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This final chapter summarizes and discusses the findings of the work presented in 
this thesis. 
The aim of this thesis was to investigate via multiple approaches how treatment of 
acute sick patients especially patients with sepsis can be optimized and to determine 
what the (long-term) effects are of sepsis. 

It has been suggested that sepsis is currently the most frequent cause of death in 
hospitalized patients(1). As the incidence of sepsis continues to rise(2, 3), the long-
term effects of this disease become more apparent. These effects can last for years 
after sepsis has been treated (4-7). Hence multiple approaches to the treatment 
of sepsis should be investigated, as these individually or collectively can improve 
patient outcomes. The first step is to recognize sepsis, which to this day remains 
a challenge(8). Early warning scores (EWS) can aid in this process by recognizing 
sepsis patients with a high chance of morbidity and mortality when the patient visits 
the hospital. In the future, with the development of smartwatches and other devices 
which can monitor our health at home, sepsis patients with an unfavorable prognosis 
might be recognized before they even visit the general practitioner or the hospital. 
Vital for realizing this is to determine which vital parameters are the most accurate 
at predicting patient deterioration. Sepsis is a syndrome which is hard to recognize 
in the early stadium, but easy to treat. Consequently, as the syndrome progresses it 
is easy to recognizes in the later stages, but treatment becomes increasingly difficult 
as the disease progresses. Therefore early recognition of this syndrome is just as 
important as the appropriate treatment. 
 If the patients does develop severe sepsis, despite the tools that are available to 
recognize this syndrome in an early state, it becomes crucial to treat the patient in 
a manner which maximizes his chances of a positive outcome. One of the ways this 
can be done via the administration of the (correct) antibiotics. In order to treat the 
patient with the correct antibiotics, it is deemed necessary to know which pathogen 
caused the sepsis and how this affects patient outcomes. In addition to treatment 
with antibiotics, paracetamol is sometimes administered to sepsis patients. As there 
is no consensus among international guidelines on the use of antipyretics in sepsis 
and evidence for this practice is lacking, this practice should also be reviewed. As is 
the challenge with any patient visiting the emergency department (ED), determining 
which patients are severely ill and require urgent treatment and which are less ill, 
remains a challenge. 

SUMMARY OF MAIN FINDINGS

In chapter 2 we performed a narrative review, describing the prognostic value of 
different early warning scores in the emergency department (ED) and the acute 
medical unit (AMU)(9). We found that among the 25 assessed early warning scores 
(EWS) in this review, the National Early Warning Score (NEWS) has the best 
prognostic value in the general ED population, while the Mortality in Emergency 
Department Score (MEDS) had the best accuracy in patients with an infection or 
sepsis. Intensive care unit (ICU) admission was best predicted with the NEWS, 
however in patients with an infection or sepsis the Modified Early Warning Score 
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(MEWS) yielded better results for this outcome. While EWS are good tools do 
detect deterioration, one limitation of EWS remains that they are often incomplete 
or miscalculated which leads to underscoring, thereby not timely recognizing 
deteriorating patients. Electronic measurement of EWS leads to less underscoring 
and improvement of the accuracy of EWS values and reduced mortality(10-14).  
The ideal EWS is both simple and accurate, with few chances of calculation errors 
and can be used in the whole acute care chain. No EWS can flawlessly detect all 
patients who are at risk of deterioration. Therefore EWS, should not be seen as a 
replacement tool for clinical judgement, but rather as an aid for clinicians in their 
decision making. NEWS seems to be the best be used in the general population and 
MEDS in those with an infection such as sepsis.
In chapter 3 we aimed to determine which vital parameters that can be monitored 
at home, are the most reliable in predicting a readmission(15). We found that in 
readmitted patients, the most common deteriorating vital signs were respiratory rate 
and heart rate. We concluded that monitoring of respiratory rate and pulse rate post-
discharge might prevent some readmissions. 
In chapter 4 we provided a systematic literature overview, in which we focused on 
the long-term effects of sepsis survivors after an intensive care unit (ICU) stay(7). 
We found that sepsis survivors suffer from a decreased health related quality of 
life (HRQOL) in both the mental and physical domains. Although sepsis survivors 
report some recovery in their quality of life during the months/years after the sepsis 
episode, they never reached the same quality of life as they had preadmission. In 
addition we found that sepsis survivors had high mortality rates in the years after 
the episode. The fact that sepsis in ICU survivors has such a significant impact on 
patients’ lives long after the medical treatment has ceased, emphasizes the need for 
the implementation of interventions which limit the decrease in HRQOL such as post 
hospital rehabilitation programs. 
In chapter 5 we conducted a prospective study on the HRQOL of sepsis survivors to 
investigate  if this decrease in HRQOL was indeed caused by the sepsis episode as 
it has not previously been researched if the ICU admission by itself might have led to 
the decrease in HRQOL. This study was the first study on HRQOL to be conducted 
in sepsis survivors that were transported by emergency medical services (EMS) to 
the ED. We found that sepsis survivors have worse HRQOL than the general Dutch 
population and that advancing age and female sex significantly altered the HRQOL 
negatively. Nearly 10% of the population in the study was admitted to the ICU, but 
ICU admission caused no significant effect on the HRQOL. 
In chapter 6 we zoomed in on the results of the Prehospital Antibiotics Against 
Sepsis (PHANTASi) trial(16). The PHANTASi trial was the first randomized 
controlled trial comparing the effects of early antibiotic therapy against usual care 
in patients suspected of sepsis. In this chapter we answered some of the most 
common questions that were raised regarding the findings of this study(17). In the 
next chapter we elaborated further on the question if immunocompromised patients, 
such as those with cancer, might benefit from the administration of early antibiotics.
In chapter 7 we performed a sub-analysis of the PHANTASi trial with the aim of 
determining if oncology patients could benefit from early antibiotic administration. 
This was the first study to compare the effect of prehospital antibiotics in septic 
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patients with and without cancer. We found that septic patients with cancer had 
significantly higher in-hospital (9.2% vs. 5.5%), 28-day (15.2% vs. 7.1%) and           
90-day (23.0% vs. 10.2%) mortality rates than those without cancer. Septic patients 
with cancer in the intervention group received antibiotics on average 102 minutes 
earlier than septic patients without cancer in the control group, but this did not lead 
to increased survival. However, septic patients with cancer in the intervention group 
did have significantly lower readmission rates. 
In chapter 8 we comment(18) on the study of Kethireddy et al. (19) in which they 
retrospectively compared the outcomes of patients with culture-positive septic shock 
(CPSS) to those with culture-negative septic shock (CNSS). The authors concluded 
that patients in both the CPSS and CNSS had similar mortality rates, with in-hospital 
mortality rates of greater than 50%. In the prospective randomized controlled 
PHANTASi trial a strikingly different mortality rate of 28.1% was found, which raised 
the concern of selection bias. In addition, the authors provided no information on 
prior prehospital oral antibiotics administration, which might have led to a decrease 
of patients in the CPSS and consequently to an increase of patients in the CNSS. 
These factors may have influenced the study outcomes. 
In chapter 9 we therefore conducted an sub-analysis of the culture-positive and 
culture-negative patients in the prospective PHANTASi trial, thereby addressing the 
concerns that we raised in our comment. Patients who received prior oral antibiotics 
at home, more often had negative blood cultures than those who did not (85.9% vs 
78.0%). We found that patients with culture-positive sepsis had significantly higher 
28-day mortality (RR: 1.43 [95% CI: 1.11-1.83]) and 90-day mortality (RR: 1.41 [95% 
CI: 1.15-1.71]) rates compared to culture-negative patients. We concluded that 
culture-positive sepsis is associated with a higher mortality rate. Furthermore we 
found that culture-positive sepsis more often leads to organ dysfunction than culture-
negative sepsis. 
In Chapter 10 we conducted the first study which evaluated the timing of blood 
cultures during admission and blood culture yield (20). Despite the fact that there 
is little evidence for the practice of drawing blood cultures in the presence of fever, 
this is still common in most hospitals(21-23). Therefore other methods of optimizing 
blood culture yield were investigated in this study which was conducted in a large 
European teaching hospital. All blood cultures from patients who were admitted 
over a period of seven months were analyzed. Only 13.9% of the blood cultures 
were positive and nearly half of those were false-positive due to contamination. After 
correcting for contamination according to accepted standards we found that cultures 
collected during the first 24 hours after admission yielded more positive results than 
those collected later (10.1% vs 5.8%). We conclude that educational programs to 
reduce contamination are required and application of modern molecular diagnostic 
technologies which are more sensitive than blood cultures, as these technologies 
become increasingly affordable should be considered. 
In chapter 11 we determined whether paracetamol administration is beneficial for 
patients with sepsis or whether this leads to a higher mortality rate. Hyperthermia is 
a common symptom of sepsis and previous work has suggested fever appears to 
have a protective role in sepsis(24-26). Apart from this,  the literature on the effect of 
antipyretics in sepsis is contradictory and inconclusive(27-31). We conducted the first 
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study which investigated mortality differences between septic patients who received 
paracetamol and those who did not, combined with analysis of the temperature 
difference between these groups caused by this treatment. We found no difference 
in mortality rates between patients who received paracetamol in the ambulance and 
those who did not, regardless of the initial body temperature and confirmed that the 
former group had a significantly larger decrease in body temperature. Furthermore, 
hyperthermic patients had significantly lower mortality rates when compared to 
hypothermic patients. We conclude that reduction of fever with paracetamol did not 
decrease mortality  and that  hypothermia is an ominous sign and should immediately 
make the clinician aware of the criticalness of the situation.  

GENERAL DISCUSSION AND IMPLICATIONS FOR PRACTICE
This thesis assessed several approaches in the treatment of sepsis as well as 
the effect of sepsis on the health related quality of life of patients. As there are no 
approved drugs that specifically target sepsis(1), we aimed to provide insight on the 
effect of several approaches in the treatment of this serious syndrome.  

EARLY WARNING SCORES

Clinical deterioration of patients is often preceded by changes in vital signs up to 
6 to 24 hours before an adverse event(32-35). These changes however are not 
properly recognized(36). In order to still detect deterioration of patients in an early 
stage, a wide array of prognostic scores have been developed. By 2015, over 36 
EWS existed with variable success and rate of implementation. We found that some 
of these EWS could also be used to accurately detect patients with an infection, who 
are at risk of deterioration. The most severe form of infection is sepsis. Recent work 
has even shown that in patients with sepsis, the NEWS is the most reliable predictor 
of patient outcome, outperforming the conventional Systematic Inflammatory 
Response Syndrome (SIRS) and quick Sequential Organ Failure Assessment 
(qSOFA)(37). The ideal EWS is one which can be used by all disciplines in the 
hospital and not merely several disciplines, as this can hamper the effectiveness due 
to the unfamiliarity between different disciplines about different EWS.  

RECOGNITION OF DETERIORATING PATIENTS AT HOME

In European healthcare systems, discharges from hospital are followed by an 
unplanned readmission within 30 days in 10-30% of patients (38). The majority of 
these readmission are not preventable as they are in the majority of the cases not 
caused by errors of the care team(39-41). In hospitals vital signs are measured in all 
admitted patients. Home monitoring equipment for these vital signs is increasingly 
becoming available and affordable for the public. More and more wearable devices 
are being developed which can capture vital signs such as heart rate and respiratory 
rate(42). These technological developments create a new opportunity: the ability 
to detect patients who are deteriorating before they feel so ill that they present 
themselves to the general practitioner or the ED. In chapter 3 We found that heart 

RishiDef2.indd   242 24-7-2019   21:04:37



Ch
ap

te
r 

12

Summary                                                                                                                               243

rate and respiratory rate where the most common deteriorating vital signs in patients 
who were readmitted. As these vital signs can nowadays already be captured at home 
in non-invasive ways, this might allow patients to be treated before they become 
severely ill, thereby possibly reducing some of the pressure on the hospitals and 
the care system. Monitoring of high risk patients and early follow-up of deteriorating 
patients post-discharge by General Practitioners and District Nurses might be helpful 
in achieving this. 

ANITBIOTICS IN IMMUNOCOMPROMISED SEPSIS PATIENTS

Sepsis remains one of the most important causes or morbidity and mortality 
worldwide(1). Every year over 30 million persons will develop sepsis, and of those 
over 5 million will die(2). The incidence of sepsis is still increasing. One of the reasons 
for this increase in incidence is the increase of immunocompromised patients, such 
as those with cancer. In addition, cancer is also one of the factors associated with 
increased mortality in sepsis patients(2, 43, 44). It has been suggested that these 
patients might benefit from the administration of prehospital antibiotics(45). Although 
previous studies have found that early administration of antibiotics might improve 
the outcomes of this group, the effect of administration of prehospital antibiotics 
in this group of immunocompromised patients had not yet been investigated(46, 
47). In chapter 7 we found that these oncology patients with sepsis have a 
higher mortality rate than those without cancer. The administration of prehospital 
antibiotics did not improve survival of this group of patients, but did lead to far less 
readmissions. A possible explanation for this phenomenon is that administration of 
prehospital antibiotics prevents the development of organ failure in some patients 
and consequently prevents readmission(48). 

CULTURE-POSITIVE VS CULTURE-NEGATIVE SEPSIS

One of the cornerstones in the diagnosis and treatment of sepsis is the collection 
of (blood) cultures, as these can be used to detect the organism that has caused 
sepsis. Detection of the organism that has caused sepsis provides possibilities 
for targeted antimicrobial therapy(1). The predicament with this concept remains 
though that (blood) cultures often remain negative, despite the fact that a patient 
has been diagnosed with sepsis. Previous studies on this subject were conducted 
in specific subpopulations of sepsis patients, such as those with severe sepsis or 
those who were admitted to the ICU. Furthermore, these studies did not produce 
consistent findings(19, 49-52). Previous work has shown that sepsis patients 
who were transported by EMS are a representative sample of the general sepsis 
population(53). As these patients are presented on the ED and require urgent care, it 
is essential to determine the relationship between (blood) cultures and the outcomes 
of this group of patients in order to optimize their treatment. This was conducted 
in chapter 9, were we found that 56.4% of these patients had culture-negative 
sepsis. Those with culture-positive sepsis had a significantly higher 28-day and 90-
day mortality rate than those with culture-negative sepsis. Patients in the culture-
positive group scored worse in several areas, such as the hospital length of stay and 
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sepsis severity, suggesting that culture-positive patients may be sicker than culture-
negative patients. It is known that polymerase chain reaction technique (PCR) can 
sometimes detect organisms which cannot be found through conventional blood 
cultures due to these being less sensitive(54), which might lead to decreased culture 
yield. Understanding of the etiological mechanisms that lead to differences in culture 
outcomes should be investigated, in order to further reduce mortality rates of sepsis.  

BLOOD CULTURES

Blood cultures are among the most frequently performed microbiological tests in 
hospitals worldwide and are to this day the gold standard for detecting bacteremia(55, 
56). It is estimated that up to 276,000 persons annually die in Europe due to 
bloodstream infections (57). Several studies on factors influencing blood culture 
yield have been conducted which were aimed at improving specimen collection and 
reducing contamination rates. Despite these advances, the pathogen recovery rate of 
blood culture is just 7%(21, 55, 56, 58-64) and there is little evidence for the  drawing 
of blood cultures in the case of temperature spikes (21-23). In summary, alternatives 
for the current practice of blood culture collection are necessary. We conducted the 
first study which investigated whether timing of blood culture collection is associated 
with blood culture yield and found that blood cultures that were collected and 
incubated within 24 hours of admission, had significantly higher yields than those 
were obtained after 24 hours of admission. Nearly half of the positive blood cultures 
were contaminated, which means that these were considered false-positive. This 
highlights another issue in the current practice of blood cultures which should also 
be improved by means such as educational programs on blood culture collection. 

ORAL ANTIPYRETICS IN THE TREATMENT OF SEPSIS

There are no approved drugs that specifically target sepsis. Rather, multiple 
interventions are conducted in sepsis patients with the aim of treating the patients and 
improving their chances of survival. One of these interventions is the administration 
of paracetamol. Paracetamol is a widely used antipyretic. This antipyretic is often 
administrated to patients with fever. Previous research has shown that sepsis patients 
with hypothermia have higher mortality rates than patients with hyperthermia(24). 
This makes it seem counterintuitive to administer paracetamol to sepsis patients. 
Although some literature has been published on this subject, no studies investigated 
the effect of paracetamol on body temperature and mortality(24, 26, 65-70). Our 
study in chapter 11 showed that there was no difference in mortality between 
sepsis patients who received paracetamol and those who did not and  that the body 
temperature of patients who received paracetamol, was at the second measurement 
lower than that of patients who did not receive paracetamol, but this did not influence 
mortality rates. However, we had no information on prior use of paracetamol and this 
sub-study was not randomized. As there is currently is no international guideline on 
the administration of paracetamol in sepsis patients, we believe that a randomized 
controlled trial to investigate the effect of paracetamol in sepsis patients should be 
the next step in this research field, especially considering how widely paracetamol 
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is used in practice. 

QUALITY OF LIFE OF SEPIS SURVIVORS

Sepsis survivors are often confronted with a decrease in their HRQOL (6).This 
decrease in HRQOL is visible years after the syndrome has been treated. Although 
some recovery is seen in the years after the patient had sepsis, the HRQOL rarely 
reaches the level it was prior to the sepsis episode. Several studies have found that 
HRQOL in sepsis patients who were admitted to the ICU is severely diminished(6). 
However, these studies only included ICU patients and thereby did not distinguish if 
this effect was caused by the ICU admission itself or by the syndrome. In chapter 5 
we found that the explanation for this diminished HRQOL is not the ICU admission, 
but rather the sepsis episode. Although the acute mortality from sepsis has been 
reduced to historically low numbers, every year a multitude of new cases enter the 
survivor pool(71, 72). This suggests that interventions which minimize this decrease 
in HRQOL in these patients should be considered. 
Intervention programs in sepsis survivors post-discharge, have already shown that 
this improves the cognitive performance and functional outcomes of patients(73). 
Although not yet investigated in sepsis, patients with other critical illnesses have 
already benefited from intervention programs lead to improved outcomes in the 
HRQOL(74-76) and such programs are therefore worth investigating in sepsis 
patients, as they might improve their outcomes. 

CLINICAL RELEVANCE AND FUTURE IMPLICATIONS

The studies described in this thesis were all aimed at determining which interventions 
can be conducted to improve the outcomes and quality of care of sepsis patients. We 
have shown that:
1) Sepsis in initial stages is difficult to recognize. EWS such as the NEWS can be of 
use to prognosticate these patients early and even seem to have better sensitivity 
than the qSOFA or SIRS. 
2) Home monitoring of vital signs is an area that should be investigated, as this 
might facilitate interventions before patients deteriorate to the point that they present 
themselves to the hospital.
3) Oncology patients with sepsis have higher mortality rates than patients who do not 
have cancer. Prehospital administration of antibiotics to oncology patients reduces 
their readmission rates, but does not improve patient survival.
4) Sepsis patients who are culture-positive have far higher mortality rates than those 
who are culture-negative. In addition, these patients suffer more often from organ 
dysfunction than those who are culture-negative. 
5) Blood cultures are often contaminated and blood cultures collected during the first 24 
hours of admission are more likely to be positive than those collected at later time points.
6) The use of antipyretics in the treatment of sepsis does not seem to have detrimental 
effects on patients outcomes, but hypothermia by itself is an ominous sign.
7) Sepsis has devastating effects on the HRQOL of patients and this effect is not 
caused by ICU admission, but by sepsis itself. 
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The above mentioned findings provide tools for further optimization of the diagnosis, 
treatment and prognosis of sepsis. The NEWS seems to outperform both the SIRS 
and qSOFA as a prognostic tool, which raises questions about their role in the last 
revision of the definition of sepsis(3). Furthermore, even the NEWS has a far from 
perfect predictive accuracy. Several artificial intelligence  models have already 
been developed to diagnose sepsis (77-79). These models seem to outperform 
current prognostic tools by a fair margin, although various obstacles still exist when 
implementing these models in clinical practice. With the widely available wearables 
and other home monitoring systems, increased monitoring of increased monitoring 
of patients at home will be possible. AI might then be used in these devices, so that 
patients in early stages of deterioration can be properly recognized and treated. 
We are currently identifying the various problems with AI models for patients with 
sepsis and will focus in the future on solving these problems in order appropriately 
implement AI in clinical practice. 
Early administration of antibiotics in sepsis patients should be considered, at the very 
least in sepsis patients with cancer, as this reduces readmission rates. Administration 
of antibiotics should only be started after the sepsis diagnosis has been confirmed, 
in order to prevent antibiotic resistance. Another group of sepsis patient that might 
potentially benefit from the early administration of antibiotics, are those with septic 
shock. The PHANTASi trial was the first and only prospective study to be conducted 
in sepsis patients, which investigated the effect of early antibiotics administration 
in these group of patients. Although this study did not find an increase in survival 
in patients who received early antibiotics, it has to be noted that the sample of 
patients with septic shock was relatively small in this study (3-4%) and therefore 
no conclusions could be drawn about this subgroup of patients. As this subgroup of 
patients are the most ill sepsis patients, the question remains if patients with septic 
shock might benefit from the administration of prehospital antibiotics, especially in 
regions where the EMS infrastructure is not as optimal as in the Netherlands, with 
longer dispatch times. We are currently preparing a prospective international study 
on this subject to answer this question. 
Another aspect of sepsis treatment that requires further research is the administration 
of antipyretics to these patients. There is currently no international guideline on the 
use of antipyretics in sepsis and these medication are still widely used in patients 
with fever. Considering the abundant use of antipyretics and the fact that so little 
is known about the effect on patients outcomes, we strongly believe that an RCT 
in the prehospital setting should be conducted which investigates the effect of oral 
antipyretics on patients outcome. This will also finally allow the implementation of 
an international guideline on the use of paracetamol in sepsis patients, thereby 
improving the sepsis care. 
In both the treatment of septic shock patients and the treatment of sepsis patients 
with antipyretics, the role of EMS is vital. EMS are often the first group of medical 
personnel who see and can treat these critically ill patients. Therefore their role in 
recognition and treatment of sepsis is vital, as treatment of this syndrome in its early 
stages might improve patient outcomes. Moreover, it has been shown that recognition 
and treatment of sepsis patients by EMS, improves recognition and management of 
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these patients throughout the whole acute care chain.
In addition to these points, the underlying etiology of culture-positive and culture-
negative sepsis that leads to difference in outcomes should be investigated. In 
order to optimize this investigation, blood culture collection should be replaced by 
the application modern molecular diagnostics methods such as polymerase chain 
reaction (PCR), as these have a higher sensitivity in pathogen detection. Although 
these technologies are currently more expensive than blood cultures, future studies 
should evaluate if these modern molecular technologies lead to more targeted 
antibiotic treatment and consequently length of stay and patient survival. As sepsis is 
one of the most expensive reasons for hospitalization(80), this might not only benefit 
the patient, but also relieve some of the pressure on the healthcare system, despite 
the increased cost that comes with the use of these modern techniques.
For the sepsis survivors, the effects of the syndrome can last for years and can have 
devastating effects on their HRQOL. Therefore rehabilitation care pathways should 
be developed which minimize their decrease of HRQOL after an sepsis episode. 
These pathways should not only be focused on the physical component of HRQOL, 
but also on the mental component and should be started as early as possible in the 
hospital. This highlights the fact the sepsis is not a syndrome from which patients 
can be treated and afterwards continue with their life as they would before. Survivors 
face lifelong challenges after their hospital discharge, which can completely alter 
their life. 
In this thesis we investigated several approached to the diagnosis, treatment and 
prognosis of sepsis and have shown that all, in one way or the other can aid in 
optimizing sepsis treatment. We conclude that the field of sepsis is one in which 
still much can and has to be gained in both the short-term and long-term outcomes 
of patients. Sepsis is a serious syndrome, which leads to more deaths than AIDS, 
breast cancer and prostate cancer combined. Unlike these and many other serious 
diseases, limited research has been conducted on sepsis outside ICU setting. 
We strongly believe that more attention to its diagnosis, treatment and prognosis 
is therefore pivotal. With the emergence of novel advanced techniques in the 
diagnosis and treatment of sepsis and the increasing involvement of EMS in the 
sepsis pathway, we strive to see that research on sepsis continues and increases. 
Only then can the perspective for the vast group of persons worldwide who endure 
sepsis continue to improve. 
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