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1INTRODUCTION

EARLY WARNING SCORES

Deterioration of patients is often preceded by changes in vital signs as early as 6 to 24 
hours before an adverse event, such as ICU admission and mortality(1-4). However 
these changes are often not timely recognized, underreported or disregarded by 
medical personnel (5). In order to improve the care of these patients by timely 
recognizing their deterioration, early warning scores (EWS) have been developed. 
EWS consist of multiple vital parameters. The total sum of which is the height of the 
EWS and this determines the risk of deterioration of the patient. Over the years, 
numerous EWS have been developed, all with the aim of adequately recognizing 
which patients are at risk of deterioration(6). However, the many different EWS which 
are being used at this moment perform better or worse, dependent on the setting 
in which they are used. The ideal EWS should be simple to use and should contain 
a limited number of vital parameters, which will minimize calculation errors(7). 
Developing an EWS with a limited number of vital parameters, requires knowledge 
of the parameters which are the most accurate in predicting deterioration. Identifying 
these parameters can not only aid in the development of more reliable EWS to be 
used in the hospitals but may also be used as an aid to timely predict deterioration 
at home. Especially, because modern technology such as smartwatches are being 
used by more and more patients to measure their vital parameters at home. (8-11). 
Considering the fact that 10-30% of discharges in European hospitals are followed 
by a readmission within 30 days(12), much can be gained by application of these 
technologies for monitoring of vital signs. Through timely detection of deterioration 
at home and subsequently appropriate intervention, hospital readmission might be 
prevented. 

SEPSIS 

Timely recognition 
A syndrome in which early recognition is important, is sepsis. Sepsis is a syndrome 
of physiologic, pathologic and biochemical abnormalities induced by infection(13). 
The worldwide incidence of sepsis is rising due to several factors such as an 
aging population, increasing antibiotic resistance, increased use of chemo- and 
immunotherapy as well as improved recognition. Recent numbers show that the 
current incidence of sepsis has reached 437 per 100,000 person-years in the last 
decade(14). Depending on its severity, the mortality rate of sepsis can be as high 
as 45%(15). Simple to use tools  such as the EWS, can reduce mortality by timely 
detection of septic patients and subsequently start the most optimal treatment 
required. 

Culture outcomes
One of the cornerstones in the diagnosis and current treatment of sepsis are blood 
cultures. The detection of the organism that caused sepsis provides possibilities for 
targeted antimicrobial therapy(16). Since culture-negative sepsis is common, it often 
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remains unclear whether patients actually have sepsis and would therefore indeed 
benefit from antimicrobial therapy. To provide more insight into this phenomenon, it is 
also important to understand if patients with a negative blood culture have a different 
mortality rate than those with a positive blood culture(17-19).  
Considering the importance of blood culture, research has been ongoing on the 
factors influencing blood culture yield. This has already led to improvements in 
specimen collection and reduction in contamination rates. However, the current 
practice of blood culture collection is still inefficient, with pathogen recovery rates 
as low as 7%(20-29). To this day, hospitals still recommend that blood cultures be 
collected in the event of the temperature spike, despite the fact that evidence for 
this practice is lacking. Previous studies have found temperature spikes to be an 
unreliable predictor of bacteremia(28, 30). Therefore it is important to find other 
methods than can increase blood culture yield, such as the association between 
timing of blood culture collection during the admission and the blood culture yield. 

Treatment of sepsis in immunocompromised patients
As the use of chemotherapy, which is considered an immunosuppressor, is one of 
the reasons for the increase in sepsis, the question arises if interventions can be 
implemented which will increase the survival of these patients. Several retrospective 
studies in the general sepsis population have found that for every hour that a 
patients receives antibiotics earlier, the survival increases(31, 32). However, these 
results could not be reproduced in a recent open-label prospective randomized 
trial in the general sepsis population(33). A few studies have investigated whether 
immunocompromised patients, especially those with cancer, can benefit from earlier 
administration of antibiotics. These studies found that patients who receive earlier 
antibiotic administration, have an increased survival rate. Studies on this subject are 
scarce though and those that exist were performed in specific subpopulation of septic 
patients(34-36). No previous studies investigated whether oncology patients have 
different survival rates compared to non-oncology patients, who were transported 
to the emergency department (ED) by the ambulance. In addition to this, no studies 
have investigated if prehospital antibiotics administration can increase survival of 
oncology patients with sepsis. 

Improving survival in the general septic population
Considering the high incidence and mortality of sepsis, finding novel ways which 
can improve survival of septic patients is of the utmost importance. Hyperthermia is 
a common symptom of sepsis and patients with hypothermia often have far worse 
outcomes than those with hyperthermia(37, 38). From this it can be deduced that 
perhaps the practice of administration antipyretics such as acetaminophen to patients 
with sepsis might not be considered optimal treatment. In recent years several studies 
have investigated whether this holds truth. However the majority of these studies did 
not find any association between the administration of acetaminophen and mortality 
rates(39-46). The few studies that did find an effect produced contradictory results 
(39, 47-50). A study in the Netherlands found that nearly half of sepsis patients that 
presented themselves to the ED were transported by emergency medical services 
(EMS) and that those who were transported by EMS were more ill than those who 
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1were transported otherwise(51). Previous studies on this subject did not exclusively 
investigate EMS patients. Since sepsis patients who were transported by EMS are 
a representative sample of the general population, it is vital to establish the effect 
paracetamol has in this population. Especially since paracetamol is commonly used 
and no guidelines exist on the use of paracetamol in septic patients.

Long-term effects of sepsis
As mentioned before, the incidence of sepsis is still rising(14) and in the last few 
decades, many advances have been made which improve the survival of septic 
patients(52, 53). Due to the rising incidence and survival, the long-term effects of 
sepsis are becoming more apparent. These effects manifest themselves in the form 
of economic and social burdens(54). The economic burden is manifested in the form 
of costs of hospital admission and productivity loss due to illness, while the social 
burdens are witnessed in the form of increased mortality after hospital discharge and 
the impaired quality of life of patients. Several studies have been conducted on the 
subject of quality of life of sepsis survivors and have found that the impaired quality 
of life may last for years after the syndrome has been treated. Up to 81.3% of sepsis 
survivors reported an impaired quality of life and those survivors never reached their 
pre-illness level of quality of life(55-58). 

AIMS AND OUTLINE OF THIS THESIS

In chapter 2 we performed a systematic review to determine which early warning 
scores are the most accurate for the prediction of mortality in the emergency 
department and acute medical unit.  In chapter 3 we determined which vital 
parameters are the best predictors of unexpected readmissions. Chapter 4 deals 
with patients with  sepsis. We conducted a systematic review in order to determine 
the effect that sepsis has on the quality of life of patients. In chapter 5 we performed 
the largest prospective study on the quality of life of the general sepsis population. 
In chapter 6 we zoomed in on the results of the Prehospital Antibiotics Against 
Sepsis (PHANTASi) trial, the largest prehospital sepsis study in the world(33). We  
performed sub-analyses, in which some of the questions that were raised by the 
findings of this study were answered.  
One of these questions was whether immunocompromised patients can benefit from 
early antibiotics administration. This was investigated in chapter 7. Another question 
that was raised was if patients with culture-positve sepsis have a different outcome 
than those with culture-negative sepsis. This issue was addressed in chapter 8, 
while in chapter 9 we compared the differences in outcomes of culture-positive and 
culture-negative sepsis. 
In chapter 10 we described the outcomes of blood cultures in a large European 
teaching hospital and the problem of contamination.
Optimization of treatment of patients with sepsis is vital, considering the high mortality 
rate. In chapter 11 we determined if paracetamol administration is beneficial for 
patients with sepsis or if this leads to a higher mortality rate. 
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