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Abstract

Objective: Early recognition is a key step in decreasing morbidity and
mortality in sepsis. Like in other European countries an ever growing number
of septic patients enter hospitals via emergency departments. Our goal was to
assess the number and severity of patients with sepsis, severe sepsis and septic
shock attending the Hungarian emergency departments. Methods: Two-
hundred and ninety-nine patients were entered into the Hungarian Emergency
Sepsis Register, focusing on age, disease severity, monitoring and oxygenation.
Application and time of administration of antibiotics, use of biomarkers, i.e.
lactate and procalcitonin, disposition of patients were assessed using a web-
based electronic questionnaire. Results: Data arriving from twenty emergency
departments revealed that with severity of the disease oxygen administration
and level of monitoring increased, along with antibiotic administration and
use of biomarkers. Time spent in the ED did not differ between septic,
severely septic and septic shock patients; however higher level of care was
provided for the sickest patients. Conclusion: Our register data indicate that
sepsis presents a substantial challenge to Hungarian emergency departments.
The set standards for timely, adequate treatment are not yet met. The results
are however also influenced by charactersitics of the Hungarian health care
system, most notably the lack of hospice systems. Further studies are needed
to separate the subset of patients who would require and of life care.
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1. Introduction

Since the recognition of the germ theory by the Hungarian physician Semmel-
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weis, sepsis has been acknowledged as a severe and increasingly important issue
worldwide. It has been in the focus of attention of numerous professional or-
ganisations [1] and there is an increasing awareness regarding early recognition
and early treatment [2] [3].

Sepsis has become a global problem with its high mortality and increasing in-
cidence [4]. The disease has been classified according to its severity, ie. sepsis,
severe sepsis and septic shock developing frequently to multiorgan failure re-
gardless of the advances in sepsis care [5]. Despite all efforts, the morbidity and
mortality of sepsis in Europe have not decreased in a desired manner [6].

The introduction of early goal directed therapy [7] has established the firm
basis of a paradigm shift in treating septic patients in the emergency department
(ED). With a great deal of turbulence with the theory and practice of early goal
directed therapy new data have emerged regarding the targeted parameters [8]
[9] but it is still agreed that therapy should be based on optimal oxygenation,
fluid replacement, antimicrobial agent and eradication of the source of sepsis. It
is also prudent to perform microbiological sampling ideally before the admini-
stration of the antimicrobial agent [3].

A new approach has emerged in the timely management of sepsis in the
emergency departments by introducing the “Sepsis Six” method. This encoun-
ters six cornerstones of recognition and treatment by delivering appropriate
amount of oxygen, obtaining blood cultures, administering empiric but wide
spectrum antibiotics, measuring serum lactate, starting intravenous fluids and
measuring urine output [10] [11] [12].

One of the reasons that sepsis is responsible for so many deaths and disabili-
ties is that diagnosis is far from straightforward. If one suffers a fracture, it can
be visualized by using an X-ray and it is fairly simple to make a decision on fur-
ther treatment. However, sepsis has no specific imaging or laboratory findings.
According to the Surviving Sepsis Campaign guidelines we are required to make
a diagnosis on the basis of general variables (fever, hypothermia, tachycardia,
tachypnea, hyperglycaemia, peripheral oedema), inflammatory variables (leuko-
cytosis, leukopenia, normal white-cell count with >10% immature forms, ele-
vated plasma C-reactive protein (CRP), elevated plasma procalcitonin (PCT)),
haemodynamic variables (arterial hypotension, or decrease in systolic pressure
of >40 mmHg in adults, elevated mixed venous oxygen saturation, elevated car-
diac index), organ-dysfunction variables (arterial hypoxemia, acute oliguria, in-
creased creatinine levels, coagulation abnormalities, paralytic ileus, thrombo-
cytopenia, hyperbilirubinemia) and tissue-perfusion variables (hyperlactataemia,
decreased capillary refill or mottling) [3].

One can quickly recognize that none of these variables are specific for sepsis,
and this implicates that it is prudent to be vigilant if patients with the above
signs and symptoms are showing up in the emergency department. A high level
of suspicion must be maintained regarding sepsis, because delay, especially in
more severe forms of sepsis can dramatically increase mortality. It should also be

noted that septic patients must be assessed in a complex way, considering pre-
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disposition, immune status and comorbidities to get a picture as clear as possible
on the septic processes.

It is also important to assess our patients in terms of sepsis severity. Progres-
sion from sepsis to severe sepsis or septic shock is a continuum; however it is
always more challenging to treat a patient with an advanced septic state. In se-
verely septic patients delay in administration of antibiotics increased mortality
by 7.6% each hour [13].

Recently the SEPSIS-3 task force suggested a new approach and nomenclature
for septic patients [14]. According to the new recommendations septicaemia,
severe sepsis and sepsis syndrome are eliminated [15] which leaves us with the
categories of sepsis and septic shock. Organ dysfunction is defined on the basis
of a quick SOFA score (Table 1), ie. altered mental state with new onset result-
ing in a Glasgow Coma Scale less than 15, a respiratory rate higher than 22/min
and a systolic blood pressure lower than 100 mmHg. If a patient scores two or
more than the suspicion of sepsis is confirmed by the SOFA score using PaO,/
FiO, ratio, mean arterial pressure, urine output or creatinine levels, serum levels
of bilirubin, the GCS, platelet count and need of vasoactive support. Sepsis is de-
fined if SOFA score is 2 or higher than that.

Regardless of any changes in classification, it is well recognized that time-de-
pendent management of sepsis is a key to better survival. Therefore we were keen
to get an accurate picture on the recognition, triage, early treatment and disposi-
tion of the septic patients presenting in the Hungarian emergency departments

over a two year period and also wanted to follow their clinical pathways.

2. Methods

An online survey was constructed using the webspace of the Hungarian Associa-
tion of Emergency Medicine (www.msotke.hu) after the ethical committee was
approached for the need of any permission to carry out the survey. The commit-
tee decided to waive the consent since patient identification was impossible and
the answers of the survey did not affect the treatment of any patient.

Patient selection was based on the presenting symptoms, using the criteria es-
tablished in the 2013 Surviving Sepsis Guidelines [6], but suspicion and/or
presence of an infection was the key determinant in making the diagnosis. Sepsis
was defined as a documented, or suspected infection with general, inflammatory,
haemodynamic, tissue perfusion and organ dysfunction variables. Septic shock
was identified as sepsis-induced tissue hypoperfusion or organ dysfunction,
while septic shock was the diagnosis if there was a hypotension and tissue hy-

poperfusion in severely septic patients despite adequate fluid therapy. In the data

Table 1. The quick SOFA score. A score of two or more raises the suspicion of sepsis.

Parameter
Altered mental state GCS < 15
Respiratory rate > 22/minute

Systolic blood pressure < 110 mmHg
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analysis any patient, older than 18 years of age was recruited who met the crite-
ria of sepsis, severe sepsis and septic shock and was admitted to the emergency
department.

Anyone wishing to send data could log in with his/her login name and pass-
word. The questionnaire was anonymous with questions on admission time
(yyyy.mm.dd hh:min), gender and age of the patient, severity of sepsis, ie. sep-
sis, severe sepsis or septic shock, use of lactate and PCT as biomarkers of sepsis,
time of microbiological sampling, time of antibiotic administration, oxygen ad-
ministration, need for mechanical ventilation, need for invasive monitoring,
administration of a vasoactive agent and disposition of the patient.

The decision on the three categories were at the discretion of the physician
caring for the patient and was made on the basis of the definitions established in
the Surviving Sepsis Campaign recommendations but not registered in the ques-
tionnaire.

Data collection was over a period of 18 months. Twenty different hospitals
with fully equipped and staffed emergency departments participated in the study.

Anonymous data were stored on a secure server and only one investigator
(P.K.) had access to them up to the point of statistical analysis when the statisti-
cian (M.P.) was also authorised for data usage.

Statistical analysis was carried out using Kolmogorov-Smirnov and Shapiro-
Wilk test to assess normality, the intragroup deviance was tested by Levene test.
According to the results of pretests parametric data were examined by Anova

and non-parametric by Kruskal-Wallis tests.

3. Results

The data of two-hundred and ninety-nine patients were analysed. Patients were
divided into three groups according to the severity of the sepsis: septic (Sep), se-
verely septic (SeSep) and those in septic shock (SepSh). One-hundred and
fourty-two patients (47%) fell into the septic, 77 into the severely septic (26%)
and 80 into the septic shock (27%) group (Figure 1). The number of patients in
the septic group was significantly higher than those comprising the severely sep-
tic and septic shock groups (Figure 2). The average age of the patients in Sep,
SeSep and SepSh groups were 66 (CI 3.15), 69.8 (CI 3.85), 71.9 (CI 2.49) years
respectively, showing significantly younger patients in the sepsis group com-
pared to the others (Figure 3). The gender of patients did not differ significantly,
there were 72 male, 70 female patients in the septic group, 46 male and 49 female
in the severely septic along with 43 male patients and 37 female patients in the
septic shock group (Table 2).

Additional oxygen was administered in 69 (48.6%) of the septic patients, 58
(75.3%) in the severely septic and 78 (97.5%) in those with septic shock, showing
significant difference in the two more severe groups compared to the group of
septic patients (Figure 4).

Apart from routine ECG, blood pressure, temperature and percutaneous oxy-

gen saturation measurements invasive monitoring was initiated only in 1.4% of
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Figure 1. Percentage of patients with sepsis (n = 142), severe sepsis (77) and septic
shock (80).
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Figure 2. Distribution of patients between the septic, severely septic and septic
shock groups. The number of patients in the septic group was significantly higher
than in the other two (p < 0.001).
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Figure 3. Age of patients with sepsis (n = 142), severe sepsis (77) and septic shock
(80). Whiskers represent the 95% confidence intervals.
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Sep, 20.8% in the SeSep and 62.5% in the SepSh groups (Figure 5) reflecting sig-

nificant difference when comparing the three groups. However there was no sig-

nificant difference in the methods applied for invasive monitoring.
Blood cultures were drawn in 62 (43.7%) patients with sepsis, 54 (70.1%) with

severe sepsis and 62 (77.5%) in those with septic shock, showing significantly

more samples in the severe sepsis and septic shock group compared to the pa-

tients with sepsis (Figure 6).

Table 2. Gender of patients in the three groups. The difference is not significant (p =

0.496).

Gender of patients

Sepsis Severe sepsis Septic shock
372 (50.7%) 346 (59.7%) 343 (53.8%)
@70 (49.3%) Q41 (40.3%) @37 (46.2%)

100.0%
90.0%
80.0%
70.0%
60.0%
50.0%
40.0%
30.0%
20.0%
10.0%

Percentage of patients receiving oxygen
in the groups

0.0%

Figure 4. Percentage of patients receiving oxygen in the three groups. Significantly
more patient received oxygen in the severely septic and septic shock groups com-
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pared to those suffering from sepsis (p < 0.001).
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Figure 5. Proportion of invasive monitoring in the three patient groups. There were
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significantly less invasive measurements in the septic patients (p < 0.001).
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Figure 6. Proportion of haemoculture measurements in the septic, severely septic
and septic shock patients. A significant difference was detected when comparing pa-
tients with severe sepsis and septic shock to those with sepsis (p < 0.001).

With increasing severity more lactate measurements were carried out, 72
(50.7%) in the septic, 45 (58.4%) in the severely septic and 69 (86.3%) in the sep-
tic shock patients, showing significant difference in the number of measure-
ments (Figure 7(a)) and in terms of the absolute values of lactate (Figure 7(b)).

PCT was measured in 97 (68.3%) septic, 60 (77.9%) severely septic and 62
(77.5%) septic shock patients (Figure 8(a)), with significant difference when com-
paring septic and severely septic or septic shock groups, but no significant differ-
ence was observed between those in the SeSep and SepSh groups (Figure 8(b)).

Administration of antibiotic was significantly more frequent in the SeSep and
SepSh patients (Figure 9).

The time from arrival to antibiotic administration was 363 (SEM: 32) minutes
in the septic, 228 (SEM: 25) minutes in the severely septic and 218 (SEM: 29)
minutes in the septic shock patients showing significant difference between pa-
tients with severe sepsis, septic shock and those with sepsis. No significant dif-
ference was observed between the former two groups (Figure 10).

One-hundred and twenty-two (85.9%) patients were disposed to general ward,
7 (4.9%) to ICU, 6 (4.2%) sent home, another 6 (4.2%) to other institutions in
the septic group. Forty-four (57.1%) patients were accommodated in general
ward, 23 (29.9%) in intensive care, 8 (10.4%) in other institutions. In the septic
shock group 9 patients (11.3%) were admitted to general ward, 49 (61.3%) to
ICU, 3 (3.8%) to other institutions. Mortality was 0.7%, 2.6% and 23.8% in the
septic, severely septic and septic shock patients, involving 1, 2, 19 patients, re-
spectively (Figure 11) with disposition times of nearly the same duration
(Figure 12). Admission to general ward, ICU was no different in the three
groups along with mortality in the emergency department. Compared to the av-
erage distribution in the septic group significantly more patients were sent home
and were disposed to general ward, and in the septic shock group significantly

more patients were admitted to ICU or died.
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Figure 7. (a) Proportion of lactate measurements in the three groups. Significantly
higher number of measurements were carried out with increasing severity (p <
0.001). (b) Absolute lactate values in the three different groups. Whiskers represent
the 95% confidence interval. All values showed significant differences compared to
each other (p < 0.001).

4. Discussion

There is a growing body of evidence that timely management of sepsis decreases
morbidity and mortality [16] [17] also contributing to the lowering of health
care costs [18]. With the introduction of the Hungarian Emergency Sepsis Reg-
ister we wanted to determine where and how we can improve our activity on the
battlefield of sepsis in the front line.

It seems that sepsis is primarily the disease of the elderly population; however
we received no data from paediatric emergency departments. The reason for this
is that paediatric emergency care is separated in space in Hungary, even if
emergency admissions take place at the same gate. It seems that regarding the
examined population there is no age or gender related severity in sepsis accord-

ing to our data.
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Figure 8. (a) Proportion of procalcitonin measurements in the three groups. Significantly
higher number of measurements were carried out comparing the SeSep and SepSh groups
to the Sep group, but there was no significant difference between SeSep and SepSh pa-
tients. (b) Absolute procalcitonin values in the three different groups. Whiskers represent
the 95% confidence interval. All values showed significant differences compared to each
other (p < 0.001).

There is a clear correlation between severity of sepsis and administration of
oxygen along with the involvement of invasive monitoring, such as arterial blood
pressure, central venous pressure and oxygen saturation measurement; however,
combined invasive monitoring is not applied frequently. There is an ongoing
debate on the study of Rivers and his colleagues [7] regarding the usefulness of
target values applied by them. It is widely believed that tissue perfusion and
oxygenation are the key factors in the management of shock states, including
sepsis; however, there are still unanswered questions about the most useful and

optimal target parameters and values [19] [20] [21].
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Figure 9. Proportion of patients receiving antibiotics in the three groups of septic,
severely septic and septic shock patients. A significant difference was detected with
increasing disease severity (p < 0.001).
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Figure 10. Time elapsed between arrival to the ED and antibiotic administration. A
significant difference was detected in the severely septic and septic shock patients
compared to those with sepsis (p < 0.001), but no significant difference was seen in
the former two. Whiskers represent the standard errors of mean.

It seems to be rather obvious that early detection, early goal directed therapy
and early adequate referral should be based on actions that can easily be re-
membered and reproduced. The newest guidelines recommend an even simpler
approach to identify septic patients and those with septic shock. Unfortunately
emergency patients are not addressed fully by the new recommendations of
SEPSIS-3; however an average of 40% of all subjects are coming from the emer-
gency departments. It might be worth reckoning the need for a more detailed
classification system that also encounters those patients who were classified as
severely septic in the ED, along with those presenting with blood stream infec-
tion. As it is noted in the new recommendations, one of the limitations of the

study was that only patients who had prior suspicion or confirmation of infection
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Figure 11. Disposition of patients to different locations. Significant differences were detected in the septic

patients in terms of discharge to home and admission to general wards and also a significant difference was
detected in those with septic shock regarding admittance to ICU and mortality in the ED.
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Figure 12. Disposition times in the three patient groups. No significant difference
was detected. Whiskers represent the standard error of mean.

were included. Patients presenting in the ED are not “labelled” to have infection
and the identification and diagnosis of sepsis still remain a challenge. Individual
differences will remain to be key factors in the development of the septic process
and will challenge the ED staff.

It is not surprising that lactate is not involved in the diagnosis of sepsis. There
has been an ongoing debate on the usefulness of lactate as a biomarker of tissue
hypoperfusion due to several concerns [15].

This issue is supported by our finding that lactate in septic patients was only
mildly elevated; however, lactate correlates with the severity of the disease along
with procalcitonin. It was rather surprising that procalcitonin was used more
frequently than lactate in all three groups of patients. This might suggest that

procalcitonin is thought to be a better sepsis marker for the Hungarian emer-
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gency physicians than lactate.

It is a question how swiftly the quick SOFA and SOFA scores can be adopted
in the environment of the EDs, but the available calculators are already operat-
ing with these scoring systems. But it seems that Mortality in Emergency De-
partment in Sepsis (MEDS) score is used more frequently than the recom-
mended qSOFA and SOFA scores [22].

There is a reduction in morbidity and mortality with the right actions and one
can see an improvement in the attitude of the acute caregivers when using target
values such as mean arterial pressure, lactate either in patient classification or in
therapy [23].

Our results reveal that sepsis is recognized as a problem in the Hungarian
emergency departments. Classification was based on the internationally recog-
nized guidelines [3] and lactate and procalcitonin were used as biomarkers of
sepsis. It is reassuring that patients with severe sepsis and septic shock received
more attention in terms of monitoring and biomarker analysis. This was also re-
flected in oxygen administration, while only some of the septic patients received
additional oxygen, severely septic patients and those in septic shock were given
oxygen in increasing number.

The biggest issue was the administration of antibiotics to our patients in the
emergency department along with the delay of administration. The small per-
centage in the septic patient group receiving antibiotics is further complicated by
the fact that only a few of our patients received antibiotics within the recom-
mended time (Ze. 60 minutes from arrival); however the time from arrival to
oxygen administration shortened with disease severity.

It is worth noting that many EDs in Hungary have ICU capabilities and ca-
pacities, therefore a high number of patients could be kept in the ED for 24
hours where intensive therapy could be initiated.

One of the weaknesses of the questionnaire was that there was no information
on ICU capacities in the EDs involved in this study, therefore we can only
speculate on the level of treatment of patients requiring critical care.

Initially it was surprising to see that a few patients were sent home with the
diagnosis of sepsis. Strictly speaking and observing the Surviving Sepsis Cam-
paign criteria [3] any patient with leukocytosis, fever and a diagnosed with
pneumonia classified as septic. Using appropriate scores and risk assessment—
as part of standard procedures in the emergency wards—allowed us to decide on
the need of hospitalization and therefore sepsis per se does not require hospital
admission in all cases; however a critical judgment must be made considering
may factors to discharge these patients and organize the appropriate follow-up.

Another weakness of this data collection was that categorization of patients
was the discretion of the acute care professional. Sepsis is a dynamic process,
deterioration can happen within a short period of time. Considering the long
wait times which is not unique in Hungary but very true in other parts of the
developed world, one cannot be absolutely sure where his or her patient belongs

to in terms of severity of sepsis over the time in the ED.
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The pattern of patients’ disposition in the three studied groups requires ex-
planation. While it is quite understandable, that those who presented with un-
complicated sepsis were mostly discharged to general wards, it is perplexing, that
more than half of the patients with septic organ failure and one tenth of those
with shock were also disposed to these facilities. One has to keep in mind that in
Hungary there are no formal network of hospice services and the majority of our
hospitals lack these units. Therefore patient presenting with incurable conditions
are often admitted to general hospital wards. This factor may accounts for the
unexplained patient dispositions. Other observations, e.g. the length of stay at
the ED might be also distorted by the same factor. Duration of hospitalization
and the ever increasing costs of treating septic patients is also an important as-
pect. In this survey we had no information on the hospital stay since the data
collection focused on the ED activity but it is also a challenging task to look into
financial issues, Ze. how are these affected by early recognition and early treat-
ment in the ED.

Nevertheless, this sepsis register is a good start point not only in valid and fo-
cused data collection, but also in a mind-set of the Hungarian emergency physi-
cians—most importantly to improve the recognition of sepsis, shorten the times
of antibiotic administration and appropriate discharge routes from the ED.
There is an ongoing education in sepsis recognition and treatment in the pre-
hospital and also in the intrahospital setting targeting better early recognition
and early treatment. The four medical universities and the Hungarian Society of
Emergency Medicine signed a joint agreement on education of medical staff
dealing with septic patients, with special focus on the SEPSIS 6 approach [10]
[11] in all emergency departments who joined to the move on sepsis recognition.
It is also prudent to make clear that investing in early detection and early treat-
ment will have an impact not only on survival but also on cost. The new ques-
tionnaire and data collection will focus on the achievements of the joint educa-
tion.

Understanding that public education is also a key point in early recognition
therefore we joined the World Sepsis Day campaign with national events that are

open to anyone who would like to help in the fight against sepsis [24].
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