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General introduction

Acute internal medicine focuses on early management of adult patients attending the 

emergency department (ED) with urgent medical conditions. The range of medical 

conditions treated by an acute physician is wide: infectious, hematologic, metabolic, en-

docrine, cardiovascular, respiratory, gastrointestinal, renal, neurological, psychiatric, or 

a combination of problems.1,2 In 2003, acute internal medicine was formally recognized 

as a subspecialty of internal medicine by the Specialist Training Authority of the Medical 

Royal college in the United Kingdom.3 In the Netherlands, acute internal medicine was 

recognized in 2012, which makes it a relatively new medical discipline with a still evolv-

ing research area.4

Acute internal medicine is a distinct specialty from emergency medicine, although these 

disciplines overlap and should collaborate.2 Emergency medicine covers the broad 

population of patients attending the ED: from paediatric to elderly, with internal to sur-

gical conditions. In case of increasing complexity and acuity, the emergency physician 

consults the appropriate specialist, such as an internist, a surgeon, or a paediatrician. 

Presence of these medical specialists in the ED improves patient flow and satisfaction.5 

Acute internal medicine overlaps with critical care medicine as well, a specialty that is 

involved with care for critically ill patients by means of invasive monitoring and resusci-

tation, which is carried out by intensivists in an intensive care unit. One of the reasons 

that acute internal medicine originated as a subspecialty was the increasing demand for 

early internal expertise in patients presenting to the ED with atypical complaints, mul-

timorbidity, and polypharmacy. Due to previous progress in medicine, more patients 

have the opportunity to visit the ED at higher age and with increasing complexity.6 Spe-

cifically for this complex patient population, involving an internist specialized in acute 

medicine - an acute physician - can improve patient care.1,5 Other types of complex 

acute care in the ED are primarily managed by other specialities, such as multitrauma, 

cerebrovascular accidents, acute myocardial infarction, ruptured aortic aneurysms, and 

emergency labor.4

Which medical specialists are staffing the ED is hospital-dependent. Not every hospital 

has an acute physician.6 Also, some hospitals do not have emergency physicians, in such 

cases all visits are covered by the other medical disciplines. In general, highly represented 

are: internal medicine, surgery, paediatrics, and, - if present - emergency medicine. For 

example, in the Erasmus University Medical Center Rotterdam (Erasmus MC), a tertiary 

teaching hospital in the Netherlands, most visits were primarily for emergency medi-

cine (29%) or internal medicine (23%, Figure 1.1). The rate of 30-day mortality among 

patients who presented for internal medicine was high (5.1%) compared to emergency 

medicine (1.4%), which indicates the complexity of the patient population and shows 

the potential for improvement.
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Identifying mortality risk in the ED

In the ED, it is fundamental to timely identify mortality risk in order to prioritize severely 

ill patients in need of immediate care. To advance acute internal medicine, one should 

specifically seek mortality risk among patients who are not properly recognized as prior-

ity – i.e. the mortality risk is currently unknown. It is of less benefit to predict mortality in 

patients with an already obvious elevated risk, e.g. in patients presenting with coma 

or after a major trauma. Moreover, if an elevated mortality risk is identified, adequate 

treatment options should be available to lower it – i.e. the mortality risk is potentially 

reducible. In this thesis, we aimed to identify mortality risk in patients attending the ED 

with infection and to identify mortality risk by laboratory testing in the ED. Both aims 

include seeking currently unknown mortality risks that are potentially still reducible.

Identification of mortality risk essentially occurs at all levels of diagnostics in the ED: 

during initial triage, subsequent clinical assessment (i.e. primary and secondary survey), 

and with additional diagnostic testing (i.e. laboratory testing, radiologic imaging, and 

taking microbial cultures). The estimation of risks and subsequent clinical decision mak-

ing can be supported by tools, also known as clinical decision support systems (CDSS). 

CDSS are acquired by analyzing patient data and can improve care by focusing attention 

to deviating results, providing diagnostic assistance or even treatment advice.7

Triage

Triage refers to assigning a degree of urgency to illness in order to decide which patients 

have highest treatment priority. The concept of triage originally comes from military 

medicine, in which it was used to first surgically treat the most seriously wounded 

soldiers.8 The demand for triage arises when scarce resources need to be allocated, for 

example in a crowded ED. A common CDSS to support triage in the ED is the Manchester 
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Figure 1.1: Representation of medical disciplines, A: ED visit covered by; B: Mortality (30-day)

Abbreviations: ED, emergency department.

This figure shows data of all patients visiting the ED of Erasmus MC between 2012 and 2016, which is a tertiary teaching 

hospital in the Netherlands with approximately 33,000 annual visits.
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Triage System (MTS), which was developed in 1997.9 MTS is a five-level triage algorithm 

often used by nurses and consists of 52 flowcharts covering most presenting signs 

and symptoms (e.g. abdominal pain, allergy, asthma, diabetes, diarrhea and vomiting, 

headache, shortness of breath, urinary problems). Each flowchart consists of discrimi-

nators that allocate patients to a priority level with an accompanied waiting time for 

being assessed by a physician, ranging from immediate (0 minutes) to non-urgent (120 

minutes, Table 1.1). Validity of the MTS in emergency care was previously described as 

moderate to good, with lowest performance in young and elderly patients.9 To identify 

currently unknown and potentially reducible mortality risk, we should seek patients 

who are under-triaged, i.e. assigned to lower priority levels than their actual acuity, as 

these patients might benefit from earlier adequate treatment.

Clinical assessment

Primary survey

Depending on the priority level, a patient is assessed by a physician either immediately 

or within ideally 120 minutes after ED arrival. Potentially unstable patients, i.e. with high 

acuity, are preferably examined by the Airway Breathing Circulation Disability Exposure 

(ABCDE) approach, during the primary survey. The ABCDE approach is a common CDSS 

that promotes to systematically assess and treat critically ill patients.10 Key concept is 

‘treat first what kills first’ while following the ‘look-listen-feel’ order (Table 1.2).

An example of a critical condition encountered by acute physicians is sepsis, which is a 

life-threatening form of infection. Sepsis is defined as an infection with a dysregulated 

immune response and organ failure, such as respiratory distress, low blood pressure, 

altered consciousness, renal failure, liver failure, and low platelets.11 Patients with sepsis 

can have more than 10% in-hospital mortality. Sepsis can also worsen into septic shock, 

a type of distributive shock in which vasopressors are required to maintain a sufficient 

Table 1.1: The Manchester Triage System

Priority

level

Color Triage 

category

Waiting 

time (min)

Examples of discriminators

1 Red Immediate 0 Airway comprise, inadequate breathing, stridor, hypotension, 

unresponsive, hypoglycemia

2 Orange Very urgent 10 SaO2<90%, acute shortness of breath, abnormal pulse 

(>100 or <60/min), hematemesis, altered consciousness, 

temperature >41 °C or <35 °C, severe pain

3 Yellow Urgent 30 SaO2 < 93%, temperature >38.5 °C, persistent vomiting

4 Green Standard 90 Temperature 37.5-38.5 °C, recent mild pain, vomiting

5 Blue Non-urgent 120 None of the above

Abbreviations: min, minutes; SaO2, peripheral oxygen saturation.
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blood pressure together with elevated serum lactate levels. Septic shock can result in 

more than 40% in-hospital mortality.12 Sepsis and septic shock are medical emergen-

cies that require immediate treatment to increase chances of survival. Therefore, the 

surviving sepsis campaign (SCC) developed guidelines for care within the first hour of 

recognition of sepsis (Table 1.3).11

Table 1.2: The ABCDE approach

Assessment Treatment options

A – Airway • Risk of cervical spine injury
• Consciousness
• Mouth inspection, breathing excursions
• Voice, breath sounds (snoring, stridor)
• Airflow

• Immobilize neck
• CPR (if 10 seconds no breathing)
• Head tilt chin lift, jaw thrust
• Suction
• Naso/oropharyngeal airway
• Norepinephrine (anaphylaxis)

Identify airway blockage, cervical spine injury

B - Breathing • Thorax injury, CVP, cyanosis, breathing, chest 
expansion, accessory muscles

• Lung auscultation, chest percussion
• Tracheal position, subcutaneous 
emphysema, pain/instability

• Respiratory rate, oxygen saturation, arterial 
blood gas

• Oxygen 15 liter/min
• Decompression (tension pneumothorax)
• Bronchodilator inhalation 
(bronchospasm)

• Ventilation (lung edema)

Identify respiratory failure, pneumothorax, pulmonary edema, bronchospasm

C - Circulation • Skin color/sweat, CVP, bleeding
• Cardiac auscultation
• Pulse, capillary refill time, skin, abdomen, 
extremities, pain/instability

• Blood pressure, pulse, intravenous access, 
blood tests, cultures, ECG, echo

• Stop bleeding
• Administer fluids/blood (shock)
• Antibiotics

Identify shock (hypovolemic, obstructive, distributive, cardiogenic)

D - Disability • AVPU or GCS
• Pupils (reaction, size, equal)
• Neck stiffness, lateralization
• Blood glucose, toxicology tests
• Lumbar puncture (meningitis)

• Glucose (hypoglycemia)
• Midazolam (seizure, agitation)
• Thrombolysis (CVA)
• Antidote (intoxication)

Identify seizure, hypoglycemia, meningitis, CVA, intoxication

E – Exposure • Head-to-toe assessment, front and back 
(injuries, skin)

• Pain
• Temperature

• Prevent hypo-/hyperthermia
• Paracetamol or fentanyl (pain)
• Stabilize fracture

Identify hypothermia, hyperthermia, critical skin conditions, exposure to harmful 

substances and infection, managing pain

Abbreviations: CPR, cardiopulmonary resuscitation; CVP, central venous pressure; ECG, electrocardiography; AVPU, alert, 

verbal, pain, unresponsive; GCS, Glasgow coma scale; CVA, cerebrovascular accident.

If needed, the ABCDE approach is reassessed.
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Secondary survey

The secondary survey is performed after the patient has been resuscitated and stabilized. 

It includes collecting all vital signs, obtaining a patients’ history and performing physical 

examination. Also, patients with lower priority levels are assessed in this manner. Vital 

signs are often early collected by nurses in the ED. A CDSS that assists interpretation of 

vital signs is the National Early Warning Score (NEWS), developed by the Royal College of 

Physicians in 2012.13 NEWS was designed to detect clinical deterioration in hospitalized 

patients and has previously shown accurate performance in the ED. Points are allocated 

in case of deviating vital parameters, including respiratory rate, oxygen saturation, tem-

perature, systolic blood pressure, heart rate, consciousness, and use of supplemental 

oxygen (Table 1.4). A NEWS higher than 4 should prompt urgent review by a physician.13

The vital parameter body temperature is part of the NEWS and is specifically relevant 

to patients with infection because fever is known to be a marker of infection.14 Also, 

fever is a common reason to visit the ED.15 Current CDSS such as MTS and NEWS assign 

a higher mortality risk to fever (> 38.0°C) and hypothermia (< 36.1°C) compared to nor-

mothermia (36.1-38.0°C). However, according to a recent meta-analysis, septic patients 

with normothermia are at higher risk of dying than patients with fever.16 Potentially, 

this higher mortality risk is caused by inadequate recognition of a serious infection (i.e. 

under-triage) and subsequent delays in antibiotic therapy.

Table 1.3: Hour-1 bundle for initial resuscitation for sepsis and septic shock

Actions

1 Measure lactate level and remeasure lactate if initial lactate was elevated (> 2 mmol/L)

2 Obtain blood cultures before administering antibiotics

3 Administer broad-spectrum antibiotics intravenously

4 Begin rapid administration of 30mL/kg crystalloid for hypotension or lactate ≥4 mmol/L

5 Apply vasopressors if hypotensive after fluid resuscitation to maintain a mean arterial pressure ≥ 65 mm Hg

Table 1.4: The National Early Warning Score

Vital parameters 3 2 1 0 1 2 3

Respiratory rate (bpm) ≤ 8 9-11 12-20 21-24 ≥ 25

Oxygen saturation (%) ≤ 91 92-93 94-95 ≥ 96

Supplemental oxygen Yes No

Temperature (°C) ≤ 35 35.1-36.0 36.1-38.0 38.1-39.0 ≥ 39.1

Blood pressure (mmHg) ≤ 90 91-100 101-110 111-219 ≥ 220

Heart rate (bpm) ≤ 40 41-50 51-90 91-110 111-130 ≥ 131

Consciousness A V, P, U

Abbreviations: bpm, breaths per minute; bpm, beats per minute; AVPU, alert, verbal, pain, unresponsive.
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Taking a patient’s history means collecting all information regarding its current condi-

tion for which the acronym AMPLE can be used (i.e. allergies, medication, past medical 

history, last meal, events leading to the incident). Past medical history includes underly-

ing disease, or comorbidity. A CDSS that estimates mortality risk based on comorbidity 

is the Charlson Comorbidity Index (CCI).The CCI assigns weights to seventeen common 

comorbidities and age (Table 1.5).17 The CCI was developed in 1987 to predict 1-year 

mortality and was validated during a 10-year follow-up period. Weights were updated 

in 2011 based on relative risk of in-hospital mortality, resulting in a reduced index with 

twelve comorbidities.18 The CCI was previously proposed as an accurate tool to estimate 

mortality risk in various patient groups.19-23 However, whilst MTS and NEWS are currently 

part of triage and clinical assessment in the ED, the CCI is not regularly used in the ED.

A population that would potentially benefit from assessing comorbidity are patients 

with infection. Comorbidity can increase the risk to acquire infection especially if alter-

ing the immune function, e.g. in diabetes mellitus, malignancy, chronic renal failure, 

chronic liver disease, chronic pulmonary disease, or human immunodeficiency virus 

(HIV).24 However, little is known about whether presenting comorbidity in the ED can 

help to identify mortality risk due to infection and on which term.

Additional diagnostic testing

Laboratory testing

Besides triage and clinical assessment, laboratory testing is also part of the diagnostic 

routine in patients who visit the ED with potential internal problems. The advantage 

of laboratory test results is that they provide an additional objective measurement to 

evaluate illness, which is particularly useful in patients with complex presentations. A 

disadvantage of laboratory testing is that waiting for test results can be a source of delay. 

Test results take about one hour when examination is traditionally done in the central 

laboratory. Point-of-care testing (POCT) is an alternative bedside method for laboratory 

testing that yields test results within minutes and is possible for multiple laboratory 

parameters, i.e. hemoglobin, acid-base disorders, electrolytes, CRP, lactate, glucose, cre-

atinine, and urea. An example of a POCT that is already routinely incorporated in the 

primary survey is glucose, which is measured when assessing disability according to the 

ABCDE-approach.10 As a result, hyper- or hypoglycemia can be corrected quickly. Previ-

ous POCT studies have shown promising results in reducing ED length of stay; however, 

not many studies validated the predictive performance of laboratory POCT-models for 

mortality.25 POCT may help to identify currently unknown and potentially reducible 

mortality risk if revealing acutely treatable laboratory deviations earlier. Also, POCT are 

possible CDSS.
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Table 1.5: Components of the Charlson Comorbidity Index

Comorbidity

Weights

CCIoriginal (1987) CCIupdated (2011)

Age* 1 1

Diabetes mellitus†

- uncomplicated 1 0

- end-organ damage 2 1

Liver disease‡

- mild 1 2

- moderate to severe 3 4

Malignancy§

- leukemia, lymphoma, solid tumor 2 2

- metastatic solid tumor 6 6

AIDS‖ 6 4

Chronic renal failure¶ 2 1

Congestive heart failure ** 1 2

Myocardial infarction†† 1 0

Chronic pulmonary disease‡‡ 1 1

Peripheral vascular disease§§ 1 0

CVA or TIA‖‖ 1 0

Dementia¶¶ 1 2

Hemiplegia*** 2 2

Connective tissue disease††† 1 1

Peptic ulcer disease‡‡‡ 1 0

Abbreviations: CCI, Charlson Comorbidity Index; AIDS, acquired immunodeficiency syndrome; CVA or TIA, cerebrovascular 

accident or transient ischemic attack.

* Age: 1 point for each decade from 50 to 90 years of age.

† Diabetes mellitus: uncomplicated (on medication), end-organ damage (retinopathy, neuropathy, nephropathy).

‡ Liver disease: mild (chronic hepatitis), moderate to severe (cirrhosis with portal hypertension, variceal bleeding).

§ Malignancy: leukemia, lymphoma, or solid tumor. Initially treated in the last 5 years, excluding non-melanomatous skin 

cancers and in situ cervical carcinoma.

‖ AIDS: AIDS (not just ‘human immunodeficiency virus’-positive).

¶ Chronic renal failure: on dialysis, status post renal transplant, uremia, creatinine > 265 umol/L (not acute).

** Congestive heart failure: exertional or paroxysmal nocturnal dyspnea with response to medication.

†† Myocardial infarction: history of (probable) myocardial infarction (EKG changes and/or enzyme changes).

‡‡ Chronic pulmonary disease: symptomatic dyspnea due to chronic respiratory conditions (including asthma).

§§ Peripheral vascular disease: intermittent claudication, acute arterial insufficiency, gangrene, aneurysm (≥ 6cm).

‖‖ CVA or TIA: history of CVA (without hemiplegia) or TIA.

¶¶ Dementia: chronic cognitive deficit.

*** Hemiplegia: hemiplegia or paraplegia.

††† Connective tissue disease: systemic lupus erythematosus, polymyositis, mixed connective tissue disease, polymyalgia 

rheumatica, rheumatoid arthritis.

‡‡‡ Peptic ulcer disease: history of treatment for ulcer disease or history of ulcer bleeding.
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Radiologic imaging

Radiologic imaging is not routinely performed in every patient with potential acute in-

ternal problems. An example of patients in whom additional imaging is often indicated 

are patients presenting to the ED with acute dyspnea. After anaphylaxis and a corpus 

alienum are excluded, an X-ray of the thorax can be performed to reveal a potential 

pneumonia, pneumothorax, or pulmonary edema. Another cause for acute dyspnea 

is a pulmonary embolism, i.e. thrombosis of the pulmonary arteries which may result 

in heart failure, hypoxia, and obstructive shock. Risk factors for pulmonary embolism 

are immobility, recent surgery and underlying malignancy.26 Pulmonary embolism is 

diagnosed with CT pulmonary angiography (CTPA). However, to minimize unnecessary 

radiation, CDSS may help a physician to decide which patients should receive a CTPA 

and who should not. In the Erasmus MC, we preferably use the YEARS algorithm for 

pulmonary embolism (Table 1.6), which has three items in combination with measuring 

D-dimer. The cutoff value of D-dimer depends on the a priori risk according to the YEARS 
items, i.e. 1.0 mg/L (low a priori risk) or 0.5 mg/L (higher a priori risk).27

D-dimer is a degradation product of fibrin, which can be found in blood during coagula-

tion.28 D-dimer has a high sensitivity, thus, below a threshold of 0.5-1.0 mg/L the likeli-

hood of pulmonary embolism negligible.29 However, D-dimer lacks specificity, therefore, 

in patients with elevated D-dimer levels a CTPA is indicated to confirm or rule out a 

pulmonary embolism. There are currently no recommendations to follow-up elevated 

D-dimer levels in patients without pulmonary embolism, i.e. with unexplained elevated 

D-dimer levels, whilst it has previously been suggested that elevated D-dimer levels 

might be associated with poor outcome.30 Potentially, an elevated D-dimer in the ED 

helps to identify unknown and reducible mortality risk.

Microbial cultures

To identify a potential infectious disease and facilitate targeted antibiotic treatment, 

microbial cultures are taken in the ED from the suspected focus of infection (i.e. blood, 

Table 1.6: YEARS algorithm for pulmonary embolism

Clinical signs of deep venous thrombosis*

Hemoptysis

Pulmonary embolism most likely diagnosis

No YEARS item present YEARS item(s) present

D-dimer: < 1.0 mg/L à pulmonary embolism excluded

≥ 1.0 mg/L à order CTPA

D-dimer: < 0.5 mg/L à pulmonary embolism excluded

≥ 0.5 mg/L à order CTPA

Abbreviations: CTPA, CT pulmonary angiography.
*Clinical signs of deep venous thrombosis (unilateral): swelling, cramping pain, warm skin, red or darkened skin, swollen 

veins.
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urine, sputum, feces). In patients with serious infection such as sepsis, the SCC recom-

mends to obtain blood cultures before administering antibiotic treatment (Table 1.3).11 

However, in patients with mild disease severity and probable self-limiting infection, 

cultures are not necessarily taken. On the other hand, if patients present critically ill and 

infection cannot be excluded, the SCC hour-1 bundle may be pragmatically initiated. 

A disadvantage of microbial cultures is that results can take over 24 hours. Therefore, 

initial antibiotic therapy in the ED is not targeted but blind, i.e. empirical.

Managing patients with infection

Acute physicians frequently assess patients with infection. To illustrate, of all internal 

medicine patients who visited the ED of Erasmus MC, 21% had a diagnostic culture. 

Infections can range from self-limiting to life-threatening with high in-hospital mortality 

rates.12 Potentially, identification of mortality risk among patients with infection can be 

improved and subsequently reduced by adequate antibiotic treatment.

Antibiotic therapy

Due to delay that is inherent to culture diagnostics, antibiotic therapy is initiated 

empirically (i.e. blind), for which antimicrobial guidelines can be consulted.31 In the 

Netherlands, the Dutch Working Party on Antibiotic Policy (Dutch acronym SWAB) opti-

mizes use of antibiotics by means of guideline development, education and antibiotic 

resistance surveillance.31 Guidelines are developed depending on local prevalence of 

pathogens and antimicrobial resistance patterns.32 SWAB guidelines aim to ensure that 

the antibiotic therapy with appropriate coverage is given before culture results become 

available, thereby decreasing mortality. In addition, guidelines aim to reduce misuse 

of broad-spectrum antibiotic therapy, in order to prevent antimicrobial resistance and 

adverse effects. SWAB provides recommendations based on the suspected source of 
infection (Table 1.7).

Non-adherence to antimicrobial guidelines may result in undertreatment (if too narrow-

spectrum), overtreatment (if too broad-spectrum), or equivalent treatment. Non-

adherence is disadvantageous when it results in inappropriate coverage of the causative 

pathogen.33,34 Rate of non-adherence in previous ED studies varied from 10 to 53%. 

These studies did not differentiate between the different types of non-adherence (i.e. 
undertreatment, overtreatment, or equivalent treatment), hence their consequences 

are unknown.35-37

Intuitively, it is important to initiate an antibiotic therapy with appropriate coverage, i.e. 

that matches the in vitro susceptibility of the causative pathogen. Clinical practice uni-

versally assumes that appropriate antibiotic therapy improves survival in patients with a 
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blood culture proven infection.11 However, studies that did not find lower mortality were 

published.38-44 An explanation for these conflicting data is confounding by indication, 

which occurs when the indication for treatment is also a risk factor for the outcome. 

Patients with an initially high mortality risk are more likely to receive broad spectrum 

antibiotic therapy as physicians want to ensure appropriate antibiotic therapy in these 

severely ill patients. This results in an imbalance in underlying risk profile between ap-

propriately and inappropriately treated patients, thereby biasing the genuine relation 

between appropriate therapy and mortality.45 Strategies to prevent confounding by 

indication would be of value for all observational research regarding treatment effects 
in unbalanced groups.

Aims of this thesis

This thesis aimed to identify mortality risk in patients presenting to the ED with infection 

and to identify mortality risk by laboratory testing in the ED. With this aim we hope to 

advance the developing field of acute internal medicine. The following research ques-

tions are answered:

Table 1.7: SWAB guideline recommendations for empirical antibiotic therapy in Erasmus MC

Suspected infection focus Working diagnosis Recommended antibiotic therapy

Unknown Sepsis CA

HA

Cefuroxime and gentamicin

Piperacillin/tazobactam and gentamicin

Febrile neutropenia Sepsis Meropenem

Urogenital Sepsis or pyelonephritis CA

HA

Cefuroxime and gentamicin

Piperacillin/tazobactam and gentamicin

Respiratory Mild pneumonia (CURB 0-1) CA Amoxicillina

Moderate pneumonia (CURB 2) CA Amoxicillin

Severe pneumonia (CURB 3-5) CA Cefuroxime and ciprofloxacin

Pneumonia HA Piperacillin/tazobactam

Aspiration CA Amoxicillin/clavulanic acid

Pulmonic abscess Amoxicillin/clavulanic acid

Abdominal Sepsis CA

HA

Cefuroxime, metronidazole and gentamicin

Piperacillin/tazobactam and gentamicin

Cholangitis Cefuroxime and gentamicin

Primary peritonitis (SBP) Ceftriaxone

Secondary peritonitis CA Cefuroxime, metronidazole and gentamicin

Gastro-enteritis (severe) Azithromycina

Skin, soft tissue, bone Cellulitis Flucloxacillina

Erysipelas Penicillina

Central nervous system Meningitis, primary Ceftriaxone and amoxicillin

Abbreviations: CA, community-acquired; HA, hospital-acquired; CURB65, confusion, blood urea nitrogen, respiratory rate, 

systolic blood pressure, age ≥ 65; SBP, spontaneous bacterial peritonitis.

All antibiotic therapy needed to be administered intravenously, except fora oral administration was allowed.
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1. Can we improve recognition of mortality risk in patients presenting to the ED with 

infection?

 a. What is the association between body temperature and outcome?

 b. What is the predictive performance of comorbidity versus vital signs?

2. Can we improve antibiotic therapy in the ED?

 a. What is the association between appropriate antibiotic therapy and mortality?

 b. What is the association between antibiotic guideline adherence and outcome?

3. Can we improve identification of mortality risk by laboratory testing in the ED?

 a. What is the predictive performance of a model based on laboratory POCT?

 b. What is the association between D-dimer and mortality?

The first part of this thesis covers options to improve recognition of mortality risk in 

patients presenting to the ED with infection. Chapter 2 describes the association of 

normothermia compared to fever with mortality in patients with suspected and blood 

culture proven infection. Also, this study examines the impact of body temperature on 

initiation of antibiotic therapy in the ED. Chapter 3 investigates the impact of comorbid-

ity versus vital signs on survival in patients with blood culture proven infection. This 

study evaluates both the CCI and NEWS for short- and long-term mortality.

The second part of this thesis assesses whether we can improve antibiotic therapy in 

the ED among patients with blood culture proven infection. Chapter 4 aims to examine 

the association between appropriate empirical antibiotic therapy and 30-day mortal-

ity, while minimizing bias due to confounding by indication. Chapter 5 describes the 

association between different types of non-adherence (i.e. undertreatment, overtreat-

ment, and equivalent treatment) and appropriate antibiotic coverage. Also, this study 

evaluates the impact of non-adherence on 30-day mortality.

The third part of this thesis focuses on improving the identification of mortality risk by 

laboratory testing in the ED in patients at risk of acute internal problems. Chapter 6 

describes the external validation of a user-friendly laboratory-based model for predict-

ing mortality and a model based only on laboratory POCT-parameters. Chapter 7 in-

vestigates the association between D-dimer and mortality in patients with unexplained 

elevated D-dimer levels.

The main findings of this thesis are summarized and discussed in Chapter 8, with em-

phasis on methodology, followed by a clinical consideration and recommendations for 

clinical practice and future research to further advance the developing field of acute 

internal medicine.
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ABSTRACT

Background

Previous studies found that septic patients with normothermia have higher mortality 

than patients with fever. We hypothesize that antibiotic therapy is less frequently initi-

ated if infectious patients present with normothermia to the emergency department 

(ED). Our aim was to examine the association of body temperature with initiation of 

antibiotic therapy in patients attending the ED with suspected and proven infection. 

Additionally, the association of temperature with 30-day mortality was assessed.

Methods

We conducted a retrospective cohort study between 2012 and 2016 at a tertiary univer-

sity hospital. Adult patients attending the ED with a blood culture taken (i.e. suspected 

infection) and a positive blood culture (i.e. proven bacteremia) were included. Tympanic 

temperature at arrival was categorized as hypothermia (<36.1°C), normothermia (36.1-

38.0°C), or hyperthermia (>38.0°C). Outcomes were the initiation of antibiotic therapy 

and 30-day mortality. Multivariable logistic regression was used to control for covariates.

Results

Of 5,997 patients with a suspected infection, 45.8% had normothermia, 44.6% hy-

perthermia and 5.6% hypothermia. Patients with hyperthermia received more often 

antibiotic therapy (53.5%) compared to normothermic patients (27.6%, OR[95%CI]: 

2.59[2.27-2.95]). Patients with hyperthermia had lower mortality (4.7%) than those with 

normothermia (7.4%, OR[95%CI]: 0.50[0.39-0.64]). Analyses in patients with proven 

bacteremia (n = 934) showed similar results.

Conclusion

Normothermia in patients presenting with infection was associated with receiving less 

antibiotic therapy in the ED compared to presentations with hyperthermia. Moreover, 

normothermia was associated with a higher mortality risk than hyperthermia. Physi-

cians should be aware that normothermia does not exclude infection and may even 

imply more serious illness. If the only drawback of initiation of antibiotic therapy is the 

absence of fever, physicians should more often reconsider starting.
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INTRODUCTION

Infections are potential life-threatening conditions with frequent presentations in an 

acute care setting such as the emergency department (ED).1 Body temperature, hereafter 

temperature, is an important vital sign because fever is known to be a marker of infec-

tion.2 Also, fever is a common reason to visit the ED.3 Clinical decision support systems,4 

such as the Manchester Triage System (MTS)5 and National Early Warning Score (NEWS)6, 

use temperature to assist in quickly identifying patients at high risk of deterioration in a 

general ED population. These decision support systems assign a higher mortality risk to 

hyperthermia (> 38.0°C) and hypothermia (< 36.1°C) compared to normothermia (36.1-

38.0°C).5-7 However, according to a recent meta-analysis, septic patients with normother-

mia are at higher risk of dying than patients with hyperthermia.8 It is unknown whether 

this is also generalizable to all patients attending the ED with a suspected infection.

We hypothesize that if patients with a suspected infection present to the ED with nor-

mothermia, antibiotic therapy may not be directly initiated. Instead, these patients are 

first observed and antibiotic therapy is started when temperature becomes deviant or 

the patient deteriorates.9 Such treatment delay would be unfavorable if normothermic 

patients with infection are at higher risk of dying than patients with hyperthermia and 

can be in contrast to the recommendations of the surviving sepsis campaign regarding 

timing of antibiotic treatment.10

Our aim was to examine the association of temperature with initiation of antibiotic 

therapy in patients attending the ED with suspected infection (i.e. with a blood culture 

taken) and in patients with proven bacteremia (i.e. with a positive blood culture). Ad-

ditionally, we assessed the association of temperature with 30-day mortality.

METHODS

Study design and setting

We conducted a retrospective cohort study at the Erasmus University Medical Center 

Rotterdam (Erasmus MC), which is the largest tertiary referral center in the Netherlands. 

The ED is an open access department with approximately 33 000 annual visits. Our 

database consists of automatically derived data from all patients admitted to the ED 

between July 2012 and December 2016. The Medical Ethics Committee of the Erasmus 

MC reviewed the study and concluded that our study did not fall under the scope of the 

Medical Research Involving Human Subjects Act, and therefore no informed consent 

needed to be obtained. Our study is registered under MEC-2018-1744 and MEC-205-106.
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Patient selection

Patients were eligible for inclusion if they were at least 18 years of age and had a blood 

culture taken in the ED (i.e. a suspected infection). Blood cultures were obtained prior 

to administering antibiotic therapy (in line with the surviving sepsis campaign) 10 in 

patients with presentations suggestive of infection (i.e. based on history, vital signs, in-

flammation parameters) 11 requiring intravenous antibiotics, in patients who were prone 

for a severe course of infection (e.g. patients with immunodeficiency), or in severely ill 

patients with undifferentiated presentations.

Subsequently, we selected a subgroup of patients in whom blood cultures were positive 

(i.e. proven bacteremia). Only the first ED visit of both the ‘blood culture taken’-group 

and the ‘positive blood culture’-group was included to prevent the domination of results 

by a small group of individuals that frequently visited the ED.

Data collection

Data were derived from the ED and were combined with a database from Medical 

Microbiology, containing all collected blood cultures.12 The ED database was col-

lected automatically with text mining from patient charts and consists of first recorded 

tympanic temperature, antibiotic therapy initiated in the ED, and mortality which was 

updated from municipal death registration records. Collected patients characteristics 

were: demographics (age, sex), arrival mode (by ambulance), triage category (according 

to the MTS),5 other first recorded vital signs (i.e. systolic blood pressure, respiratory rate, 

peripheral oxygen saturation, consciousness13), whether there was need for any supple-

mental oxygen, and hospital admittance. Additionally we collected the inflammation 

parameters C-reactive protein (CRP) and leukocyte count. We had no data on the exact 

time to antibiotic administration in the ED. However, if antibiotics were prescribed for 

patients who were hospitalized the first dose was always given in the ED.

The Medical Microbiology database contains data about the type of pathogen for all 

positive blood cultures in the ED. A positive blood culture was defined as presence of a 

known pathogen (e.g. Escherichia coli) in one blood culture or a less pathogenic bacteria 

(e.g. Staphylococcus epidermidis)14 in at least two blood cultures collected on separate 

occasions within two days from ED admission.14,15 For all patients with a positive blood 

culture, we manually reviewed patient charts and additionally collected: disposition to 

the intensive care unit directly from the ED, chills,16 vomiting,16 need for vasopressors, 

and the age adjusted Charlson Comorbidity Index (CCI).17
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Data processing

We handled missing data with multiple imputations using the chained equations 

method with five datasets.18 To provide constant temperature groups, temperature was 

single imputed. Temperature at arrival was categorized as hypothermia (< 36.1°C), nor-

mothermia (36.1-38.0°C), or hyperthermia (> 38.0°C). This categorization corresponds 

to previous studies and the cutoff values of NEWS.6,8 Additionally, we calculated the 

NEWS, because this is proposed as an accurate early warning system in patients with 

suspected infection in the ED.7 The initiated intravenous antibiotic therapy in the ED was 

recorded while accounting for potential typing errors, abbreviations, and brand names 

(e.g. Cefuroxime was scored if either ‘cefur’ or ‘zinacef’ was documented).

Data analysis

We described arrival temperature (i.e. normothermia, hyperthermia, hypothermia, or 

missing) and proportions of 30-day mortality for our total ED population, for patients 

with and without a blood culture taken, and for patients with- and without a positive 

blood culture. All subsequent analyses were performed in patients with a blood culture 

taken and repeated in the subgroup of patients with a positive blood culture. We ex-

amined presenting patient characteristics among patients with normothermia, hyper-

thermia and hypothermia. Based on distribution, data were compared using unpaired 

t-tests, chi-square tests, Mann-Whitney U test, or Fisher’s exact tests.

We investigated the association between temperature (i.e. hyperthermia compared to 

normothermia and hypothermia compared to normothermia) and (1) initiation of antibi-

otic therapy in the ED, (2) 30-day mortality, (3) hospital admittance, and (4) blood culture 

positivity. Thus, our reference category was normothermia. For the association between 

temperature and 30-day mortality we analyzed temperature as a continuous variable as 

well, and investigated whether there was a U-shaped association (as proposed by MTS 

and NEWS) 4,6,7 or an inverse association (as proposed by a recent meta-analysis 8) with 

use of restricted cubic splines (with three knots). For all associations, we used multivari-

able logistic regression to control for covariates (i.e. sex, age, triage category, vital signs, 

inflammation parameters, for more details see Appendix A).

Results were presented as odds ratios (OR) with 95% confidence intervals (CI). All hy-

pothesis tests were 2-sided, with a significance level of p <.05. Statistical analyses were 

performed using R version 4.0.1.
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RESUlTS

Of 65,986 unique adult patients who visited our ED between July 2012 and December 

2016 we included 5,997 patients with a blood culture taken (i.e. suspected infection) in 

the ED (Fig. 2.1). Subsequently, 934 patients with a positive blood culture (i.e. proven 

bacteremia) were selected (Fig. 2.1).

Patient characteristics

In all 5,997 patients with suspected infection: 45.8% had normothermia, 44.6% 

hyperthermia, and 5.6% hypothermia. Temperature was missing in 4.0% (Fig. 2.1). Nor-

mothermic patients were less frequently categorized as urgent (11.4%) than patients 

with hyperthermia (17.5%) or hypothermia (46.2%). The average NEWS was higher 

Figure 2.1: Flowchart of study selection and mortality (30-day)

Abbreviations: ED, emergency department.

For all selection steps first visits were included and therefore some patients in the ‘blood culture taken’-group versus ‘positive 

blood culture’-group are included at a later point in time (e.g. a few patients are included in the ‘blood culture taken’-group, but 

had a positive blood culture in a subsequent ED visit and are therefore in the ‘positive blood culture’-group later in time).
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for patients with hyperthermia (6± 3.4) compared to patients with normothermia (4± 

3.3), but comparable if temperature and heart rate were not incorporated (3± 2.9 for 

hyperthermia versus 3± 2.9 for normothermia). Patients with hypothermia had a higher 

NEWS than patients with normothermia, also without incorporating temperature and 

heart rate (5± 3.7 for hypothermia versus 3± 2.9 for normothermia). CRP and leukocyte 

count did not differ between normothermic patients and patients with hyperthermia. 
Hypothermic patients had more deviating inflammation parameters (Table 2.1).

Table 2.1: Patient characteristics in normothermia, hyperthermia and hypothermia for patients with 

a blood culture taken in the ED - i.e. suspected infection (n = 5997)

Characteristic Missing Normothermia

n=2,747 (45.8)

Hyperthermia

n=2,675 (44.6)

P value
hyper versus 

normo

Hypothermia

n=338 (5.6)

P value
hypo versus 

normo

Sex, male 0 1,528 (55.6) 1,509 (56.4) 0.56 225 (66.6) <0.001

Age, mean (SD) 0 56 (17.2) 55 (17.8) 0.11 63 (15.6) <0.001

Arrival, by ambulance 0 324 (11.8) 396 (14.8) 0.001 135 (39.9) <0.001

Triage by MTS, urgent 271 (4.5) 302 (11.4) 450 (17.5) <0.001 145 (46.2) <0.001

Vital signs, mean (SD):

Temperature, °C 237 (4.0) 37.2 (0.5) 38.8 (0.6) <0.001 35.1 (1.3) <0.001

Heart rate, /min 294 (4.9) 95 (20.0) 107 (19.2) <0.001 89 (26.7) <0.001

Respiratory rate, /min 2,435 (40.6) 21 (7.2) 22 (7.7) <0.001 21 (8.2) 0.15

Systolic blood pressure, 

mm Hg

388 (6.5) 131 (23.4) 134 (24.0) <0.001 127 (34.0) 0.08

Oxygen saturation, % 424 (7.1) 96 (3.7) 96 (3.3) 0.002 95 (5.1) 0.04

Supplemental oxygen 0 764 (27.8) 952 (35.6) <0.001 177 (52.4) <0.001

Not alert 1,251 (20.9) 286 (13.0) 338 (15.5) 0.02 111 (39.8) <0.001

NEWS, mean (SD)* 0 4 (3.3) 6 (3.4) <0.001 7 (4.4) <0.001

NEWS without temp, 

mean (SD)*

0 4 (3.3) 5 (3.3) <0.001 6 (4.1) <0.001

NEWS without temp and 

HR, mean (SD)*

0 3 (2.9) 3 (2.9) <0.001 5 (3.7) <0.001

Inflammation para-

meters, median (IQR):

CRP, mg/l 998 (16.6) 58 (120.4) 58 (91.7) 0.93 19 (88.9) <0.001

leukocytes, × 103/μl 1,024 (17.1) 7.7 (11.5) 5.0 (9.6) 0.90 13.2 (15.1) 0.07

Normothermia (36.1-38.0°C) is compared to hyperthermia (> 38.0°C) and hypothermia (< 36.1°C).

Data are presented as number (percentage) of patients unless otherwise indicated.

Data in this table are unimputed.

Abbreviations: MTS, Manchester Triage System; NEWS, National Early Warning Score; temp, temperature; HR, heart rate; CRP, 

C-reactive protein.
*NEWS imputed as normal.
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In 934 patients with a positive blood culture, 34.7% had normothermia, 61.1% hy-

perthermia, and 3.2% hypothermia. Temperature was missing in 1.0% (Fig. 2.1). Most 

patient characteristics were comparably distributed to patients with a blood culture 

taken (Appendix B). However, compared to patients with hyperthermia, normothermic 

patients needed vasopressors more frequently (2.5% versus 5.2%). CRP and leukocyte 

count were higher for normothermic patients (resp. median 207 mg/L and 7.8 × 103/

μL) than for patients with hyperthermia (resp. median 85 mg/L and 3.7 × 103/μL). Thus, 

normothermic patients with a positive blood culture appeared more seriously ill than 

patients with hyperthermia. Comorbidity, expressed as the CCI, was equal for each 

temperature group (Appendix B).

Temperature and initiation of antibiotic therapy

In all 5,997 patients with suspected infection antibiotic therapy was more often initi-

ated in the ED if patients had hyperthermia or hypothermia (resp. 53.5% and 47.6%) 

compared to normothermic patients (27.6%, crude OR[95%CI] for hyperthermia: 2.96 

[2.65-3.31] and for hypothermia 2.21 [1.77-2.75], Table 2.2). These associations were 

independent of covariates (adjusted OR[95%CI] for hyperthermia: 2.59 [2.27-2.95] and 

for hypothermia 1.42 [1.08-1.87], Table 2.2).

In 934 patients with a positive blood culture, antibiotic therapy was also more often 

administered in patients with hyperthermia or hypothermia (resp. 86.9% and 93.3%) 

compared to patients with normothermia (72.2%, crude OR[95%CI] for hyperthermia: 

2.64 [1.88-3.73] and for hypothermia 5.54 [1.29-23.84], Table 2.2). After adjustment, 

these associations subsisted (adjusted OR[95%CI] for hyperthermia: 2.40 [1.59-3.61] and 

for hypothermia 5.91 [1.00-32.86], Table 2.2).

Temperature and mortality (30-day)

In all 5,997 patients with suspected infection, mortality rate was higher for normother-

mic patients (7.4%) than for patients with hyperthermia (4.7%, Fig. 2.1). There was an 

inverse association between temperature and mortality rather than a U-shaped associa-

tion (Fig. 2.2A). An increasing temperature was associated with lower 30-day mortality, 

both crude (OR per degree increase [95%CI]: 0.66 [0.62-0.71]) and after adjustment for 

covariates (OR per degree increase [95%CI]: 0.74 [0.69-0.81], Table 2.3).

In 934 patients with a positive blood culture (n= 934), normothermic patients had a 

higher mortality rate (13.6%) compared to those with hyperthermia (7.0%). An increas-

ing temperature was associated with lower mortality both crude (OR per degree increase 

[95%CI]: 0.62 [0.52-0.74]) and after adjustment for covariates (OR per degree increase 

[95%CI]: 0.72 [0.58-0.89], Table 2.3).
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For both the total of ED visits (N= 65,986) and for patients without a blood culture taken 

(n= 59,989) mortality rates were higher for patients with hyperthermia (4.0-4.1%) than 

for patients with normothermia (2.9-3.0%), which corresponds to scoring by MTS and 

NEWS (Fig. 2.1).

Temperature and hospital admittance

In all patients with suspected infection, hyperthermia resulted more often in hospital 

admittance (83.8%) than normothermia (73.5%, Appendix C).

In patients with a positive blood culture, there were no statistically significant differ-

ences in hospital admittance between temperature groups, Appendix C).

Table 2.2: Temperature and initiation of antibiotic therapy

Temperature N Antibiotics

(%)

Crude OR

[95% CI]

Adjusted OR*

[95% CI]

Blood culture

taken† 5,997

Normothermia

(36.1-38.0 ° C)
2,747 758 (27.6) 1.0 (reference) 1.0 (reference)

Hyperthermia

(> 38.0 ° C)
2,675 1,430 (53.5) 2.96 [2.65-3.31] 2.59 [2.27-2.95]

Hypothermia

(< 36.1 ° C)
338 161 (47.6) 2.21 [1.77-2.75] 1.42 [1.08-1.87]

Positive blood

culture‡ 934

Normothermia

(36.1-38.0 ° C)
324 234 (72.2) 1.0 (reference) 1.0 (reference)

Hyperthermia

(> 38.0 ° C)
571 496 (86.9) 2.64 [1.88-3.73] 2.40 [1.59-3.61]

Hypothermia

(< 36.1 ° C)
30 28 (93.3) 5.54 [1.29-23.84] 5.91 [1.00-32.86]

Hyperthermia (> 38.0°C) and hypothermia (< 36.1°C) are compared to normothermia (36.1-38.0°C).

Data on number and percentages are unimputed, odds ratios are obtained from imputed data.

*Adjusted for: sex, age, arrival, triage category, heart rate, respiratory rate, systolic blood pressure, oxygen saturation, any sup-

plemental oxygen, consciousness, CRP, and leukocyte count.

†Data on temperature were missing for 237 (4.0%) patients in which antibiotic were administered in 31 (13.1%). Excluding these 

patients did not affect the results.

‡Data on temperature were missing for 9 (1.0%) patients in which antibiotics were administered in 6 (66.7%). Excluding these 

patients did not affect the results.
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Temperature and blood culture positivity

Blood cultures were positive in 11.9% of patients with normothermia and in 20.9% 

of patients with hyperthermia. An increasing temperature was associated with blood 

culture positivity both crude (OR[95%CI]: 1.46 [1.36-1.40], Fig. 2.2B) and after adjustment 

for covariates (OR[95%CI]: 1.48 [1.37-1.60], Appendix D).

Negative blood cultures

In patients with negative blood cultures (n= 5,063), comparable rates of antibiotic ad-

ministration, 30-day mortality, and hospital-admittance for normothermia, hyperther-

mia, and hypothermia were found as for patients with a (positive) blood culture taken 

(Appendix Table E).

DISCUSSION

In this study, the association of temperature with the initiation of antibiotic therapy 

and additionally 30-day mortality was addressed in patients attending the ED with sus-

pected infection (i.e. blood culture taken). Normothermic infections were common, and 

antibiotic therapy was signifi cantly less frequently initiated if patients presented with 

normothermia, compared to presentations with hyperthermia or hypothermia. How-

ever, normothermia was associated with higher 30-day mortality than hyperthermia, as 

A B

Figure 2.2A: Unadjusted probability of mortality (30-day) and B: culture-positivity for temperature 

in patients with a blood culture taken

A: There was an inverse association between temperature and mortality rather than a U-shaped association. Modelling tem-

perature as a restricted cubic spline (3 knots) did not improve the model. Lower temperature was associated with a higher risk 

of mortality.

B: Among patients with a blood culture taken, the probability of a positive blood culture increased with an increasing tempera-

ture.



41

The association of body temperature with antibiotic therapy and mortality

has been described by others.8,19,20 Patients with hypothermia had the highest mortality 

risk. Moreover, in patients with proven bacteremia (i.e. a positive blood culture), normo-

thermia implied higher disease severity, and yet these patients received less antibiotic 

therapy.

Higher mortality among normothermic patients with infection has multiple explana-

tions. One explanation is that normothermic patients are potentially incorrectly assessed 

as lower acuity because fever is lacking. Which can result in a delay in diagnosis and 

initiation of antibiotic therapy if these patients are first observed (i.e. ‘watchful waiting’) 

and antibiotic therapy is started only when temperature becomes deviant or the patient 

deteriorates. These delays are understandable because hyperthermia is considered a 

Table 2.3: Temperature and mortality (30-day)

Temperature N 30-day

mortality

(%)

Crude OR

[95% CI]

Adjusted OR*

[95% CI]

Blood culture

taken
5,997

Normothermia†

(36.1-38.0 ° C)
2,747 203 (7.4) 1.0 (reference) 1.0 (reference)

Hyperthermia

(> 38.0 ° C)
2,675 126 (4.7) 0.57 [0.46-0.72] 0.50 [0.39-0.64]

Hypothermia

(< 36.1 ° C)
338 78 (23.1) 3.56 [2.69-4.71] 1.52 [1.07-2.15]

Temperature,

°C (continuous)‡ 5,760 407 (7.1) 0.66 [0.62-0.71] 0.74 [0.69-0.81]

Positive blood

culture
934

Normothermia§

(36.1-38.0 ° C)
324 44 (13.6) 1.0 (reference) 1.0 (reference)

Hyperthermia

(> 38.0 ° C)
571 40 (7.0) 0.47 [0.30-0.74] 0.54 [0.31-0.94]

Hypothermia

(< 36.1 ° C)
30 11 (36.7) 3.64 [1.62-8.18] 2.35 [0.79-7.00]

Temperature,

°C (continuous)‖
925 95 (10.3) 0.62 [0.52-0.74] 0.72 [0.58-0.89]

Hyperthermia (> 38.0°C) and hypothermia (< 36.1°C) are compared to normothermia (36.1-38.0°C).

Data on number and percentages are unimputed, odds ratios are obtained from imputed data.

*Adjusted for: sex, age, arrival, triage category, heart rate, respiratory rate, systolic blood pressure, oxygen saturation, any sup-

plemental oxygen, consciousness, CRP, leukocyte count, and antibiotic therapy.

Modelling temperature as a restricted cubic spline (3 knots) did not improve the crude and adjusted models for both patients 

with a blood culture taken‡ and patients with a positive blood culture‖.

‡Data on temperature were missing for 237 (4.0%) patients in which 30-day mortality was 23 (9.7%). ‖Data on temperature 

were missing for 9 (1.0%) patients in which 30-day mortality was 1 (11.1%). Excluding these patients did not affect the results.
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marker of infection.21 However, hyperthermia is a poor predictor of mortality among 

infectious patients as an increasing temperature was associated with lower 30-day mor-

tality (i.e. an inverse association). Clinical decision support systems such as NEWS6 and 

MTS5 assign a higher mortality risk to hyperthermia than to normothermia. This seems 

appropriate for a general ED population but not for patients with infection.

To examine to what extent higher mortality among normothermic patients with infec-

tion is attributable to the lack of antibiotic treatment can only fairly be studied in re-

search with prospective designs. Retrospective data does not allow to study the effects 
of antibiotic therapy on mortality because there is a high risk of bias due to confounding 

by indication (i.e. patients who are already at high risk of dying are more likely to receive 

antibiotic therapy than lower acuity patients).22,23 Nonetheless, it is likely to assume 

that mortality among patients with infection could at least, for some extent, have been 

reduced, would these patients have had early initiation of antibiotic therapy in the ED.10

Aside from inadequate recognition of disease severity and subsequent lack of antibiotic 

treatment, there are other potential explanations for higher mortality among normo-

thermic patients with infection. Normothermic patients may have an impaired febrile re-

sponse to infection due to older age, comorbidity, use of antipyretic drugs, or because of 

more critical acute illness.21 As a result, normothermic patients might represent a patient 

group that is older and has higher disease severity than patients with hyperthermia. 

There were no differences in age or comorbidity; however, among normothermic pa-

tients with bacteremia, CRP and leukocyte levels were higher compared to patients with 

hyperthermia. Also, these normothermic patients needed vasopressors more frequently 

in the ED. Consequently, physicians should be aware that in patients with infection, 

normothermia is not a sign of minor disease but may even imply a more serious course 

of illness. If the only drawback of initiation of antibiotic therapy is the absence of fever, 

physicians should more often reconsider starting.

limitations

This study has some limitations. Retrospectively collected data was used, which makes 

it prone to bias.22 However, the quality of available data was high as all data used was 

essential for daily clinical practice. To preserve generalizability, patients with a blood 

culture taken in the ED were selected because this is the point in time in which antibiotic 

therapy should be initiated if indicated according to the surviving sepsis campaign.10 

However, patients with a blood culture taken may also resemble noninfectious pa-

thology. Therefore, analyses were repeated in the subgroup of patients with proven 

bacteremia, which is a group that retrospectively had a true bacterial infection. Also, 

blood cultures were taken in case of a certain suspicion of infection (e.g. sepsis), which 
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potentially ruled out patients with mild localized infections, and therefore, our results 

are not generalizable to this group. Another limitation of this study is that only admis-

sion temperature was accessible, and there were no data on the use of antipyretic drugs 

prior to the ED visit. Additionally, in our research setting (the ED), it was not possible to 

obtain all SOFA criteria, and therefore, our population could not formerly be defined 

as being septic or not according to the sepsis-3 definitions. We were unable to study 

the association between temperature and delays in antibiotic administration because 

there was no data on the exact time to antibiotic administration in the ED. However, 

if antibiotics are prescribed for patients who are hospitalized, the first dose is always 

given in the ED independent from ED length of stay. Moreover, it would be interesting to 

study the effects of antibiotic therapy on mortality among normothermic patients with 
infection. However, we were unable to examine this with our retrospective study design 

because of the high risk of bias due to confounding by indication (i.e. patients who are 

already at high risk of dying are more likely to receive antibiotic therapy than lower 

acuity patients).22,23 Additionally, the possibility of missing cases that received antibi-

otic therapy among patients with suspected infection cannot be excluded due to data 

collection with automatic text mining. However, for patients with proven bacteremia, 

patient charts were manually reviewed, and comparing both ways of data collection did 

not affect the results.

Conclusion

In this retrospective cohort study in patients presenting with infection, normothermia 

was associated with receiving less antibiotic therapy in the ED compared to presenta-

tions with hyperthermia. Moreover, normothermia was associated with a higher mortal-

ity risk than hyperthermia. Physicians should be aware that normothermia does not 

exclude infection and may even imply a more serious course of illness.



Chapter 2

44

REFERENCES

 1. Goto M, Al-Hasan MN. Overall burden 

of bloodstream infection and nosoco-

mial bloodstream infection in North 

America and Europe. Clin Microbiol Infect. 

2013;19(6):501-509.

 2. Romanovsky AA, Almeida MC, Aronoff DM, 
et al. Fever and hypothermia in systemic 

inflammation: recent discoveries and revi-

sions. Front Biosci. 2005;10:2193-2216.

 3. Nawar EW, Niska RW, Xu J. National Hospi-

tal Ambulatory Medical Care Survey: 2005 

emergency department summary. Adv 

Data. 2007(386):1-32.

 4. Sutton RT, Pincock D, Baumgart DC, 

Sadowski DC, Fedorak RN, Kroeker KI. 

An overview of clinical decision support 

systems: benefits, risks, and strategies for 

success. NPJ Digit Med. 2020;3:17.

 5. Zachariasse JM, Seiger N, Rood PP, et 

al. Validity of the Manchester Triage 

System in emergency care: A prospec-

tive observational study. PLoS One. 

2017;12(2):e0170811.

 6. McGinley A, Pearse RM. A National Early 

Warning Score for acutely ill patients. BMJ. 

2012;345:e5310.

 7. Brink A, Alsma J, Verdonschot R, et al. Pre-

dicting mortality in patients with suspect-

ed sepsis at the Emergency Department; 

A retrospective cohort study comparing 

qSOFA, SIRS and National Early Warning 

Score. PLoS One. 2019;14(1):e0211133.

 8. Rumbus Z, Matics R, Hegyi P, et al. Fever 

Is Associated with Reduced, Hypothermia 

with Increased Mortality in Septic Patients: 

A Meta-Analysis of Clinical Trials. PLoS One. 

2017;12(1):e0170152.

 9. Stoneking LR, Winkler JP, DeLuca LA, et 

al. Physician documentation of sepsis 

syndrome is associated with more ag-

gressive treatment. West J Emerg Med. 

2015;16(3):401-407.

 10. Rhodes A, Evans LE, Alhazzani W, et al. 

Surviving Sepsis Campaign: International 

Guidelines for Management of Sepsis 

and Septic Shock: 2016. Crit Care Med. 

2017;45(3):486-552.

 11. Vincent JL. The Clinical Challenge of Sepsis 

Identification and Monitoring. PLoS Med. 

2016;13(5):e1002022.

 12. Schuttevaer R, Brink A, Alsma J, et al. Data-

sets RePub, Erasmus University Repository. 

2020.

 13. Romanelli D, Farrell MW. AVPU (Alert, Voice, 

Pain, Unresponsive). 2020.

 14. Prevention CfDCa. Bloodstream Infec-

tion Event (Central Line-Associated 

Bloodstream Infection and Non-central 

Line Associated Bloodstream Infection). 

2019; https://www.cdc.gov/nhsn/pdfs/

pscmanual/4psc_clabscurrent.pdf. Ac-

cessed April 18, 2019.

 15. Trick WE, Zagorski BM, Tokars JI, et al. Com-

puter algorithms to detect bloodstream in-

fections. Emerg Infect Dis. 2004;10(9):1612-

1620.

 16. Shapiro NI, Wolfe RE, Wright SB, Moore R, 

Bates DW. Who needs a blood culture? A 

prospectively derived and validated pre-

diction rule. J Emerg Med. 2008;35(3):255-

264.

 17. Quan H, Li B, Couris CM, et al. Updating 

and validating the Charlson Comorbidity 

Index and score for risk adjustment in hos-

pital discharge abstracts using data from 6 

countries. Am J Epidemiol. 2011;173(6):676-

682.

 18. Azur MJ, Stuart EA, Frangakis C, Leaf PJ. 

Multiple imputation by chained equations: 

what is it and how does it work? Int J Meth-

ods Psychiatr Res. 2011;20(1):40-49.

 19. Recently updated guidelines from the 

National Institute for Health and Care 

Excellence (NICE) and the royal colleges. 

BMJ. 2017;357:j1363.

 20. Singer M, Deutschman CS, Seymour CW, 

et al. The Third International Consensus 



45

The association of body temperature with antibiotic therapy and mortality

Definitions for Sepsis and Septic Shock 

(Sepsis-3). JAMA. 2016;315(8):801-810.

 21. O’Grady NP, Barie PS, Bartlett JG, et al. 

Guidelines for evaluation of new fever in 

critically ill adult patients: 2008 update 

from the American College of Critical 

Care Medicine and the Infectious Dis-

eases Society of America. Crit Care Med. 

2008;36(4):1330-1349.

 22. Schuttevaer R, Alsma J, Brink A, et al. 

Appropriate empirical antibiotic therapy 

and mortality: Conflicting data explained 

by residual confounding. PLoS One. 

2019;14(11):e0225478.

 23. Schuttevaer RB, A.; Alsma, J. Non-

adherence to antimicrobial guidelines in 

patients with bloodstream infection visit-

ing the emergency department. 2020.



Chapter 2

46

SUPPlEMENTARY CONTENT

Appendix A. Data analysis: covariate adjustment

Association between 

temperature and:

Covariates that were multivariably adjusted for:

Antibiotic therapy Sex, age, arrival, triage category, heart rate, respiratory rate, systolic blood 

pressure, oxygen saturation, any supplemental oxygen, consciousness, CRP, 

and leukocyte count

30-day mortality, hospital 

admittance, blood culture 

positivity

Sex, age, arrival, triage category, heart rate, respiratory rate, systolic blood 

pressure, oxygen saturation, any supplemental oxygen, consciousness, CRP, 

leukocyte count, and antibiotic therapy
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Appendix B. Patient characteristics in normothermia, hyperthermia and hypothermia for patients 

with a positive blood culture – i.e. proven bacteremia (n = 934)

Characteristic Missing Normo-

thermia

n = 324 

(34.7)

Hyper-

thermia

n= 571 

(61.1)

P value
hyper vs. normo

Hypo-

thermia

n = 30 

(3.2)

P value
hypo 

vs. normo

Sex, male 0 198 (61.1) 351 (61.5) 0.92 18 (60.0) 0.91

Age, mean (SD) 0 61 (14.5) 60 (16.0) 0.18 67 (13.6) 0.04

Arrival, by ambulance 0 49 (15.1) 121 (21.2) 0.03 19 (63.3) <0.001

Triage by MTS, acute/highly urgent 48 (5.1) 47 (15.3) 149 (27.0) <0.001 16 (55.2) <0.001

Direct intensive care unit admittance 0 22 (6.8) 39 (6.8) 0.98 2 (6.7) 0.98

Chills 0 133 (41.0) 277 (48.5) 0.03 6 (20.0) 0.02

Vomiting 0 76 (23.5) 145 (25.4) 0.52 8 (26.7) 0.69

Need for vasopressors 0 17 (5.2) 14 (2.5) 0.03 5 (16.7) 0.01

Vital signs, mean (SD)

Temperature, °C 9 (1.0) 37.3 (0.5) 39.0 (0.6) <0.001 35.1 (1.8) <0.001

Heart rate, /min 23 (2.5) 100 (21.1) 110 (21.4) <0.001 97 (34.4) 0.63

Respiratory rate, /min 328 (35.1) 22 (7.9) 23 (8.6) 0.02 23 (8.7) 0.32

Systolic blood pressure, mm Hg 20 (2.1) 120 (26.9) 129 (26.8) <0.001 108 (26.7) 0.02

Oxygen saturation, % 39 (4.2) 96 (5.8) 96 (3.5) 0.90 94 (4.6) 0.19

Any supplemental oxygen 0 108 (32.9) 240 (41.7) 0.009 16 (53.3) 0.03

Consciousness, not alert 172 (18.4) 24 (9.5) 62 (13.1) 0.15 9 (30.0) <0.001

NEWS, mean (SD)* 0 4 (3.6) 6 (3.5) <0.001 8 (3.9) <0.001

NEWS without temp, mean (SD)* 0 4 (3.6) 5 (3.4) 0.003 6 (3.6) 0.001

NEWS without temp and HR, mean (SD)* 0 3 (3.2) 3 (3.1) 0.19 5 (2.8) <0.001

CCI, mean (SD)† 0 4 (2.9) 4 (2.9) 0.75 5 (2.8) 0.19

Suspected source of infection:

Abdominal 0 87 (26.9) 142 (24.9) .51 9 (30.0) .71

Urogenital 0 74 (22.8) 155 (27.1) .16 6 (20.0) .72

Respiratory 0 40 (12.3) 75 (13.1) .74 4 (13.3) .88

Inflammation parameters, median (IQR):

CRP, mg/l 137 (14.7) 207 (157.3) 85 (113.4) <0.001 272 (131) <0.001

leukocyte count, × 103/μl 145 (15.5) 7.8 (14.5) 3.7 (10.5) 0.006 13.6 (13.8) .15

Isolated bacteria

Escherichia coli 0 99 (30.6) 198 (34.7) .21 9 (30.0) .95

Staphylococcus aureus 0 35 (10.8) 50 (8.8) .32 6 (20.0) .13

Klebsiella pneumoniae 0 18 (5.6) 57 (10.0) .02 2 (6.7) .80

Normothermia (36.1-38.0°C) is compared to hyperthermia (> 38.0°C) and hypothermia (< 36.1°C).

Data are presented as number (percentage) of patients unless otherwise indicated. Data in this table are unimputed.

Abbreviations: MTS, Manchester Triage System; NEWS, National Early Warning Score; temp, temperature; HR, heart rate; CCI, 

Charlson Comorbidity Index; CRP, C-reactive protein. *NEWS imputed as normal.

†Individual comorbidities of the CCI were not differing between temperature groups.
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Appendix C. Temperature and hospital admittance

Temperature N Admittance

(%)

Crude OR

[95% CI]

Adjusted OR*

[95% CI]

Blood culture taken† 5,997

Normothermia

(36.1-38.0 ° C)
2,747 2,019 (73.5) 1.0 (reference) 1.0 (reference)

Hyperthermia

(> 38.0 ° C)
2,675 2,241 (83.8) 1.78 [1.57-2.03] 1.18 [1.01-1.38]

Hypothermia

(< 36.1 ° C)
338 292 (86.4) 2.20 [1.62-2.99] 1.20 [0.84-1.72]

Positive blood

culture‡ 934

Normothermia

(36.1-38.0 ° C)
324 289 (89.2) 1.0 (reference) 1.0 (reference)

Hyperthermia

(> 38.0 ° C)
571 529 (92.6) 1.58 [0.99-2.50] 1.40 [0.82-2.51]

Hypothermia

(< 36.1 ° C)
30 30 (100) ∞ ∞

Hyperthermia (> 38.0°C) and hypothermia (< 36.1°C) are compared to normothermia (36.1-38.0°C).

Temperature was single imputed to provide constant temperature groups, other data are multiply imputed.

Abbreviations: OR, odds ratio; CI, confidence interval.

*Adjusted for: sex, age, arrival, triage category, heart rate, respiratory rate, systolic blood pressure, oxygen saturation, any sup-

plemental oxygen, consciousness, CRP, leukocyte count, and antibiotic therapy.

†Data on temperature were missing for 237 (4.0%) patients.

‡Data on temperature were missing for 9 (1.0%) patients.

Appendix D. Temperature and blood culture positivity

Temperature N Positive

blood 

culture (%)

Crude OR

[95% CI]

Adjusted OR*

[95% CI]

Blood culture taken† 5,997

Normothermia

(36.1-38.0 ° C)

2,720 324 (11.9) 1.0 (reference) 1.0 (reference)

Hyperthermia

(> 38.0 ° C)

2,730 571 (20.9) 1.92 [1.66-2.22] 1.80 [1.53-2.11]

Hypothermia

(< 36.1 ° C)

334 30 (9.0) 0.82 [0.57-1.19] 0.62 [0.41-0.93]

Temperature,

°C (continuous)

5,784 925 (16.0) 1.46 [1.36-1.40] 1.48 [1.37-1.60]

Hyperthermia (> 38.0°C) and hypothermia (< 36.1°C) are compared to normothermia (36.1-38.0°C).

Data on number and percentages are unimputed, odds ratios are obtained from imputed data.

*Adjusted for: sex, age, arrival, triage category, heart rate, respiratory rate, systolic blood pressure, oxygen saturation, any sup-

plemental oxygen, consciousness, CRP, leukocyte count, and antibiotic therapy.

†Data on temperature were missing for 237 (4.0%) patients.
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Appendix E. Negative blood cultures

Temperature N Antibiotics (%) 30-day mortality (%) Admittance (%)

Negative blood cultures 5,063

Normothermia (36.1-38.0 ° C) 2,396 607 (25.3) 168 (7.0) 1718 (71.7)

Hyperthermia (> 38.0 ° C) 2,159 1,085 (50.3) 96 (4.4) 1764 (81.7)

Hypothermia (< 36.1 ° C) 304 136 (44.7) 67 (22.0) 258 (84.9)
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ABSTRACT

Background

Clinical practice universally assumes that appropriate empirical antibiotic therapy 

improves survival in patients with bloodstream infection. However, this is not gener-

ally supported by previous studies. We examined the association between appropriate 

therapy and 30-day mortality, while minimizing bias due to confounding by indication.

Methods

We conducted a retrospective cohort study between 2012 and 2017 at a tertiary univer-

sity hospital in the Netherlands. Adult patients with bloodstream infection attending 

the emergency department were included. Based on in vitro susceptibility, antibiotic 

therapy was scored as appropriate or inappropriate. Primary outcome was 30-day mor-

tality. To control for confounding, we performed conventional multivariable logistic 

regression and propensity score methods. Additionally, we performed an analysis in a 

better balanced subgroup (i.e. antibiotic monotherapy).

Results

We included 1.039 patients, 729 (70.2%) received appropriate therapy. Overall 30-day 

mortality was 10.4%. Appropriately treated patients had more unfavorable character-

istics, indicating more severe illness. Despite adjustments, we found no association 

between appropriate therapy and mortality. For the antibiotic monotherapy subgroup 

(n = 449), patient characteristics were better balanced. Within this subgroup, appropri-

ate therapy was associated with lower mortality (Odds Ratios [95% Confidence Intervals] 

ranging from: 0.31 [0.14; 0.67] to 0.40 [0.19; 0.85]).

Conclusion

Comparing unbalanced treatment groups distorts associations despite use of common 

methods to prevent bias. Consequently, conclusions of such observational studies 

should be interpreted with caution. If possible, future investigators should use our 

method of attempting to identify and analyze the most balanced treatment groups 

nested within their study objective, because this minimizes residual confounding.
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INTRODUCTION

Bacterial infections can result in considerable mortality and have a profound global bur-

den.1-3 Patients with a severe infection (e.g. sepsis) often present in an acute care setting, 

such as the emergency department (ED). Initiation of targeted antibiotic therapy in the 

ED is important in patients with a suspected bacterial infection and is possible when 

the causative pathogen is proven by cultures with determination of the antibiogram.4 

However, this process usually takes over 24 hours and therefore empirical therapy is 

initiated in the ED. Appropriate empirical antibiotic therapy (i.e. appropriate therapy) 

is defined as applying the antibiotic agent which matches in vitro susceptibility of the 

isolated bacteria, but was initially provided without evidence on the causative patho-

gen or its antibiogram.5 Clinical practice universally assumes that appropriate therapy 

improves survival in patients with bloodstream infection (BSI).

Although an overall beneficial outcome of appropriate antibiotic therapy in patients 

with BSI was demonstrated by meta-analyses,6,7 studies that did not find lower mortality 

continued to be published.5,8-14 An explanation for these conflicting data is confound-

ing by indication,15 yet this was not investigated in these studies.5,8-14 Confounding by 

indication arises because patients at risk of dying of BSI are more likely to receive broad 

spectrum antibiotic therapy – thus more often appropriate – as physicians want to 

ensure appropriateness most in severely ill patients.3 This results in an imbalance in – 

measured and unmeasured – patient characteristics (i.e. underlying risk profile) between 

appropriately and inappropriately treated patients, thereby biasing the genuine relation 

between appropriate therapy and mortality.16

The main objective of this study was to examine whether administration of appropriate 

empirical antibiotic therapy affects 30-day mortality in adult patients with BSI attend-

ing the ED, while minimizing bias due to confounding by indication. Subsequently, we 

focused on methodologically explaining why prior investigators suggested no impact of 

appropriate therapy on survival.

METHODS

Study design and setting

We conducted a retrospective cohort study at the Erasmus University Medical Center 

Rotterdam (Erasmus MC), which is a tertiary university hospital in the Netherlands. We 

used data from all patients attending the ED with BSI from July 2012 through December 

2017. Blood cultures are taken in patients suspected for BSI, and subsequently empirical 
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antibiotic therapy is started. Antibiotic advice is protocolized in guidelines based on 

local and national prevalence and resistance data.17,18 These guidelines provide an ad-

vice depending on the suspected source of infection and clinical judgement of severity 

of disease, e.g. working diagnosis. The Medical Ethics Committee of the Erasmus MC 

reviewed our study and concluded that it did not fall under the scope of the Medical 

Research Involving Human Subjects Act and therefore no informed consent needed to 

be obtained. Our study is thus approved and registered under MEC-2018-1450.

Patient selection

Patients were eligible for inclusion if they were at least 18 years of age and had a labora-

tory proven bacterial BSI in the ED. BSI was defined as presence of a known pathogen in 

one blood culture or a common commensal (e.g. Staphylococcus epidermidis)19 in at least 

two blood cultures collected on separate occasions within two days from ED admis-

sion.19,20 Only the first episode of BSI was included to prevent domination of results by 

individuals that frequently visited the ED.

Data collection and processing

We combined electronic databases with data from the ED and the department of Medi-

cal Microbiology and Infectious Diseases. The ED database included empirical antibiotic 

therapy administered during the ED visit, potentially relevant and retrospectively avail-

able patient characteristics (serving as proxies for severity of disease), and mortality. 

Treatment strategy was either no antibiotic therapy, antibiotic monotherapy (if only one 

drug was administered), or antibiotic combination therapy (if more than one drug was 

administered). Also, patient charts were reviewed to assess dosage errors. General and 

demographic patients characteristics collected were: sex, age, arrival (by ambulance or 

other mode of transportation), triage category (according to the Manchester Triage Sys-

tem)21, disposition (direct intensive care unit admittance or other), chills,22 vomiting,22 

need for vasopressors, suspected site of infection (unknown, respiratory, abdominal, 

urogenital, skin or soft tissue, intravascular or thorax, central nervous system, other), 

and origin of infection (nosocomial or community-acquired).23 To account for severity 

of disease we used the first recorded vital signs (i.e. body temperature, heart rate, re-

spiratory rate, systolic blood pressure, oxygen saturation, and consciousness), whether 

there was need for any supplemental oxygen, and calculated the National Early Warning 

Score (NEWS)24,25 (Appendix A). Additionally, to account for comorbidity we collected all 

components of the Charlson Comorbidity Index (CCI)26 (Appendix A). The primary out-

come was 30-day mortality, because we expected 30 days to be a biologically plausible 

window to represent the effect of appropriate therapy on mortality.15 For mortality data 

we used municipal death registration records.
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The Medical Microbiology and Infectious Diseases database contained data about 

type of pathogen and their susceptibility (antibiogram) for all positive blood cultures 

collected in the ED. Blood cultures were performed using the BACTEC system (Becton 

Dickinson Diagnostic Instrument Systems, Sparks, Md) according to the manufactures 

protocol. Type of pathogen was identified directly in one milliliter of blood by MALDI-

TOF MS analysis (Microflex, Bruker Daltonics, Bremen, Germany). The in vitro suscep-

tibility to antibiotic agents testing was performed with VITEK 2 (bioMérieux, Marcy 

l’Etoile, France). Based on earlier applied antibiotic therapy during the ED visit and the 

established susceptibility of the isolated pathogen, we retrospectively determined the 

appropriateness of empirical therapy. In accordance with previous studies, no empirical 

antibiotic therapy, ineffective antibiotic therapy (based on antibiogram or if a dosage 
error was reported), or not intravenously administered antibiotic therapy (except for 

antibiotics with high bioavailability, i.e. metronidazole and ciprofloxacin) were all con-

sidered inappropriate. The interval of antibiotic administration was adjusted in patients 

with a glomerular filtration rate less than 30 mL per minute; however, this does not affect 
the initial dosage of antibiotic therapy administered in the ED.5-13,15

Data analysis and control for confounding bias

For descriptive statistics we examined all patient characteristics among appropriately 

versus (vs.) inappropriately treated patients. Based on distribution data were tested with 

an unpaired t-test, chi-squared test, or Fisher’s exact test.

We considered patient characteristics as confounders during further analyses if, based 

on expert knowledge, controlling for the variable would reduce bias when studying the 

relation between appropriate therapy and 30-day mortality.16 To improve our propensity 

score methods, we only included potential confounding variables in our models that 

were statistically related to outcome, as this decreases variance without increasing bias 

(Appendix B).27

We conducted inferential statistics to investigate the association between appropriate 

therapy and 30-day mortality while attempting to control for confounding by indica-

tion. Results were presented as odds ratios (OR) with 95% confidence intervals (CI). We 

handled missing data using multiple imputations. For efficiency purposes we imputed 

20 datasets using the chained equations method.28

To limit confounding by indication, we controlled for measured proxies of disease sever-

ity (e.g. arrival mode, triage category, direct intensive care unit admittance, components 

of NEWS, and components of CCI) with multiple statistical techniques. First, we per-

formed a conventional multivariable logistic regression analysis. However, this method 
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is known to fall short in case of confounding by indication.29 Therefore, secondly, we 

used propensity score methods. Propensity score methods directly focus on indication 

for treatment under study and potentially provide more genuine estimates in studies in 

which confounding by indication may occur.29 We applied three analytical procedures 

with the obtained propensity scores, namely 1) adjustment by logistic regression, 2) 

stratification, and 3) inverse probability of treatment weighting (Appendix B).30-32 To 

assess the impact of potential contaminated BSI (i.e. those with a common commensal 

on multiple blood cultures), we subsequently performed a sensitivity analysis after 

exclusion of these patients.

Finally, we attempted to limit confounding bias by selecting patients treated with – ap-

propriate or inappropriate – antibiotic monotherapy. When comparing the total appro-

priately to inappropriately treated group, we expected various degrees of confounding 

bias for different treatment strategies (i.e. no antibiotic therapy, antibiotic combination 
therapy, antibiotic monotherapy). We expected that patients with the lowest disease 

severity and the lowest risk of dying would more often receive no – thus inappropriate 

– antibiotic therapy. We also expected that severely ill patients with high chance of dy-

ing are more likely to receive antibiotic combination therapy to broaden the spectrum, 

resulting in more often appropriate therapy. Therefore, when studying the relation 

between appropriate therapy and mortality in the total population, including these 

treatment strategies potentially contributes to lack of exchangeability between appro-

priately and inappropriately treated patients, which increases risk of confounding bias. 

We expected that the subset of patients who received antibiotic monotherapy was the 

least confounded group with more balanced measured and unmeasured characteristics.

All hypothesis tests were 2-sided, with a significance level of P <.05. Statistical analyses 

were performed using R version 3.4.4.

RESUlTS

Patient characteristics

We identified 1.286 adult patients with a positive laboratory proven blood culture taken in 

the ED. We excluded 247 patients with recurrent BSI, resulting in 1.039 unique patients of 

whom 729 (70.2%) received appropriate therapy. In 310 patients therapy was inappropri-

ate: 184 patients received no empirical antibiotic therapy, 115 patients were treated with 

ineffective antibiotic therapy, and in 11 patients antibiotic therapy was not intravenously 
administered. Of the patients who were appropriately treated, cefuroxime and gentamicin 

combination therapy was most often administered. Mortality within 30 days was 10.4%. 
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We found that 673 (64.8%) patients had a gram-negative BSI. The most frequently isolated 

pathogens were Escherichia coli (32.8%), Staphylococcus aureus (10.1%), and Streptococcus 

pneumoniae (8.2%). Patient characteristics are shown in Table 4.1.

Table 4.1: Patient characteristics in appropriately versus inappropriately treated patients (total 

population)

Characteristic Appropriate n 

= 729 (70.2)

Inappropriate n 

= 310 (29.8)

P-value

Sex, male 425 (58.3) 201 (64.8) .06

Age, mean (SD), yearsA 60.9 (15.5) 60.1 (15.9) .44

Arrival by ambulanceA 202 (27.7) 47 (15.2) <.001

Triage category, acute/highly urgentA,B 205 (29.6) 33 (11.1) <.001

Direct intensive care unit admittanceA 66 (9.1) 8 (2.6) <.001

ChillsA 311 (42.7) 134 (43.2) .92

Vomiting 178 (24.4) 68 (21.9) .43

Need for vasopressorsA 36 (4.9) 5 (1.6) .02

Suspected site of infection, unknown 169 (23.2) 70 (22.6) .90

Origin, nosocomial 384 (52.7) 175 (56.5) .29

Antibiotic treatment strategy

Combination therapy 382 (52.4) 22 (7.1) <.001

Monotherapy 347 (47.6) 102 (32.9) <.001

No antibiotic therapy 0 (0.0) 186 (60.0) <.001

Vital signs / NEWS parameters

Body temperature, mean (SD), °CA,C 38.4 (1.2) 38.0 (1.1) <.001

Heart rate, mean (SD), /minD 108 (23.8) 100 (19.6) <.001

Respiratory rate, mean (SD), /minA,E 24 (8.5) 21 (7.1) <.001

Systolic blood pressure, mean (SD), mm HgA,F 125 (28.5) 125 (24.5) .77

Oxygen saturation, mean (SD), %G 95 (5.8) 96 (2.4) <.001

Any supplemental oxygenA 339 (46.5) 62 (20.0) <.001

Consciousness, not alertA,H 96 (15.5) 16 (6.5) <.001

NEWS, mean (SD) 6.0 (3.8) 3.8 (3.1) <.001

Comorbidities of Charlson Comorbidity IndexI

Diabetes mellitus, uncomplicated 147 (20.2) 53 (17.1) .29

Diabetes mellitus, end-organ damageA 10 (1.4) 3 (1.0) .77

liver disease, mildA 93 (12.8) 47 (15.2) .35

Malignancy, leukemia, lymphoma, solid tumorA 120 (16.5) 61 (19.7) .25

Malignancy, metastatic solid tumorA 93 (12.8) 40 (12.9) >.99

Chronic kidney diseaseA 124 (17.0) 45 (14.5) .37

Congestive heart failure 96 (13.2) 37 (11.9) .66

Myocardial infarction 103 (14.1) 36 (11.6) .32

Chronic obstructive pulmonary diseaseA 95 (13.0) 39 (12.6) .92
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Patients receiving appropriate therapy had less favorable measured characteristics than 

patients receiving inappropriate antibiotic therapy: they more frequently arrived by 

ambulance (27.7% vs. 15.2%), had higher triage categories (29.6 % vs. 11.1%), were more 

often admitted directly to the intensive care unit (9.1% vs. 2.6%), needed vasopressors 

more frequently (4.9% vs. 1.6%), and received more antibiotic combination therapy 

(52.4% vs. 7.1%). In addition, appropriately treated patients had more deviating vital 

signs and on average a higher NEWS of 6.0 (± 3.8) vs. 3.8 (± 3.1).

Appropriate empirical antibiotic therapy and 30-day mortality

Crude 30-day mortality for appropriately treated patients was 11.1% (81 patients) vs. 

8.7% (27 patients) for inappropriately treated patients (OR[95%CI]: 1.31 [0.84; 2.10]). 

There was no association between appropriate therapy and 30-day mortality after 

conventional adjustment for confounders, adjustment for propensity score, propensity 

score stratification and inverse probability of treatment weighting (OR[95%CI] ranging 

from: 0.71 [0.43; 1.19] to 1.03 [0.76; 1.40], Fig 4.1).

For sensitivity analysis, we examined the impact of excluding patients with common 

commensal bacteria on multiple blood cultures collected on separate occasions within 

two days from ED admission. In our study, 24 patients had at least two subsequent 

Table 4.1: Patient characteristics in appropriately versus inappropriately treated patients (total pop-

ulation) (continued)

Characteristic Appropriate n 

= 729 (70.2)

Inappropriate n 

= 310 (29.8)

P-value

Perivascular disease 77 (10.6) 44 (14.2) .12

CVA or TIAA 115 (15.8) 26 (8.4) .002

DementiaA 30 (4.1) 6 (1.9) .12

Connective tissue disease 57 (7.8) 20 (6.5) .52

Peptic ulcer disease 17 (2.3) 8 (2.6) >.99

Type of isolated pathogen

Gram-negative BSI 457 (62.7) 216 (69.7) .03

Data are presented as No. (%) unless otherwise indicated. Data in this table is not imputed yet.

Abbreviations: NEWS, National Early Warning Score; CVA or TIA, cerebrovascular accident or transient ischemic attack; BSI, 

bloodstream infection.
AConfounding variables.
BData on triage category were missing for 50 (4.6%) patients.
CData on body temperature were missing for 9 (0.9%) patients.
DData on heart rate were missing for 24 (2.3%) patients.
EData on respiratory rate were missing for 370 (35.5%) patients.
FData on systolic blood pressure were missing for 20 (1.9%) patients.
GData on oxygen saturation were missing for 43 (4.3%) patients.
HData on consciousness were missing for 175 (16.8%) patients.
IComorbidities with a prevalence below 1% are not presented (i.e. moderate to severe liver disease, acquired immunode-

ficiency syndrome, and hemiplegia).
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blood cultures with a common commensal (17 Staphylococcus epidermidis, 3 Staphy-

lococcus hominis, 1 Bacillus licheniformis, 1 Rhodococcus equi, 1 Staphylococcus capitis, 

and 1 Staphylococcus lugdunensis). Appropriate therapy was administered in 9 (37.5%) 

patients. Excluding these patients did not affect our results.

Subgroup analysis antibiotic monotherapy

There were 449 patients treated with antibiotic monotherapy of whom 347 (77.3%) re-

ceived appropriate therapy. In 102 patients therapy was inappropriate: 92 patients were 

treated with ineffective antibiotic therapy and in 10 patients antibiotic therapy was not 
intravenously administered. Of the patients who were appropriately treated, cefuroxime 

was most often administered. Mortality within 30 days was 7.1%. We found that 299 

(66.6%) patients had a gram-negative BSI, which is comparable to the rate of gram-

negative BSI in the total population (64.8%). The most frequently isolated pathogens 

were Escherichia coli (35.4%), Staphylococcus aureus (11.1%), and Klebsiella pneumoniae 

(7.8%). Patient characteristics were comparable for appropriately and inappropriately 

treated patients, indicating exchangeability in the monotherapy subgroup compared to 

the total population (Table 4.2).

In the monotherapy subgroup, crude 30-day mortality for appropriately treated patients 

was 5.5% (19 patients) vs. 12.7% (13 patients) for inappropriately treated patients. Ap-

propriate therapy was associated with lower 30-day mortality after crude estimation, 

adjustment for propensity score, propensity score stratification, and inverse probability 

of treatment weighting (OR[95%CI] ranging from: 0.31 [0.14; 0.67] to 0.40 [0.19; 0.85], Fig 

4.2). Conventional adjustment for confounders had an OR with 95%CI of 0.41 [0.14; 1.18].

Figure 4.1: Appropriate empirical antibiotic therapy and 30-day mortality (total population)

CI, confidence interval.

Confounding variables: age, arrival, triage category, direct intensive care unit admittance, chills, need for vasopressors, 

body temperature, respiratory rate, systolic blood pressure, supplemental oxygen, consciousness, diabetes mellitus with 

end-organ damage, mild liver disease, malignancy, chronic kidney disease, chronic obstructive pulmonary disease, cere-

brovascular accident or transient ischemic attack, and dementia.

For a detailed description of statistical adjustment techniques, see Appendix B.

This figure shows attenuation of estimates after adjustment for confounders.
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Table 4.2: Patient characteristics in appropriately versus inappropriately treated patients (antibiotic 

monotherapy)

Characteristic Appropriate n = 

347 (77.3)

Inappropriate n 

= 102 (22.7)

P-value

Sex, male 200 (57.6) 67 (65.7) .18

Age, mean (SD), yearsA 60.1 (15.4) 63.0 (15.1) .09

Arrival by ambulanceA 55 (15.9) 14 (13.7) .71

Triage category, acute/highly urgentA 52 (15.7) 12 (12.2) .49

Direct intensive care unit admittanceA 10 (2.9) 2 (1.9) >.99

ChillsA 164 (47.3) 47 (46.1) .92

Vomiting 86 (24.8) 21 (20.6) .46

Need for vasopressorsA 3 (0.9) 2 (2.0) .70

Suspected site of infection, unknown 86 (24.8) 20 (19.6) .34

Origin, nosocomial 207 (59.7) 63 (61.8) .79

Vital signs / NEWS parameters

Body temperature, mean (SD), °CA 38.3 (1.1) 38.1 (1.2) .05

Heart rate, mean (SD), beats/min 103 (20.6) 100 (21.6) .21

Respiratory rate, mean (SD), breaths/minA 21 (7.0) 20 (6.4) .21

Systolic blood pressure, mean (SD), mm HgA 128 (25.7) 123 (21.1) .05

Oxygen saturation, mean (SD), % 96 (5.5) 96 (2.3) .67

Any supplemental oxygenA 106 (30.5) 33 (32.4) .82

Consciousness, not alertA 18 (6.3) 7 (8.5) .65

NEWS, mean (SD) 4.5 (3.0) 4.3 (3.4) .48

Comorbidities of Charlson Comorbidity IndexB

Diabetes mellitus, uncomplicated 64 (18.4) 17 (16.7) .79

Diabetes mellitus, end-organ damageA 5 (1.4) 0 (0.0) .59

liver disease, mildA 53 (15.3) 15 (14.7) >.99

Malignancy, leukemia, lymphoma, solid tumorA 64 (18.4) 20 (19.6) .90

Malignancy, metastatic solid tumorA 45 (13.0) 19 (18.6) .20

Chronic kidney diseaseA 85 (24.5) 21 (20.6) .49

Congestive heart failure 52 (15.0) 11 (10.8) .36

Myocardial infarction 48 (13.8) 16 (15.7) .76

Chronic obstructive pulmonary diseaseA 39 (11.2) 19 (18.6) .07

Perivascular disease 31 (8.9) 13 (12.7) .34

CVA or TIAA 57 (16.4) 11 (10.8) .21

DementiaA 11 (3.2) 1 (1.0) .39

Connective tissue disease 27 (7.8) 6 (5.9) .67

Peptic ulcer disease 9 (2.6) 3 (2.9) .88

Type of isolated pathogen

Gram-negative BSI 214 (61.7) 85 (83.3) <.001

Data are presented as No. (%) unless otherwise indicated. Data in this table is not imputed yet.

Abbreviations: NEWS, National Early Warning Score; CVA or TIA, cerebrovascular accident or transient ischemic attack; BSI, 

bloodstream infection. AConfounding variables. B Comorbidities with a prevalence below 1% are not presented (i.e. moder-

ate to severe liver disease, acquired immunodeficiency syndrome, and hemiplegia).
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DISCUSSION

This study aimed to address the confounding that exists in establishing the effects of 
antibiotic appropriateness in patients with BSI. Despite extensive adjustment for con-

founding, we found no association between appropriate empirical antibiotic therapy 

and mortality when assessing all patients. This finding – in line with previous studies 

–5,8-13 remains counterintuitive and is in contrast to fundamentals of current clinical 

practice.3

We hypothesized that confounding by indication was the explanation for finding no as-

sociation between appropriate therapy and mortality in previous studies. Patients at risk 

of dying of BSI are more likely to receive broad spectrum antibiotic – thus more often 

appropriate – therapy as physicians want to ensure appropriateness most in severely 

ill patients. As a result, the association between appropriate therapy and mortality is 

biased. In our study, the first clue for confounding by indication were the more unfavor-

able patient characteristics in the appropriately treated group. We noticed this lack of 

exchangeability as well in the study of Anderson et al., which also found no association 

between appropriate therapy and mortality.13 However, the authors did not consider 

confounding by indication as a potential explanation for their findings. A second clue 

for confounding was attenuation of estimates when controlling for bias – with both con-

ventional multivariable logistic regression and propensity score methods. We noticed 

that in prior studies, that also found no association, there was attenuation of estimates 

after adjustment for confounders as well.10,11 Since we only adjusted for observed con-

founders, unmeasured – residual – confounders could still be of potential bias.

Figure 4.2: Appropriate empirical antibiotic therapy and 30-day mortality (antibiotic monotherapy)

CI, confidence interval.

Confounding variables: age, arrival, triage category, direct intensive care unit admittance, chills, need for vasopressors, 

body temperature, respiratory rate, systolic blood pressure, supplemental oxygen, consciousness, diabetes mellitus with 

end-organ damage, mild liver disease, malignancy, chronic kidney disease, chronic obstructive pulmonary disease, cere-

brovascular accident or transient ischemic attack, and dementia.

For a detailed description of statistical adjustment techniques, see Appendix B.

This figure shows attenuation of estimates after adjustment for confounders.
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Chance of residual confounding is absent in totally balanced or exchangeable groups 

(e.g. as in an ideal randomized controlled trial).16 Our total population was unbalanced 

in measured patient characteristics and we expected various degrees of confounding 

bias for different treatment strategies. We expected that patients receiving antibiotic 
combination – thus more often appropriate – therapy were the most ill and patients 

receiving no antibiotic therapy – thus inappropriate therapy – were the least ill patients. 

We expected the remainder of patients who received antibiotic monotherapy to be more 

comparable, as physicians chose to treat these patients presumably based on a more 

comparable judgment of illness. In addition, the severely confounded treatment strate-

gies – i.e. antibiotic combination therapy and no antibiotic therapy – are per definition 

excluded during this subgroup analysis. We therefore decided to subsequently analyze 

the antibiotic monotherapy subgroup. We found that for antibiotic monotherapy 

measured patient characteristics of appropriately and inappropriately treated patients 

were more balanced, lowering the chance of residual confounding. In this subgroup 

appropriate therapy was associated with lower 30-day mortality. This finding is in line 

with our expectations and current practice, and supports our hypothesis that residual 

confounding distorts associations when comparing unbalanced treatment groups.

Reducing confounding by indication through analyzing better balanced subgroups – in 

our study antibiotic monotherapy – is not often done. Previous studies on appropri-

ate therapy and mortality disregarded severely confounded treatment strategies (i.e. 

antibiotic combination therapy, no antibiotic therapy), which resulted in comparison of 

unbalanced treatment groups and biased findings.5,8-13

To prevent confounding, we adjusted for validated risk scores (e.g. NEWS, CCI) and ap-

plied several adjustment techniques (i.e. conventional multivariable logistic regression 

and propensity score methods). However, for the total population, these techniques fell 

short and we were unable to prevent bias. Apparently, a physicians’ decision to initiate 

a certain therapy is not only based on findings that are represented by such risk score 

systems, hence statistical adjustment techniques fall short. Thus, conclusions of obser-

vational studies comparing unbalanced treatment groups should be interpreted with 

caution. If possible, future investigators should use our method of attempting to identify 

and analyze the most balanced treatment groups nested within their study objective, as 

we demonstrated that this minimizes residual confounding.

limitations

Our study has limitations. First, we used retrospectively collected data making our study 

prone to bias. However, the quality of available data was assumed to be high as all data 

used was essential for daily clinical practice. For only 13 patients (1.3%) documentation 
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was unclear on whether antibiotic therapy was administered in the ED or after discharge, 

therefore we scored them as inappropriate therapy. We had no data on the exact time 

to the first antibiotic dose, but only on whether administration was during the ED visit 

or not. However, timing of antibiotic administration would have had no impact on the 

outcome of the inappropriately treated group and potentially a dilution of effects in the 
appropriately treated group.

Furthermore, we want to emphasize that we considered the association between em-

pirical antibiotic treatment in the ED and 30-day mortality, as this was our main study 

objective. Depending on disease course and culture results, antibiotic treatment could 

have been modified later on resulting in a different definitive antibiotic treatment. Also, 
we had no data on whether any source control such as abscess drainage was performed 

after ED discharge. Aside from empirical antibiotic treatment in the ED, this may have 

altered survival as well.

Conclusion

We initially found that appropriate empirical antibiotic therapy was not beneficial in pa-

tients with BSI. We showed that this counterintuitive finding was presumably the result 

of residual confounding. Patients who present with high disease severity are more likely 

to receive appropriate therapy than less ill patients. Therefore, the appropriately treated 

are initially at higher risk of dying than the inappropriately treated. Analyzing these 

unbalanced treatment groups results in distorted associations and subsequent conclu-

sions despite the use of common methods to prevent bias. With a subgroup analysis 

in a more balanced population (i.e. antibiotic monotherapy), we found the expected 

benefit of appropriate therapy. Our study underlines the complexities of performing 

clinical observational research. In case of unbalanced groups results should always be 

interpreted with caution. If possible, future investigators should attempt to identify 

and analyze the most balanced treatment groups nested within their study objective, 

because this minimizes residual confounding.
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SUPPlEMENTARY CONTENT

Appendix A. Detailed description variables

National Early Warning Score 

We collected all vital signs of the National Early Warning Score (NEWS): body temperature, heart rate, respiratory 

rate, systolic blood pressure, oxygen saturation, any supplemental oxygen, and consciousness (AVPU score: alert, 

voice, pain, unresponsive).

Each vital sign was graded 0-3. Scores for vital signs were added to obtain a total score. A NEWS over 7 triggers 

urgent clinical review. See supplementary methods S1 Table 1 for more information about grading of vital signs. 

Methods S1 table 1. National Early Warning Score grading

Grading of vital signs 3 2 1 0 1 2 3

Body temperature, °C < 35.0 35.1–36.0 36.1–38.0 38.1–39.0 > 39.0

Heart rate, beats/min < 41 41–50 51–90 91–110 111–130 > 130

Respiratory rate, breaths/min < 91 91–100 101–110 111–219 > 219

Systolic blood pressure < 9 9–11 12–20 21–24 > 25

Oxygen saturation < 92 92–93 94–95 > 96

Any supplemental oxygen Yes No

Consciousness, AVPU Alert Not alert

AVPU, alert, verbal, pain, unresponsive.

Charlson Comorbidity Index 

We collected all comorbidities of the Charlson Comorbidity Index (CCI): diabetes mellitus (uncomplicated or 

end-organ damage), liver disease (mild or moderate to severe), malignancy (leukemia, lymphoma, localized solid 

tumor, or metastatic solid tumor), acquired immunodeficiency syndrome, chronic kidney disease, congestive 

heart failure, myocardial infarction, chronic obstructive pulmonary disease, peripheral vascular disease, 

cerebrovascular accident or transient ischemic attack, dementia, hemiplegia, connective tissue disease, and 

peptic ulcer disease.
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Appendix B. Statistical methods

Propensity score methods

We obtained the propensity score by multivariable logistic regression, with appropriate empirical antibiotic 

therapy as dependent variable and all confounders as independent variables. The propensity score is a balancing 

score, ranging from 0 to 1, representing probability of therapy assignment conditional on observed confounders.

We applied three analytical procedures with the obtained propensity score. First, we used the propensity score 

as single independent covariate representing all confounders during logistic regression. Then we stratified 

on propensity score by bins of 0.1. For patients within the same bin, distribution of observed confounders is 

conditionally similar for appropriately and inappropriately treated patients if there is overlap in propensity score. 

This concept mimics process of randomization. After trimming all patients with non-overlapping propensity 

scores we obtained odds ratios with standard comparison and performed Mantel-Haenszel pooling. Finally, we 

used inverse probability of treatment weighting as adjustment technique, which uses the propensity score as a 

weight during subsequent standard comparison.

Based on previous simulation studies, we only included potential confounding variables in our statistical models 

that were statistically related to outcome (relative risk > 1.3) as this decreases variance without increasing bias. 

This is mainly important for our propensity score model. Including variables not associated with outcome (30-

day mortality), but with exposure (antibiotic therapy) can lead to overseparation.

Propensity scores were estimated in our total population and subsequently used in subgroup analyses (i.e. 

antibiotic monotherapy). Recent simulation studies showed this is a feasible approach.
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ABSTRACT

Background

Non-adherence to antimicrobial guidelines in patients with bloodstream infection 

can result in undertreatment, overtreatment, or equivalent treatment, and could lead 

to suboptimal care. Our aim was to examine the association between non-adherence 

and appropriate coverage as well as to assess the impact of non-adherence on 30-day 

mortality.

Methods

We conducted a retrospective cohort study between 2012 and 2017 at a tertiary univer-

sity hospital. Adult patients attending the emergency department with a bloodstream 

infection were included. Adherence was defined as guideline-recommended antibiotic 

therapy. Non-adherence was either undertreatment (too narrow-spectrum), overtreat-

ment (too broad-spectrum), or equivalent treatment. Outcomes were appropriate cov-

erage (i.e. antibiotic therapy that matches in vitro susceptibility of the isolated bacteria) 

and 30-day mortality.

Results

We included 909 patients of whom 395 (43.5%) were treated adherently, 355 (39.1%) 

were undertreated, 87 (9.6%) were overtreated, and 72 (7.9%) received an equivalent 

treatment. Overtreated patients were more severely ill, whilst undertreated patients had 

more favorable patient characteristics. Overtreatment did not result in higher appropri-

ate coverage, whereas undertreatment was associated with lower coverage (OR[95%CI]: 

0.18 [0.12; 0.26]). Overtreatment and undertreatment were not associated with 30-day 

mortality.

Conclusion

Guideline adherence likely depends on disease severity, because overtreatment was 

observed more often in patients with high disease severity and undertreatment in less 

severely ill patients. Undertreatment was associated with lower appropriate coverage 

but not with higher mortality. However, this can be the result of residual confounding. 

Overtreatment did not result in higher appropriate antibiotic coverage nor a survival 

benefit. Therefore, overtreatment seems not justifiable.
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INTRODUCTION

Bacterial infections can result in considerable mortality and have a profound global bur-

den.1-3 Patients with a severe infection (e.g. sepsis) often present in an acute care setting, 

such as the emergency department (ED). To provide proper care in this setting, initiation 

of the antibiotic therapy that matches in vitro susceptibility of the causative bacteria 

(i.e. with appropriate coverage) is important.4 However, the causative pathogen has 

yet to be identified by cultures and this process usually takes over 24 hours. Therefore, 

antibiotic therapy in the ED is virtually always initiated empirically.4

For patients with a suspected bacterial infection, guideline recommendations for 

empirical antibiotic therapy should depend on local prevalence of pathogens and 

antimicrobial resistance patterns.5 Such antimicrobial guidelines usually provide recom-

mendations for a specific working diagnosis (i.e. suspected source of infection). The 

aim of antimicrobial guidelines is to ensure that the antibiotic therapy with appropriate 

coverage is given before culture results become available, thereby preventing mortality. 

In addition, guidelines aim to reduce misuse of broad-spectrum antibiotic therapy, in 

order to prevent antimicrobial resistance and adverse effects.6

Non-adherence to antimicrobial guidelines in patients with a proven bloodstream infec-

tion (BSI) is disadvantageous when it results in inappropriate coverage.7,8 Moreover, lit-

erature about non-adherence in the ED is scarce and discrepant. Rate of non-adherence 

ranged from 10 to 53% and these studies did not differentiate between different types 
of non-adherence (i.e. undertreatment, overtreatment, or equivalent treatment).9-11 

Therefore, we intended to evaluate non-adherence to antimicrobial guidelines for adult 

patients with BSI attending the ED. Our aims were primarily to examine the association 

between the different types of non-adherence and appropriate coverage, and secondly 
to assess the impact of non-adherence on 30-day mortality.

METHOD

Study design and setting

We conducted a retrospective cohort study at the Erasmus University Medical Center Rotterdam 

(Erasmus MC), which is a tertiary university hospital in the Netherlands. We used data from all 

patients attending the ED with BSI from July 2012 through December 2017. The Medical Ethics 

Committee of the Erasmus MC reviewed this study and concluded that it did not fall under the 

scope of the Medical Research Involving Human Subjects Act and therefore no informed con-

sent needed to be obtained. This study is thus approved and registered under MEC-2018-1744.
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Patient selection

Patients were eligible for inclusion if they were at least 18 years of age, had a guideline-

specified working diagnosis, and had a laboratory proven bacterial BSI in the ED. BSI was 

defined as presence of a known pathogen (e.g. E. coli) in one blood culture or a common 

commensal (e.g. S. epidermidis) in at least two blood cultures collected on separate occa-

sions within two days from ED admission.12,13 Only the first episode of BSI was included 

to prevent domination of results by individuals that frequently visited the ED.

Data collection and processing

Data were derived from an ED database and combined with a database from Medical 

Microbiology, containing all collected blood cultures.14 The ED database included the 

working diagnosis, empirical antibiotic therapy administered during the ED visit, other 

patient characteristics, and mortality. General and demographic presenting patients 

characteristics collected were: sex, age, arrival (by ambulance or not), triage category 

(according to the Manchester Triage System),15 disposition (direct intensive care unit 

admittance or other), chills,16 vomiting,16 need for vasopressors, and origin of infection 

(nosocomial or community-acquired).17 To further account for initial severity of disease 

we used the first recorded vital signs (i.e. body temperature, heart rate, respiratory rate, 

systolic blood pressure, oxygen saturation, and consciousness), whether there was 

need for any supplemental oxygen, and calculated the National Early Warning Score 

(NEWS)18,19 (Appendix A). Additionally, to account for comorbidity we collected all com-

ponents of the Charlson Comorbidity Index (CCI)20 (Appendix B). For mortality data we 

used municipal death registration records.

Patients with a positive blood culture in the ED were identified via the blood culture da-

tabase of Medical Microbiology.14 This database contained information about the type 

of pathogen and its susceptibility (antibiogram). Blood cultures were performed using 

the BACTEC system (Becton Dickinson Diagnostic Instrument Systems, Sparks, Md) ac-

cording to the manufactures protocol. Type of pathogen was identified by MALDI-TOF 

MS analysis (Microflex, Bruker Daltonics, Bremen, Germany). The in vitro susceptibility 

testing was performed using the VITEK 2 (bioMérieux, Marcy l’Etoile, France) system. 

Based on earlier applied antibiotic therapy in the ED and established in vitro susceptibil-

ity of the isolated pathogen, we determined whether coverage of the empirical therapy 

was appropriate or not. In accordance with previous studies the following situations 

were scored as inappropriate coverage of the isolated pathogen: no empirical antibiotic 

therapy, ineffective antibiotic therapy (based on antibiogram or if dosage was lower than 
guideline-recommended) or not intravenously administered antibiotic therapy (except 

for antibiotics with high bioavailability such as ciprofloxacin and metronidazole).21
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Adherence to guidelines was defined as initial antibiotic therapy administered in the ED 

in accordance with local hospital guideline recommendations for empirical antibiotic 

therapy.22 This definition corresponds to previous definitions of adherence in comparable 

study settings.9-11 Our empirical guideline recommendations depend on national antimi-

crobial guidelines and are updated based on local prevalence and resistance patterns.23 

Guidelines provide recommendations for a specific working diagnosis, and are easily 

available online for all physicians in our hospital.22 Guideline deviation was considered 

adherent if a proper motivation was described in the medical chart, i.e. if altered based 

on previous relevant cultures (only to broaden therapy), and comorbidity (e.g. sickle cell 

disease, functional asplenia). Additionally, empirical antibiotic therapy was considered 

adherent if altered after direct consultation with a clinical microbiologist or infectious 

diseases specialist, for example in case of renal malfunction (i.e. applying an alternative 

to gentamicin while preserving the antimicrobial spectrum if pre-existent glomerular 

filtration rate was < 30 millilitre/minute). In case of multiple working diagnoses, all 

highly suspected diagnoses needed to be covered. Absence of antibiotic prescription 

was considered adherent in case of a suspected cholecystitis (if not severely ill and if 

not immunocompromised) and gastro-enteritis (if not recently returned from traveling, 

without (persisting) high fever, no dysentery, and if not immunocompromised). Over 

the study period there were minor changes in hospital guidelines, which we took into 

account (Table 5.1).

Conversely, non-adherence was defined as failure to treat in accordance with the hospi-

tal guidelines. Previous studies did not divide non-adherence into an undertreatment, 

overtreatment, and equivalent group.9-11 We scored non-adherence as undertreatment if 

therapy was more narrow-spectrum than guideline-recommended therapy (e.g. not ad-

ministering antibiotics, omitting recommended gentamicin). Overtreatment was scored 

if antibiotic therapy was more broad-spectrum than guideline-recommended therapy 

(e.g. administering additional antibiotic agents while not recommended). If antibiotic 

therapy was non-adherent, but equivalent with regard to spectrum, a separate equiva-

lent group was introduced (e.g. amoxicillin/clavulanic acid with gentamicin is equivalent 

to cefuroxime with gentamicin for cholangitis, unknown sepsis, and urosepsis). Equiva-

lent treatment was either in accordance with national antimicrobial guidelines, or not. 

For a detailed description of non-adherence scoring, see Appendix C.

The authors RS and AB independently reviewed all medical charts to score both work-

ing diagnosis and whether the given antibiotic therapy was adherent or not. In case of 

disagreement or doubt, a meeting with acute internists (JA, SKN) and medical microbi-

ologists (JDS and AV) was organized in which consensus was obtained.
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Data analysis

We examined all presenting patient characteristics that reflect severity of disease among 

adherently versus (vs.) non-adherently (i.e. under-, over-, equivalently) treated patients. 

Based on distribution, data were compared using unpaired t-tests, chi-squared tests, or 

Fisher’s exact tests. Distribution of these patient characteristics should reveal whether 

Table 5.1: Working diagnoses and guideline-recommended antibiotic therapy in patients with 

bloodstream infection in the emergency department

Suspected focus Working diagnosis N (%) Guideline-recommend antibiotic therapy

Unknown Sepsis 98 (10.8) CA

HA

Cefuroxime and gentamicin

Piperacillin/tazobactam and gentamicin

Neutropenia Sepsis 37 (4.1) Meropenem

Urogenital Sepsis or 

pyelonephritis

266 (29.3) CA

HA

Cefuroxime and gentamicin

Piperacillin/tazobactam and gentamicin

Respiratory Mild pneumonia 

(CURB 0-1)

45 (5.0) CA Amoxicillina

Moderate pneumonia

(CURB 2)

26 (2.9) CA Amoxicillin

Severe pneumonia 

(CURB 3-5)

37 (4.1) CA Amoxicillin/clavulanic acid and ciprofloxacina

Pneumonia 25 (2.8) HA Piperacillin/tazobactam

(and gentamicin if doubt about source or if 

septic)

Aspiration 9 (1.0) CA - Amoxicillin/clavulanic acida

- Cefuroxime and metronidazolea

Pulmonic abscess /

pleura empyema

9 (1.0) Amoxicillin/clavulanic acid

Abdominal Sepsis 29 (3.2) CA

HA

Cefuroxime and metronidazole and gentamicin

Piperacillin/tazobactam and gentamicin

Cholangitis 181 (19.9) Cefuroxime and gentamicin

Peritonitis, primary 13 (1.4) Ceftriaxone

Peritonitis, secondary 11 (1.2) CA Cefuroxime and metronidazoleb and gentamicin

Gastro-enteritis 18 (2.0) Initially without antibiotic therapy

- Azithromycina

- Erythromycin and ciprofloxacin

Skin Cellulitis 22 (2.4) Flucloxacillina

Erysipelas 14 (1.5) Penicillina

Central nervous 

system

Meningitis, primary 32 (3.5) Ceftriaxone and amoxicillin

Ceftriaxone

Intravascular, 

thorax

Intravascular catheter 19 (2.1) - Vancomycin

- Cefuroxime and gentamicin

Only working diagnoses with a prevalence ≥ 1.0% are shown in this table.

Abbreviations: CA, community-acquired; HA, hospital-acquired; CURB65, confusion, blood urea nitrogen, respiratory rate, sys-

tolic blood pressure, age ≥ 65; SBP, spontaneous bacterial peritonitis.

All antibiotic therapy had to be administered intravenously, except for aoral and bintraperitoneal administration was allowed.
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there are differences in initial disease severity between adherently vs. non-adherently 
(i.e. under-, over-, equivalently) treated patients.

First, we investigated the association between non-adherence and appropriate antibi-

otic coverage with univariable logistic regression. We did not control for patient charac-

teristics because we assume they affect appropriate antibiotic coverage only through 
(non)-adherence. However, secondly, for the association between non-adherence and 

30-day mortality we did expect confounding by patient characteristics and therefore we 

used multivariable logistic regression to limit bias. We considered patient characteristics 

as confounders during further analyses if, based on expert knowledge, the character-

istics were associated with (non)-adherence and 30-day mortality.24 Additionally, we 

repeated the analyses for two subgroups of undertreatment: 1) after excluding patients 

who received no antibiotic therapy and 2) for patients in which gentamicin was omitted.

Results were presented as odds ratios (OR) with 95% confidence intervals (CI). All hy-

pothesis tests were 2-sided, with a significance level of p <.05. We handled missing data 

using multiple imputations. For efficiency purposes we imputed 20 datasets using the 

chained equations method. Statistical analyses were performed using R version 3.6.3.

RESUlTS

Patient characteristics

We identified 1,286 adult patients with a positive laboratory proven blood culture taken 

in the ED. We excluded 247 patients with a recurrent BSI during our study period, result-

ing in 1,039 unique patients with BSI (Fig 5.1). 909 patients had a guideline-specified 

working diagnosis, which are shown in Table 5.1. Most prevalent working diagnoses 

among patients with BSI were urosepsis/pyelonephritis (n = 266, 29.3%) and cholangitis 

(n = 181, 19.9%). In 893 (98.2%) patients we found a known pathogen (e.g. 311 Esch-

erichia coli) and in 16 (1.8%) we found a common commensal on multiple blood cultures 

collected on separate occasions within two days from ED admission (e.g. 11 Staphylococ-

cus epidermidis). See appendix D for more details about the isolated bacteria. Mortality 

within 30 days was 11.4%.

Treatment was adherent for 395 (43.5%) patients, 355 (39.1%) were undertreated, 87 

(9.6%) were overtreated, and 72 (7.9%) received equivalent treatment. Equivalently 

treated patients had therapy according to national guidelines in 49 patients (68.1%). 

Overtreated patients received on average more than two antibiotics. Main reasons for 
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undertreatment were omitting recommended gentamicin (n= 217, 61.1%) and not ad-

ministering antibiotics at all (n= 79, 22.3%). For a detailed description, see Appendix C.

Undertreated patients had presenting characteristics that implied lower disease sever-

ity compared to adherently treated patients: they less frequently arrived by ambulance 

(16.6% vs. 30.1%), were less likely in high triage categories (14.7 % vs. 33.3%), and were 

less often directly admitted to the intensive care unit (2.0% vs. 11.6%). In addition, 

undertreated patients had more normal vital signs and on average a lower NEWS of 4 

(± 3.1) vs. 6 (± 3.8). Especially, patients with underlying mild liver disease and chronic 

kidney disease were more often undertreated. Undertreated patients more often had 

a working diagnosis of cholangitis, pyelonephritis, and urosepsis (Table 5.2). We found 

that omitting recommended gentamicin was more prevalent in patients with kidney 

disease (i.e. underlying chronic kidney disease and/or a suspected pyelonephritis/

urosepsis). See Appendix C.

Overtreated patients had presenting characteristics that implied more critical illness 

than adherently treated patients. They were appointed to higher triage categories (52.4 

% vs. 33.3%) and had worse vital signs. On average, overtreated patients had a higher 

NEWS of 8 (± 4.3) vs. 6 (± 3.8). Overtreatment more frequently occurred in patients with 

Figure 5.1: Flowchart of study selection

Abbreviations: ED, emergency department, BSI, bloodstream infection.
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underlying chronic pulmonary disease (25.3% vs. 12.2%). Overtreated patients were 

more often diagnosed with mild- and moderate community-acquired pneumonia (Table 

5.2).

Equivalently treated patients had comparable presenting patient characteristics to 

adherently treated patients and thus an equal initial disease severity (NEWS of 6 (± 

3.5) vs. 6 (± 3.8)). Only the number of patients in high triage categories was lower for 

equivalently treated patients (18.3% vs. 33.3%). Additionally, patients with underlying 

mild liver disease and malignancies were more frequently present in the equivalently 

treated group (Table 5.2).

Non-adherence and appropriate antibiotic coverage

Appropriate antibiotic coverage for the adherently treated was 89.1% (n= 352), for the 

undertreated 58.0% (n= 206), for the overtreated 94.3% (n= 82), and for the equivalently 

treated 86.1% (n= 62).

Undertreatment was associated with lower appropriate coverage compared to adherent 

treatment (OR[95%CI]: 0.18 [0.12; 0.26]). After excluding patients who received no anti-

biotic therapy, appropriate coverage increased from 58.0% to 74.6%. However, under-

treatment remained associated with lower appropriate coverage (OR[95%CI]: 0.27 [0.16; 

0.42]). Main reason for undertreatment was omitting gentamicin. If in these patients 

gentamicin was not omitted appropriate coverage would have increased from 72.8% to 

91.7%. Which would be comparable to coverage of adherent treatment (OR[95%CI]: 1.35 

[0.76; 2.41], Table 5.3).

Overtreatment did not result in higher appropriate coverage compared to adherent 

treatment (OR[95%CI]: 1.66 [0.77; 4.16]).

Equivalent treatment yielded equal appropriate coverage compared to adherent treat-

ment (OR[95%CI]: 0.86 [0.44; 1.82], Table 5.3).

Non-adherence and 30-day mortality

Crude 30-day mortality for the adherently treated was 11.9% (n= 47), for the under-

treated 9.9% (n= 35), for the overtreated 13.8% (n= 12), and for the equivalently treated 

13.9% (n= 10). There was no association between the three types of non-adherence and 

30-day mortality after both crude estimation and multivariable adjustment (OR[95%CI] 

ranging from: 0.65 [0.28; 1.53] to 1.87 [0.79; 4.41], Table 5.4).
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After excluding patients who received no antibiotic therapy, mortality rate for under-

treatment decreased from 9.9% to 9.1% and remained not associated with mortality 

(OR[95%CI]: 0.93 [0.52; 1.89]). Mortality rate was lower in undertreated patients in which 

gentamicin was omitted (6.0%); however, not significantly different from adherent treat-

ment after adjustment for confounders (OR[95%CI]: 0.65 [0.29; 1.49]). Most patients who 

died in the gentamicin-omitted group received antibiotic treatment with inappropriate 

coverage (n = 7), which in 5 out of 7 patients would have been appropriate coverage if 

gentamicin was not omitted (see Table 5.4).

Table 5.3: (Non-)adherence and appropriate antibiotic coverage

Type of (non-)adherence

Appropriate antibiotic 

coverage (%) Odds ratio 95% CI

Adherence (n = 395) 352 (89.1) 1.0 (reference)

Non-adherence:

Undertreatment (n = 355) 206 (58.0) 0.18 [0.12; 0.26]

• No antibiotic therapy excluded (n = 276) 206 (74.6) 0.27 [0.16; 0.42]

• Gentamicin was omitted (n= 217) 158 (72.8) 0.33 [0.21; 0.51]

•  If gentamicin would not have been omitted, 

i.e. adherence (n= 217)a

199 (91.7) 1.35 [0.76; 2.41]

Overtreatment (n = 87) 82 (94.3) 1.66 [0.77; 4.16]

Equivalent (n = 72) 62 (86.1) 0.86 [0.44; 1.82]

aThis is a counterfactual group: these patients were not treated with recommended gentamicin, but we examined if coverage 

would have been appropriate if they did receive gentamicin (i.e. if treatment would been adherent).

Table 5.4: (Non-)adherence and 30-day mortality

Type of (non-)adherence 30-day 

mortality (%)

Crude odds ratio 

[95% CI]

Adjusted odds 

ratioa [95% CI]

Adherence (n = 395) 47 (11.9) 1.0 (reference) 1.0 (reference)

Non-adherence:

Undertreatment (n = 355) 35 (9.9) 0.82 [0.52; 1.30] 1.16 [0.65; 2.09]

• No antibiotic therapy excluded (n = 276) 25 (9.1) 0.73 [0.44; 1.20] 0.93 [0.52; 1.89]

• Gentamicin was omitted (n = 217) 13 (6.0)b 0.47 [0.25; 0.89] 0.65 [0.29; 1.49]

Overtreatment (n = 87) 12 (13.8) 1.17 [0.59; 2.17] 0.65 [0.28; 1.53]

Equivalent (n = 72) 10 (13.9) 1.19 [0.58; 2.30] 1.87 [0.79; 4.41]

aAdjusted for: sex, age, arrival, triage category, direct intensive care unit admittance, chills, vomiting, vasopressors, body temper-

ature, heart rate, respiratory rate, systolic blood pressure, oxygen saturation, any supplemental oxygen, origin, consciousness, 

diabetes mellitus (uncomplicated), liver disease (mild), malignancy, chronic kidney disease, congestive heart failure, myocardial 

infarction, chronic pulmonary disease, perivascular disease, cerebrovascular accident, dementia, and connective tissue disease.
bMost of these patients that died received antibiotic treatment with inappropriate coverage, which in 5 out of 7 patients would 

have been appropriate coverage if gentamicin was not omitted.
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DISCUSSION

Our study aimed to evaluate non-adherence to antimicrobial guidelines for adult 

patients with BSI attending the ED. Non-adherence was high, and mainly the result 

of undertreatment. Non-adherence can result in undertreatment, overtreatment, or 

equivalent treatment. As these are potentially distinctive groups with respect to severity 

of disease and outcome, we analyzed them separately. Previous studies did not differ-

entiate between these different types of non-adherence.9-11 We found that, compared to 

adherently treated patients, overtreated patients were more severely ill, whilst under-

treated patients were less severely ill. As a result, guideline adherence likely depends on 

clinical disease severity.

In the most severely ill patients, overtreatment may be a consequence of a physicians’ 

intention to ensure appropriate antibiotic coverage. However, our study shows that pro-

viding too broad-spectrum antibiotic therapy is not justifiable, because overtreatment 

was not associated with higher appropriate antibiotic coverage nor a survival benefit. 

Furthermore, overtreatment in general leads to risk of antimicrobial resistance and 

adverse effects.6 Therefore, adherence to the guidelines should be preferred to provide 

proper care, even when physicians encounter more severely ill patients. In accordance 

with previous studies, we found overtreatment was more frequent in patients with 

underlying chronic pulmonary disease and a suspected mild to moderate community-

acquired pneumonia.25,26 Thus, for these patients with pulmonary disease, physicians 

should be extra alert to potential overtreatment.

In less severely ill patients, physicians might decide to give no or more narrow-spectrum 

antibiotic therapy than antimicrobial guidelines would recommend. Undertreatment 

was the leading type of non-adherence, thus, guidelines often advise more extensive 

treatment than physicians in practice provide in less severely ill patients. For these 

patients, clinical judgement of low disease severity potentially overruled guideline 

recommendations. However, undertreatment resulted in lower appropriate antibiotic 

coverage, also after excluding patients who received no antibiotic therapy. Main rea-

son for undertreatment was omitting gentamicin. We found that if in these patients 

gentamicin was not omitted, appropriate coverage would have been comparable to 

coverage of adherent treatment. Undertreatment was not associated with higher 30-

day mortality. Although from our data there seems no survival disadvantage for these 

less severely ill undertreated patients, we have to emphasize that confounding by (low) 

severity of disease could mask a survival disadvantage for undertreated patients. Thus, 

finding no survival disadvantage in this case can be the result of residual confounding, 

which was also demonstrated in a previous study.19 Moreover, survival would have likely 
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been better if these undertreated patients with proven BSI did receive the antibiotic 

treatment with appropriate coverage. Therefore, physicians should always be cautious 

when they decide to undertreat and realize that appropriate antibiotic coverage is 

significantly lower compared to guideline-adherent therapy. We found undertreatment 

was more frequent in patients with underlying chronic kidney disease and a suspected 

pyelonephritis/urosepsis. From literature and clinical practice this can be explained 

by the intention to spare these patients from treatment with nephrotoxic antibiotics 

such as gentamicin.27,28 In our data, we found that omitting recommended gentamicin 

was more prevalent in patients with kidney disease as well. However, as stated before, 

omitting gentamicin affects appropriate coverage and therefore we would argue that in 
these patients physicians should consult a medical microbiologist to find an alternative 

to gentamicin with comparable coverage.

Non-adherence in our study (56.5%) was high compared to previously reported non-ad-

herence rates (10 to 53%). However, previous studies are likely underestimating the true 

non-adherence rate as they excluded patients who received no antibiotic therapy.9-11 

Also, we chose to score adherence very strictly to give an unbiased interpretation of 

absolute guideline adherence. Strict scoring resulted in a few patients who were non-

adherent, but equivalently treated with regard to antibiotic spectrum. Equivalent treat-

ment was frequently in accordance with national antimicrobial guidelines. Equivalently 

treated patients had comparable patient characteristics to adherently treated patients, 

indicating comparable illness. As expected, equivalent treatment yielded an equal rate 

of appropriate antibiotic coverage. Also, we found no difference in 30-day mortality.

limitations

Our study has several limitations. First, we used retrospectively collected data making 

our study prone to bias. However, the quality of available data was assumed to be 

high as all data used was essential for daily clinical practice. For only 13 patients (1.3%) 

documentation was unclear on whether antibiotic therapy was administered in the ED 

or after discharge, therefore we scored them as no (and thus inappropriate) antibiotic 

coverage.

Also, we want to emphasize that we only considered empirical treatment in the ED, as 

this was our main study objective. Depending on disease course and culture results, 

antibiotic therapy could have been modified later on resulting in a different definitive 
antibiotic treatment. Aside from empirical antibiotic treatment in the ED, this may have 

altered survival as well.
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Conclusion

In patients with BSI attending the ED, the majority of antibiotic therapy was non–adher-

ent. Guideline adherence likely depends on clinical disease severity. Undertreatment 

was the leading type of non-adherence, mainly the result of omitting gentamicin, and 

most common in less severely ill patients. Undertreatment was associated with lower 

appropriate antibiotic coverage, but not with higher mortality. Although we found no 

survival disadvantage, previous studies have shown that this can be the result of residual 

confounding and survival would have likely been better if these patients with proven 

BSI received antibiotic therapy with appropriate coverage (i.e. guideline-adherent treat-

ment). Therefore, physicians should always be cautious when they undertreat and 

realize that antibiotic coverage is significantly lower compared to guideline-adherent 

therapy. Overtreatment was given to the most severely ill patients and did not result 

in higher appropriate antibiotic coverage nor a survival benefit. Together with the risk 

of antimicrobial resistance, overtreatment is not justifiable even in case of high disease 

severity.
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SUPPlEMENTARY CONTENT

Appendix A. National Early Warning Score

We collected all vital signs of the National Early Warning Score (NEWS)1: body temperature, heart rate, respiratory 

rate, systolic blood pressure, oxygen saturation, any supplemental oxygen, and consciousness (AVPU score: alert, 

voice, pain, unresponsive). See Table 1.4.

Appendix B. Charlson Comorbidity Index

We collected all comorbidities of the Charlson Comorbidity Index (CCI): diabetes mellitus (uncomplicated or 

end-organ damage), liver disease (mild or moderate to severe), malignancy (leukemia, lymphoma, localized solid 

tumor, or metastatic solid tumor), acquired immunodeficiency syndrome, chronic kidney disease, congestive 

heart failure, myocardial infarction, chronic pulmonary disease, peripheral vascular disease, cerebrovascular 

accident or transient ischemic attack, dementia, hemiplegia, connective tissue disease, and peptic ulcer disease. 

See Table 1.5.
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Appendix C. Detailed description of different types of guideline non-adherence

Type of non-adherence N (%)

Undertreatment (n = 355)c

Not administering recommended gentamicind 217 (61.1)

Not administering any antibiotic therapy 79 (22.3)

Not administering recommended amoxicillin/clavulanic acid or metronidazole 26 (7.3)

Other reasons 33 (9.3)

Overtreatment (n = 87)b

Not recommended administration of: 65 (74.7)

- One additional antibiotic agent 37

- Two additional antibiotic agents 19

- Three additional antibiotic agents 9

To broad-spectrum monotherapy 22 (25.3)

- Amoxicillin/clavulanic acid or levofloxacine or ciprofloxacine instead of amoxicillin 7

- Meropenem monotherapy (while not recommended) 6

- Amoxicillin/clavulanic acid or cefuroxim instead of flucloxacillin 4

- Piperacillin/tazobactam instead of cefuroxime and metronidazole 2

- Other reasons 3

Equivalent treatment (n = 72)a

Conform national guidelines: 49 (68.1)

-  Amoxicillin/clavulanic acid and gentamicin is equivalent to cefuroxime and gentamicin 

(for cholangitis, unknown sepsis, and urosepsis)

40

- Amoxicillin/clavulanic acid is equivalent to ceftriaxone for primary peritonitis 5

- Amoxicillin/clavulanic acid is equivalent to cefuroxime and metronidazole 3

- Cephalosporin’s are interchangeable 1

Not conform national guidelines: 23 (31.9)

- Amoxicillin is equivalent to cefuroxime for mild community-acquired pneumonia 6

- Amoxicillin/clavulanic acid is equivalent to cefuroxime and metronidazole 5

- Cephalosporin’s are interchangeable 3

- Other reasons 9

Antibiotic therapy administered in the emergency department was with regard to antibiotic spectrum aequivalent, provided 
bhigher coverage, or provided clower coverage than guideline-recommended therapy.
d Not administering recommended gentamicin occurred more often in patients with underlying chronic kidney disease and/or a 

suspected pyelonephritis/urosepsis (38.5% vs. 17.9%, p <.001).
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Appendix D. Most frequently isolated bacteria

Isolated bacteria N Adherence

n = 395

Undertreatment

n = 355

Overtreatment

n = 87

Equivalent

treatment

n= 72

Escherichia coli 311 117 (37.6) 151 (48.6) 18 (5.8) 25 (8.0)

Staphylococcus aureus 88 40 (45.5) 37 (42.0) 7 (8.0) 4 (4.5)

Streptococcus pneumoniae 85 48 (56.5) 14 (16.5) 21 (24.7) 2 (2.4)

Hemolytic streptococci (alpha, beta) 41 21 (51.2) 10 (24.4) 9 (22.0) 1 (2.4)

Other streptococcal species 41 20 (48.8) 12 (29.3) 6 (14.6) 3 (7.3)

Klebsiella species 82 31 (37.8) 40 (48.8) 2 (2.4) 9 (11.0)

Polymicrobial 60 29 (48.3) 23 (38.3) 3 (5.0) 5 (8.3)

Enterobacter species 35 13 (37.1) 18 (51.4) 1 (2.9) 3 (8.6)

Enterococcus species 17 3 (17.6) 10 (58.8) 1 (5.9) 3 (17.6)

Pseudomonas aeruginosa 23 11 (47.8) 7 (30.4) 4 (17.4) 1 (4.3)

Proteus mirabilis 17 10 (58.8) 4 (23.5) 3 (17.6) 0 (0.0)

Haemophilus influenzae 13 2 (15.4) 7 (53.8) 2 (15.4) 2 (15.4)

Citrobacter species 12 5 (41.7) 6 (50.0) 0 (0.0) 1 (8.3)

Staphylococcus epidermidis 11 7 (63.6) 0 (0.0) 4 (36.4) 0 (0.0)

Bacteroides fragilis 11 7 (63.6) 2 (18.2) 0 (0.0) 2 (18.2)

Neisseria meningitidis 4 3 (75.0) 0 (0.0) 1 (25.0) 0 (0.0)

Campylobacter species 4 3 (75.0) 1 (25.0) 0 (0.0) 0 (0.0)
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ABSTRACT

Background

Early risk stratification for guiding treatment priority in the emergency department (ED) 

is becoming increasingly important. Existing prediction models typically use demo-

graphics, vital signs, and laboratory parameters. Laboratory-based models require blood 

testing, which may cause substantial delay. However, these delays can be prevented by 

the use of point-of-care testing (POCT), where results are readily available. We aimed to 

externally validate a laboratory-based model for mortality and subsequently assessed 

whether a POCT model yields comparable performance.

Methods

All adult patients visiting the ED of a university hospital between January 2012 and De-

cember 2016 were retrospectively reviewed for inclusion. Primary outcome was defined 

as 30-day mortality after ED presentation. We externally validated one existing predic-

tion model including age, glucose, urea, sodium, haemoglobin, platelet count and white 

blood cell count. We assessed the predictive performance by discrimination, expressed 

as Area under the Curve (AUC). We compared the existing model to an equivalent model 

using predictors that are available with POCT (i.e. glucose, urea, sodium and haemoglo-

bin). Additionally, we internally validated these models with bootstrapping.

Results

We included 34,437 patients of whom 1,942 (5.6%) died within 30 days. The AUC of the 

laboratory-based model was 0.794. We refitted this model to our ED population and 

found an AUC of 0.812, which decreased slightly to 0.790 with only POCT parameters.

Conclusion

Our POCT-model performs similar to existing laboratory-based models in identifying 

patients at high risk for mortality, with results available within minutes. Although the 

model needs further validation and evaluation, it shows the potential of POCT for early 

risk stratification in the ED.



113

Predicting 30-day mortality using laboratory point-of-care testing

INTRODUCTION

Identifying patients at risk of dying in the emergency department (ED) remains chal-

lenging. Existing prediction models are typically based on demographics and vital signs. 

Triage systems are initially used to identify the most severely ill patients. However, cur-

rent triage systems, such as the Emergency Severity Index (ESI)1 and the Manchester 

Triage System (MTS),2 were mainly introduced for trauma patients. The performance of 

triage systems in all ED patients is poor.3-5 Early warning scores (EWS) are also used in the 

ED, either as replacement or as addition to triage.6,7 Examples of EWS are the Modified 

Early Warning Score (MEWS) and the National Early Warning Score (NEWS). However, 

EWS are developed to detect inpatient clinical deterioration. The predictive value of EWS 

for mortality in the ED varies,8,9 with inadequate or lacking validation and calibration.10

Another approach for early risk stratification is using laboratory parameters. An advan-

tage of laboratory parameters in prediction models is their objective measurement. 

Asadollahi et al. provided a laboratory-based prediction model derived from 1,650 

acute medical and surgical patients, which performed well with an AUC of 0.848.11 The 

model includes the predictors age, glucose, urea, sodium, haemoglobin, platelets and 

white blood cell count.12-15 However, laboratory models require blood testing and can 

cause delays if blood samples are analysed by a central laboratory. Nonetheless, these 

delays might be prevented by point-of-care testing (POCT), which yields results within 

minutes.16,17

The aim of this study was to determine whether a laboratory model can be implemented. 

Since external validation is a critical step to implementation in clinical practice, and to 

potentially improve the feasibility of the model, the first aim of this study was to exter-

nally validate the laboratory-based model by Asadollahi et al.11 in our large unselected 

population of ED patients. Our second aim was to assess whether a model based only on 

laboratory POCT parameters yields comparable performance.

METHODS

Study design and setting

We performed a retrospective cohort study in the ED of the Erasmus University Medical 

Center Rotterdam (Erasmus MC), Rotterdam, the Netherlands, which is a large tertiary 

referral centre, situated in an urban area. The ED has approximately 32,000 visits an-

nually. Data from all patients were automatically extracted from the electronic health 

records on a regular basis and collected in a database.
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Patient selection

We included all ED visits from January 2012 up to December 2016. Adult patients, aged 

18 years and over, in which laboratory diagnostics were performed were selected for this 

study. Per patient only the first visit to the ED was included.

Data collection and processing

We extracted demographic data (i.e. sex, age) and presenting vital parameters (i.e. body 

temperature, heart rate, respiratory rate, oxygen saturation, blood pressure and con-

sciousness level using AVPU-scale). Furthermore, we extracted acuity scale according 

to MTS category, disposition (i.e. in hospital admission), and arrival (i.e. by ambulance). 

In line with the study of Asadollahi et al. we extracted haemoglobin, serum sodium, 

plasma glucose, white blood cell count, serum urea and platelet count. These laboratory 

values were afterwards categorized (Table 6.1). Haemoglobin levels were converted 

from mmol/L to g/dL.11 Subsequently, we selected the laboratory parameters that are 

measurable with POCT, i.e. glucose, urea, sodium and haemoglobin. At Erasmus MC, the 

ABL800 FLEX (Radiometer America Inc., Westlake, OH) blood gas analyser for POCT is 

used, which yields results within two minutes. Outcome was defined as 30-day mortality 

after the index ED visit. Mortality data were retrieved from the patient records, which 

are linked to municipal mortality records. The Medical Ethics Committee of the Erasmus 

MC reviewed the study and concluded that our study did not fall under the scope of 

the Medical Research Involving Human Subjects Act and therefore no informed consent 

needed to be obtained.

Data analysis

Patient characteristics were presented as mean (SD), median (interquartile range (IQR)) 

or absolute numbers (percentage), when appropriate. Missing data were handled using 

multiple imputations (n=5) with a chained equations procedure, which means that the 

expected value of the missing data point is estimated based on the available data. We 

Table 6.1: laboratory tests with its cut-off points

Parameter (Unit) Reference range

Age≥65 (years)

Urea >7.0 (mmol/L) 2.5-7.5 (mmol/L)

Haemoglobin <12.0 (g/dL) (7.45 mmol/L) ♂: 14-17.5 (g/dL)

♀: 12.3-15.3 (g/dL)

Sodium <135 (mmol/L) 135-145 (mmol/L)

Glucose >7.0 (mmol/L) <7.8 (mmol/L)

White blood count >10.0 (*109/L) 4.0-10.0 (*109/L)

Platelet count <150 (*109/L) 150-400 (*109/L)
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examined all characteristics of patients who were alive versus the patients who died 

within 30 days from the index ED visit. Data were compared using Pearson chi-squared 

tests or unpaired t-tests, based on distribution of data.

Model performance of the laboratory-based model was described as discrimination and 

calibration. Discrimination was assessed using the area under the Receiver Operating 

Characteristic-curve (AUC). We assessed calibration with a calibration plot in which 

the slope indicates the relation between the observed and the predicted outcome (i.e. 

ideally close to 1) and the intercept indicates whether the predictions are systemati-

cally deviant (i.e. ideally close to 0). We calculated likelihood ratios for all cut-off points 
from the total score and determined the ideal cut-off point using Youden’s index (i.e. 
the cut-off point combining the optimal sensitivity and specificity). Interval likelihood 
ratios were established for several intervals. Furthermore, we refitted the model on our 

data and subsequently reduced the model by only including parameters which could 

be tested using POCT. These models were internally validated using five hundred times 

bootstrap resampling.

Analyses were conducted with IBM SPSS Statistics for Windows version 26 (IBM Corp., 

Armonk, New York, USA) and R statistics version 3.6.1. A significance level of p<0.05 was 

considered as statistically significant.

RESUlTS

Patient characteristics

116,398 adult ED visits were recorded between January 2012 and December 2016. 

Laboratory testing was performed in 54,753 of these visits. Selecting only first ED visits, 

yielded 34,437 patients eligible for analysis (Fig. 6.1). The majority of the population was 

male (54.8%). Median age (IQR) was 54 years (37-67). Admission rate was 55.7% and 

in total 1,942 (5.6%) patients died within 30 days after the ED visit. Patients who died 

presented to the ED with more deviating vital signs (i.e. higher heart rate (93 vs. 87 per 

minute), lower systolic blood pressure (135 vs. 140 mmHg), abnormal consciousness 

level (37.3 vs. 7.5%), p<0.001) and were significantly older (68 vs. 52 years, p<0.001) 

(Table 6.2).

Model performance

Haemoglobin was most frequently tested (in 98.8% patients), whereas blood urea 

nitrogen was least often tested (72.0%). All predictive effects we found corresponded 
to the original model (e.g. low platelet count, haemoglobin level, sodium levels were 
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Table 6.2: Baseline characteristics

All patients Died within 

30 days

Alive P-value

N (%) 34,437 (100%) 1,942 (5.6) 32,495 (94.4)

Demographics

Male, N (%) 18,827 (54.7) 1,187 (61.1) 17,640 (54.3) <0.001

Age, median (IQR) 54 (37-67) 68 (58-78) 52 (36-66)

ED presentation characteristics

Arrival by ambulance, N (%) 10,387 (30.2) 1,074 (55.3) 9,313 (28.7) <0.001

Triage category, N (%)a,

immediate/very urgent

6,827 (19.8) 1,015 (52.3) 5,812 (17.9) <0.001

Vital signs

Body temperature in °Cb, mean (SD) 36.8 (0.98) 36.2 (1.5) 36.9 (0.9) <0.001

Heart rate in bpmc, mean (SD) 87 (21) 93 (25) 87 (21) <0.001

Systolic blood pressure in mmHgd, mean (SD) 139 (27) 135 (39) 140 (26) <0.001

Diastolic blood pressure in mmHge, mean (SD) 82 (17) 77 (24) 82 (16) <0.001

Respiratory rate per minutef, mean (SD) 19 (7) 21 (8) 19 (7) <0.001

Oxygen saturation in %g, median (IQR) 98 (96-99) 97 (94-99) 98 (96-99) <0.001

Consciousness not alerth, N (%)b 3,148 (9.1) 712 (37.3) 2,436 (7.5) <0.001

Admission, N (%) 19,172 (55.7) 1,607 (84.2) 17,565 (54.0) <0.001

laboratory tests

Urea (mmol/L)i, mean (SD) 6.7 (5.1) 9.7 (7.6) 6.5 (4.9) <0.001

Sodium (mmol/L)j, mean (SD) 139 (4.4) 138 (6.1) 139 (4.2) <0.001

Glucose (mmol/L)k, mean (SD) 7.4 (3.8) 8.9 (5.6) 7.2 (3.5) <0.001

Haemoglobin (g/dL)l, mean (SD) 13.3 (2.1) 12.3 (2.6) 13.3 (2.1) <0.001

White blood cell count (109/L)m, mean (SD) 10.3 (18.3) 13.8 (14.6) 10.1 (18.4) <0.001

Platelets (109/L)n, mean (SD) 256 (104) 242 (133) 257 (243) <0.001

Missing data are not yet imputed.

Abbreviations: °C , degrees Celsius; bpm, beats per minute; dL, decilitre; ED, emergency department; g, gram; IQR, interquartile 

range; L, litre; mmol, millimole; N, number; SD, standard deviation.
aData on triage category were missing for 2,610 (7.6%) patients.
bData on body temperature were missing for 10,995 (31.9%) patients.
cData on heart rate were missing for 5,333 (15.5%) patients.
dData on systolic blood pressure were missing for 5,499 (16.0%) patients.
eData on diastolic blood pressure were missing for 5,452 (15.8%) patients.
fData on respiratory rate were missing for 17,321 (50.3%) patients.
gData on oxygen saturation were missing for 6,355 (18.5%) patients.
hData on conscious level were missing for 9,837 (28.6%) patients.
iData on urea level were missing for 9,640 (28.0%) patients.
jData on sodium level were missing for 1,108 (3.2%) patients.
kData on glucose level were missing for 955 (2.8%) patients.
lData on haemoglobin level were missing for 421 (1.2%) patients.
mData on white blood cell count were missing for 2,229 (6.5%) patients.
nData on platelet count were missing for 1,786 (5.2%) patients.
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associated with 30-day mortality) (Table 6.1 and 6.2). Of all predictors in the model, age 

≥ 65 years was the strongest predictor for 30-day mortality in univariate analysis (OR 

[95% CI] = 4.4 [4.0; 4.8]) (Table 6.3).

Figure 6.1: Flowchart of patient inclusion

Table 6.3: Odds ratios [95% CI] for the full model and POCT model

Parameter Odds ratio

[95% CI]

Odds ratio

[95% CI]

Odds ratio

[95% CI]

Univariate Full model POCT model

Age ≥65 (years) 4.21 [3.83; 4.63] 2.73 [2.45; 3.05] 2.60 [2.34; 2.89]

Urea >7.0 (mmol/L) 3.24 [2.85; 3.67] 1.61 [1.39; 1.88] 1.71 [1.48; 1.98]

Haemoglobin <12.0 (g/dL) 2.57 [2.34; 2.83] 1.73 [1.56; 1.92] 1.82 [1.65; 2.02]

Sodium <135 (mmol/L) 2.63 [2.36; 2.96] 1.52 [1.35; 1.72] 1.64 [1.45; 1.85]

Glucose >7.0 (mmol/L) 4.36 [3.95; 4.81] 2.82 [2.54; 3.13] 3.15 [2.85; 3.50]

White blood cell count >10.0 (*109/L) 2.39 [2.15; 2.66] 2.29 [2.05; 2.57] NA

Platelet count <150 (*109/L) 2.89 [2.57; 3.25] 2.79 [2.44; 3.19] NA

Abbreviations: CI, confi dence interval; dL, decilitre; g, gram; mmol, millimole; L, litre; NA, not applicable. The linear predictor of 

the full model can be calculated with the following formula: LP = -4.790 + 1.005*(Age ≥65) + 0.479*(Urea >7.0) + 0.548*(Haemo-

globin <12.0) + 0.420*(Sodium <135) + 1.037*(Glucose >7.0) + 0.830*(White blood count >10.0) + 1.025*(Platelet count <150). 

The linear predictor of the POCT model: LP = -4.302 + 0.995*(Age ≥65) + 0.539*(Urea >7.0) + 0.601*(Haemoglobin <12.0) + 

0.494*(Sodium <135) + 1.149*(Glucose >7.0). To determine the individual risk on 30-day mortality, apply the following formula: 

1/(1 + exp(−linear predictor).
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External validation showed an AUC of 0.796 [0.788-0.806]. The calibration curve had a 

slope of 0.77 and an intercept of 0.34 (Fig. 6.2).

We refitted the laboratory-based model on our own dataset with subsequent reduction 

to a model with only POCT parameters (Table 6.3). The refitted laboratory-based model 

yielded an internally validated AUC of 0.813, which slightly decreased to 0.790 when 

only including age and POCT parameters.

Likelihood ratios of score intervals of 0 to 5, 6 to 13 and 14 to 20 were 0.31, 1.77 and 5.04 

respectively. Positive and negative likelihood ratios for dichotomous cut-off points are 
found in Appendix A. The highest Youden’s index was found using a cut-off point score 
of 8.

DISCUSSION

In this study, we first externally validated the model by Asadollahi et al. that uses labo-

ratory parameters and the patients’ age to predict mortality. Next, we found that the 

Asadollahi et al. model based only on POCT available laboratory parameters yielded 

comparable performance. To our knowledge, we are the first to validate this laboratory-

based model and to perform calibration. Our external validation resulted in a reasonable 

AUC of 0.796. One benefit of our study is that we used a large database for the external 

validation, which limits uncertainty in the performance of the model and thus increases 

clinical relevance.18

Figure 6.2: Calibration plot

Calibration plot of the predicted probabilities for 30-day mortality with the Asadollahi model.
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Despite the fact that most models are introduced without calibration, it is a critical step 

preceding implementation of a model. Calibration describes the agreement between 

the calculated, based on the prediction model, and the observed number of occur-

rences. The calibration of this model was suboptimal, which indicates the model slightly 

overestimates the mortality risk.

A major disadvantage of the study by Asadollahi et al. is the case-controlled study 

design. The authors included deceased and non-deceased patients in a 1:2 ratio, which 

yields a mortality rate of 33%. This results in an overestimation of the prevalence of 30-

day mortality. Since we conducted a cohort study, our mortality rate reflects the 30-day 

mortality prevalence more accurately. One of the merits of the model by Asadollahi et al. 

is that it uses only a few parameters. Additionally, the parameters within this model are 

virtually always assessed in patients with indication for laboratory diagnostics admitted 

to the ED. Therefore this model is generally applicable and easy to use by clinicians. Its 

simple interpretation promotes implementation in electronic patient files. The power 

of laboratory values in prediction research is that they provide an objective measure-

ment, especially compared to manually collected vital parameters. Vital parameters 

that are manually collected are prone to interrater variability. Also, vital parameters are 

subject to influences that are not always taken into account (pain, stress, normality for 

an individual patient). A downside of laboratory values is that they take time to become 

available and are therefore difficult to implement in a decision model in the ED.

Ideally, prediction models in the ED should consist of readily available parameters and as 

little parameters as possible, making the model convenient for clinical practice. As most 

laboratory test results take more than an hour, the second aim of our study was to assess 

whether a model based on POCT parameters yielded similar predictive performance for 

30-day mortality. We found that our model with age and POCT parameters had similar 

performance. We provided the regression coefficients and an intercept allowing to rep-

licate this study, but also to facilitate implementation of this model in clinical practice. 

POCT is promising since it only takes minutes to analyse blood samples. This may lead to 

a reduction in time to diagnosis and initiation of treatment. Furthermore, POCT-systems 

are already used in EDs. Although presently not every ED has a POCT-analyser, which 

may limit the applicability of this study, our study may encourage to invest in POCT-

analysers.

limitations

A general limitation of literature concerning prediction models in the ED, is that hardly 

any study provides sufficient information to execute external validation. There are 

several models based on laboratory values published which performed well in general 
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with an AUC above 0.80.19-21 A limitation of our study is its retrospective study design, 

which makes our study prone to bias. Nevertheless, laboratory data were automatically 

retrieved from the laboratory testing machines thus the quality of the data is high and 

not subject to human mistakes. Furthermore, we had missing data, mainly vital signs, 

which we replaced using multiple imputation. This is a valid way to manage even large 

samples of missing data,22 however it is inferior to a database with all data available. 

Therefore, we should strive to collect data as completely as possible. Last, this validation 

study took place in a tertiary care centre which corresponds to the derivation study.11 

Therefore, our results might be less generalizable to other centres with patients with 

different complexity and pathology. We therefore recommend external validation of our 
model in another centre, before implementation. In addition, we encourage considering 

POCT in prediction model development, researching both its discrimination and calibra-

tion.

Conclusion

In conclusion, the performance of the model by Asadollahi et al. was adequate in iden-

tifying patients at high risk for 30-day mortality in the ED. However, our POCT-model 

performs similar with results available within minutes. Although our model needs fur-

ther validation and evaluation, it shows the potential of laboratory POCT in early risk 

stratification in the ED.
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Appendix A. Sensitivity, specificity, lR+, lR-, Youden’s index for different cut-off points

Cut-off 

point

Sensitivity Specificity Positive likelihood 

ratio

Negative likelihood 

ratio

Youden’s 

index

1 0,99 0,22 1,27 0,05 0,21

2 0,99 0,22 1,27 0,05 0,21

3 0,96 0,29 1,36 0,13 0,25

4 0,94 0,46 1,73 0,13 0,40

5 0,91 0,53 1,94 0,18 0,44

6 0,81 0,61 2,08 0,31 0,42

7 0,77 0,68 2,38 0,34 0,44

8 0,70 0,74 2,74 0,40 0,45

9 0,65 0,79 3,03 0,45 0,43

10 0,53 0,84 3,34 0,56 0,37

11 0,46 0,88 3,74 0,61 0,34

12 0,37 0,91 4,25 0,69 0,28

13 0,30 0,93 4,46 0,75 0,23

14 0,19 0,96 5,04 0,84 0,15

15 0,14 0,98 5,51 0,89 0,11

16 0,09 0,98 5,32 0,93 0,07

17 0,04 0,99 6,94 0,97 0,03

18 0,03 1,00 7,38 0,97 0,03

19 0,00 1,00 33,47 1,00 0,00

20 0,00 1,00 NA 1,00 0,00

Interval likelihood ratios for score 0 to 5, 6 to 13 and 14 to 20 were 0.31, 1.77 and 5.04.
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General discussion

This thesis aimed to identify mortality risk in patients presenting to the emergency 

department (ED) with infection and to identify mortality risk by laboratory testing in the 

ED. With this aim we hope to advance the developing field of acute internal medicine, 

which is a relatively new subspecialty of internal medicine. In this chapter, we present 

our main findings with emphasis on the methodologic barriers we encountered, fol-

lowed by a clinical consideration and recommendations for clinical practice and future 

research.

Mortality risk varies between different populations of patients attending the ED, also at 
the Erasmus University Medical Center Rotterdam (Erasmus MC, Figure 8.1). Compared 

to all-cause 30-day mortality in the total ED population (2.6%), internal medicine is a 

specialty with elevated mortality risk (5.1%). In the ED, it is fundamental to timely iden-

tify this risk in order to prioritize patients in need of immediate care.

To advance acute internal medicine, one should specifically seek mortality risk among 

patients who are currently not properly recognized as priority. It is of less benefit to 

predict mortality in patients with an already obvious elevated risk, e.g. in patients pre-

senting with or shock. Subsequently, if an elevated mortality risk is identified, adequate 

treatment options should be available to reduce it. An example of an internal disease 

in which mortality risk is already properly recognized and treated in the ED is anaphy-

laxis. Due to early identification and prompt treatment with epinephrine, these patients 

nowadays have a mortality risk of less than 1%, whilst anaphylaxis is often deadly if 

left untreated.1 However, for patients with infection and laboratory deviations in the ED, 

3.6

5.6

10.3

7.2

5.1

2.6

0 2 4 6 8 10 12

Potential VTE

Potential laboratory
deviations

Proven infection

Suspected infection

Internal medicine

Total ED population

30-day mortality (%)

Figure 8.1: Mortality (30-day) for ED populations in the Erasmus MC

Abbreviations: ED, emergency department; VTE, venous thromboembolism.

Suspected infection: patients with a blood culture taken.

Proven infection: patients with a positive blood culture.

Potential laboratory deviations: patients with laboratory diagnostics performed.

Potential VTE: patients with a D-dimer measured.

The Erasmus MC is a tertiary teaching hospital in the Netherlands with approximately 33,000 annual visits.
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identification of mortality risk can potentially be improved. Moreover, shifting the focus 

of acute physicians to underlying diseases may improve long-term patient outcome and 

could increase the efficiency of ED care.

Identifying mortality risk in patients presenting to the ED with infection

Patients with infection represent a substantial part of the ED presentations for internal 

medicine. Mortality within 30 days in patients with infection is high (7.2-10.3%) com-

pared to mortality in the overall internal medicine population (5.1%, Figure 8.1). Chal-

lenges are recognizing the infection, estimating disease severity, and deciding whether 

or not to initiate antibiotic therapy. Specifically elderly can have atypical presentations, 

e.g. immobility, impaired cognition and incontinence.2 Also, biomarkers for infection 

might not be immediately elevated (e.g. CRP, leukocytes)3,4 and culture results can take 

over 24 hours. Moreover, infections can range from mild to life-threatening with sudden 

clinical deterioration.5 In patients with serious infection such as sepsis, the surviving 

sepsis campaign (SCC) recommends prompt antibiotic treatment.6 However, antibiotic 

overuse can induce antimicrobial resistance and adverse effects.7 Therefore, in patients 

with mild disease severity and probable self-limiting infection, antibiotic therapy is pref-

erably omitted. Yet, mortality among patients with infection in the ED remains high and 

challenges during presentation and diagnostics may complicate proper estimation of 

disease severity. Potentially, identification of mortality risk can be improved for patients 

with infection that are currently not recognized as treatment priority and, subsequently, 

lowered with adequate antibiotic treatment.

In the first part of this thesis we aimed to identify mortality risk using presenting 

characteristics of patients with infection, i.e. by studying the impact of admission body 

temperature and presenting comorbidity on outcome.

Fever is known to be a marker of infection and therefore one might assume that a higher 

body temperature always accompanies with a more serious development of the dis-

ease.8 However, according to a recent meta-analysis, septic patients with normothermia 

are at higher risk of dying than patients with fever.9 Potentially, this higher mortality risk 

is caused by inadequate recognition of a serious infection and subsequent delay in an-

tibiotic therapy. In chapter 2, we found that a substantial part (34.7%) of patients with 

blood culture proven infection in the ED presented with normothermia. Compared to 

patients with fever, normothermic patients had higher mortality but received antibiotic 

therapy less frequently. Other explanations for higher mortality among normothermic 

patients is being unable to develop fever due to underlying disease or use of antipyretic 

drugs. Nonetheless, physicians should be aware that normothermia does not exclude 

a serious infection. Therefore, the absence of fever should not be the only reason to 
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delay antibiotic therapy, especially in patients at risk of a serious infection (i.e. with a 

blood culture taken). Potentially, mortality risk can be reduced if these patients with 

normothermia receive antibiotic therapy in the ED. Moreover, current clinical decision 

support systems (CDSS), such as the Manchester Triage System (MTS)10 and National 

Early Warning Score (NEWS)11, assign a higher mortality risk to hyperthermia than to 

normothermia. However, for patients with infection this is not always appropriate and 

could even induce under-triage.

Underlying disease - or comorbidity - can increase the risk to acquire an infection, es-

pecially if altering the immune function (e.g. in case of diabetes mellitus, malignancy, 

chronic renal failure, chronic liver disease, chronic obstructive pulmonary disease, or 

human immunodeficiency virus [HIV]).12 However, less is known about whether present-

ing comorbidity in the ED also affects outcome due to infection and, if so, on which 
term. CDSS that are currently used in the ED mainly focus on deviating vital signs, such 

as the NEWS.11 The Charlson Comorbidity Index (CCI) is a chart review instrument to 

score comorbidity in combination with age and is mainly used in research settings.13,14 

In chapter 3, we showed that comorbidity was common among patients with infection 

in the ED. However, no comorbidities from CCI were independent predictors of 30-day 

mortality. Therefore, no specific underlying disease is more alarming compared to other 

comorbidities from the CCI. The CCI was most useful to prognosticate 1-year survival, 

whilst 30-day mortality depended more on vital signs (i.e. the NEWS). The predictive 

performance of NEWS improved in combination with age, potentially because elderly 

are less resilient to cope with infection.15 Thus, we found no evidence to use comorbidity 

when estimating short-term mortality risk in the ED; however, comorbidity can be useful 

to evaluate long-term survival in patients with infection.

Improving antibiotic therapy in the ED

Patients with serious infection in the ED should early receive an antibiotic therapy 

with appropriate coverage (i.e. that matches the in vitro susceptibility of the causative 

bacteria).6 Due to delay that is inherent to culture diagnostics, antibiotic therapy is 

initiated empirically (i.e. blind) for which antimicrobial guidelines can be consulted.16 

In the second part of this thesis we explained conflicting data regarding the effects 
of antibiotic therapy on mortality and we studied the consequences of antimicrobial 

guideline adherence.

Clinical practice universally assumes that appropriate antibiotic therapy improves 

survival in patients with a blood culture proven infection.6 However, studies that did 

not find lower mortality were published.17-23 An explanation for these conflicting data is 

confounding by indication, which occurs if patients with high presenting disease sever-
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ity are more likely to receive the therapy under study. As a result, appropriate antibiotic 

therapy can appear to result in poor outcome whilst these patients were already at a 

higher risk of mortality.24,25 In chapter 4, we also found that the association between ap-

propriate antibiotic therapy and mortality was distorted despite using several methods 

to prevent bias. We noticed that presenting disease severity was higher for appropriately 

treated patients than for inappropriately treated patients. However, in a better balanced 

subgroup we found the expected beneficial effect of appropriate antibiotic therapy. Our 
finding indicates that treatment effects cannot fairly be studied in unbalanced treat-

ment groups.

Initiating antibiotic therapy in the ED is virtually always empirical (i.e. blind), because 

culture results are not directly available. Antimicrobial guidelines for empirical therapy 

provide recommendations for a suspected source of infection and depend on local 

prevalence of pathogens and resistance patterns.16 However, according to previous 

studies these guidelines are often not followed.26-28 In chapter 5, we found that non-

adherence to antimicrobial guidelines among patients with blood culture proven infec-

tion in our ED was high (i.e. 56.5%) and mostly the result of undertreatment. Guideline 

adherence likely depends on presenting disease severity, because overtreatment was 

observed more often in patients with high disease severity and undertreatment in less 

severely ill patients. Undertreatment was associated with lower appropriate coverage 

and is therefore disadvantageous in these patients with blood culture proven infection. 

Overtreatment did not result in higher appropriate coverage nor a survival benefit and 

therefore seems not justifiable as well. A valid exception to broaden antibiotic therapy 

is if based on earlier cultured pathogens; however, narrowing therapy for this reason is 

not recommended.29 Despite the fact that undertreatment resulted in lower appropriate 

coverage, these patients did not have higher mortality compared to patients who were 

treated adherently. However, this is likely the result of confounding by indication, as 

undertreated patients had lower presenting disease severity than adherently treated 

patients. Potentially, undertreated patients would have had lower mortality if they 

were treated adherently, which is a counterfactual outcome.24 Nonetheless, to improve 

initiation of antibiotic therapy in the ED, we would recommend guideline adherence 

regardless of presenting disease severity.

Identifying mortality risk by laboratory testing in the ED

Laboratory testing is one of the cornerstones of diagnostics in patients who present to 

the ED with infection, but also in patients with other internal problems. The advantage 

of laboratory test results is that they provide an additional objective measurement to 

evaluate illness, which is particularly useful in patients with atypical presentations.
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In the third part of this thesis, we validated a laboratory-based model for mortality and 

we studied the association between D-dimer and mortality.

A disadvantage of laboratory testing is that waiting for test results can be a source of 

delay. Test results take about one hour when examination is traditionally done in the 

central laboratory. Alternatively, point-of-care testing (POCT) yields laboratory test 

results within minutes and is possible for multiple parameters.30 POCT may reduce mor-

tality risk if revealing acutely treatable laboratory deviations earlier, such as electrolyte 

or acid-base disorders. An example of a POCT that is already routinely incorporated in 

the primary survey is glucose, which is measured when assessing disability according 

to the ABCDE-approach.31 As a result, hypoglycemia or hyperglycemia can be corrected 

quickly. In chapter 6, we found that a model based on age and four laboratory POCT-pa-

rameters (hemoglobin, sodium, urea, glucose) yielded adequate predictive performance 

of 30-day mortality. Potentially, mortality risk can be reduced if POCT results in earlier 

treatment of anemia, hyponatremia, and also for community-acquired pneumonia as 

urea is part of the CURB65 score. The CURB65 score is a CDSS that aids in deciding on 

antibiotic therapy in the ED. Moreover, additional laboratory POCT (e.g. CRP, lactate, 

creatinine) may result in earlier treatment of other diseases (e.g. infection, renal failure, 

dehydration). Laboratory POCT is a potential CDSS that can be of use during triage and 

subsequent assessment. For example, it can be used as a ‘re-triage tool’, by changing the 

MTS triage category to higher urgency in case of laboratory deviations, or from standard 

to non-urgent in case of no deviations.10 Also, CDSS based on multiple laboratory POCT 

could help in deciding which patients should be admitted or can safely be sent home, 

thereby facilitating ED efficiency.

For some laboratory tests, a normal test result yields more certainty than a deviating 

test result, of which D-dimer is a classic example. D-dimer is measured when a venous 

thromboembolism (VTE) is suspected.32,33 VTE is one of the clinical syndromes that is 

managed by acute physicians, and can be either a pulmonary embolism (PE) or a deep 

venous thrombosis (DVT). D-dimer has a high sensitivity as well as a high negative 

predictive value for VTE, and is therefore suitable to rule out VTE with certainty when it 

is below a threshold of 0.5 mg/L.34 However, an elevated D-dimer is not very specific for 

VTE. Therefore additional radiologic imaging tests are required, namely a CT in case of a 

suspected PE or venography in case of a suspected DVT. There are currently no recom-

mendations to follow-up elevated D-dimer levels in patients without VTE. Adversely, 

in patients with unprovoked VTE it is recommended to screen for potential underlying 

malignancy.35 It has previously been suggested that severely elevated D-dimer levels 

should never be ignored as they might be associated with poor outcome.36 In chapter 7, 

we found that if D-dimer was measured for a possible VTE, it was often elevated without 
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subsequent radiologically proven VTE. In patients older than 50 years, we observed 

higher long-term and short-term mortality rates among patients with unexplained el-

evated D-dimer levels, which may warrant further diagnostics for this group. None of the 

patients younger than 50 years with unexplained elevated D-dimer levels died within 

30 days, although studies with a longer follow-up duration are required to determine 

long-term consequences of elevated D-dimer levels.

Clinical consideration – tertiary survey in internal medicine

In the ED, we mainly focus on stabilization of the acutely ill patient, thereby reducing 

short-term mortality. However, acute internal problems (e.g. infection, PE) may be the 

result of underlying disease (e.g. malignancy) which can contribute to long-term mor-

tality risk and may result in recurrence of acute illness. Of all ED visits between 2012 

and 2016 in the Erasmus MC, 41% was a repeated visit and for internal medicine this 

was even 61%. To further advance acute internal medicine, we may want to focus more 

on underlying diseases, which could be in the form of a tertiary survey as is already 

routine care in trauma patients.37 This survey consists of a structured and comprehen-

sive re-examination and review of every diagnostic that was performed in the ED (i.e. 

laboratory tests, cultures, radiologic imaging). It takes place within 48 to 72 hours after 

initial resuscitation and treatment, usually in the ward. The aim of a tertiary survey in 

trauma patients is to identify undiagnosed injuries. A tertiary survey in internal medi-

cine patients could be aimed at identifying underlying disease, i.e. the potential cause 

of the ED visit (Table 8.1). Also, physicians could be attentive to less acute disturbances 

encountered during the ED visit, such as a mild anemia or an elevated d-dimer. If the 

underlying disease is not managed appropriately, the patient should be referred to the 

suitable specialist while involving the general practitioner. Moreover, possible future 

treatment restraints such as for cardiopulmonary resuscitation can be discussed. Prefer-

ably, the acute physician with internal medicine expertise is held responsible for the 

tertiary survey consult rather than the emergency physician. The tertiary survey can 

take place in hospital wards for admitted patients, or during follow-up consultation in 

an outpatient department, which are calmer environments compared to the ED. If the 

outpatient department is situated close to the ED with its satellite laboratory, laboratory 

POCT can be used for re-examination and the acute physician can shift easily between 

the ED and outpatient department. With a structured tertiary survey, a patient will not 

disappear from view and underlying disease can be recognized and treated better, with 

potentially less recurrent ED visits. Therefore, a tertiary survey in internal medicine may 

improve outcome on patient level and could increase efficiency of ED care.
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Methodological considerations – data sources and validity

Data sources

Analyses in this thesis were performed using retrospectively obtained data from pa-

tients visiting the ED of the Erasmus MC, which is a tertiary teaching hospital in the 

Netherlands with approximately 33,000 annual visits. The following sources were used 

(Table 8.2):

• ED database (N= 142,805) containing all patients who visited the ED between Janu-

ary 2012 and December 2016. Data was automatically derived from the electronic 

patient charts and included: arrival mode, demographics, vital signs, laboratory 

parameters, whether additional diagnostics were performed (i.e. cultures, radiologic 

imaging), disposition, mortality, etc.

• Medical microbiology database (MMB) (n= 1,286) containing all positive blood cul-

tures from patients who visited the ED between January 2012 and December 2017. 

Additional data were manually collected, e.g. comorbidity, adherence to antimicro-

bial guidelines, appropriateness of antibiotic therapy.

• D-dimer database (n= 1,747) containing all patients in which a D-dimer was mea-

sured in the ED between January 2013 and December 2016. Additional data were 

manually collected, e.g. comorbidity, indication for D-dimer, ED working diagnosis.

Table 8.1: Tertiary survey in internal medicine

Why Patients who present to the ED for internal medicine have high mortality and recurrent ED visits.

Acute internal problems (e.g. infection, pulmonary embolism, anemia, hypertensive crisis) can be 

the result of underlying disease (e.g. malignancy, diabetes mellitus, chronic pulmonary disease, and 

chronic renal failure).

Focusing on underlying disease might improve patient outcome and may reduce recurrent ED 

visits.

What A structured tertiary survey for internal medicine:

-  Review the ED visit, i.e. history, physical examination, laboratory tests, cultures, radiologic 

imaging

-  Also, evaluate minor disturbances (e.g. mild anemia, elevated d-dimer)

-  Perform a complete physical re-examination

-  If indicated, perform/repeat additional diagnostics (e.g. laboratory POCT)

Provide a complete list of actual problems and update working diagnoses.

Discuss future treatment restraints (e.g. cardiopulmonary resuscitation) in case of a recurrent ED 

visit.

Refer to the suitable specialist if the underlying disease is not managed appropriately, also involve 

the general practitioner.

When 48 to 72 hours after the ED visit.

Where Outside the ED (in calmer environments):

- Admitted patients: hospital ward

- Discharged patients: outpatient department (preferably close to the ED)

Who Acute physicians (in training) with their internal medicine expertise.

Abbreviations: ED, emergency department; POCT, point-of-care testing.
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In designing and interpreting clinical studies a researcher has two major concerns: the 

external and internal validity of a study.25,38

External validity

External validity includes the generalisability of research findings to the actual target 

population, i.e. to which extent the finding can be extrapolated to the real world. To 

preserve external validity, the sampled population must represent its target popula-

tion.25 In this thesis, the target populations were patients who presented to the ED 

with suspected infection (i.e. with a blood culture taken), proven infection (i.e. with a 

positive blood culture), potential laboratory deviations (i.e. with laboratory diagnostics 

performed), and with potential VTE (i.e. with a D-dimer measured). Our generalisability 

is likely to be adequate as we included all patients from our sampled populations with 

few exclusions. Since our patients were sampled from an academic tertiary hospital 

population, we have no insight into potential differences with lower-level care centers. 
However, biological processes or disease mechanisms are not likely to vary between 

these patient populations, such as the relation between appropriate antibiotic therapy 

and mortality.38 What could vary between hospitals is the rate of non-adherence to 

antimicrobial guidelines. A benefit from our tertiary hospital population is that we have 

more complex patients at a higher risk of dying, which may have resulted in more events 

and therefore more statistical power compared to less complex populations.

Internal validity

Internal validity is the extent to which research findings are valid, i.e. represent a genu-

ine relation. Internal validity can be violated by random and systematic errors. Random 

error is due to chance and can be limited by increasing the sample size, whilst systematic 

errors can result in bias regardless of sample size. As our sample sizes were large, with 

approximately 1000 or more patients, we do not expect random error. Systematic errors 

are most often the result of either selection bias, information bias, or confounding.25,39

Table 8.2: Data used for each chapter

2 The association of body temperature with antibiotic therapy and mortality ED and MMB

3 The predictive performance of comorbidity versus vital signs MMB

4 Appropriate empirical antibiotic therapy and mortality MMB

5 Non-adherence to antimicrobial guidelines MMB

6 Predicting mortality using point-of-care testing ED

7 The association between D-dimer levels and mortality in the ED D-dimer

Abbreviations: ED, emergency department; MMB, medical microbiology.
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Selection bias occurs when factors affect study inclusion or participation.38,39 In this 

thesis, we expect limited selection bias for our population with potential laboratory 

deviations, because we included all patients attending the ED in which laboratory di-

agnostics were performed. Moreover, for validation of our laboratory-based prediction 

model, patients with non-deviating blood tests should also be included to serve as a 

control group because laboratory deviations were the exposure of interest. For our in-

fectious population, not infection itself was the exposure of interest but characteristics 

or therapy among patients with infection. In this case, including non-infectious patients 

is undesirable because that could bias the estimates. We either selected patients with a 

blood culture taken (i.e. suspected infection) or with a positive blood culture (i.e. proven 

infection). The ‘suspected infection’-selection is rather a broad inclusion criterion that 

could have led to inclusion of non-infectious patients as well. On the other hand, the 

‘proven infection’-population is a selected population that is known only after a few 

days when culture results become available, which limits the clinical applicability to the 

ED. In addition, only analyzing positive blood cultures excludes culture-negative infec-

tions. Therefore, for inferences in patients with a suspected infection, we performed 

sensitivity analyses in patients with a proven infection. Another example of possible 

selection bias in this thesis occurred among patients who were included for a potential 

VTE. We selected all patients with a D-dimer measured in the ED and focused on patients 

in which D-dimer was assessed for a potential VTE. However, measurement of D-dimer 

depends on the used CDSS. The YEARS criteria always measure D-dimer whereas the 

Wells score bypasses D-dimer if the a priori risk for VTE is high, thus, these patients were 

potentially not included. However, we expect limited selection bias because in our ED 

the YEARS criteria were preferentially used during the study period.32

Information bias comes from errors with data collection. It results in misclassification if 

detection of the exposure and/or outcome is biased, e.g. due to an inaccurate diagnostic 

test.38,39 In this thesis, we expect limited information bias because most of the collected 

data was essential for daily clinical practice. Data quality, specifically if clinically relevant, 

can therefore be assumed to be high. However, less important data was more likely to be 

lacking or inadequately reported, for example in the case of collecting respiratory rate. 

Respiratory rate is labor-intensive to obtain as it needs to be counted during preferably 

an entire minute. Consequently, in less severely ill patients, respiratory rate was often 

not or inadequately registered, which resulted in incomplete data.40 Excluding patients 

with missing respiratory rate (and likely low disease severity) would have resulted in 

selection bias. Also, excluding respiratory rate completely from our analyses would have 

been disadvantageous because this variable is part of multiple CDSS in the ED which we 

wanted to account for. To circumvent this missing data issue, we applied multiple impu-

tations. Multiple imputations create several complete versions of the data by replacing 
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the missing values with plausible data values drawn from a modelled distribution.41 

Thus, based on the non-missing data, the most likely value for the missing variable was 

calculated. As a result, a patient with normal vital signs was more likely to also have an 

imputed respiratory rate within the normal range. To take into account uncertainty in 

the imputation model, the missing values were calculated (i.e. imputed) several times, 

which created multiple datasets. Subsequently, the analyses of interest were performed 

for each imputed dataset separately and pooled into one estimate. With this method, 

we were able to account for respiratory rate despite the fact that this variable had a high 

amount of missing data.

Confounding is the distortion of an association by a third variable and was one of the 

major challenges faced in this thesis. Confounding is due to shared causes of an exposure 

and outcome.24,38 A typical illustration is finding an apparent association between carry-

ing a lighter and the development of lung cancer, to which smoking is a shared cause. 

Smoking is related to both carrying a lighter (exposure) and lung cancer (outcome) and 

therefore distorts the association. A common subtype of confounding in observational 

clinical research regarding treatment effects is ‘confounding by indication’, which occurs 
when the indication for treatment (exposure) is also a risk factor for the outcome.42 If 

patients with initially high disease severity are more likely to receive a treatment, the 

treatment can appear to result in poor or no beneficial outcome whilst these patients 

were already at a higher risk of poor outcome. The structure of confounding can be 

represented by using causal diagrams.24 The diagram in Figure 8.2 depicts an example of 

confounding by indication that was encountered in this thesis. Because disease severity 

is related to both administering antibiotic therapy and mortality, the genuine relation 

between antibiotic therapy and mortality is at risk of being distorted. Although clinical 

practice universally assumes that appropriate antibiotic therapy improves survival in 

patients with infection,6 studies that did not find lower mortality were published.17-23 

Confounding by indication explains these conflicting findings.

Disease severity Antibiotic therapy Mortality

Figure 8.2: The structure of confounding by indication

Confounder: disease severity.

Exposure (treatment): antibiotic therapy.

Outcome: mortality.
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Solutions to confounding by indication

To limit confounding by indication, one should account for proxies of disease severity 

e.g. by adjusting for age, arrival mode, triage category, vital signs, comorbidity. Multiple 

statistical techniques exist to adjust for disease severity. Multivariable logistic regres-

sion analysis is the most commonly used, i.e. calculating the probability of outcome, 

conditional on the exposure and confounders. Also, newer techniques have been 

developed, such as propensity score methods. Propensity score methods directly focus 

on the indication for treatment under study and were intended to provide more valid 

estimates in studies in which confounding by indication could occur.43 The propensity 

score is also obtained by multivariable logistic regression; however, the probability of 

exposure (i.e. antibiotic therapy) is calculated conditional on the confounders for every 

individual in the dataset, which yields a score ranging from 0 to 1. Subsequently, the 

propensity score can be used to account for confounding by indication with different 
statistical techniques, e.g. logistic regression, stratification (Figure 8.3), inverse prob-

ability of treatment weighting. However, these adjustment methods can only account 

for measured proxies of disease severity.

In chapter 4, we found that the association between appropriate antibiotic therapy and 

mortality was distorted by confounding by indication despite using multiple statistical 

techniques to prevent bias, including the propensity score. Since we only adjusted for 

observed confounders, unmeasured – residual – confounders could still be of potential 

bias.

Figure 8.3: Propensity score distributions among treated and untreated patients.

Ideally, to limit confounding by indication, individuals with a corresponding propensity score (i.e. probability of treat-

ment) should be matched. As a result, non-overlapping regions are trimmed, thus patients with a very high or very low 

propensity score that are always or never treated are excluded from the analyses. This potentially reduces confounding 

by indication.
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In this thesis, we aimed to introduce a novel solution to limit confounding by indication. 

Our new method to limit bias is based on the idea that the chance of residual confound-

ing is absent in totally balanced treatment groups, as is also the case in an ideal random-

ized controlled trial. Ideally, treated and untreated patients are exchangeable regarding 

their underlying prior risk of outcome. Our total population was very heterogeneous in 

measured presenting patient characteristics. The appropriately treated had characteris-

tics that indicated higher initial disease severity and thus likely also a higher initial risk 

of mortality compared to the inappropriately treated. We expected most confounding 

bias for the treatment strategies ‘combination therapy’ and for ‘not initiating antibiotic 

therapy at all’. Because patients receiving antibiotic combination –thus more often ap-

propriate– therapy were the most ill and patients receiving no antibiotic therapy –thus 

inappropriate therapy– were the least ill patients. The remainder of patients received 

antibiotic monotherapy. Analyzing the association between appropriate antibiotic 

therapy and mortality in the monotherapy subgroup excludes the severely confounded 

treatment strategies, which corresponds to the idea of trimming non-overlapping pro-

pensity scores (Figure 8.3). For antibiotic monotherapy, we found more balanced (i.e. 

exchangeable) measured presenting patient characteristics when comparing appro-

priately to inappropriately treated patients, lowering the risk for residual confounding. 

In this subgroup, appropriate therapy was associated with lower 30-day mortality. This 

finding is in line with current clinical practice and supports the hypothesis that residual 

confounding distorts associations when comparing unbalanced treatment groups. 

Moreover, this finding underlines the complexities of estimating treatment effects in 
clinical observational research. Apparently, the process of estimating disease severity 

by a physician cannot always be fully captured by a certain set of variables. In case of 

unbalanced treatment groups, results should be interpreted with caution. For future 

research, we recommend to always provide detailed patient characteristics of treated 

and untreated patients in order to assess exchangeability. If possible, future investiga-

tors should attempt to identify and analyze the most balanced treatment groups nested 

within their study objective, because this minimizes residual confounding. To identify 

these balanced treatment groups, researchers may try to stratify on comparable treat-

ment indications with an accordingly similar initial risk of outcome (Table 8.3).

In general, our large unselected patient population with routinely collected data likely 

resulted in adequate generalizability, limited selection bias and negligible information 

bias. However, one should always be aware of the risk of confounding in observational 

studies, for which we developed a new method to circumvent bias.
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Recommendations for clinical practice and future research

Clinical practice of acute internal medicine

• Do not let temperature fool you. Normothermia does not exclude infection and 
may even imply more serious illness in patients with infection. Therefore, antibiotic 

therapy should not be omitted only because fever is absent.

• For estimating mortality risk in patients with suspected infection, CDSS should 
potentially be adapted by assigning a higher score to normothermia.

• We do not need to implement a CDSS for comorbidity in the ED, although it could be 
beneficial during a tertiary survey to estimate long-term mortality risk.

• Adherence to antimicrobial guidelines in the ED should be preferred, also if patients 
present with very high or very low disease severity.

• Hospitals should invest in POCT devices in the ED and routinely incorporate labora-

tory POCT in their diagnostic workup to improve early identification of mortality and 

efficiency of ED care. Mild disturbances could be evaluated during a tertiary survey.

• If young patients have unexplained elevated D-dimer levels, they can safely be 
discharged home as their short-term risk of dying is 0%. Older patients with unex-

plained elevated D-dimer levels need further examination. During a tertiary survey, 

elevated D-dimer levels could be further evaluated.

Table 8.3: Examples of stratification by indication to solve confounding

Confounded association Stratification by indication*

Appropriate antibiotic therapy and mortality

Appropriate therapy: severely ill patients often receive 

antibiotic combination therapy (high initial risk of outcome).

Inappropriate therapy: less ill patients often receive no 

antibiotic therapy (low initial risk of outcome).

Select patients receiving antibiotic monotherapy.

ARB versus ACE-I and cardiovascular death44

ACE-I: often prescribed to patients with a myocardial 

infarction (high initial risk of outcome).

ARB: often prescribed to patients with hypertension (low 

initial risk of outcome).

Select patients with recent myocardial infarction 

and/or patients with only hypertension.

SSRI versus TCA and suicide risk45

SSRI: often prescribed as first step antidepressant as side 

effects are limited (low initial risk of outcome).

TCA: often prescribed to patients if SSRI did not work or 

in patients who are admitted because of more side effects 
(high initial risk of outcome).

Select patients who are admitted and never 

received antidepressants before.

Abbreviations: ARB, angiotensin receptor blocker; ACE-I, ACE inhibitors; SSRI, selective serotonin reuptake inhibitors; TCA, 

tricyclic antidepressants.

*Only stratify by initial characteristics, preferably on a factor that is involved with the treatment indication. However, the 

factor that is stratified on should not be an effect of the treatment (i.e. report as mediator) and also not be an effect of the 
exposure or outcome (or proxy for the outcome) as this induces selection bias.

Subsequently, check whether measured patient characteristics are better balanced among treated and untreated patients 

for the chosen subgroup. Finally, if treatment groups are balanced, repeat the analyses of interest.



Chapter 8

160

Future research to further advance acute internal medicine

• To further investigate the relation between body temperature and mortality in 
patients with infection, prospective studies should ideally monitor the course of 

temperature.

• Comorbidities do not aid in predicting short-term mortality (i.e. 30-day) in patients 
with blood culture proven infection. This indicates that comorbidity adjustment 

is less necessary when short-term outcomes are studied, which might save effort 
specifically during manual data collection.

• Clinical observational research can be severely threatened by confounding by 
indication despite use of common methods to prevent bias. Risk of residual con-

founding is high in case of unbalanced treatment groups. In our example of the 

effects of appropriate antibiotic therapy on mortality in patients with blood culture 
proven infection, it was clear that finding no beneficial effect had to be due to bias. 
However, these violations are not always that clear. Therefore, future researchers 

should investigate exchangeability by performing extensive patient characteristics 

(i.e. comparable to assessing baseline characteristics when evaluating randomiza-

tion in a trial). If treatment groups are unbalanced, the investigators should consider 

to identify a better balanced population nested within their study objective and 

perform a sensitivity analysis. A method to identify such a group is stratification by 

indication. Only stratify on common causes, not common effects or potential media-

tors. After selecting a subgroup, researchers should evaluate whether the treated 

and untreated patients have more balanced characteristics and repeat the analyses 

of interest.

• Implementing routinely POCT in the ED and subsequent data collection will create 
the opportunity to develop CDSS that use objective laboratory parameters to pre-

dict mortality. Such tools can potentially aid in deciding which patients can safely be 

discharged home and which patients should be admitted to the hospital.

• Older patients with unexplained elevated D-dimer levels have an increased mor-

tality risk. Potentially, these patients have more malignancies. Future research is 

required to determine mortality causes and whether these patients should be 

routinely screened for underlying malignancy or not. For younger patients, studies 

with a longer follow-up duration are required to determine the clinical significance 

of unexplained elevated D-dimer levels.
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Summary

INTRODUCTION

Acute internal medicine is a relatively new subspecialty of internal medicine that is 

involved with early management of adult patients who present to the emergency de-

partment (ED) with urgent medical conditions. Our aim was to advance the developing 

field of acute internal medicine by identifying mortality risk in patients with infection 

and by laboratory testing

In chapter 1, we provide a general introduction to the studies we performed. We explain 

why acute internal medicine originated as a subspecialty and how it is represented now-

adays in the ED. Also, we discuss how mortality risk is currently identified and whether 

there are potentials for improvement – during triage, clinical assessment (primary and 

secondary survey), and additional diagnostic testing. Subsequently, we describe the 

challenges encountered in managing patients with infection, which is a substantial part 

of the ED presentations for internal medicine. Also, we mention the opportunities for 

improving recognition of mortality risk by laboratory testing. We conclude this chapter 

with stating the research questions answered in the thesis:

1. Can we improve recognition of mortality risk in patients presenting to the ED with 

infection?

 a. What is the association between body temperature and outcome?

 b. What is the predictive performance of comorbidity versus vital signs?

2. Can we improve antibiotic therapy in the ED?

 a. What is the association between appropriate antibiotic therapy and mortality?

 b. What is the association between antibiotic guideline adherence and outcome?

3. Can we improve identification of mortality risk by laboratory testing in the ED?

 a.  What is the predictive performance of a ‘laboratory point-of-care testing’-model?

 b. What is the association between D-dimer and mortality?

IDENTIFYING MORTAlITY RISK IN PATIENTS WITH INFECTION

The first part of this thesis, consisting of chapters 2 and 3, contains studies about im-

proving identification of mortality risk in patients with infection by using presenting 

characteristics. We evaluated both the role of admission body temperature and present-

ing comorbidity.

Fever is known to be a marker of infection. Therefore one might assume that a higher 

body temperature always accompanies more serious disease. In chapter 2, we found 

that a substantial part of patients with blood culture proven infection in the ED pre-

sented with normothermia. Compared to patients with fever, normothermic patients 

had higher mortality but received antibiotic therapy less frequently. Physicians should 

be aware that normothermia does not exclude a serious infection. Therefore, the ab-
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sence of fever should not be the only reason to delay antibiotic therapy, specifically in 

patients at risk of a serious infection. Potentially, mortality risk can be reduced if infec-

tious patients with normothermia receive antibiotic therapy in the ED.

Underlying disease, or comorbidity, can increase the risk of acquiring an infection. 

However, less is known about whether presenting comorbidity also affects outcome 
due to infection and, if so, on which term. In chapter 3, we showed that comorbidity 

was common among patients with infection in the ED. However, no specific underly-

ing disease was more alarming compared to other comorbidities from the Charlson 

Comorbidity Index (CCI). We found no evidence to use comorbidity when estimating 

short-term mortality risk in the ED. However, comorbidity can be useful to prognosticate 

long-term survival in patients with infection.

IMPROVING ANTIBIOTIC THERAPY IN THE ED

The second part of this thesis, consisting of chapters 4 and 5, contains studies about 

improving antibiotic therapy in the ED. We provide an explanation for earlier conflicting 

findings and evaluate antimicrobial guideline adherence.

Clinical practice universally assumes that appropriate antibiotic therapy improves 

survival in patients with a serious infection. However, studies that did not find lower 

mortality were published. In chapter 4, we found that the association between ap-

propriate antibiotic therapy and mortality was distorted by confounding despite using 

several methods to prevent bias. We noticed that presenting disease severity was higher 

for appropriately treated patients than for inappropriately treated patients. However, 

in a better balanced subgroup we found the expected beneficial effect of appropriate 
antibiotic therapy. Our finding indicates that treatment effects cannot fairly be studied 
in unbalanced treatment groups.

Due to delay that is inherent to culture diagnostics, antibiotic therapy is initiated empiri-

cally (i.e. blind) in the ED for which antimicrobial guidelines can be consulted. In chapter 

5, we found that non-adherence to antimicrobial guidelines among patients with blood 

culture proven infection in our ED was high and mostly the result of undertreatment. 

Guideline adherence likely depends on presenting disease severity, because overtreat-

ment was observed more often in patients with high disease severity and undertreat-

ment in less severely ill patients. Undertreatment was associated with lower appropriate 

coverage and is therefore disadvantageous in these patients with blood culture proven 

infection. Overtreatment did not result in higher appropriate coverage nor a survival ben-

efit and therefore seems not justifiable. To improve initiation of antibiotic therapy in the 

ED, we would recommend guideline adherence regardless of presenting disease severity.
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IDENTIFYING MORTAlITY RISK BY lABORATORY TESTING

The third part of this thesis, consisting of chapters 6 and 7, contains studies about 

improving recognition of mortality risk by laboratory testing in the ED. We validated a 

laboratory-based model for mortality and studied the association between D-dimer and 

mortality.

Laboratory testing is one of the cornerstones of diagnostics in patients who present to 

the ED with infection, but also in patients with other internal problems. The advantage 

of laboratory test results is that they provide an additional objective measurement to 

evaluate illness. However, waiting for results can be a source of delay. In chapter 6, we 

found that a model based on age and four laboratory point-of-care (POCT)-parameters 

(hemoglobin, sodium, urea, glucose) yielded adequate prediction of 30-day mortality. 

Laboratory POCT yields test results directly and might therefore result in earlier treat-

ment of laboratory deviations. Consequently, laboratory POCT models are potential 

retriage tools. Also, POCT models could help in deciding which patients should be 

admitted or can safely be sent home, thereby facilitating ED efficiency.

For some laboratory tests, a normal test result yields more certainty than a deviat-

ing test, of which D-dimer is a classic example. D-dimer is measured when a venous 

thromboembolism (VTE) is suspected and it suitable to rule out VTE with certainty if it is 

below a threshold of 0.5 mg/L. In chapter 7, we found that D-dimer was often elevated 

without subsequent radiologically proven VTE. There are currently no recommendations 

to follow-up elevated D-dimer levels in these patients. However, in patients older than 

50 years, we observed higher long-and short-term mortality rates among patients with 

unexplained elevated D-dimer levels, which warrants further diagnostics for this group. 

None of the patients younger than 50 years with unexplained elevated D-dimer levels 

died within 30 days, although studies with a longer follow-up duration are required to 

determine long-term consequences of their elevated D-dimer levels.

DISCUSSION

In chapter 8, we provide a general discussion of the studies we performed. We present 

our main findings with emphasis on the methodologic barriers we encountered, fol-

lowed by a clinical consideration and recommendations for clinical practice and future 

research. In this chapter, we propose a tertiary survey for internal medicine, as is already 

routine care in trauma patients. The main focus in the ED is to stabilize the acutely ill 

patient, thereby reducing short-term mortality. However, acute internal problems may 

be the result of underlying disease which can contribute to long-term mortality risk and 

may result in recurrence of acute illness. With a structured tertiary survey, a patient will 

not disappear from view and underlying disease could be recognized and treated better, 
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with potentially less recurrent ED visits. Therefore, a tertiary survey in internal medicine 

may improve patient outcome and could increase efficiency of ED care. Also, we discuss 

the external and internal validity of the studies we performed with special attention to 

confounding by indication.

In chapter 9, we summarize the findings of this thesis.
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INTRODUCTIE

Acute interne geneeskunde is een relatief nieuw subspecialisme binnen de interne 

geneeskunde en is betrokken bij de directe zorg voor volwassen patiënten die zich 

presenteren met acute medische problemen op de spoedeisende hulp (SEH). Ons doel 

was om vooruitgang binnen de acute interne geneeskunde te boeken door op zoek te 

gaan naar mortaliteitsrisico bij patiënten met infectie en middels bloedonderzoek. 

In hoofdstuk 1 geven we een algemene introductie. We beschrijven waarom de acute 

interne geneeskunde is ontstaan als subspecialisme en wat haar plaats is op de SEH. 

Ook bespreken we hoe het risico op mortaliteit op dit moment wordt herkend en waar 

wij mogelijkheden zien tot verbetering – gedurende triage, beoordeling (primary 

survey en secondary survey) en aanvullend onderzoek. Vervolgens beschrijven we de 

uitdagingen bij herkenning en behandeling van patiënten met infectie, een groep met 

groot aandeel binnen de acute interne geneeskunde. Ook lichten we mogelijkheden 

tot betere herkenning van mortaliteitsrisico met behulp van bloedonderzoek toe. We 

sluiten dit hoofdstuk af met het benoemen van de specifieke onderzoeksvragen die 

werden beantwoord in dit proefschrift, namelijk:

1. Kunnen we herkenning van mortaliteitsrisico bij patiënten met infectie op de SEH 

verbeteren?

 a.  Wat is de associatie tussen lichaamstemperatuur en uitkomsten?

 b.  Wat is de voorspellende waarde van comorbiditeit versus vitale parameters?

2. Kunnen we antibiotische therapie op de SEH verbeteren?

 a.  Wat is de associatie tussen juiste antibiotische therapie en mortaliteit?

 b.  Wat is de associatie tussen het naleven van antibiotica richtlijnen en uitkomsten?

3. Kunnen we herkenning van mortaliteitsrisico verbeteren middels bloedonderzoek 

op de SEH?

 a.  Wat is de voorspellende waarde van een ‘laboratorium point-of-care testing’-

model?

 b.  Wat is de associatie tussen d-dimeer en mortaliteit?

IDENTIFICEREN VAN MORTAlITEITSRISICO BIJ INFECTIE

Het eerste deel van dit proefschrift bestaat uit hoofdstuk 2 en 3. Deze studies gaan over 

betere herkenning van mortaliteitsrisico onder patiënten met infectie met behulp van 

hun presenterende eigenschappen. We evalueren hierbij de rol van lichaamstempera-

tuur en comorbiditeit.

Koorts wordt in het algemeen als een marker voor infectie beschouwd en daarom wordt 

mogelijk aangenomen dat een hogere lichaamstemperatuur altijd gepaard gaat met 

ernstiger ziek zijn. In hoofdstuk 2 vonden we dat een groot deel van de patiënten 
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met bloedkweek bewezen infectie op de SEH zich presenteerden met normothermie. 

Vergeleken met patiënten met koorts, hadden patiënten met normothermie een hoger 

mortaliteitsrisico maar kregen zij minder vaak antibiotica op de SEH. Artsen zouden zich 

bewust moeten zijn dat een normale lichaamstemperatuur een ernstige infectie niet uit-

sluit. Daarom mag de afwezigheid van koorts niet de enige reden zijn om antibiotica uit 

te stellen, met name niet bij patiënten die risico lopen op een ernstige infectie. Mogelijk 

kan het mortaliteitsrisico bij patiënten met infectie en normothermie verlaagd worden 

indien zij antibiotica krijgen op de SEH.

Onderliggend lijden, of comorbiditeit, kan het risico op het krijgen van een infectie 

verhogen. Echter, er is minder bekend over in hoeverre comorbiditeit de uitkomst van 

een infectie beïnvloedt en op welke termijn. In hoofdstuk 3 zagen we dat comorbiditeit 

veel voorkwam bij patiënten met infectie op de SEH. Echter, er was geen specifieke 

onderliggende ziekte meer alarmerend in vergelijking met andere comorbiditeiten die 

onderdeel vormen van de Charlson comorbiditeit index (CCI). We vonden geen bewijs 

om comorbiditeit te gebruiken bij het voorspellen van korte termijn mortaliteit, echter, 

comorbiditeit kan wel bijdragen aan het schatten van langere termijn overleving bij 

patiënten met infectie.

VERBETEREN VAN ANTIBIOTISCHE THERAPIE OP DE SEH

Het tweede deel van dit proefschrift bestaat uit hoofdstuk 4 en 5. Deze studies gaan 

over het verbeteren van antibiotische therapie op de SEH. We geven een verklaring voor 

eerdere onlogische bevindingen en evalueren de naleving van antibiotica richtlijnen.

In de kliniek wordt er over het algemeen van uitgegaan dat een antibioticum met juiste 

dekking bij patiënten met een ernstige infectie nuttig is. Echter werden met regelmaat 

studies gepubliceerd waarin geen overlevingsvoordeel kon worden aangetoond. In 

hoofdstuk 4 vonden we dat de associatie tussen het juiste antibioticum geven en 

mortaliteit werd verstoord door confounding ondanks gebruik van verschillende cor-

rectiemethoden. Opvallend was dat de presenterende ziekte-ernst onder patiënten 

die het juiste antibioticum kregen hoger was in vergelijking met patiënten die niet het 

juiste antibioticum kregen. Echter, in een beter gebalanceerde subgroep vonden we 

wel het verwachte voordelige effect van het geven van de juiste antibiotische therapie. 
Onze bevinding laat zien dat behandeleffecten niet eerlijk geschat kunnen worden in 
ongebalanceerde behandelgroepen.

Omdat kweekuitslagen altijd enige tijd op zich laten wachten worden antibiotica op de 

SEH meestal empirisch (blind) gegeven. Voor adviezen kunnen antibiotische richtlijnen 

worden geraadpleegd, ook wel bekend als het antibioticaboekje.
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In hoofdstuk 5 vonden we dat antibiotische richtlijnen vaak niet worden nageleefd 

onder patiënten met een bloedkweek bewezen infectie. Meestal was er sprake van 

onderbehandeling. Het naleven van de richtlijnen hangt waarschijnlijk af van presen-

terende ziekte-ernst, omdat overbehandeling vaker werd gezien bij patiënten die zich 

ernstig ziek presenteerden en onderbehandeling juist bij patiënten die zich minder ziek 

presenteerden. Onderbehandeling was geassocieerd met lagere antibiotische dekking, 

wat onwenselijk is bij patiënten met een bloedkweek bewezen infectie. Overbehande-

ling gaf geen hogere dekking dan behandeling volgens de richtlijn en ook geen overle-

vingsvoordeel. Dus, om antibiotische therapie op de SEH te verbeteren adviseren wij de 

richtlijnen na te leven.

IDENTIFICEREN VAN MORTAlITEITSRISICO MET BlOEDONDERZOEK

Het derde deel van dit proefschrift bestaat uit hoofdstuk 6 en 7. Deze studies gaan over 

betere herkenning van mortaliteitsrisico met behulp van bloedonderzoek op de SEH. We 

hebben een model bestaande uit een set van laboratorium bloedwaarden gevalideerd 

en de associatie tussen d-dimeer en mortaliteit onderzocht.

Bloedonderzoek is een essentieel onderdeel van diagnostiek bij patiënten die zich op de 

SEH presenteren met infectie, maar ook voor andere interne aandoeningen. Een voordeel 

van bloedonderzoek is dat het een extra objectieve beoordeling van ziekte geeft, echter, 

wachten op bloeduitslagen kan een bron van vertraging zijn. In hoofdstuk 6 vonden we 

dat een model gebaseerd op laboratorium point-of-care testen (POCT) adequaat 30-da-

gen mortaliteit kon voorspellen. In het model zaten de bloedwaarden hemoglobine, 

natrium, ureum en glucose. Deze laboratorium POCT geven direct resultaat en kunnen 

zo mogelijk bijdragen aan eerdere behandeling bij afwijkende bloedwaarden. Daarom 

kunnen laboratorium POCT-modellen geschikt zijn als her-triage methode. Ook zouden 

POCT-modellen kunnen helpen bij het beslissen welke patiënten opgenomen dienen te 

worden of veilig naar huis mogen gaan. Hiermee kan de efficiëntie van zorg op de SEH 

mogelijk verbeterd worden.

Bij sommige bloedwaarden geeft een normale bloeduitslag meer zekerheid dan een 

afwijkende test, hier is D-dimeer een klassiek voorbeeld van. D-dimeer wordt gemeten 

wanneer er verdenking op een veneuze trombo-embolie (VTE) bestaat en is geschikt 

om een VTE met zekerheid uit te sluiten wanneer D-dimeer lager dan 0.5 mg/L is. In 

hoofdstuk 7 vonden we dat D-dimeer vaak verhoogd was zonder dat er vervolgens 

radiologisch een VTE werd gevonden. Er bestaan op dit moment geen richtlijnen voor 

opvolging van dergelijke verhoogde d-dimeer waarden. Echter, wij zagen dat patiënten 

ouder dan 50 jaar een verhoogd risico op mortaliteit hadden bij een verhoogde d-

dimeer waarde. Daarom is het aan te bevelen om deze patiënten verder te onderzoeken. 



Chapter 10

178

Bij patiënten jonger dan 50 jaar vonden we geen verhoogde mortaliteit, echter is een 

langere follow-up duur nodig om risico’s op de langere termijn in te kunnen schatten.

DISCUSSIE

In hoofdstuk 8 houden we een algemene discussie. We bespreken onze belangrijkste 

bevindingen met nadruk op de methodologische uitdagingen die we tegen zijn 

gekomen, geven een klinische overweging en aanbevelingen voor zowel de kliniek 

als toekomstig onderzoek. In dit hoofdstuk stellen we een tertiary survey bij interne 

patiënten op de SEH voor, zoals ook bij trauma patiënten gedaan wordt. De voornaam-

ste focus op de SEH ligt bij het stabiliseren van acute ziekte, waarmee korte-termijn 

mortaliteit wordt voorkomen. Echter, acute interne ontregelingen kunnen het gevolg 

zijn van onderliggende aandoeningen die weer geassocieerd zijn met een verhoogd 

mortaliteitsrisico op de langere termijn maar ook een verhoogd risico kunnen geven op 

nieuwe acute ontregelingen. Middels een gestructureerde tertiary survey verdwijnt een 

patiënt na ontslag niet gelijk uit beeld en kunnen onderliggende aandoeningen beter 

geïdentificeerd en behandeld worden, waardoor herhaalde SEH bezoeken mogelijk 

voorkomen worden. Wellicht kan een tertiary survey voor interne patiënten dus leiden 

tot betere uitkomsten voor de patiënt en efficiëntere SEH zorg. Ook bespreken we de 

externe en interne validiteit van onze studies, waarbij we extra aandacht schenken aan 

confounding by indication.

In hoofdstuk 10 geven we een samenvatting van de bevindingen van dit proefschrift.
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kamer te brainstormen waarbij jij jouw ideeën schetste en we ze beiden probeerden 

te volgen, met wisselend succes. Wel was ik, indien ik ze begreep, vaak onder de indruk 

van je probleemoplossend vermogen, creativiteit en grote medische kennis. Maar ook 

je eigenzinnige quotes en droge humor maakte dat ik mij vermaakt heb. Met plezier 

heb ik Merle en Gijs af en toe even beziggehouden zodat jij tijd voor mij kon maken. 

Wat betreft dit dankwoord: ik zal het niet short and simple houden en laat mijn darlings 

levend. Heel veel dank voor je geduld, tijd en hulp.

Prof.dr. H.F. lingsma. Beste Hester, in principe dacht jij mee over de methodologie van 

dit proefschrift. Echter, in de praktijk kon ik met van alles bij jou terecht. Of gewoon even 

kletsen over hardlopen. Ik vind het heel bijzonder hoe jij, zonder klinische ervaring, toch 

uitstekend mee kon denken en door slimme ideeën de manuscripten naar een hoger 

niveau tilde. In de wandelgangen word je ook wel de ‘epidemiologie-engel’ genoemd, 

waar ik mij volledig bij aansluit. Naast intelligent ben je namelijk een ontzettend fijn 

mens en voelde ik me vanaf het eerste moment al helemaal op me gemak bij jou. Dank 

hiervoor. Ik kom graag nog een keertje richting Brabant voor een cross!

Prof.dr. A. Verbon. Beste Annelies, ik bof maar met zo’n team rijk aan promotoren. Jij 

sloot iets later aan bij mijn promotieteam en je bijdrage was onmisbaar. Ik heb veel 

geleerd van jouw kritische blik, slimme suggesties en uitgebreide kennis van infectie-
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ziekten. Jouw helikopter-view was van grote waarde bij het schrijven van de discussie en 

ik vind het nog steeds heel knap hoe het je lukte om orde te scheppen in de chaos die 

ik hierbij soms had. Dit kreeg je zelfs voor elkaar tijdens een zoommeeting met matige 

verbinding vanaf een boot, nota bene tijdens je zeilvakantie. Bedankt voor het lezen van 

mijn manuscripten en de fijne samenwerking.

Graag wil ik de leden van de leescommissie hartelijk bedanken voor de tijd en energie 

die zij vrij hebben willen maken. Prof.dr. B.H.Ch. Stricker, gedurende de research mas-

ter volgde ik uw farmaco-epidemiologie cursus, enkele van de concepten die u besprak 

zijn teruggekomen in dit proefschrift. Prof.dr. J.l.C.M. van Saase, van u kreeg ik mijn 

doktersjas aangereikt tijdens de witte jas ceremonie. Indien ik aanwezig was bij de grote 

visites was u bereid om de voor mij onduidelijke zaken uit te leggen. Prof.dr. P.W.B. 

Nanayakkara, u ken ik van de acute geneeskunde congressen en precourses daarop, 

waar u met enthousiasme sprak over onder andere het creëren van bewustzijn over 

wat volgens patiënten voor hen het meest belangrijk is. Tevens wil ik graag prof.dr. C. 

Bleeker-Rovers, prof.dr. E.W. Steyerberg en dr. A.A.M. Zandbergen bedanken voor 

het plaatsnemen in de grote commissie.

Dr. J.E.M. de Steenwinkel. Beste Jurriaan, al vanaf het begin was je vanuit de medische 

microbiologie betrokken bij alle infectie-gerelateerde projecten. In de onderzoekstoren 

hielp je bij het scoren van empirische antibiotische therapie, maar ook dacht je mee bij 

de research meetings en bedacht je originele titels. Dank voor je altijd scherpe feedback 

op mijn manuscripten, presentaties en posters (die dankzij jou zelfs geen dubbele spatie 

meer konden bevatten).

Bedankt prof.dr. R. Zietse voor uw inbreng bij de point-of-care testing studie. Uw 

enthousiasme en talent voor lesgeven gaan mij zeker bijblijven.

Graag wil ik de rest van de coauteurs bedanken voor jullie waardevolle bijdrage aan de 

manuscripten. Willian van Dijk, van jou nam ik het onderzoeks-stokje over. Bedankt 

dat je ook daarna nog mee wilde blijven denken. William Boogers, dankjewel voor je 

inspanning. Ik vond het leuk om je te mogen begeleiden bij je masteronderzoek en 

daarna verder samen te werken. We gingen naar de Wetenschapsdagen waar jij zelfs 

de poster-prijs won. Vanuit de hematologie wil ik dr. M.J.H.A. Kruip en Chantal Visser 

bedanken voor jullie inbreng bij de d-dimeren studie. Ook wil ik graag dr. D.C. Melles 

en Marius Vogel bedanken voor jullie input vanuit de medische microbiologie. Dr. S. 

Swanson, Dear Sonja, thank you for helping me out with my causal inference strug-

gles. Dr. N.S. Erler. Dear Nicole, thanks for your help with multiple imputations. Dr. S. 

lamballais Tessensohn, Beste Sander, dank voor je hulp bij het creëren van loops in R.
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Alle andere collega’s: bedankt voor jullie gezelschap in de oude D-vleugel, interne kan-

toortuin en onderzoekstoren. Naïla, Monica, Eline en de onderzoekers van center-TBI 

dank voor jullie deelname aan de SEH-research meetings zowel live als online. Nafise, 

lisa, Toke, Jorie en Jan ik heb genoten van de hardlooprondjes na werktijd in voorbe-

reiding op de bruggenloop en marathon. Veel succes bij jullie verdere carrières.

Ik wil het secretariaat graag hartelijk bedanken voor de organisatie, logistieke onder-

steuning en het prettige contact. Dankjulliewel Mariëlle, Judith, Femke, Esther en 

Joke. Daarnaast dank ik Hans, Peter en Wichor vanuit de universiteitsbibliotheek en de 

medewerkers van CCBI.

Eveneens sta ik graag stil bij de prettige begeleiding die ik tijdens mijn coschappen heb 

gekregen. Jullie zijn dokters waar ik een voorbeeld aan neem. Beste dr. F. Borst, uw 

kennis en kunde is indrukwekkend, ondanks uw overvolle agenda maakte u tijd voor 

mij vrij. Beste dr. M.C.G. van Praag, ik bewonder de manier waarop u uw patiënten 

bejegend. Beste dr. H.A. Bruijns, bij u voelde ik me welkom en uw gastheerschap neem 

ik zeker mee.

Op 6 april zal ik worden bijgestaan door mijn paranimfen.

Lieve Ivona, vriendinnen vanaf het eerste moment in de studie en wat hebben we veel 

beleefd. Meerdere jaren samen snijden en borrelen bij EARP, logeren, weekendjes weg, 

dansen op festivals en we zijn zelfs nog huisgenoten geweest. Ook jij besloot om na de 

bachelor onderzoek te doen, waardoor we in hetzelfde schuitje zaten en heerlijk samen 

konden klagen als er weer eens iets tegen zat. Ik ben ontzettend trots dat ook jij straks 

promoveert en dat je op 6 april achter mij wilt staan. Dankjewel daarvoor. Op nog heel 

veel jaren vriendschap!

Lieve Anniek, ik begon ooit als een van jouw dataverzamelaars bij de APOP-studie. Nog 

totaal blanco hielp jij mij op weg in de onderzoekswereld. Daarna ontstond een hele 

fijne samenwerking waarbij we allebei tot op het bot gemotiveerd in de kantoortuin 

werkten, voornamelijk buiten de kantooruren. Gelukkig ging dat gepaard met veel 

gezellige lunchpauzes en etentjes die we er nog steeds in houden. Naast collega’s zijn 

we goede vriendinnen geworden en ben ik er trots op dat we beiden achter elkaar staan 

bij de verdediging van onze proefschriften.

Lieve Ellis, met jou raak ik nooit uitgekletst. Toen we bij elkaar in de studiegroep kwa-

men in jaar 2 was het gelijk raak: ons perfectionisme schepte een band en door een 

lichte koffieverslaving waren wij met regelmaat bij de Doppio te vinden. Ook overdrij-
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ven we graag een beetje met sporten en deden beiden een research master gevolgd 

door promotieonderzoek. Inmiddels zijn we een kookclubje begonnen waarin we elkaar 

verrassen met nieuwe recepten. Bedankt dat ik altijd mijn (onderzoeks-)ei bij jou kwijt 

kon en heel veel succes met je indrukwekkende plannen.

Mijn vriendinnen van de research master, ofwel romsumseloes. Daar zaten we dan, 

amper vakantie gehad en gelijk door met de summer course waarin we het ook nog 

voor elkaar kregen om alle seizoenen van Prison Break te bingewatchen. Lieve Selin, 

bedankt voor je behulpzaamheid. Wat betreft jouw aankomende motivatiebrieven: ik 

sta bij je in het krijt. Lieve loes, ik luister altijd graag naar jouw lab-avonturen en dank 

dat je mij wegwijs hebt gemaakt op de wielrenfiets. Lieve Sumin, thanks voor je hulp in 

R als ik het af en toe niet meer wist. Ik hoop dat jullie mooie coschappen tegemoet gaan.

Natuurlijk mogen de tjikkies niet ontbreken. Lieve Maris, Q, lot, Steef en Ivoon. Ik 

heb onwijs veel gehad aan onze hechte vriendinnengroep vanaf jaar 1 en koester de 

vele leuke momenten waaronder ski- en zonvakanties, weekendjes weg, lowlands en 

de prachtige fotoboeken die we voor elkaars verjaardagen maakten. Maar ook van het 

simpelweg samen koken en de theetjes op de bank heb ik genoten. Op naar meer van 

dit! Lieve Khalid, bedankt voor de gezelligheid in huis samen met Maris en voor het 

meedenken/plotten in R.

Lieve Anouk, jou ken ik van ons bijbaantje in het medisch studententeam Nier&Vaat. 

Ook deden we samen EARP en renden, fietsten, schaatsten, zwommen en schaakten wat 

af. Bedankt voor je vriendschap en dat je me vaak vergezelde in de onderzoekstoren. 

Lieve Isa, naast kantoortuin-collega’s zijn we inmiddels goede vriendinnen en zelfs 

schaakbuddies geworden.

Gedurende de coschappen heb ik veel gehad aan mijn mede-co’s. Lieve cogroep, ik 

ben blij dat we zo’n leuke groep hadden ondanks dat we minder konden borrelen dan 

gewenst. Lieve Niek, thanks voor de gezellige fietsrondjes en veel succes met je promo-

tieonderzoek. Lieve Gülderen, ik vond het heel gezellig om altijd naast jou te zitten bij 

de colleges. Lieve Vir, met jou is het altijd een avontuur, bedankt voor de leuke loopjes. 

Ik wens jullie allemaal heel veel succes als kersverse dokters!

Daarnaast wil ik mijn vriendinnen uit de Zaanstreek bedanken. Lieve Arank, met jou 

kan ik de grootste lol hebben om de kleinste dingen. Van geitenmeisjes naar Masters of 

Science, super trots! Lieve Mylèn, al bijna 25 jaar vriendinnen en altijd is het nog even 

gezellig. Lieve Elies, grappig hoe onze levens verschillen en mooi om te zien wat voor 

super mama jij bent.
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Verder wil ik graag de A-groep van Rotterdam Atletiek bedanken. Rennen met jullie 

was een uitstekende uitlaatklep in de laatste fase van mijn promotieonderzoek. Met een 

geweldige marathon als kers op de taart.

Family first. Mijn grootste supporters die alle jaren van dichtbij meemaakten en voor 

essentiële afleiding in de vorm van veel gezelligheid zorgden. Ontzettend bedankt voor 

jullie onvoorwaardelijke steun. Ik hou van jullie!

Lieve Opa Joopie en Oma Pinkie, mijn steun en toeverlaat. Super lief hoe jullie altijd 

met grote interesse willen weten waar ik mee bezig ben en me overal mee willen helpen. 

Ik koester onze gezellige (auto-)telefoongesprekken en de vele uitjes. Lieve Oma Tom-

mie, zoveel meegemaakt, ik denk terug aan de mooie herinneringen. Lieve Mike en 

Rian bedankt voor jullie betrokkenheid en de fijne momenten. Lieve Nick, altijd leuk 

om over onze studies bij te praten of een rondje te mountainbiken, super trots op jou 

neefje. Lieve Diana en Henk, bedankt voor jullie support en de gezellige (soms uit de 

hand gelopen) avonden. Natuurlijk met Albert in ons hart. Mijn lieve tante en inspiratie-

bron Nicole, altijd heerlijk om bij te kletsen en wat ben ik trots op jou. Dankjewel lieve 

Danique, Hugo en Stacey voor jullie interesse en gezelligheid.

Mijn liefste zusje Steffi en haar lieve Tris. Jullie zijn ontzettend belangrijk voor mij. Ik 

ben trots op hoe lief, zorgzaam en grappig jullie altijd zijn. Ik hoop dat we onze gezellige 

etentjes en spelavonden voort gaan zetten in jullie paleisje in Zaandam.

Lieve Mama en Marco, eigenlijk schieten woorden tekort om jullie te bedanken. Altijd 

staan jullie voor mij klaar: of het een verhuizing is, langs de zijlijn bij een wedstrijdje of 

midden in de nacht na een avond stappen. Altijd zijn jullie geïnteresseerd in wat ik doe, 

fungeren als proefpubliek voor presentaties en lezen belangrijke mailtjes na. Niets lijkt 

teveel gevraagd. Jullie onvoorwaardelijke liefde en gezelligheid (en Sjors) maakt dat ik 

me nog steeds heel erg thuis voel. Mijn dank is groot.

Tot slot, Papa. Mede geïnspireerd door jou ben ik geneeskunde gaan studeren. Ik weet 

nog goed dat je zei dat dokter worden wel iets voor mij zou kunnen zijn, dat je het me 

wel zag doen later. Dit is altijd een drijfveer geweest. Ik hoop dat ik je trots heb kunnen 

maken en ik mis je nog steeds ontzettend.
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