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Sepsis and septic shock —
an observational study of
the incidence, management,
and mortality predictorsin a
medical intensive care unit

Aim To prospectively determine the number of patients
with sepsis and septic shock in a medical intensive care
unit (ICU) using the Sepsis-3 definition; to analyze patients’
characteristics, clinical signs, diagnostic test results, treat-
ment and outcomes; and to define independent risk fac-
tors for ICU mortality.

Methods This prospective observational study enrolled all
patients with the diagnosis of sepsis treated in the medical
ICU of “Sestre Milosrdnice” University Hospital Center, Za-
greb, between April 2017 and May 2018.

Results Out of 116 patients with sepsis, 54.3% were fe-
male. The median age was 73.5 years (IQR 63-82). The lead-
ing source of infection was the genitourinary tract (56.9%),
followed by the lower respiratory tract (22.4%). A total of
35.3% of the patients experienced septic shock. Total ICU
mortality for sepsis was 37.9%: 63.4% in patients with sep-
tic shock and 24.0% in patients without shock. Indepen-
dent risk factors for ICU mortality were reduced mobility
level (odds ratio [OR] 11.16, 95% confidence interval [Cl]
2.45-50.91), failure to early recognize sepsis in the emer-
gency department (OR 6.59, 95% Cl 1.09-39.75), higher Se-
quential Organ Failure Assessment score at admission (OR
2.37, 95% Cl 1.59-3.52), and inappropriate antimicrobial
treatment (OR 9.99, 95% Cl 2.57-38.87).

Conclusion While reduced mobility level and SOFA score
are predetermined characteristics, early recognition of sep-
sis and the choice of appropriate antimicrobial treatment
could be subject to change. Raising awareness of sepsis
among emergency department physicians could improve
its early recognition and increase the number of timely ob-
tained specimens for microbial cultures.
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According to the Sepsis-3 definition, sepsis is a life-threat-
ening organ dysfunction caused by a dysregulated host
response to infection (1). Almost 30% of patients treated
in intensive care units (ICU) worldwide in 2012 had sepsis,
with a mortality between 11.9% and 39.5%, varying across
regions (2). It was the most expensive medical condition
treated in the hospitals of the United States of America
(USA) in 2011, costing 20.3 billion dollars or 5.2% of the to-
tal cost for hospitalizations (3).

Therefore, to improve patients’ survival and plan resource
allocation it is important to have up-to-date information
about the incidence of sepsis for different regions. There
have been no published data about the epidemiology of
sepsis in Croatian hospitals since 2006 (4).

A revision of the sepsis definition in 2016 might have af-
fected the disease incidence. To our knowledge, there are
only a few studies reporting the incidences using the Sep-
sis-3 definition, and all of them retrospectively analyzed
data sets collected for other purposes.

The aim of the present study was to prospectively deter-
mine the number of patients with sepsis and septic shock
treated in the medical ICU in “Sestre Milosrdnice” Univer-
sity Hospital Center, Zagreb, using the Sepsis-3 definition;
to analyze the demographic and social characteristics of
the affected population, comorbidities, clinical signs, and
laboratory test results at the time of admission, treatment
methods and outcomes; as well as to compare the findings
with our previous results (4).

PATIENTS AND METHODS
Study design

A prospective, observational, clinical, single-center study was
conducted in the medical ICU of “Sestre Milosrdnice” Univer-
sity Hospital Center between April 1, 2017, and May 1, 2018
(13 months). The study enrolled all patients with the diagno-
sis of sepsis. The diagnosis was based upon the criteria from
The Third International Consensus Definitions for Sepsis and
Septic Shock (Sepsis-3) (1). The patients were treated accord-
ing to the Surviving Sepsis Campaign: International Guide-
lines for Management of Sepsis and Septic Shock: 2016 (5).

Patient management

According to standard clinical protocol, patient history
data were recorded and physical examinations per-
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formed by two ICU physicians specialized in internal medi-
cine and intensive care.

Venous blood samples were taken for standard laboratory
testing. Blood for hematology tests was collected in tubes
containing K3-EDTA and analyzed using the UniCel® DxH
800 Coulter® Cellular Analysis System (Beckman Coulter,
Brea, CA, USA); for coagulation tests in tubes with sodium
citrate and analyzed using the BCS HP System (Siemens
Healthineers, Marburg, Germany); for standard biochem-
istry tests in plain tubes or in sodium fluoride/potassium
oxalate-coated tubes for lactate assessment, and analyzed
using ARCHITECT ¢8000 (Abbott Laboratories, Abbott Park,
Chicago, IL, USA). Arterial blood samples for acid-base sta-
tus assessment were collected in heparin-coated syring-
es and analyzed using ABL-90 FLEX Analyzer (Radiometer
Medical ApS, Branshgj, Denmark).

Before the administration of the first dose of antimicrobi-
al drug, blood and urine samples for culture were taken.
In the case of suspected lower respiratory tract infection,
sputum or tracheal aspirate (for patients with endotracheal
tube) were also obtained. All samples were collected and
processed following UK Standards for Microbiology Inves-
tigations (6-8). The BACT/ALERT® 3D Blood Culture System
(bioMérieux, Inc., Durham, NC, USA) was used for contin-
uous blood culture monitoring and automated microbial
detection. For isolated microorganisms, antimicrobial sus-
ceptibility testing was performed according to EUCAST
guidelines (9).

After having achieved clinical recovery and laboratory
test result improvement, with no need for further inten-
sive care, the patients were transferred to one of the clini-
cal wards within the Department of Medicine until hospi-
tal discharge.

Data collection

Data were collected from patients’ history records, medi-
cal charts, and laboratory and microbiology test results
by one of the researchers within a week of ICU admis-
sion and completed after the patients’ hospital discharge
or in-hospital death. Data recorded for each patient were
demographics, social and epidemiological characteristics,
chronic diseases, data about emergency department (ED)
management, vital signs at ICU admission, laboratory test
results at admission (complete blood count, prothrombin
time, fibrinogen, acid-base status, lactate, urea, creatinine,
electrolytes, glucose, bilirubin, alanine transaminase, as-
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partate transaminase, creatine kinase, lactate dehydroge-
nase, albumin, total proteins, C-reactive protein, procal-
citonin), microbiology test results (blood, urine, sputum,
tracheal aspirate cultures with antibiograms), type of anti-
biotic used, need for inotrope treatment, mechanical ven-
tilation or hemodialysis; length of ICU stay, length of hos-
pital stay and outcome. The Glasgow Coma Score (GCS)
(10), Sequential Organ Failure Assessment (SOFA) (11),
Acute Physiology and Chronic Health Evaluation Il (12),
Simplified Acute Physiology Score Il (13), and Logistic Or-
gan Dysfunction Score (LODS) (14) were calculated using
data from the time of ICU admission. The SOFA score (11),
the most widely used prognostic score for patients with
sepsis, evaluates partial pressure of oxygen or fraction of
inspired oxygen for ventilated patients, the GCS (10), plate-
lets, bilirubin, creatinine, and mean arterial pressure (MAP),
or administration of vasoactive agents. Patients who sur-
vived sepsis and were transferred to a clinical ward were re-
ferred to as ICU survivors, and those who died from sepsis
in the ICU as ICU-non survivors. The additional data about
30-day mortality were obtained from medical records and
by telephone contact with patients or their legal represen-
tatives. The anonymized data were manually imported into
an electronic database in Microsoft Excel 2010 (Microsoft,
Redmond, WA, USA) and checked one by one for possible
errors. The study was approved by the Ethics Committee
of the “Sestre Milosrdnice” University Hospital Center (EP-
15659/18-4) and performed in accordance with the princi-
ples of the Declaration of Helsinki (15). All patients or their
legal representative signed informed consent for the par-
ticipation before the enrollment.

Statistical analysis

Categorical data are presented as absolute numbers (fre-
quencies) and percentages. These were compared with
the Pearson ¥? test. Continuous data are expressed as me-
dians with interquartile ranges (IQR) or means with stan-
dard deviations (SD). The normality of distribution was test-
ed with the Shapiro-Wilk test. The Mann-Whitney U test or
t test were used to assess the significance of differences
between the groups. All binary categorical and continuous
variables were compared to the variable ICU survival using
univariate binary logistic regression analysis. Significance
was expressed as odds ratios (OR) and 95% confidence in-
tervals (Cl). Only variables significantly or marginally signifi-
cantly associated to the variable ICU survival in univariate
analyses were entered into the multivariate binary logistic
regression (forward stepwise method), used to build a pre-
diction model for ICU sepsis mortality. ICU survival analysis

was performed with the log-rank test and depicted by Ka-
plan-Meier curves. Complementary subanalysis of 30-day
sepsis mortality was also performed following the same
algorithm. The level of statistical significance was set at
P<0.05. Statistical analysis was performed with IBM SPSS,
version 25 (IBM Corporation, Armonk, NY, USA).

RESULTS

During a 13-month study period, 884 patients were treated
in the medical ICU of “Sestre Milosrdnice” University Hos-
pital Center, 116 (13.1%) of whom fulfilled the criteria for
sepsis. Patients' demographic and social characteristics,
as well as previously known chronic diseases are present-
ed in Table 1. There was no significant difference in the
number of men and women (P=0.353) or their median
age (P=0.786). Chronic heart disease was more frequent
among men (P=0.036), while other chronic diseases were
equally distributed between the sexes.

Patient presentation to the emergency department

The majority of the patients presented to the ED during
the winter months (49.1%). Median length of stay (LOS) in
the ED was 4.0 hours (IQR 2.0-7.0), with no significant differ-
ence between ICU survivors and non-survivors. Nineteen

TABLE 1.The number of enrolled patients (N=116) with sep-
sis; patients’ sociodemographic characteristics and concomi-
tant chronic diseases

Characteristic
Sex (No, %)

male 53 (45.7)
female 63 (54.3)

Age (median, IQR¥) 73.5 (63.0-82.0)
male 73.0 (62.5-82.0)
female 74.0 (63.0-83.0)
Comorbidities (No, %)

chronic cardiovascular disease 47 (40.5)
chronic renal insufficiency 45 (38.8)
diabetes mellitus 43 (37.1)
cerebrovascular disease 38(32.8)
chronic pulmonary disease 22 (19.0)
malignant disease 22 (19.0)
Permanently reduced mobility (No, %) 58 (50.0)
Previous accommodation (No, %)

home 70 (60.3)
nursery home 21 (18.1)

other clinical ward 22 (19.0)

other hospital 3(2.6)

*IQR - interquartile range.
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(16.4%) patients were not initially recognized as having

sepsis in the ED, which was associated with significantly

Blood cuftures

Croat Med J. 2020;61:429-39

more deaths in that group during ICU treatment (OR 6.59,
95% Cl 1.09-39.75).

Urine cultures

N 2 4 6 8 10 0 4 8 12 16
Bacteria L | L L ) L L L )
Staphylococcus aureus 1 9 0
CoN Staphylococcus [ 2 0
MRSA [/ 1 [E—
Streptococcus spp. 1 6 0

Enterococcus spp.

Escherichia coli [T 4

1 15

Escherichiacoli ESBL [ 2

Klebsiellaspp. | 0

Klebsiella pneumoniae ESBL [ 2

Enterobacter spp.

Enterobacter spp. ESBL | 0

Proteus mirabilis [T/ 1

Citrobacterspp.

Citrobacterspp. ESBL | 0

Pseudomonas aeruginosa [ 2

Acinetobacter baumannii —— 1

Listeria monocytogenes [—4 1

Candida spp-.

Saprophytic bacteria | 0

FIGURE 1. Bacteria isolated from blood and urine cultures. Numbers next to each bar represent the absolute number of patients
having positive cultures with the growth of certain bacteria. CoN - coagulase-negative Staphylococcus, ESBL — extended-spectrum
B-lactamase, MRSA - methicillin-resistant Staphylococcus aureus, spp — species (plural).

TABLE 2. Median scores at the time of ICU admission for all patients, number of patients who developed septic shock and MODS at
some point of ICU treatment, frequency of using different treatment methods in the ICU; comparison of all variables between ICU
survivors and ICU non-survivors using univariate binary logistic regression*

Variable

Scores at ICU admission (median, IQR)
GCS

APACHEII

SOFA

SAPS

LODS

Septic shock (No, %)

MODS (No, %)

Treatment (No, %)

empirical antimicrobial treatment only
antibiogram guided antimicrobial treatment
inotropes

mechanical ventilation

hemodialysis

Univariate binary logistic regression

ICU ICU 95%Cl  95%Cl

Total survivors non-survivors p OR upper lower

13.0 11.0-14.0 14.0 13.0-150 11.0 10.0-13.0 <0.001 046 0.35 0.61
200 140-250 160 120-21.0 250 21.0-30.0 <0.001 132 1.19 147
6.0 4.0-80 40 3.0-6.0 80 6.0-100 <0001 223 1.69 294
440 32.25-56.5 370 29.0-450 56.0 45.25-670 <0.001 1.10 1.06 114
70 4.0-120 50 30-80 120 80-140 <0001 149 1.30 1.71
41 353% 15 20.8% 26 59.1% <0.001 549 240 12.56
75  64.7% 34 47.2% 41 932% <0.001 1528 4.33 53.86
51 44.0% 15 20.8% 36 81.8% <0.001 1710 6.59 4440
65 56.0% 57  792% 8 18.2% <0.001 0.6 0.02 0.15
41 353% 15 20.8% 26 59.1% <0.001 549 240 12.56
18 15.5% 5 6.9% 13 29.5% 0.002 562 1.84 1715
11 9.5% 7 97% 4 91% 0910 093 0.26 337

*APACHE Il - Acute Physiology and Chronic Health Evaluation; GCS - Glasgow Coma Score; ICU - intensive care unit; LODS - Logistic Organ Dysfunc-
tion Score; MODS - multiple organ dysfunction syndrome; SAPS - Simplified Acute Physiology Score; SOFA - Sequential Organ Failure Assessment;
Cl - confidence interval; IQR - interquartile range; OR - odds ratio.
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Patient assessment in the intensive care unit

The mean MAP value at ICU admission was 87.1+15.9 mm
Hg among ICU survivors and 73.9+19.2 mm Hg among
non-survivors. Median heart rate among ICU survivors was
98 beats per minute (bpm) (IQR 80.0-119.5) and among
non-survivors it was 117 bpm (IQR 95.0-126.75). Lower
MAP and higher heart rate at admission were significant
risk factors for death in the ICU in univariate logistic regres-
sion analysis (ORMAP 0.96, 95% C1 0.93-0.98; ORW5 1.02, 95%
Cl 1.001-1.03). Median body temperature for all patients

CM)

was 36.5 °C (IQR 36.5-38.0), with no difference regarding
survival. Calculated risk scores at the time of ICU admission
are shown in Table 2.

Diagnostic tests

Blood samples for culture were taken from 95 patients
(81.9%), 39 (41.1%) of whom were positive, with a total
of 41 isolated microorganisms. Urine samples for culture
were obtained from 97 patients (83.6%), with 62 (63.9%)
positive results and 75 isolated microorganisms (11 cul-

TABLE 3.The list of the possible ICU mortality predicting variables as a result of univariate binary logistic regression; independent ICU
mortality predictors derived from the multivariate binary logistic regression*

Univariate binary
logistic regression

Multivariate binary
logistic regression

95% Cl 95% Cl 95% Cl 95% Cl

Variable ICU survivors ICU non-survivors p OR lower upper p OR lower upper
Age (med; IQR) 69.5 59.25-82.75 775 69.25-81.75 0070 103 0998 1.06

Sex (male) (No; %) 29  40.3% 24 54.5% 0136 178 0.83 3.80

CHD (No; %) 22 30.6% 25 56.8% 0.006 299 137 6.52

COPD (No; %) 10 13.9% 12 27.3% 0079 233 091 5.96

CVD (No; %) 15 20.8% 23 52.3% 0.001 416 183 946

CKD (No; %) 22 30.6% 23 52.3% 0.021 249 115 541

DM (No; %) 23 319% 20 45.5% 0.146 178 0.82 3.85

Reduced mobility (No; %) 24 33.3% 34 77.3% <0.001 6.80 288 1605 0002 1115 245 5091
Unrecognized sepsis in ED 8 11.1% n 25.0% 0.055 2.67 098 727 0040 6.59 1.09 3975
(fever) (No; %)

GCS (med; IQR)' 14 13.0-15.0 n 10.0-13.0 <0.001 046 035 061 nt nt nt nt
SOFA score (med; IQR)* 4 3.0-6.0 8 6.0-100  <0.001 223 1.69 294 <0001 237 159 352
MAP (mmHg) (mean; SD)* 871 +£159 739 +19.2 <0.001 096 093 098 nt nt nt nt
Heart rate (bpm) (med; IQR)" 98  80-119.5 17 95.0-126.75 0.036 1.02 1001 1.03

T, Q) (med; IQR)* 370 36.5-385 365 36.5-38.0 0215 077 051 1.16

Septic shock (No; %) 15 20.8% 26 59.1% <0.001 549 240 1256 nt nt nt nt
MODS (No; %) 34 472% 41 93.2% <0.001 15.28 433 53.86

pH (med; IQR)* 738 732-746 737 7.26-743 0.034 008 0.1 0.83

BE (med; IQR) -345 (-738)-0.28 -5.60 (-10.1)-(-1.3) 0215 097 093 1.02

RBC (x10'%/L) (mean; SD)* 412 +0.85 446 +0.74 0.033 171 1.04 2.81

Hemoglobin (g/L) (mean; SD)* 118.3 +23.6 1264 +229 0076 102 0998 103

Platelet count (x10%/L) (med; IQR)" 236.0 162.5-348.8 173.0 103.5-260.2 0.019 0996 0993 0999 nt nt nt nt
PT (%) (med; IQR)" 725 56.0-91.75 515 30.75-785  0.002 098 096 0.99

Lactate (mmol/L) (med; IQR)* 1.5 0923 2.1 14-4.8 0152 177 081 3.88

CRP (mg/L) (med; IQR)" 2416 1476-306.5 1935 66.9-302.6 0153 0998 0995 1.001

Empirical antimicrobial treatment 15 20.8% 36 81.8% <0.001 1710 6.59 4440 0001 999 257 3887
only (No; %)

No of antibiogram guided 1 0.0-2.0 0 0.0-2.0 <0001 010 004 025

antibiotics (med:; IQR)

Mechanical ventilation (No; %) 5 6.9% 13 29.5% 0.002 562 184 1715 nt nt nt nt

*BE - base excess; bpm - beats per minute; CHD - chronic heart disease; CKD - chronic kidney disease; COPD - chronic obstructive pulmonary dis-
ease; CRP - C-reactive protein; CVD - cerebrovascular disease; DM - diabetes mellitus; ED - emergency department; GCS - Glasgow Coma Score; ICU
- intensive care unit; MAP — mean arterial pressure; MODS - multiple organ dysfunction syndrome; PT - prothrombin time; RBC - red blood count;
SOFA - Sequential Organ Failure Assessment; T_ - body temperature measured axillary. IQR - interquartile range; med - median; nt - not tested in
multivariate binary logistic regression, variables are part of SOFA score; OR - odds ratio, Cl - confidence interval; SD - standard deviation.

tvalues measured at admission to ICU.
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tures with multiple organisms). For 26 patients (22.4%)
with suspected lower respiratory tract infection, sputum or
tracheal aspirate were cultured. Twenty-two (84.6%) were
positive, with 31 isolated microorganisms (7 cultures with
multiple bacteria). Isolated bacteria from blood and urine
specimens are presented in Figure 1.

The sources of sepsis were located based on the laboratory
and microbiology test results, as well as the results of body
imaging studies (Figure 2).

Higher levels of platelets, prothrombin time, and pH at ad-
mission were associated with a lower risk of ICU death in uni-
variate analysis (Table 3). The white blood cell count on days
1,3, and 6 was significantly higher in women (p,=0.002;
p,,=0002; p,, =0.035), but it was not recognized as a signifi-
cant predictor of outcome among all patients.

Treatment

During the ICU treatment 41 patients (35.3%) developed
septic shock and required vasopressor/inotrope therapy,
18 patients (15.5%) were mechanically ventilated, and 11
patients (9.5%) needed acute hemodialysis (Table 2).

Croat Med J. 2020;61:429-39

Fifty-one patients received empirical antimicrobial treat-
ment only (due to inability to culture and isolate specific
microorganisms from obtained samples), with the mortal-
ity rate of 81.8%, and 65 patients were treated with antibi-
ogram-guided antimicrobial treatment, with the mortality
rate of 18.2% (Table 2).

Outcome

ICU outcome. The median LOS in the ICU was 5.0 days (IQR
3.0-7.75) for all patients with sepsis. ICU survivors spent sig-
nificantly more time in the ICU compared with non-survi-
vors [6.0 (IQR 5.0-9.0) vs 3.0 (IQR 1.0-5.0) days; P<0.001], as
well as ICU survivors with septic shock compared with ICU
survivors without septic shock [9.0 (IQR 6.0-12.0) vs 6.0 (IQR
4.5-8.5) days; P=0.044].

Forty-four patients died during ICU treatment (37.9%). ICU
mortality rate for patients with sepsis and septic shock was
63.4%, while for patients with sepsis without septic shock
it was 24.0%. Cumulative ICU survival for all patients with
sepsis is depicted by the Kaplan-Meier curve (Figure 3A).
There was a significant difference in survival depending on
the presence of septic shock (Figure 3B). Almost half of ICU

Genitourinary tract |

15 20 25 30 35 40 45 50 55
\ | \ | \ \ \ \ )
T 1y, 40
N I SR 00 b o) 7 : .
Lower respiratory tract Ll e 26, 22 4%
14; 53.8%

5, 71.4%
Biliary tract = 7;6.0%
2;28.6%
4; 100.0%
Gastrointestinal tract [~ 4, 3.5%
0; 0.0%

% 1; 100.0%
Endovenous catether -
0 0.0% 1: 0.9%

Skin / decubitus
3, 25.0%

9. 75.0%
12;10.3%

@|CU survivors

@ ICU non-survivors

FIGURE 2. Primary sources of infection. Every source of infection is presented with two bars (pattern fill for intensive care unit [ICU]
survivors, gray fill for ICU non-survivors). The absolute number and the percentage of ICU survivors/non-survivors within the total
number of patients with a certain source of infection are presented alongside each bar. Square brackets are followed by the total
number of patients with a certain source of infection and the percentage of these patients within the total number of patients in

the study.
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non-survivors with septic shock (46.2%) died during the
first 24 hours of treatment.

All variables significantly associated with ICU survival in
univariate analyses were entered into the multivariate lo-
gistic regression analysis using the forward stepwise meth-
od. The SOFA score, as part of the sepsis definition, was
included despite being a composite variable. Variables

3a
Overall ICU sepsis survival
1.0 + Digcharged from ICU
(censored)
0.8
s
2
[4
T
2
=]
L
>
E 0.4
3 ——
E
=
5]
0.9
0.0

o

ICU length of stay (days)

T
10 20 30 40

contained in the SOFA score were not entered separately.
All other calculated scores, despite their proven predictive
power, were excluded from the analysis to ensure the inde-
pendence of variables. Multivariate logistic regression anal-
ysis showed that the most notable risk factors for death
among patients with sepsis in the ICU were reduced mo-
bility level, failure to early recognize sepsis in the ED, higher
SOFA score at admission, and inappropriate antimicrobial

3b
ICU Survival - Sepsis with / without septic shock
1.0 + Discharged from ICU
; (censored)
0.8
=
=
z
P
=
o
o
>
B 0.4 Sepsis without septic shock
3 ——t
£
o Sepsis with septic shock
0.2
0.0 LogRank=0.001
T T T T T
0 10 20 30 40
ICU length of stay (days)

FIGURE 3. Kaplan-Meier curves for (A) overall intensive care unit (ICU) sepsis survival and (B) ICU sepsis survival depending on the

presence of septic shock.
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4b ICU Survival - Antimicrobial treatment
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(censored)
o8]
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FIGURE 4. Kaplan-Meier curves for (A) intensive care unit (ICU) sepsis survival depending on mobility level, (B) ICU sepsis survival

depending on appropriateness of antimicrobial treatment.
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treatment (Table 3). Taken together, they form a predictive
model for ICU mortality and significantly improve the pre-
dictive power of the SOFA score alone (AUROC, ., =0.894

S AUROCmode‘:O.%Q) (Supplementary Figure).
Kaplan-Meier curves for ICU sepsis survival depending on
patient mobility and appropriateness of antimicrobial treat-
ment, as the two most significant categorical predictors of
death in the ICU, are presented by Figures 4A and 4B.

Thirty-day outcome. Fifty-six patients (48.3%) died during
the first 30 days after the disease onset. Thirty-day mortal-
ity rate for patients with sepsis and septic shock was 75.6%
and the rate for patients with sepsis without septic shock
was 33.3%. The most important independent risk factors
for 30-day mortality were reduced mobility level (OR 7.96,
95% Cl 2.49-25.40), higher SOFA score at admission (OR
1.53, 95% Cl 1.14-2.04), inappropriate antimicrobial treat-
ment (OR 6.77, 95% Cl 1.99-23.01), and prolonged pro-
thrombin time at admission (OR 0.97, 95% Cl 0.95-0.99).

DISCUSSION

Although the Sepsis-3 definition was published in 2016
(1), prospectively collected data about the epidemiology
of sepsis using that definition are rarely published and this
is the main value of the present study. Together with the
results from previous research by Degoricija et al (4), this
study also completes an overview of 18-year trends in the
epidemiology of sepsis for “Sestre Milosrdnice” University
Hospital Center.

Degoricija et al (4) published a complementary analysis of
patients with sepsis treated in the ICU of “Sestre Milosrd-
nice” University Hospital Center between 2000 and 2005.
Compared with the 314 episodes of sepsis during the
6-year period, the number of patients with sepsis substan-
tially increased. The real increase may even be attenuated
by the fact that the previous study was designed using the
Sepsis-1 and -2 definitions, which are less specific than the
Sepsis-3 definition (16) and, therefore, a wider range of pa-
tients was regarded as having sepsis.

Current patients with sepsis are older compared with those
from our previous study [median age 73.5 (range 23-98) vs
71 (19-91) years], with no significant difference in sex dis-
tribution.

Urinary tract infections remain the leading source of in-
fection (53.5% of all sources in 2000-2005, 56.9% in

www.cmj.hr
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2017), while lower respiratory tract infections (14.0% of all
sources in 2000-2005, 22.4% in 2017) replaced skin and soft
tissue infections as the second leading cause.

The percentage of the patients meeting the criteria for sep-
tic shock decreased from 43.9% in the previous study to
35.3%in 2017, probably due to the more rigorous Sepsis-3
definition of septic shock, which included the serum lac-
tate level >2 mmol/L as a mandatory condition (1,16-19).

Although an increase in overall mortality of sepsis and
septic shock was expected as a result of the definition
changes (a smaller number of more seriously ill patients
being defined as having sepsis or septic shock) (17-21),
in the present study the percentage of ICU non-survivors
decreased from 43.6% to 37.9% for sepsis in general, and
from 75.4% to 63.4% for septic shock. This decrease may
be explained by the improvement in treatment, but the
mortality rates remain unacceptably high compared with
high-income countries.

Literature review showed that only a few studies used the
Sepsis-3 definition, all of them applying the definition ret-
rospectively on patient data sets collected for other pur-
poses (17,18,20-23). In the absence of prospective studies
using the Sepsis-3 definition, we compared our results to
those performed retrospectively.

An increase in the total number of patients with sepsis in
the past years has also been reported in the United King-
dom (UK) (21) and Germany (24), although Vincent et al
(19) consider this phenomenon controversial due to an in-
creased awareness of sepsis among medical professionals
and reporting bias.

The patients with sepsis in the present study were substan-
tially older (median 73.5 years, IQR 63.0-82.0) compared with
those from the UK (mean 63.3+16.9 years) (21), USA (me-
dian 64.8 years, IQR 54-75) (18), Greece (mean 61.0+17.1
years for sepsis ICU non-survivors) (22), and Turkey (median
69, IOR 55-79) (23). The proportion of men in the total num-
ber of patients with sepsis was between 44% and 65.5%
(17,18,21,22). Shankar-Hari et al (21) reported the male sex
as an independent risk factor for ICU mortality.

The other challenging finding is that urinary tract infec-
tions remain the leading source of sepsis during 18 years
in Zagreb, Croatia, while all other studies from middle- and
high-income countries report lower respiratory tract in-
fections as the most frequent sepsis source, followed by
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abdominal/gastrointestinal infections and urinary tract in-
fections (2,17,20-23,25,26). The present in-hospital results
are consistent with the data from the former CrolCU-net
registry for 24 Croatian ICUs in 2006 (27), with urinary tract
infections being the main source of sepsis in 30.4% of pa-
tients, followed by respiratory tract infections in 21.1% of
patients. This phenomenon has not been clarified yet.

The percentage of patients meeting the criteria for septic
shock in the total number of septic patients according to
the Sepsis-3 criteria (35.3% in the present study) differs sig-
nificantly between countries — from 19.9% in the UK (21)
to 44.0% in Greece (22) and 48.4% in the Netherlands (17).
The higher incidence of septic shock patients in the ICU
reported in some studies may be explained by fewer ICU
beds available, resulting in a concentration of more severe-
ly ill patients (19).

Data about the overall mortality of patients with sepsis as
defined by the Sepsis-3 definition are scarce, mostly due to
the retrospective character of the previous studies and the
uncertainty about the total number of sepsis patients using
patient cohorts selected for other purposes. Shankar-Hari
et al (21) reported an overall sepsis ICU mortality of 22.4%
in the UK and Papadimitriou-Olivgeris et al (22) 53.6% in
Greece, compared with 37.9% in the present study. Sep-
tic shock ICU mortality in the USA was substantially lower
compared with any European country (19.2%) (18). Lower
septic shock mortality rates in comparison with this study
(63.4%) were observed in high-income Western European
countries [(Netherlands 38.9% (17), Germany 44.3% (20),
UK 46.7% (21)], while higher mortality rates were report-
ed in Turkey (75.9%) (23) and Greece (85.5%) (22). The dif-
ference between Croatian results and those from Western
European countries may be explained by the significantly
higher median age of our patients. There is a lack of ad-
equate institutions for palliative care for older and bedrid-
den persons in Croatia, who consequently do not receive
appropriate care at their homes and frequently require
hospitalization in institutions for acute treatment, being
more often exposed to pathogenic microorganisms. An
interesting finding from these retrospective studies is that
the septic shock mortality was higher after the switch from
the Sepsis-1 or -2 to the Sepsis-3 definition in the same set
of patient data (17,20,23).

Independent risk factors for ICU mortality in this study were
reduced mobility level, failure to early recognize sepsis in
the ED, higher SOFA score at admission, and inappropri-
ate antimicrobial treatment. Interestingly, these variables

form a predictive model for ICU mortality that significant-
ly improves the predictive power of the SOFA score alone.
In contrast to the other predictors, information on the ap-
propriateness of antimicrobial treatment is not available at
the time of ICU admission, which reduces the importance
of the model in clinical decision making. Still, the analysis
of these predictors separately can be used to improve the
patients’outcomes. While reduced mobility level and SOFA
score are determinants of an individual patient, early rec-
ognition of sepsis in the ED and obtaining specimens for
microbiologic cultures before the first administration of
antimicrobial drug (to increase the number of positive cul-
tures) depend on the physician’s skills and the work organi-
zation in the ED, both of which can be changed to improve
patients’ outcomes.

Although failure to early recognize sepsis in the ED is a
strong predictive factor for ICU mortality, in contrast to all
other important ICU mortality risk factors from the pres-
ent study, it does not have a significant impact on 30-day
outcome.

It is noteworthy that the study presents the single-center
experience, which may differ from the global trends in the
epidemiology of sepsis. Compared with data from the reg-
istry-based studies in other countries, sample size is rela-
tively small, which limited the data analysis. Although ICU
sepsis survival was defined as the primary outcome in or-
der to assess ICU performance, data about uniform long-
term follow-up would be valuable for the analysis of sepsis
epidemiology in general.

Despite the switch to the Sepsis-3 definition in 2016 (1),
the number of patients with sepsis was increased com-
pared with previous data (4). Sepsis patients were sub-
stantially older compared with those from other coun-
tries. Urinary tract infections remained the leading source
of sepsis. A third of the patients experienced septic shock
during the treatment, with an ICU mortality rate of 63.4%,
while the ICU mortality rate for sepsis without shock was
24.0%. Independent risk factors for ICU mortality were re-
duced mobility level, failure to early recognize sepsis in
the ED, higher SOFA score at admission, and inappropriate
antimicrobial treatment.

Raising awareness of sepsis among physicians in the ED
could improve its early recognition, increase the amount
of timely obtained specimens for microbial cultures, and
lead to administration of appropriate therapy in a time-

ly manner.
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