditions (%)
Chronic pulmonary disease 262 (29.9) 460 (29.9) .976¢
Diabetes 205 (23.4) 372 (24.1) .682@
Malignancy <5yrs 113 (12.9) 198 (12.8) 971
Congestive heart failure 75 (8.6) 166 (10.8) .081@
Dementia 19 (2.2) 95 (6.2) <.001®
Severity of sepsis (%)
Sepsis 360 (41.6) 608 (40.2) .508@
Severe sepsis 477 (55.1) 863 (57.0) .354
Septic shock 26 (3.0) 41(2.7) 6789
Admission (%)
Hospital 849 (96.9) 1458(94.6) .009
ICU 78 (8.9%) 123(8.0) 77
Readmission 56 (6.4%) 125 (8.1%) 123
Length of stay (median/IQR)
Hospital 5 (4-8) 6(4-10) .961%
ICU/ MCU 0 (0-0) 0 (0-0) 296"
Mortality (%)
90 days 8(1.0) 80 (5.2) <.001®

Data are presented as N (%), mean (SD/+) or median (IQR = Inter Quartile Range). ED = Emergency
Department. ICU = Intensive Care Unit. Aindependent samples T-test

XChi square test

# Mann whitney U test

Primary outcome

Sepsis survivors compared to the general Dutch population

Sepsis survivors, 4 weeks after discharge, had a statistically significant lower median
Physical Component Score of 33.2 (IQR 26-43) and Mental Component Score of 45.4
(IQR35-53) compared to the matched general Dutch population which had a median 48.3
(IQR 38-54) and median 54 (IQR 47-58) respectively. This difference was significant for
both PCS and MCS (p< 0.001).

SF-36 HRQol subdomains

The different subdomains also exhibit a statistically signifi-cant lower SF-36 score com-
pared to the general Dutch population (Table 8.2).
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Table 8.2 SF-36 scores of Sepsis Survivors compared to general Dutch population

Median SF-36 scores
Matched General Dutch
SF-36 Domains Sepsis Survivors N =567 |Population N =567 P
Physical functioning (PF)N =553 (38.9 (15-75) 80 (55-90) <.001
Role functioning Physical (RF) N =
520 0 (0-50) 100 (25-100) <.001
Role functioning Emotional (RE) N
=509 66.7 (0-100) 100 (66.7-100) <.001
Social functioning N = 563 62.5(38-75) 87.5 <.001
(63—100)
Bodily Pain N =543 63.3 (IQR 35-90) 74 (1QR 51-100) <.001
Mental Health N = 546 72 (IQR 52-84) 80 (IQR 64-88) <.001
Vitality N = 546 45 (1QR 30-60) 70 (1QR 55-80) <.001
General Health N = 532 40 (IQR 20-55) 67 (IQR 50-77) <.001
Physical component score N = 514({33.2 (26-43) 48.3 (IQR 38-54) <.001
Mental component score N =514 |45.4 (IQR 35-53) 54(1QR 47-58) <.001
Figure 8.2 Spider diagram, HR-QOL by age category
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Health related quality of life in sepsis survivors

Sepsis survivors had a median Physical Component Score (PCS) of 32.9 (IQR 26-41) and
a median Mental Component Score (MCS) of 45.1 (IQR 35-53) (Table 8.2). When PCS is
divided per age category, older respondents have significant worse scores compared to
younger respon-dents (p<0.001). MCS did not differ throughout the different age groups
(p = 0.970). Sepsis sur-vivors scored lowest for the Role Functioning Physical domain
(median: 0.0, IQR 0-50) and the highest for the Mental Health domain (median = 72,
IQR = 55-84). Physical Functioning, Role Functioning Physical, Role Functioning Emotional
and General Health exhibit an overall decline with increasing age: (p < 0.001, p = 0.025,
p < 0.001 and p = 0.022 respectively) (Fig 8.2).

Secondary outcome: What are contributing factors for decreased HRQoL

Age & sex

Bivariate analysis showed a significant, negative effect of age on the PCS (p = .002).
The MCS however was not significantly affected by age (p = .765). Female sex was also
associated with a small but significantly worse score on the PCS (p = .024), but likewise
not in the MCS.

Length of stay and ICU versus hospital admission

ICU admission was not significantly associated with MCS or PCS scores (p = .063 for the
PCS and p = 0.349 for the MCS). The total length of stay (including ICU days) was sig-
nificantly associated with both MCS and PCS: an increase in length of stay resulted in a
significant decrease in the PCS and MCS with p < .001.

Comorbidities and the effect on quality of life

A Charlson Comorbidity Index (CCI) > 3 was significantly associated with a lower PCS
score (p < .001), patients with a CCl 0-3 had a median score of 33.4 (IQR 26-43) com-
pared to a median score of 30.2 (IQR 23-35) in patients with a CCl > 3. MCS was also
significantly associated with CCl (p = .039). Patients with CCl > 3 had a median score of
41.9(IQR 32-51-51) compared to patients with a CCl score of 0-3 with a median score of
45.7 (IQR 35-54). Chronic (Obstructive) pulmonary disease, heart failure and diabetes all
had a significant nega-tive effect on the PCS compared to patients without comorbidity.
The effect on MCS was not significant, except for patients with diabetes, who had a sig-
nificantly worse median MCS of 41.7 versus 45.7 in patients without diabetes. Strikingly,
malignancy (in the past 5 years) showed no significant effect on either PCS and MCS in
the mann-whitney u test (p =.18 and p = .52 respectively).

Organ dysfunction and sepsis severity

Patients with Central Nervous System (CNS) organ dysfunction had a median MCS of
42.6 (IQR 31-52) versus 45.6 (IQR 36-54). CNS organ dysfunction was negatively associa-
ted with a lower MCS (p < .001). Other differences in organ dysfunction such as renal or
pulmonary dys-function did not show significant effects on either the PCS or MCS.
Sepsis severity studied by performing a Mann Whitney U test comparing patients with
sepsis alone (SEP 2 definition) to the more severe forms (severe sepsis and septic shock).
For the PCS, the group with sepsis alone had a median PCS of 34.0, whereas patients
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with more severe forms of sepsis had a median PCS of 31.8. This was a significant diffe-
rence with a p-value of .044.

The median MCS is in the group with sepsis was 44.3, compared to 45.6 in the group
with more severe sepsis, which was not significantly different (p-value = .65)

Regression model

As stated before, all independent factors with a significant association were then studied
in a linear regression model. For the PCS the following parameters were entered in the
multiple regression model: age, sex, heart failure, diabetes, chronic pulmonary disease,
sepsis severity and total length of stay. In the regression model, sepsis severity did not
show a significant association with PCS with a p-value of .79 and was therefore excluded
in the final model. Dia-betes also did not show a significant association with a p-value of
058 and was excluded. The final model is displayed in Table 8.3. Age is negatively asso-
ciated with PCS. For every year increase in age, the PCS decreased -0,14 (95%Cl -.20 to-
0.08). Female sex showed a negative association with PCS, with a decrease of 1.93
(95%Cl -3.42 to— 0.44) point on the PCS for females compared to males. A history of
heart failure resulted in a decrease of 3.99 (95%Cl -6.62 to -1.37) points on the PCS.
Chronic pulmonary disease had the greatest effect on the PCS, with a decrease of 4,38
(95%Cl -5.99 to -2.77).For MCS, sex, length of stay, diabetes and CNS organ dysfunction
were entered in the model. Sex did not show significant association in the regression
model and was excluded in the final model. The final model is displayed in Table 8.4.
The presence of CNS organ dysfunction during the admission was associated with a
decrease of the MCS of 2,56 points (95%Cl -4.68 to -.45). Having diabetes also decre-
ased MCS, with 2.59 points (95%Cl -4.46 to -.73) Length of stay was also negatively
correlated, for every day in the hospital the MCS decreased with .28 points (95%ClI
-4.46 t0 -.73)

Table 8.3 Linear regression: Factors associated with the physical component score

Unstandardized 95% Standardized P-
regression Confidence regression value
coefficient interval coefficient
Final Age -0.14 -.20to -.08 -.15 .000
model®
Seks -1.93 -3.42to -.44 -.09 .011
Heart failure -3.99 -6.62 to -1.37 -.10 .003
Chronic Pulmonary | -4.38 -5.99t0-2.77 | -.18 <001
disease
Length of stay -.023 -.33to0-.12 -.14 <.001
(total)

Variables entered in the equation stepwise were age, sex, heart failure, diabetes, chronic pulmonary
disease, sepsis severity and total length of stay. Variables with a p-value < .05 were included in the final
model.
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Table 8.4 Linear regression: Factors associated with the mental component score

Unstandardized 95% Standardized P-
regression Confidence regression value
coefficient interval coefficient
Final CNS organ -2.56 -4.68 to -.45 -.08 .018
model® dysfunction
Length of stay -.28 -,40to -,17 -.17 <,001
(total)
Diabetes -2.59 -4.46to -,73 -.09 .006

Variables entered in the equation were sex, length of stay, diabetes and CNS organ dysfunction.
Variables with a p-value < 0,05 were included in the final model.

DISCUSSION

In this study on Health Related Quality of Life in sepsis survivors we investigated HRQoL
by analyzing SF-36 questionnaires returned 28 days after discharge by sepsis survivors
who were transported by ambulance to the ED. We found that sepsis survivors, 28 days
after discharge had a significantly worse HRQoL compared to the Dutch general popula-
tion. This negative effect was more evident for the physical partof the HRQoL compared
to the mental part. In line with previously published data?', we found a decrease of the
physical component score (PCS) with increasing age. Regarding the clinical and vital
parameters associated with HRQoL in sepsis survivors, our findings showed that the total
length of stay (hospital and ICU length of stay combined), comorbidity such as heart
failure and chronic pulmonary disease have a sig-nificant negative association with the
physical component of the HRQoL.

The mental component score in our cohort was significantly associated with length of
stay, but not age or sex. Of other factors described in literature, only diabetes and CNS
organ dys-function showed a significant, negative association with the mental component
of HRQol.

Our findings regarding the decreased HRQoL in our cohort of sepsis survivors, is similar
to those of studies conducted in ICU sepsis survivors [2, 6-10]. Our results indicate that
this neg-ative effect tends to be greater for the domains regarding the physical compo-
nent compared to the domains regarding the mental component.

Previous studies which compared quality of life of ICU sepsis survivors to the General
French population [10], Scottish population [8], U.S. population [9] and Dutch population’,
show similar results. The fact that we found similar results in our study population, sug-
gests that these effects can not only be attributed to the ICU admission, since only a small
propor-tion of our study population was admitted to the ICU.

These studies also consistently show that not all of the domains are always negatively
affected. Heyland and colleagues [9] compared the quality of life of 30 ICU sepsis survi-
vors to the general US population, at discharge and two weeks after discharge. They
found that the components related to physical and social function were lower than the
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US population, but Bodily Pain, Role Emotional, Mental Health and Mental Component
score were not signifi-cantly lower. Another explanation why the MCS seems less affec-
ted by sepsis, may lie in the so called response shift. Response shift is defined as a change
in a person’s perception of his own quality of life due to recalibration, reprioritization or
redefinition of a person’s value of a ‘good’ quality of life which can occur after an expe-
rience of hardship?. Thus this may explain why subjective measures seem to be mini-
mally affected by sepsis. This might also explain the effect that we found septic shock
survivors to be 2.5 times more likely to have a good Role Functional Emotional score
compared to (uncomplicated) sepsis survivors. Granja and colleagues % assessed HRQoL
by using the EuroQol five dimensions (EQ-5D) question-naire and found that sepsis sur-
vivors (septic shock and severe sepsis combined) have fewer problems on the depression
and anxiety dimension compared to survivors of other critical illness.

Factors influencing PCS

For our secondary outcomes we observed that hospital length of stay and comorbidity
such as heart failure, chronic pulmonary disease negatively affect the Physical Component
Score. An association between pulmonary dysfunction and decreased quality of life are
provided by sev-eral studies '°. In regards to the negative association of hospital stay and
HRQolL, length of stay has been described to be a risk factor for impaired Physical Func-
tioning ?. Further-more, there is evidence that bed rest may lead to muscle wasting®.

Female sepsis survivors were found to have a lower physical component score of the
HRQol in our study, even after correcting for other factor such as age. We found no ex-
planation for this difference, however studies on other subjects also found women to
have lower general HRQoL than men, without an explanation for this phenomenon.
Although some studies suggest that this difference might be caused by sociodemogra-
phic differences, no definitive explanation for this effect is known?%.

Factors influencing MCS

We found that central nervous system dysfunction and diabetes t both have a negative
effect on the Mental Component score. Previous literature about the association between
delirium an HRQol are not consistent. Prior mental status has a negative effect on im-
paired quality of life as seen in the study conducted by Davydow and colleagues*.
However, Boogard and colleagues?®' suggest that other factors associated with delirium
instead of delirium itself may explain overall lower SF-36 scores as they found that pa-
tients with delirium exhibit no significant difference in HRQoL compared to patients
without delirium. We found that diabetes mellitus had a negative effect on the Mental
Component Score. There is evidence that the negative effect of diabetes on HRQol is
not due to the duration and type of diabetes itself, but that secondary complications,
demographical and psychosocial factors have a negative effect 323334,

Our findings regarding the impaired Health Related Quality of Life after sepsis and the
associated clinical parameters, give us leads for possible interventions to ensure a better
HRQoL. Interventions are important since HRQoL has a big impact on patients life for

example in personal relationships [30] or might also be a financial burden®. One study
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protocol regarding a double-blinded randomized controlled trial analyzing the effect of
a multidisciplinary intervention in sepsis survivors has been published. Data has yet to

be published *.

Strengths and weaknesses

Our study contains several strengths. Firstly, the overall number of returned SF-36 ques-
tionnaires are relatively high compared to other studies -8 %37, To the best of our know-
ledge we have the largest sample of sepsis survivors who were timely recognized and
treated by trained medical personnel. Moreover we are also the first to study HRQoL of
sepsis survivors transported to the ED by ambulance, thus not restricted only to patients
admitted to the ICU. Several other studies have compared quality of life to the general
population and to our knowl-edge only one study used the adult general Dutch popu-
lation”. What differentiates our study compared to Hofhuis and colleagues is that we used
a large sample of the norm popula-tion which we matched by age and sex. Additionally,
the patients included in this study come from different cities from the Netherlands inclu-
ding both urban and rural areas. Therefore a possible bias in quality of life due to a urban
or rural setting was avoided®. Lastly, the SF-36 questionnaires were all self-administered
in contrast to some studies which administered the questionnaire via telephone. Patients
in phone interviews have a tendency to give socially desirable answers in contrast to
patients who fill out the questionnaires themselves, possibly due to perceived anony-
mity 3% Thus self-administered questionnaires may portray more accurate answers.

Our study also holds several limitations. Firstly, we did not have a baseline measure of
HRQolL, thus firm conclusions regarding impaired HRQoL solely influenced by sepsis can-
not be made as several factors such as patient characteristics and premorbid quality of
life may affect HRQoL*'. Although the data of sepsis survivors was matched for age and
sex, we were unable to match for comorbidities in the general Dutch population as this
information was not available. However, previous studies have consistently shown that
survivors of other acute illnesses also have a lower HRQoL when compared to the gene-
ral population® 4,

Second, another limitation of our study is the lack of follow-up. Measuring the HRQoL
one month after discharge gives the patient little time to recuperate. We chose this short
time span, contrary to other HRQolL studies as other sepsis studies focused exclusively
on ICU patients?. In our study population, 9,4% of patients were admitted to the ICU'2.
Therefore our study population was less severely ill which made us choose shorter follow-
up period as they might require less time to recover. This is supported by the median
duration of hospitalization of 5 days. Our study shows that even in patients not admitted
to the ICU, the effect on PCS is still large, albeit relatively short after admission.

Third, at the time of inclusion of patients in this study, the SEPSIS-2 criteria were still the
gold standard, which have nowadays been replaced by the SEPSIS-3 criteria, which would
mean that our sample size would have been less if patients were included according
to the new criteria as these are less sensitive than the SEPSIS-2 criteria®®. However, the
fact that patients who were included by using the more sensitive SEPSIS-2 criteria still
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suffer from decreased HRQoL, underlines the fact that this diminished HRQoL might be
even worse if patients were to be included by using the SEPSIS-3 criteria.

Our sample was not completely representative of all patients in our study, as patients that
returned the questionnaire had a significantly lower CCl compared to patients that did
not return the questionnaire. However, earlier studies (8-10) have already focused on the
group of patients most severely ill (those in ICU), and show similar conclusions.

CONCLUSION

In a cohort of sepsis-survivors, 28 days after discharge, we found that HRQoL is conside-
rably lower than the general Dutch population. This effect is most profound on the
Physical Component Score. Length of stay and comorbidity, especially heart failure and
chronic pulmonary disease, are significantly associated with a lower HRQoL in the physi-
cal domain. HRQolL.
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TO THE EDITOR

Global sepsis incidence and mortality, what’s in a name?

On January 18th, the report from Rudd et al1. was published, reporting the global burden
of sepsis incidence and mortality. This report was widely circulated and has led to a lot
of media attention, demanding more effort to be put into sepsis reduction. However, in
our opinion, some questions can be raised if the current message is really helping the
patients that are suffering and dying from infectious disease.

First, as the report states, sepsis can only be an intermediate cause of health loss, meaning
that a underlying cause will always be present. As is stated in the results, the most common
underlying cause of (probable) sepsis was diarrhoeal disease, with 9.21 million cases in
2017. In addition, the most common underlying cause of sepsis-related death was lower
respiratory infection with 1.9 million sepsis related deaths in 2017. Both these diseases
are already known to cause very large morbidity and mortality seven years ago, in 2013,
WHO and UNICEF already introduced the Integrated Global Action Plan for Pneumonia
and Diarrhea (GAPPD)2 to end preventable Child Deaths from diarrhea and pneumonia.
In this plan, evidence based interventions are promoted such as exclusive breastfeeding,
vaccinations, ORS and implementation of simple standardized guidelines for identifica-
tion and treatment of pneumonia and diarrhoea. Similar (WHO) campaigns already exist
targeting newborn health, malaria, HIV and tuberculosis. Of course, some of the inter-
ventions for these diseases overlap, such as ameliorating access to health care, but others
are rather specific, such as HIV medication, or vector control approaches for reduction
of the transmission of malaria

Second of all, the authors state that sepsis requires only the suspicion of infection, refe-
rencing the definitions in 1992. However, since then, several studies have raised concern
that about one third of the patients with suspected sepsis do not, in fact, suffer from an
infectious disease **. Others have raised concern that the emphasis on the suspicion of
sepsis leads to overuse of antibiotics¢’. In addition, the benefit of early administration
of antibiotics has not been firmly established, because many studies reporting benefit
are retrospective and at a high risk of bias, and there is a lack of prospective data®.
The only prospective randomized control trial of early antibiotic treatment did not find
a beneficial effect on mortality, but its external validity is limited due to a small number
of patients with septic shock®.

Summarizing, some of the root causes of death by infectious disease, such as diarrhoeal
disease and malaria are already targeted by evidence based-programs. It is unclear to
us how adding the label sepsis to these already known problems will aid the patients
suffering from these diseases.

The authors state in their discussion that all sepsis patients, regardless of underlying
source have a shared need for acces to basic acute care services, such as timely and ap-
propriate antibiotic administration, microbiology facilities and capacity for organ support.
However, how does early appropriate antibiotic treatment benefit a patient with malaria,
if we are not thinking about the cause of his or her disease? And since the evidence on
optimal timing for antibiotics is conflicting, and concerns do exist about overuse, should
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we not focus on the underlying disease and establishing evidence based treatment for
that specific disease? A disease does not change by changing the name. The way forward
for better treatment in cancer medicine turned out to be precision (molecular) medicine,
and not research targeting all cancer patients as a collective. As Shakespeare pointed
out ‘That which we call a rose, by any other name would smell as sweet'. Let us just call
the disease by its name, and acknowledge the effort that already has been made on
targeting diarrheal disease, pneumonia, malaria and HIV, and what still needs to be done
for other infectious diseases.
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SUMMARY

Who has sepsis? Of all patients in the emergency department, approximately 20% pre-
sent with a serious infection, and approximately 3% present with sepsis.” Even if these
numbers might be different between countries and settings, it immediately makes it clear
that a physicians in acute care will see many more patients with an infection, without
direct threat to life, than patients with sepsis. How do we find out which patients has
sepsis? In this thesis, we started out by studying the components of sepsis. In part one,
we studied the accuracy of risk stratification scores, using organ failure to predict threat
to life. In part two we studied how accurately we identify infections in the ED. And in part
three we focus on the bigger picture; what is the impact of severe infections on our
patients’ lives.

Part one: Identifying threat to life

Before starting the diagnostic trajectory in a patient with suspected infection in the ED,
we gauge if the situation of the patient is serious or not. If we think the patient’s life is in
danger, it influences our diagnostic and therapeutic strategy. For example, if a patient
has a very severe pneumonia, we give more extensive antibiotic coverage than if the
patient has pneumonia but is up and about (‘walking pneumonia’). But how do we know
the patient’s life is in danger? For this purpose, all kind of risk stratification scores have
been designed. Some scores were designed for specific diseases. The best example is
the CURB-65. It has been extensively studied in pneumonia and is incorporated in guide-
lines and daily practice. However, to avoid having to use several different disease specific
scoring systems, generic early warning scores were designed. These scores mostly used
aggregated data. Points are allocated in a weighted manner, based on the derangement
of a predetermined set of patient vital signs from an agreed “normal” range. The sum of
the allocated points is aggregated and used to indicate a patient’s severity of illness.
Starting in the zero's, several aggregated early warning scores were designed, refined
and studied in different settings, and in 2015 over 36 EWS existed with variable success
rates. In chapter 2 we evaluated the performance of 24 risk stratification scores that are
used in the Emergency Department. The outcomes that were most frequently used were
30 day mortality, ICU admission or a composite of both. We studied overall performance,
and performance in patients with suspected infection or pneumonia. For the outcome of
30 day mortality in the overall ED population NEWS performed best for most outcomes,
although in patients with infections, the MEDS performed better, with an AUROC varying
from poor to good 0.674 - 0.82. Since gSOFA was only introduced in 2016, and this re-
view was performed in 2017, limited evidence was available to assess its acuity in the
review in 2017.

Therefore we designed a prospective study to compare the performance of gSOFA to
NEWS, MEWS and SIRS in the emergency department, in patients with suspected infec-
tion. This study is described in chapter 3. The entry criteria for this study were broad, since
we wanted to address the applicability in the whole ED population with suspected in-
fection, not just the sickest subset. We compared the generic scores of NEWS (=5) and

"Wang HE, Jones AR, Donnelly JP. Revised National Estimates of Emergency Department Visits for Sepsis
in the United States. Crit Care Med. 2017;45(9):1443-1449. doi:10.1097/CCM.0000000000002538
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MEWS (=3) and gSOFA =2, and also included SIRS ( 22, ) as a comparison, to predict
30 day mortality. The results, described in chapter 3 indicate that the NEWS score showed
favourable results for predicting 30-day mortality with an AUROC of 0.740 (95% Confi-
dence Interval 0.682-0.798). NEWS= 5 also showed the highest sensitivity of 75,8% for
predicting mortality with a specificity of 67,4%. In comparison with NEWS, gSOFA had
a lower AUROC of 0.689 with a very low sensitivity 17.7 (9.2-29.5) at the conventional
cut-off =2.

However, the differences between EWS systems are small, and the ease of calculation and
implementation should be taken into account when choosing the appropriate approach.
Just like every scoring system, it is important to know the limitations of the system, when
interpreting the values. For example, the MEWS, which is implemented in Amsterdam
UMC, is known to be very sensitive for changes in respiratory rate, leading to frequent
false alarms in patients with underlying respiratory disease such as COPD. Separate
scoring systems have been developed for specific groups, like CREWS (Chronic Respi-
ratory Early Warning Score) for lung patients and MOEWS ( Modified obstetric early
warning scoring system). However, in the ED it is much easier to implement 1 score, than
to implement 10 scores for 10 specific patient groups. However, in a respiratory ward,
the implementation of a score such as CREWS will be more suitable and will lead to less
false-alarms. We have to balance between ease of use and acuity. Therefore it is impor-
tant to keep in mind that the sensitive cut-offs that we propose in the article are suitable
for an ED environment, but will lead to many false alarms.

Summarizing, since the overall acuity of scoring systems is only moderate, we will inevi-
tably be wrong about risk stratification in quite a large number of patients. How many
false alarms can we accept to find one critically ill patient? In the ED environment, we
choose to err on the side of caution, and we therefore searched for a sensitive cut-off.
The inherent downside of this approach is that many patients will classified as critically
ill, when their situation is really less severe.

Part two: Diagnosing infections in the Emergency Department

At the surface, diagnosing infection seems easy. However, many conditions can mimic
infections. For example pulmonary embolism and pneumonia can both present with
dyspnea, elevated temperature and tachycardia, but require very different treatments.
Pancreatitis often causes abdominal pain and fever, but is not usually caused by an infec-
tion. On the other side is that many patients have atypical presentation of infections,
especially those with an altered immune system. With the implementation of the survi-
ving sepsis campaign, the perceived impact of missing an infection changed. Since the
Kumar study ?, the message was spread that every hour that antibiotics were delayed the
mortality would increase with 7,6%. It became common practice to start broad spectrum
antibiotics early if any infection was suspected, leading to concern about the increased
use of antibiotics and the associated rise in antimicrobial resistance®. In 2012 we wanted

2 Kumar et al Duration of hypotension before initiation of effective antimicrobial therapy is the critical
determinant of survival in human septic shock. Crit Care Med. 2006 Jun;34(6):1589-96. doi: 10.1097/01.
CCM.0000217961.75225.E9. PMID: 16625125.

3 Fitzpatrick F, Tarrant C, Hamilton V, et al Sepsis and antimicrobial stewardship: two sides of the same
coinBMJ Quality & Safety 2019;28:758-761.
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to evaluate the surviving sepsis campaign in the Albert Schweitzer Hospital. We wanted
to know how many patients that we treated for suspected sepsis with antibiotics, actu-
ally had sepsis. Because we studied patients that were given antibiotics for (suspected)
sepsis, we wanted to answer the underlying question; how many have objective eviden-
ce of a bacterial infection? In chapter 4 we describe how we classified patients in to
microbiologically proven infection, probable bacterial infection, and absence of bacte-
rial infection. In about one third (36%) of the patients, bacterial infection was confirmed,
and in another 35 %, bacterial infection was likely. In the group without bacterial infection,
the most prevalent condition was exacerbation of COPD. Antibiotics were discontinued
in 32% of patients without bacterial infection, mostly in patients with an alternative (viral)
diagnosis. The uncertainty in diagnosing infections is corroborated by studies targeting
diagnostic uncertainty in urinary tract infections and pneumonia. In pneumonia, studies
have found evidence that of patients admitted with pneumonia, this diagnosis was main-
tained in only ~ 60 % of the patients ** For urinary tract infection, only 40% of patients
treated in the ED for presumed UTI had clinical or microbiological evidence of this infec-
tion.¢ Even in intensive care unit, a study found that 13% of patients treated for suspected
sepsis had a post-hoc- likelihood of infection of none, and another 30% had a classifica-
tion of only probable ”:

Another important finding in this chapter is that only 26 of the 269 treated patients had
hypotension or shock. It is key to remember that the 7,6% of mortality found by Kumar
was based on a patient series that included only patients with septic shock. Our evaluation
of practice in a single-center indicate that despite this limitation, early antibiotic treat-
ment was used extensively in patients with a much milder clinical picture. Although the
findings in this chapter are in line with other studies, its validity is limited because the
data are relatively old, and from a single center. Both might have considerable influence
on antibiotic practice and duration.

In chapter 4 diagnosing a viral disease was a reason to discontinue antibiotics in a sig-
nificant subset of patients. We hypothesized that rapid confirmation of a viral infection
can be a valuable addition in the diagnostic process. However, how good are we in re-
cognizing viral infections, such as influenza in the ED? During the 2017-2018 epidemic
of influenza, no clear guidance was available which patients needed testing before hos-
pital admission. In Amsterdam UMC, location VUmc, a local protocol was implemented
to guide testing in patients that need hospitalization. In chapter 5 the protocol was eval-

5 Sikka R, Tommaso LH, Kaucky C, Kulstad EB. Diagnosis of pneumonia in the ED has poor accuracy de-
spite diagnostic uncertainty. Am J Emerg Med. 2012 Jul;30(6):881-5. doi: 10.1016/j.ajem.2011.06.006. Epub
2011 Aug 19. PMID: 21855251.

¢M. Kanwar, R. Brar, R. Khatib, M.G. Fakih Misdiagnosis of community acquired pneumonia and inappro-
priate utilization of antibiotics: side effects of the 4-hour antibiotic administration rule CHEST, 131 (2007),
pp. 1865-1869

’Shallcross, L.J., Rockenschaub, P., McNulty, D. et al. Diagnostic uncertainty and urinary tract infection in
the emergency department: a cohort study from a UK hospital. BMC Emerg Med 20, 40 (2020).

Klein Klouwenberg PM, Cremer OL, van Vught LA, Ong DS, Frencken JF, Schultz MJ, Bonten MJ, van der
Poll T. Likelihood of infection in patients with presumed sepsis at the time of intensive care unit admission:
a cohort study. Crit Care. 2015 Sep 7;19(1):319.
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uated. The protocol was based on the case-definition of influenza of the National institute
for Public Health and Environment (RIVM- LCl richtlijn). We studied if clinical symptoms
could be used to predict the outcome of influenza. The typical symptoms of influenza,
such as myalgia were present in only a small number of patients with influenza. Com-
plaints that are less specific, such as coughing and fever were found often in influenza
patients, but are also frequently found in other conditions. In our patients, clinical sym-
ptoms could not reliably separate patients with influenza from patients without influenza.
Even though we combined the symptoms in several ways, total accuracy was around
~65%. Part if this can be explained by selection bias, since patient that need hospitali-
zation are often comorbid and older, which is associated with atypical presentations of
diseases. However, since this is exactly the population that needs admission, it is impor-
tant to test for influenza in all patients with respiratory complaints that need hospitaliza-
tion, during an influenza epidemic. In patients with fever, without an obvious explanation,
testing should also be considered. While working on this piece, the updated 2018 IDSA
guidelines were published in December 2018. In this guideline it is recommended to test
any patient with respiratory symptoms that is hospitalized. The recommendation is based
on research with similar findings, and it emphasizes that in patients needing hospitaliza-
tion, clinical signs are unreliable.

However, even if we confirm that a patient has a viral infection, a bacterial co-infection is
often suspected. We decided to study bacteremia and procalcitonin in a population of
patients with suspected infection, during a viral epidemic. In these patients, the treating
physician ordered both a blood culture and a rapid viral test. We hypothesized that in
these patients, the treating clinician was facing diagnostic uncertainty. In addition, we
thought that if patient has a proven viral infection, this lowers the prior chance of also
having a bacteremia, based on the one-disease principle. In chapter 6 we describe the
results of our observational study. We found a significant lower percentage of bacteremia
in patients with a viral infection (3.8% bacteremia) versus patients without a viral infection
(11.7 % bacteremia). In the patients with a viral infection, all that had bacteremia also
had a procalcitonin = 0,5 pg/L. Therefore, in patients with a positive viral test, a procal-
citonin of < 0,5 pg/L ruled out bacteremia. However, in patients without a viral infection,
the cut-off = 0,5 pg/L was unacceptable due to limited sensitivity. With a lower cut-off
<0,25 pg/L, the sensitivity improved. All patients with a false negative procalcitonin of
<0,25 pg/L had a short duration of symptoms. These results help us understand how we
can use procalcitonin in Emergency Department. If we integrate the result with our other
test results, we can adapt the cut-off and avoid overuse of antibiotics in patients with an
alternative explanation of their symptoms. However, in patients with a short duration of
symptoms, and in patients in whom bacterial infection is the most likely diagnosis, pro-
calcitonin should be interpreted with caution.

To confirm bacterial infection, blood cultures are a vital diagnostic tool. The surviving
sepsis guidelines, next to mandating early antibiotic treatment and fluid resuscitation,
also suggested taking blood cultures in any patient with suspected sepsis. However,
only around 10-12 percent of blood cultures performed in the Emergency Department
are positive. In chapter 7 we explored how machine learning could be used to design
an algorithm that would estimate the probability of bacteremia (true positive cultures).
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We found two machine learning models using information that would typically be avail-
able at the end of an ED visit. Both models show comparably good performance in pre-
dicting BC results with AUROCs of 0.77 (95%-Cl = 0.73-0.82) in the test sets. The models
can identify patients in the ED with low risk for bacteraemia. Since we have few tools
available in the ED to help us estimate the chance of bacteremia, this machine learning
model might be a helpful addition. However, further refinement, testing and incorpora-
tion in clinical practice is needed.

In summary, in part 2 we learned that diagnosing infection in the emergency department
is hard and has a high degree of diagnostic uncertainty. Rapid viral tests and procalcito-

nin can be used to reduce diagnostic uncertainty. We need to be incorporate them in our

diagnostic reasoning, in order to reduce antibiotic overuse. Machine learning algorithms
can help us estimate the probability of bacteremia, which might be a useful adjunct, but
further studies are needed for clinical translation.

Part three: Sepsis and the bigger picture

For patients, infections can have serious and lasting impact on their functioning and the
impact on the quality of life can be enormous. The patients that were included in the
Phantasi trial, were sent a survey of the quality of life (SF36), 1 month after discharge from
the hospital. The results, discussed in chapter 8, show decreased scores of quality of life
in sepsis survivors compared to matched controls. The absolute decrease was larger on
the physical component score, than on the mental component score. Although this study
was interesting, the analysis had quite a few limitations. First of all, the comparison cohort
was matched only on age and sex, not on comorbidity. Secondly, it might have been more
interesting to compare our patients to other patients that were recently hospitalized, or
ideally, to follow our patients over time. Unfortunately, these data were not available.
The long-term sequelae of sepsis outside the ICU have been poorly studied. A study in
older people found that severe sepsis was independently associated with substantial
cognitive impairment and functional disability among survivors®. A review on recovery
after sepsis? pointed out we need to provide better follow-up, to detect functional de-
terioration and to avoid readmissions. However, we still have much to learn in this area,
since long-term complaints after sepsis are poorly understood.

In chapter 9, the global burden of sepsis is discussed. According to the report in Lancet
an estimated 48-9 million (?5% confidence interval 38:9-62-9) incident cases of sepsis
were recorded worldwide in 2017'°. About 1 in 5 deaths globally, was ascribed to sepsis.
In a letter to the editor, we discuss if we really help our patients if we attach the word sepsis
to these deaths. Sepsis is always an intermediate cause of death, since the root cause is

8 lwashyna TJ, Ely EW, Smith DM, Langa KM. Long-term cognitive impairment and functional disability
among survivors of severe sepsis. JAMA. 2010 Oct 27;304(16):1787-94. doi: 10.1001/jama.2010.1553. PMID:
20978258; PMCID: PMC3345288.

? Prescott HC, Angus DC. Enhancing Recovery From Sepsis: A Review. JAMA. 2018 Jan 2,319(1):62-75. doi:
10.1001/jama.2017.17687. PMID: 29297082; PMCID: PMC5839473.

10 Rudd, Kristina E et al.Global, regional, and national sepsis incidence and mortality, 1990-2017: analysis
for the Global Burden of Disease Study The Lancet, Volume 395, Issue 10219, 200 - 211

182

an infection. The sepsis guidelines focus around early recognition of sepsis, early anti-
biotic treatment and fluids, and measurements. Most of the mortality caused by infection
in the article is caused by pneumonia and diarrhoea in low-middle income countries.
The solution to these problems does not lie with implementation of the SSC. Rather, it
lies in combatting malnutrition, assuring access to clean drinking water, better access
to preventative measures (malaria nets, vaccinations) and better access to healthcare.
Do we need a new name to properly address these problems? The solution to most cases
of sepsis still relies on accurately diagnosing and treating the underlying infection. By
changing the name of the disease, the nature of the disease is not changed, nor is the
treatment.

Overall, as we have seen in the chapters before, recognizing sepsis is difficult because
the items that sepsis consists of, are difficult to measure. Since diagnosing infection has
quite a poor accuracy and diagnosing organ dysfunction also has limited accuracy, ad
ding them up can only lead to an imprecise result. As long as we cannot reliably mea-
sure our input variables (infection and organ dysfunction leading to threat to life), what
does the outcome of the equation (sepsis) really mean to us? This question is the starting
point for the general discussion.
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GENERAL DISCUSSION

Sepsis and its place in the Emergency Department

From the summary it has become clear that measuring sepsis and its components in the
Emergency setting is difficult and imprecise. If we cannot reliably diagnose sepsis in the
emergency department, then how should we approach the syndrome of sepsis? Just be-
cause the syndrome of sepsis is difficult to recognize in the ED, it does not mean that the
concept is not important. The interplay between infection and sepsis can be envisioned
as a large mountain, with perpetual snow on top. The snow on top represents the sepsis
cases. As we ascend the mountain, the threat to life increases. Some parts of the mountain
lie in the shadows which is metaphorical for the (dys)regulated host response. On the
slopes, it is important to figure out which path (source of infection) the patient was on
before she ended up on the slope. Because these patients generally have little organ
dysfunction, the organ dysfunction is not the first priority. Thus, in the emergency depart-
ment, we spend way most of our time finding the path across the mountain slopes than
and we spend time in the snow. However, ICU physicians spend most of their time in the
snow, and do not always have the time to see which path led the patient up the mountain.
As we enter the snow, the priority shifts. In the ICU, the organ dysfunction is usually so
severe that the first priority lies with stabilizing the patient, instead of finding the exact
source of infection.

How should the concept of sepsis be approached in the Emergency Department? Should
we focus on the snow, or on the mountain underneath? In the next section, we will pro-
pose how the concept of sepsis can be approached from the research, clinical and pa-
tient perspective.

Sepsis and research in the Emergency Department

As a researcher, the problem of the concept of sepsis is that diagnosis and severity are
intertwined in the sepsis definition. For research purposes, a pragmatic approach is to
separate diagnosis from severity. In many condition that we treat in the Emergency De-
partment, diagnosis and severity are separated. For example, a patients has a pulmonary
embolism (diagnosis usually by CT-PA) , and the severity is then classified by a validated
severity score (PESI or sPESI). Both diagnosis and severity can be related to prognosis,
but to create cohorts for treatment, we need to know if the patient has the diagnosis of
interest, before stratifying for severity.

Given the degree of diagnostic uncertainty that was described in this thesis and other
literature, our first priority should be to improve the diagnosis of infection in the Emer-
gency Department. To reduce diagnostic uncertainty, we need to study new, fast micro-
biological techniques and translate them from bench to bedside. We have to optimalize
the use of biomarkers by integrating the result in clinical reasoning. We might be able
to use machine-learning to support our decision making.

In other words, we need to study suspected infection in the emergency department,
before we can study sepsis. We need innovative study designs that combine diagnostic
markers with clinical reasoning to improve the performance and clinical applicability of
diagnostic tests.
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Figure 10.1, concept of sepsis visualized as a mountain
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On severity: selectivity versus generalizability

Most of the patients with infections that need admission will be admitted to general wards.
In both chapter 2 and 4, around ~ 90% of the patients that needed admission were
admitted to general wards. If we select only the sickest patients for sepsis studies, we lose
a lot of information. It can result in poor generalizability of study results to other Emer-
gency Department patients. And severity in the Emergency Department is not a static
observation. Some patients might show great improvement in the ED, following some
fluids and/or antibiotics, whereas others might deteriorate despite the same treatment.
Studies on severity in infected patients need to include patients from the whole spectrum
of severity, so we can study the differences between mild infection and severe infections
with organ dysfunction.

In conclusion, we need to separate diagnostic studies from prognostic (severity) studies.
Improvement of the diagnostic process is much needed to reduce diagnostic uncertain-
ty in patients with suspected infection the Emergency Department.

THE CLINICAL PERSPECTIVE: SUSPECTED INFECTION AND EARLY ANTIBIOTIC
TREATMENT

A specific diagnosis trumps the sepsis syndrome

As a clinician, we need to decide if the patients clinical picture is compatible with sepsis
and what the appropriate treatment is. But how is sepsis different from other frequently
encountered infectious diseases in the Emergency Department? If a patient comes in with
sepsis, caused by pneumonia, which of the two is most important for the clinician?
Pneumonia causes 30-50 % of the cases of sepsis and the second most prevalent cause
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is urinary tract infection. That means that any study with sepsis patients, has considerable
overlap with the patient population of pneumonia studies.

Consider the following situation: A patient comes in with shortness of breath, fever, and
an infiltrate on x-ray. The blood pressure is low and the respiratory rate is high. The pa-
tient fulfills the criteria for severe pneumonia (CAP lll), but also for septic shock (SEPIII).
You have 2 guidelines; one on pneumonia, and one on sepsis. What is the best way to
proceed? A brief comparison between the recommendations in the guidelines can be
seen in box 10.1.

Scientifically, we can base our choice on the quality of evidence in the guidelines, and
how much the research included in the guideline is applicable to our patient. One could
also approach the problem in a more philosophical way. If pneumonia is one of the un-
derlying causes of sepsis, why would we classify the patient in a syndromic term of sepsis
if we can use the more specific term? We might also approach the problem on an inter-
personal level. Does communicating the diagnosis of sepsis to the patient, family or team,
confer benefits compared to discussing the diagnosis of pneumonia?

Box 10.1 Comparison of guideline recommendations

topic SSC 2016 IDSA Pneumonia
Guideline 2018
Risk - Pneumonia Severity
stratification Index/ CURB 65
Microbiology Blood + other | Blood cultures,
appropriate sputum cultures
sites (severe cases)
Antibody No guidance | Urinary Pneum AG
testing testing
recommended
(severe cases)
Influenza No guidance | Recommended if
testing high influenza
activity
Fluids 30 ml/kg No guidance
Antibiotic <1 hrof No guidance
timing sepsis (2007: in the ED)
recognition
Antibiotic 7-10 days 5 days
duration
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In pneumonia, the choice seems easy. The pneumonia guidelines recommendations
are widely accepted and the patients included in pneumonia trials are representative of
the patient that we just described. If a disease specific guideline exists, this seems pre-
ferable to using a guideline based on a syndrome. Especially since the SSC guidelines
are the topic of much discussion. And on the interpersonal level, pneumonia is a well-
known entity that is probably better known than the concept of sepsis, since 4 out of 5
people in the Netherlands are not familiar with the term of sepsis.

The sepsis concept is beneficial as a red flag

However, this situation is different if a patient comes with a fever, low blood pressure,
and does not have an obvious source of infection. In these patients, after recognizing the
syndrome of sepsis, we can apply the sepsis guidelines recommendations. It provides
the team with a shared framework about the nature of the condition, the severity of the
condition and the urgency of treatment, even though the exact causes is unknown at that
time. And, for the patient, and those around the patient, it can create clarity, given that
they are familiar with the term of sepsis.

Sepsis, therefore, is a useful term to serve as a red flag in the Emergency department for
patients with diagnostic uncertainty in a time-critical situation. However, it should be clear
that sepsis in itself is not a diagnosis, but a broad term to indicate a serious threat to
health, possibly caused by infection. After clarification of the cause, the disease episode
should ideally be classified by the underlying cause, although in a minority, the under-
lying cause will not be found. These patients are a specifically interesting group for
diagnostic research.

Early antibiotics and antibiotic overuse

If a clinician is faced with suspected sepsis, the first treatment that comes to mind is early
antibiotic treatment. The amount of time that we take to assess the diagnosis and the
severity has been influenced by the golden hour and sepsis guideline recommendations.
However, it is important to realize that the evidence on early antibiotic treatment is strong-
est for patients with hypotension''. The perceived risk of missing an infection seems to
be conflated, whereas the risks of overtreatment are poorly recognized'. For patients
without hypotension, we have to weigh the benefit and risk of early antibiotic treatment.
Estimated rates of unnecessary antibiotic use at the emergency department are between
30-60%" and it has been described as the most preventable cause of antibiotic resistance.
Often, to avoid risk, it is decided to start antibiotics in the ED. It is assumed that later in
the admission, the indication will be reviewed and de-escalation will be considered.

" IDSA Sepsis Task Force. Infectious Diseases Society of America (IDSA) POSITION STATEMENT: Why IDSA
Did Not Endorse the Surviving Sepsis Campaign Guidelines. Clin Infect Dis. 2018 May 2;66(10):1631-1635.
doi: 10.1093/cid/cix997. PMID: 29182749; PMCID: PMC6927848.

'2Singer M, Inada-Kim M, Shankar-Hari M. Sepsis hysteria: excess hype and unrealistic expectations. Lancet.
2019 Oct 26;394(10208):1513-1514. doi: 10.1016/S0140-6736(19)32483-3. PMID: 31657730.

*May L, Cosgrove S, L'Archeveque M, Talan DA, Payne P, et al. 2013. A call to action for antimicrobial steward-
ship in the emergency department: approaches and strategies. Annals of emergency medicine 62:69-77.e2
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However, the best approach of de-escalation of antibiotics in patient on wards is currently
unclear. Even if cultures come back negative, antibiotics are often not stopped. An an-
thropological study found that teams are reluctant to overturn decisions on antibiotic
treatment, and will continue antibiotics once they have been started .

In conclusion, for clinicians, confirming a specific diagnosis like pneumonia gives us more
information and more specific guidelines than the diagnosis of sepsis. The sepsis guide-
line could delineate more clearly for which patient groups other guidelines already exist.
However, the sepsis concept has advantages in patients without a clear diagnosis. It can
serve as a red flag and it creates a shared framework about the nature and urgency of the
condition. However, if we can re-classify the patient to a more specific diagnosis, we should.
If we do not focus on improving our diagnostic accuracy and antibiotic de-escalation, we
have little in hands to battle the overuse of antibiotics.

Box 10.2 Sheila's story, continued (present)

Sheila comes to the emergency department with generalized weakness. In the ED,
Sheila has a low blood pressure of 80/40mmHg and she is not quite alert. Her MEWS
is 4 and her gSOFA score is 2. The sepsis team is alerted and she is rapidly assessed.
Her blood tests show elevated creatinin (135ug/L) levels indicating an acute kidney
injury, and mildly elevated inflammatory markers (CRP 62mg/L).

She is treated with fluids and empirical antibiotics in the Emergency Department.
Her blood pressure improves after 1L of NaCL 0,9% and she is admitted to the ward
for further treatment. Her medication (NSAID & perindopril) is stopped. Although stool
cultures and viral PCR were ordered, they were never turned in. Twentyfour hours after
admission, Sheila is feeling much better and her kidney function has improved.

She asks if she can go home, to her husband. However, she is still on IV ceftriaxone,
and it is decided to keep her in the hospital for another 24 hours, awaiting the blood
culture results. She is discharged after 3 days, on oral ciprofloxacin for a total duration
of 7 days. She is advised to speak to her primary care physician about her medication.

One month later, Sheila develops a urinary tract infection, caused by a ciprofloxacin
resistant E.coli. She develops pyelonefritis and needs to be admitted for 7 days for
IV antibiotic treatment, because there are no suitable oral options.

E Charani, R Ahmad, T M Rawson, E Castro-Sanchéz, C Tarrant, A H Holmes, The Differences in Antibiotic
Decision-making Between Acute Surgical and Acute Medical Teams: An Ethnographic Study of Culture
and Team Dynamics, Clinical Infectious Diseases, Volume 69, Issue 1, 1 July 2019, Pages 12-20
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The patient perspective

To understand the patient perspective, we can only look in, from the outside. Patient ex-
periences are available on the www.sepsisnet.nl and through conversations with patients
it becomes clear that patients are often taken by surprise by the quick deterioration in
sepsis. Awareness of sepsis is limited since many people have only encountered mild or
self-limiting infections. For communication purposes, an overarching term such as sepsis
can be used to create awareness and avoid patient/doctor delays. It can also ensure that
patients have a common language when voicing their concerns with health professionals.
In addition to this, public knowledge on the topic of sepsis might be helpful to draw at-
tention for the long-term complaints that patients experience after sepsis. However, we
must make clear that sepsis is not a diagnosis, but rather a syndrome consisting out of
multiple diseases. As a patient, you want to get the treatment you need, on time. But for
sepsis, it is both unclear how to diagnose it, and it is unclear how to treat it. Sheila’s story
continues in box 10.2.

CONCLUSION AND FUTURE IMPLICATIONS

For research in the Emergency Department, we need to focus on improving the diagnostic
accuracy of suspected infection, before we can accurately identify sepsis. Structurally
searching for viral diseases might improve diagnostic accuracy. Molecular testing and
biomarker need to be embedded in clinical reasoning.

For clinicians, sepsis is a useful construct, to recognize patients with a time-critical con-
dition. It also has benefits in communication. If our patients know that sepsis is a severe
condition that needs timely diagnosis and treatment, we can avoid delays in treatment.
But we have to decide the hierarchy between other infectious diseases and sepsis.
Does a specific diagnosis trump the sepsis diagnosis?

We can parallel the use of the term sepsis to the term cancer. If a patient comes in, with
suspected malignant disease, we try very hard to figure out precisely what type cancer
the patient suffers from. If a precise diagnosis can be made, we should seek it. Therefore
it is not uncommon to delay (chemo)therapy to await diagnostic testing. Precise catego-
risation based on histopathological characteristics and cytogenetics, has proved to be
a very useful way to guide therapy and estimate prognosis. In some patients, despite
the effort that is made, we cannot categorize their illness, and these patients are often
grouped together, for example ACUP (adenocarcinoma of Unknown Primary). Despite the
common characteristics that cancer types have in common, the focus of therapy has not
been to find a cure for all, but rather to find a precise treatment that targets the specific
events in specific tumor types. We should learn from this approach in sepsis, and rather
than continue to find a treatment for all, we should focus on meaningful subcategories.
These should not only be based on convention (eg location) but also on phenotypes,
biomarkers and -omics data.
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Patients need timely treatment, but it should also be the right treatment, for the right
condition. Overuse of antibiotics may cause harm on a personal level, and has greater
repercussion on microbiological resistance. To achieve this, we need:

- A shared research agenda and strategy to improve the diagnostic approach of suspec-
ted infections in the Emergency Department setting.

- A multidisciplinary approach, with representation of (acute) internists, ED physicians,
infectious disease specialists, microbiologists, and critical care physicians.

- A collaborative, nationwide database of patients with suspected infections in the
Emergency department. Many (academic) hospitals already have sepsis databases and
biobanks of patients with suspected sepsis in the Emergency Department. If we colla-
borate, we can improve diagnostic strategies of both common and rare infections.

- Agreement on the hierarchy of sepsis and the underlying infections. If we can diagnose

a specific condition, patient should be included in specific studies, and patients with
unclear diagnosis might be grouped together.
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Maybe in the future, Sheila’s journey will look like this:

Sheila comes to the emergency department with generalized weakness. In the emer-
gency department, Sheila has a low blood pressure, 80/40 mmHg and a high pulse of
110 beats per minute. She is not quite alert. Her MEWS is 4 and her qSOFA score is 2.
The sepsis team is alerted and she is rapidly assessed. Her blood tests show evidence
of an acute kidney injury, as well as signs of mild inflammation (normal leucocyte count
with a moderately elevated CRP).

A rapid biomarker panel showed a low procalcitonin value but elevated biomarkers
consistent with acute kidney injury. Point-of-care ultrasound was compatible with hypo-
volemia, with good cardiac function. During her ED stay, Sheila is closely monitored.
After 1 hour, her response to fluids is re-assessed and the results of the rapid testing
are discussed. After 1 L of fluids, Sheila is alert and her blood pressure has increased
to 100/60 mmHg, which means that her gSOFA score is now 1 and MEWS is 3.

The sepsis team decides to withhold antibiotics, but to repeat the procalcitonin mea-
surement in 6 hours if her MEWS is still =3. Fortunately , 24 hours later, Sheila feels
much better. She says she would like to go home, to her husband and son. Her MEWS
in the morning is 0. Her rapid bacterial PCR was negative and her kidney function is
improving. Her final diagnosis is dehydration and acute kidney injury due to gastro-
enteritis and medication. The diagnosis is discussed with Sheila and her intravenous
fluids are stopped. She will be allowed to go home if she is able to drink enough and
if she mobilizes safely. A follow-up appointment is arranged for 1 week after discharge
to discuss her recovery and her medication. At the follow-up appointment, the admis-
sion is discussed with Sheila, and the effect of her medication on her kidney function
is explained to her. Further follow-up on the blood pressure is arranged through the
primary care physician.
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Infections leading to severe illness and ultimately
death have been described for more than 2000 years,
and have been described by the word sepsis since
Homer and Hippocrates.

With the discovery of antimicrobial therapy and in-
travenous fluid therapy, it was recognized that the
prognosis could be improved, especially if the treat-
ment was started early. After studies confirmed this
finding, screening programs stimulating early antibi-
otic treatment were widely implemented.

However, severe infections and the ensuing organ
failure can present in very diverse ways which makes
accurate screening difficult. In addition, early antimi-
crobial treatment focused mostly on antibiotics, even
though virus infections (and other organisms) can also
cause severe illness. In this thesis, several articles on
the topic of infections in the ED have been brought
together. In part 1, we focus on how we identify seve-
rely ill patients in the Emergency Department. Part 2
focuses on microbiological evidence and recogniti-
on of viral or bacterial infection in the ED. Part 3 is
about the bigger picture. In the discussion, we dis-
cuss how we the concept of sepsis in the ED can be
applied in the ED and what the challenges for the
future are. After all, do we really know what we are
looking for?






