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ABSTRACT

Aim: Sepsis represents an increasingly frequent complication
in the survival of the hospitalized persons. The nation-wide
burden of the sepsis-related mortality in the Czech Republic
has not yet been analysed. The present study aims to assess
the trends and the disparities in the sepsis-related mortality
in the Czech Republic for the period 1998-2011 using multiple
causes of death reported on the death certificates.
Materials and methods: Individual death records provided
by the Institute for Health Information and Statistics were
used to identify sepsis-related deaths based on the codes
of the 10th revision of the International classification of the
diseases (ICD-10). Frequencies, age-standardized rates and
comorbidity patterns were studied.

Results: A total of 41,425 cases (3%) out of 1,456,539 deaths
within the period 1998-2011 were associated with sepsis.
In 2011, sepsis was reported in 8% of all in-hospital deaths.
Sepsis is the most likely to be reported as immediate cause
of death (66%), which results in its considerable underesti-

SOUHRN

Pechholdova M.: Vliv sepse na timrtnost v Ceské republice:
analyza vicecetnych pFi€in umrti

Cile: Sepse je stdle castéjsi komplikaci u hospitalizovanych
pacientl. Tato problematika viak v ramci Ceské republiky
zatim nebyla podrobné analyzovana. Predlozend studie
podchycuje trendy a specifika Umrtnosti souvisejici se sepsi
v Ceské republice v obdobi 1998-2011 na zakladé individual-
nich dat z Umrtnich listd vcéetné tzv. vicecetnych pricin
amrti.

Material a metody: Pro identifikaci Umrti souvisejicich se sepsi
byla vyuzita data z Umrtnich listd obsahujicich néktery z koda
sepse podle 10. revize Mezindrodni klasifikace nemoci (MKN).
Data byla poskytnuta Ustavem zdravotnickych informacf
a statistiky (UZIS). Byla provedena analyza frekvenci, stan-
dardizovanych mér umrtnosti a komorbidity.

Vysledky: Sepse byla identifikovana u 41 425 pripadd umrti
(3 %) z celkovych 1456 539 v obdobi 1998-2011. V rdmci Umrti
hospitalizovanych pacient( byla v roce 2011 sepse pfitomna
u 8 % pripadl. Sepse je nejcastéji (z 66 %) certifikovana jako
bezprostredni pricina umrti, coz vede k jejimu vyznamné-

mation in the underlying cause of death statistics. The sep-
sis-related mortality almost tripled between 1998 and 2011,
and the most of the increase is attributable to persons aged
65 and over. In 44% of cases, circulatory disease or cancer
was reported as the underlying cause of death. Significant
associations with sepsis were however found for infectious
diseases, diseases of skin, and metabolic or musculoskeletal
disorders.

Conclusion: Multiple cause of death analysis of sepsis-related
mortality revealed that sepsis represents a growing burden
related to the population ageing and increased prevalence
of complications of chronic diseases. The observed upward
trends, as well as the expected continuation of the ageing
process, may result in further increase of sepsis-related
mortality. Preventive measures in the clinical management
of sepsis are recommended.
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mu podhodnoceni pfi zahrnuti pouze tzv. zdkladni priciny
umrti, kterd je bézné publikovana ve statistikach zemrelych.
Umrtnost souvisejici se sepsi se mezi roky 1998-2011 ztrojna-
sobila, predevsim disledkem nardstu vyskytu u starsich osob
(65 let a vice). Ve 44 % pripadd bylo zakladni pricinou umrti
nekteré z kardiovaskuldrnich onemocnéni. Analyza relativni
komorbidity vSak prokdzala, Ze nejvyssiriziko rozvoje fatalni
sepse maji pacienti s infekénim, koznim, metabolickym nebo
muskuloskeletdlnim onemocnénim.

Zaveér: Analyza vicecetnych pficin umrti poukazala na rostou-
ciriziko rozvoje sepse jakozto fataini komplikace zdkladniho
onemocneni. Priciny je mozné spatfovat v demografickém
starnuti populace a s nim souvisejici epidemiologickou za-
tézi: chronickymi nemocemi. Pozorovany dosavadni narlst
a ocekavané pokracovani populacniho starnuti tak mlze veést
k dalsimu zvySovani miry ohrozeni pacientd sepsi. V souladu
s mezinarodnimi studiemi proto doporucujeme zvazit prijeti
klinickych doporuceni pro prevenci a lé¢bu sepse.

KLICOVA SLOVA
sepse - septikémie - imrtnost - komorbidita - starnuti
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BACKGROUND infectious agentin the bloodstream. Fatal cases of sepsis

arise from systemic inflammatory response accompa-
Sepsis is a life-threatening condition resulting from the nied by blood clotting and subsequent (multiple) organ
patient’s incapacity to cope with generalized spread of an  failure. Sepsis is one of the most lethal conditions in
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health care facilities: case-fatality varies between 20 and
50 percent [1], compared to only 2 percent for non-sepsis
patients [2]. The development of sepsis not only decreas-
es the patient’s survival chances, but also extends the
length of hospitalization and significantly increases the
health care costs [1-3]. An increase in sepsis incidence
has been recently observed in numerous epidemiological
studies conducted in developed countries affected by the
demographic ageing [3-4]. In the U.S. study based on
private hospital discharge records, the annual incidence
rate increase of 7-8% was observed between 2000 and 2008
[2]. In a recent study on Germany, based on the diagnosis
related groups (DRG) federal statistics, the incidence of
sepsis rose by 5.7% per year between 2007 and 2013 [3].
In spite of declining case-fatality rates, the rise in the
sepsis incidence rates results in a continuous increase
of sepsis-related mortality [1, 2, 5-8].

So far, epidemiological analyses of sepsis in the Czech
Republic are scarce [9]. In foreign studies, two types
of statistical resources on sepsis are used: hospital
discharge records and death certificates. In the Czech
Republic however, hospital discharge records are not
systematically collected. Death records routinely collect-
ed by the Czech Statistical Office contained (until 2013)
only the underlying cause of death (UCOD), defined by
the World health organization (WHO) as “the disease or
injury which initiated the train of morbid events lead-
ing directly or indirectly to death or the circumstances
of the accident or violence which produced the fatal
injury”. By this definition, and due to the comorbid
nature of sepsis, underlying cause-based statistics sys-
tematically underestimate the population-level burden
of sepsis [4, 10-12]. Moreover, sepsis is among the cau-
ses the most affected by changes in the WHO rules for
selection of the underlying cause of death: in the 10th
revision of the International classification of diseases
(ICD), sepsis is given preference over pneumonia if both
conditions are reported on the death certificate [13].
This change resulted in a partially artificial increase
in sepsis-related UCOD mortality observed in many
countries after adoption of the 10th ICD revision [14, 15].
The increase was so pronounced that sepsis, even as un-
derlying cause, has recently become leading infectious
disease, and is largely responsible for the upward trend
of infectious mortality (ICD chapter A00-B99) across
all developed countries including the Czech Republic
(according to the datasets provided by the international
Human cause-of-death database (www.causesofdeath.
org). While the UCOD-based trends are biased by coding
practice and underestimation, the burden of sepsis can
be more accurately estimated using the multiple cause
of death data (MCOD). Multiple causes of death data
are, in fact, the only source for analysis of sepsis-related
mortality available at national level, and unlike hospital
discharge records, which are restricted to hospitalized
cases, all sepsis deaths are included [12]. Not only the
data is statistically robust, it also allows for analysing
time trends in long series (in the US for example, mul-
tiple causes of death have been collected since 1968),
disparities by age, sex, or other available variables,
and comparison between countries [16]. This study is
assessing sepsis-related mortality and its time trends
in the Czech Republic using previously unpublished
dataset of multiple causes of death collected for the
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period 1998-2011 by the Institute of Health Information
and Statistics (IHIS).

MATERIALS AND METHODS

Individual death records with multiple cause of death
information were obtained from the Institute of Health
Information and Statistics for the period 1998-2011. The
IHIS dataset contains 4-digit ICD-10 codes entered by
the certifying practitioners at the moment of diagnosis.
A maximum of six causes were retained, three in part I
of the death certificate (conditions directly leading to
death) and three in part II (contributory diseases not
directly linked to death). The average number of reported
diagnoses per death certificate was 3.4 [17]. The under-
lying cause of death, selected at the Czech Statistical
Office and merged to the IHIS dataset ex-post, is listed
as the 7th cause-of-death variable (due to the application
of coding rules such as linking several diagnoses into
one code, or due to inquiries on further precision of the
diagnosis, the UCOD may be different from any MCOD
listed on the first six positions). The IHIS dataset also
contains following identification variables: age, sex,
date of death, place of death, marital status, education,
autopsy status, and NUTS-3 region. Due to record linkage
failures or incomplete data collection, the dataset covers
94% percent of all deaths.

The whole period of 1998-2011 was covered by the 10th
revision of the ICD (Czech Republic adopted ICD-10 in
1994). In accordance with previous studies [3, 4, 12],
sepsis-related cases were defined as deaths where: A02.1
(salmonella septicaemia), A22.7 (anthrax septicaemia),
A26.8 (erysipelothrix septicaemia), A32.7 (listerial septi-
caemia), A40.0 (septicaemia due to Streptococcus, group
A), A40.1 (septicaemia due to Streptococcus, group B),
A40.2 (septicaemia due to Streptococcus, group C), A40.3
(septicaemia due to streptococcal pneumonia), A40.8
(other streptococcal septicaemia), A40.9 (streptococ-
cal septicaemia, unspecified), A41.0 (septicaemia due
to Staphylococcus aureus), A41.1 (septicaemia due to other
specified staphylococcus), A41.2 (septicaemia due to
other unspecified staphylococcus), A41.3 (septicaemia
due to Haemophilus influenzae), A4l.4 (septicaemia due
to anaerobes), A4l.5 (septicaemia due to other Gram-
negative organisms), A41.8 (other specified septicaemia),
A41.9 (septicaemia, unspecified), A42.7 (actinomycotic
septicaemia), B00.7 (herpesviral septicaemia), B37.7
(candidal septicaemia), P36 (bacterial septicaemia of
new-born), R65.1 (systemic inflammatory response syn-
drome of infectious origin without organ failure) or R65.2
(systemic inflammatory response syndrome of infectious
origin with organ failure) was mentioned at any position
of the certificate. Additionally, the dataset enabled to
include post-procedural cases of sepsis: T81.4 (infection
following a procedure), T80.2 (infections following infu-
sion, transfusion and therapeutic injection), and T88.0
(infection following immunization). In 2010, the WHO
introduced a new code for septic shock (R57.2) in a frame
of the classification updating process. This code was not
used in the Czech statistics in the covered period.

The frequencies based on age, place of death, position
on the death certificate, underlying cause and type of
sepsis-related mortality were computed for the pooled



data (1998-2011). To compute annual age-specific mor-
tality rates, population counts were downloaded from
the Human mortality database (www.mortality.org).
As a measure of the underestimation of the role of the
given disease in routine mortality statistics, we compute
the standardised ratio of the multiple to the under-
lying cause (SRMU), defined as the ratio between the
age-standardized multiple-cause mortality rate and the
age-standardized underlying-cause death rate [16]. For
the SRMU calculation, duplicate ICD codes (Where sepsis
was reported more than once) were eliminated.

To assess the comorbidity, we compute first the frequen-
cies of common occurrence of sepsis and other causes of
death (grouped into 74 categories, see [17] for the full list).
Next, to measure the strength of the associations, the
cause-of-death association indicator (CDAI) according to
the following formula [16] was computed as:

where d_, = number of deaths observed at age x with
underlying cause u and contributing cause c;

.d, = the number of deaths observed at age x with cause
u as the underlying cause;

d, , = the total number of deaths observed at age x with
cause c as the contributing cause (regardless of the un-
derlying cause);

d_ = the total number of deaths observed at age x (regard-
less of the underlying cause);

d, = the standard number of deaths at age x (based on the
2009 WHO life table for high-income countries).

The CDAIl measures the deviation from the independence
between the two causes of death. Values significantly
higher (at the 95% confidence level) than 100 point at
a non-random positive association between the two
causes.

RESULTS

Out of a total of 1,456,539 deaths in the sample, sepsis
was identified as a part of the lethal process in 41,425
cases (2.8%). If only deaths taking place in hospitals
are considered (805,281), the presence of sepsis on the
death record increased to 4.5% of cases on average. In
2011, sepsis was reported in 7.9% of all hospital deaths.
The frequency characteristics of sepsis-related deaths as
observed in 1998-2011 in the Czech Republic are provided
in Table 1. Sepsis occurred almost equally among males
and females (49 versus 51%). In 73% of the observed cases,
patients were older than 65 years. Sepsis deaths took
place almost exclusively in hospitals or other health care
institutions (in 97% of the cases). In 66% of the cases, sep-
sis was certified as immediate cause of death (on the first
line of the death certificate), while in only 7% of deaths
it was proposed as the underlying cause (on the third
line of the death certificate). Sepsis is thus confirmed
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as an important end-stage condition and its successful
management has a significant life-saving potential.
Regarding the type of the sepsis, the certification is large-
ly unspecific: 76% of cases are diagnosed as unspecified.
Among specified types, other Gram-negative (4.6%) and
Staphylococcus aureus (3.1%) septicamias are predominant,
pointing indirectly at the importance of the nosocomial
infections (both S. aureus and Gram-negative Pseudomonas
have been identified as major strains in hospital acquired
infections) [18].

Table 1. Frequency characteristics of a total of 41,425 sepsis-
-related deaths in the Czech Republic, 1998-2011

% of sepsis-
related deaths

Male sex 49.0

0-64 27.2
65-74 249
75-84 336
85+ 14.5
Died in hospital* 97.0
Postiononthedeath certificate
Immediate 65.9
Antecedent 20.1
Underlying 6.5
Contributory (part II) 7.4

Streptococcus (A40) 11

Staphylococcus aureus (A41.0) 31
Other Gram-negative (A415) 46
Other specified (A41.8) 10.9
Other unspecified (A41.9) 55
Post-procedural (T80.2, T81.4, T88.0) 1.0
Other 4.0

Sepsis n.4
Other infectious disease (A0O0-B99)** 0.9
Neoplasms (CO0-D48) 17.5
Circulatory diseases (100-199) 26.7
Respiratory diseases (JO0-J99) 6.7
Digestive diseases (KO0O-K99) 13.7
Accidents and poisoning (VO0-Y89) 3.0
Other diseases 202

* or other health care facility
**excluding sepsis

In only 11.4% of the cases, sepsis reported on the death
certificate was finally selected as the underlying cause
of death. The most frequent underlying cause of death
with sepsis as a complication were circulatory diseases
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Figure 1. Age-standardized death rates per 100,000 of underlying and multiple sepsis-related mortality and their ratio (SRMU)

Czech Republic, 1998-2011

(27%). Neoplasms accounted for 18% of sepsis cases, and
digestive diseases were selected as underlying cause of
death in 14 % of the cases.

Figure 1 depicts age-standardized mortality rate in sep-
sis-related mortality between 1998 and 2011 for males and
females. Both total and underlying mentions of sepsis-re-
lated mortality are plotted on the primary (left) axis,
while the ratio between them (SRMU) is plotted against
the secondary (right) axis. In both settings, sepsis-re-
lated mortality has increased markedly throughout the
observed period. The rise of UCOD mortality accelerated
after 2006, when the Czech statistical office started to
harmonize the rules for selection of the underlying codes
with the WHO recommendations [19]. For total mentions
of sepsis on the death certificate, a steady increase of
was observed for both sexes: the average annual growth
rate was 8.7% for males and 7.6% for females. Due to the
changes in the coding practices, the SRMU declined from
47 to11in males and from 33 to 10 in females, suggesting
that sepsis is increasingly recognized as underlying cause
of death, but continues to be 10-fold underestimated if
multiple causes of death are not considered.

Table 2 displays the differences between the years 1998
and 2011 by sex and age group. The sepsis-related mor-
tality (measured by multiple causes) is systematically
higher for males (depending on age group, males had
1.5 to 1.9 times higher mortality than females in 2011),
and the sex differentials increased between 1998 and 2011
for all age groups. In both years and sexes, sepsis-related
mortality was much higher in the elderly than in the
age group 0-64. Finally, the mortality in the age group

65 and over increased 3.1 times in males and 2.7 times
in females, while the corresponding relative increase in
the age group 0-64 was 2.1and 2.0. The recent rise of the
sepsis-related mortality can thus be mainly attributed to
the elderly population.

Table 3 shows the results of the comorbidity analysis
for sepsis recorded on the death certificate as a multiple
cause. The underlying causes of death listed in Table 2
were found to have a significant positive association with
sepsis: the higher the CDAI, the stronger is the chance
that if the patient suffers from the given underlying
disease, he will develop sepsis in the clinical course. The
strongest associations were found for diseases of skin
and subcutaneous tissues, diseases of the urinary tract,
and other infectious and parasitic diseases (including
intestinal infections). Sepsis is thus the most likely to
accompany an already developed infectious process (ad-
ditionally, significant associations were found also for
pneumonia and other acute lower respiratory diseases).
The second type of association was observed for endocrine
diseases (diabetes, obesity) and for malnutrition-related
conditions (malnutrition per se and non-alcoholic diges-
tive diseases), pointing at high risk of sepsis in patients
weakened by metabolic disorders. Finally, chronically
disabling conditions like rheumatoid arthritis and other
musculoskeletal diseases are strong risk factors for de-
veloping sepsis. The associations were consistent across
age and sex (the analysis was also performed separately
for sex and age group 0-64 and 65+).

In Table 1, circulatory conditions and neoplasms were
reported as frequent underlying causes of death for sep-

Table 2. Age-standardized death rates (per 100,000) for underlying and multiple coding of sepsis, Czech Republic, years 1998 and 2011

All ages 0-64
Underlying Multiple Underlying Multiple Underlying Multiple
1998 0.8 39.2 0.3 12.2 3.0 150.7
201 9.8 121 2.0 25.5 42.3 469.4
1998 0.9 283 0.1 6.8 4.0 117.0
201 7.6 72.3 0.8 13.4 35.6 315.5
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Table 3. Comorbidity indicator (CDAI) for sepsis reported as multiple cause, Czech Republic 2011, both sexes and all ages combined

Underlying cause of death (with sepsis reported on the certificate)

CDAI 95% ClI ICD-10 codes

Intestinal infectious diseases

571 (432-754) | AOO-A09

Other infectious and parasitic diseases

735 (519-1040) | A10-B99 (excluding sepsis)

Malignant neoplasm of lymphatic/haematopoietic tissue

223 (177-281) | C81-C96

Benign neoplasms, in situ neoplasms and neoplasms of uncertain/
unknown behaviourBenign neoplasms, in situ neoplasms and
neoplasms of uncertain/unknown behaviour

259 (178-377) | DOO-D48

Diseases of the blood(-forming organs) & immunological disorders

271 (151-487) | D50-D89

Diabetes mellitus

264 (225-309) | E10-E14

Malnutrition and other nutritional deficiencies

251 (138-458) | E40-E64

Obesity

294 (151-569) | E65-E68

Other endocrine, nutritional and metabolic diseases

267 (167-426) | E15-E35, E70-E90

Other diseases of the nervous system

172 (116-254) | GOO-GI13, G22-G26, G32-G37, G42-G99

Other diseases of the circulatory system

126-128, 134-138, 170-198

125 1 (N-4D | oy cluding 149.0, 195.9)

Pneumonia

252 (219-290) | J12-J18

Other acute lower respiratory diseases

207 (M0-392) | JOO-JO9, J19-J22

Other diseases of the respiratory system

J30-J39, J47, J80-J99

219 | (139-345) | (oycluding J96.0, J96.9)

Ulcer of stomach, duodenum and jejunum

256 (172-381) | K25-K28

Other diseases of the digestive system

519 (466-578) | KOO-K24, K29-K67, K70-K71, K75-K93

Diseases of the skin and subcutaneous tissue

1487 | (1185-1865) | LOO-L99

Rheumatoid arthritis and osteoarthrosis

224 (M2-449) | M05-M06, M15-M19

Other diseases of the musculoskeletal system/connective tissue

645 | (414-1006) | MO0O-M04, MO7-M14, M20-M99

Renal failure

277 (223-344) | N17-N19

Other diseases of kidney and ureter

935 (697-1255) | NOO-N16

Hyperplasia of prostate

669 | (303-1474) | N40O

Other diseases of the genitourinary system

941 (754-1173) | N20-N39, N41-N99

sis, but the associations were not confirmed by the CDAIs
(see Table 3). Cardiac and oncological patients (with ex-
ception of lymphatic, haematopoietic, benign and inssitu
neoplasms) are thus not at significantly increased risk for
developing sepsis, even though in absolute terms, they
represent (one or the other) 44% of sepsis-related deaths.

DISCUSSION

The analysis of sepsis mortality conducted in this study
on multiple causes of death within a 14-year period
(1998-2011) provided the first large-scale estimate of
the prevalence, the structure, the time trends, the sex
differentials, and the comorbidity of sepsis in the Czech
Republic. Several similarities with the body of evidence
already published in the field of the epidemiological re-
search on sepsis were found. Sepsis-related mortality in
the Czech Republic has increased annually by 8-9%, com-
plying with the trends observed in other developed coun-
tries (in a study for a Veneto region in Italy [4], sepsis-re-
lated mortality increased by 45% between 2008 and 2013,
in the U.S., sepsis mortality increased rapidly between
1993 and 2003 [20], although the increase has recently

slowed down [12]). Apart from population ageing and
increased reporting due to better medical awareness, fol-
lowing explanations were proposed to explain the recent
rise of sepsis in the pathological course: increased use
of invasive procedures and immunosuppressive thera-
pies, and microbial resistance [3].

Compared to the multiple causes of death based studies
conducted in Italy [4] and the U.S. [12], the presence of
sepsis on the death certificates in the Czech Republic
was lower: 6.3% in Italy (2008-2013) and 6% in the US
(1999-2005) versus only 3% in the Czech Republic (the
average value for 1998-2011). The share however increased
from 1% in 1998 to 5% in 2011. Two possible explanations
for higher prevalence of sepsis on death certificates in
the Italy and the U.S. compared to the Czech Republic
can be proposed: in the populations of Italy and the U.S.,
the share of elderly population is higher due to more
advanced process of demographic ageing, which expos-
es more people at the age-related risk of sepsis. Second
explanation focuses at the differences in certification
and collection of the multiple causes of death in the
Czech Republic: the sepsis may be still under-reported
by the physicians on the death certificates, especially for
lethal and common conditions like cancer and circulato-
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ry diseases (which have the lowest number of reported
comorbidities). Analysis of age-standardized death rates
also confirmed that males are at up to 1.9 higher risk of
death related to sepsis than women, even though in ab-
solute terms, more patients are women (who have higher
chances to survive to old age). Similar sex differentials
were observed in Italy [4], Germany [3] and the U.S. [12].
Sepsis is rarely causing the death itself. In most cases it
occurs as a complication of an ongoing disease: 86% of
sepsis cases were reported as immediate or antecedent
cause of death. Inherently, the statistics based on the
underlying cause of death strongly underestimate the
burden of sepsis. The concept of the underlying cause of
death as the unique cause of death for statistical tabu-
lation has been adopted by the WHO Sixth Decennial
International Revision Conference in 1948. The main idea
behind the underlying cause of death is that if the death
should be prevented, the initiating (underlying) cause of
death is the primary target for public health measures.
However, with increasing length of life, extended sur-
vival in chronic diseases, and increasing comorbidity,
the treatment of the conditions associated with the main
disease becomes increasingly decisive in the survival of
the patient. As was shown here on the example of sepsis,
multiple causes of death provide important information
about the trends and the disparities of the immediate
causes of death, and, in the long term, enable to assess
the effectiveness of the medical management of these
acute-care conditions.

Comorbidity analysis based on evaluating the statistical
strength of the associations between diseases revealed
that patients with an ongoing infectious disease, dis-
ease of skin, and metabolic or musculoskeletal disorder
are at a particularly increased risk of dying from sepsis
compared to patients with other underlying diseases.
In these patients, targeted prevention and treatment of
sepsis is the most needed.

So far, sepsis-related mortality has not received much
attention in the Czech epidemiological research. The pre-
sented study pointed at a serious increase in sepsis-relat-
ed mortality analogical to recent developments observed
in other low-mortality countries. In the future, further
progress in life expectancy accompanied by increased sur-
vival to advanced ages is expected in the Czech Republic.
In both absolute and relative terms, more patients will
thus be brought under the risk of developing sepsis.
Educational programmes such as was the international
“Surviving sepsis campaign” [21-22] and implementation
of guidelines for sepsis management in acute care units
are highly desirable [3].

CONCLUSION

Multiple causes of death provide an accurate and interna-
tionally comparable estimate of sepsis-related mortality.
In the Czech Republic, the sepsis-related mortality has
virtually tripled between 1998 and 2011. The increase
was more pronounced in the elderly population and in
males. In 2011, sepsis was reported in 8% of all in-hospital
deaths, in 86% of the cases as immediate or antecedent
condition. In 44% of the cases, circulatory disease or
neoplasm was reported as the underlying cause. The
comorbidity analysis revealed that patients previously
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weakened by infectious or skin diseases, and metabolic
or musculoskeletal disorder are at significantly increased
risk of developing sepsis. The trends in sepsis-related
mortality were similar to other countries. Further in-
crease in sepsis is expected along with the ongoing in-
crease of the length of life. The sepsis burden thus may
become more important in the near future.

REFERENCES

1. Martin GS, David M, Mannino DM, et al. The epidemiology of sep-
sis in the United States from 1979 through 2000. N Engl J Med,
2003;348:1546-1554.

2. Hall MJ, Williams SN, DeFrances CJ, et al. Inpatient care for septice-
mia or sepsis: A challenge for patients and hospitals. NCHS data brief,
2011,62:1-8.

3. Fleischmann C, Thomas-Rueddel DO, Hartmann M, et al. Hospital
incidence and mortality rates of sepsis—an analysis of hospital epi-
sode (DRG) statistics in Germany from 2007 to 2013. Dtsch Arztebl
Int, 2016;113:159-166.

4. Fedeli U, Piccinni P, Schievano E, et al. Growing burden of sepsis-re-
lated mortality in northeastern Italy: a multiple causes of death analy-
sis. BMC Infect Dis, 2016;16:330.

5. Kumar G, Kumar N, Taneja A et al. Nationwide trends of severe sep-
sis in the 21st century (2000-2007). Chest, 2011;140:1223-1231.

6. Sundararajan V, Macisaac CM, Presneill JJ, et al. Epidemiology of
sepsis in Victoria. Australia Crit Care Med, 2005;33:71-80.

7. Wilhelms SB, Huss FR, Granath G, et al. Assessment of incidence of
severe sepsis in Sweden using different ways of abstracting interna-
tional classification of diseases codes: difficulties with methods and
interpretation of results. Crit Care Med, 2010,38:1442-1449.

8. Stevenson EK, Rubenstein AR, Radin G, et al. Two decades of mor-
tality trends among patients with severe sepsis: a comparative meta-
analysis. Crit Care Med, 2014;42:625-631.

9. Cerny V, Novék I, Sramek V. Prevalence tézké sepse v Ceské re-
publice: prospektivni multicentricka jednodenni studie. Anest intenziv
Med, 2003;5:218-222.

10. Govindan S, Shapiro L, Langa KM, et al. Death certificates under-
estimate infections as proximal causes of death in the U.S. PLoS One,
2014,9:e97714.

1. Désesquelles A, Demuru E, Pappagallo M, et al. After the epidemiolo-
gic transition: a reassessment of mortality from infectious diseases
among over-65s in France and ltaly. Int J Public Health, 2015;60:961-967.
12. Melamed A, Sorvillo FJ. The burden of sepsis-associated mortality
in the United States from 1999 to 2005: an analysis of multiple-cause-
-of-death data. Crit Care, 2009;13:R28.

13. Anderson RN, Minino AM, Hoyert DL, et al. Comparability of cause
of death between ICD-9 and ICD-10: preliminary estimates. National
Vital Statistics Reports, 2001;49(2):1-32.

14. Meslé F, Vallin J. The effect of ICD-10 on continuity in cause-of-
-death statistics. The example of France. Population-E, 2008;63(2):
347-359.

15. Pechholdovd M. The Impact of ICDIO on cause-specific mortality
trends: the case of the Czech Republic compared to West Germany
and France. Demografie, 2011;53(4):360-380.

16. Désesquelles A, Pappagallo M, Salvatore MA, et al. 2010. Revisiting
the mortality of France and Italy with the multiple cause-of-death ap-
proach. Dem Res, 2010;23(28):71-86.

17. Pechholdova M. Multiple causes of death in the Czech Republic: an
exploratory analysis. Demografie, 2014;56(4):335-346.

18. Smetana J, Cecetkovd B, Chlibek R. Prevalen¢ni studie nozokomial-
nich nékaz ve fakultnich nemocnicich v Ceské republice. Epidemiol
Mikrobiol Imunol, 2014;63(4):251-258.




19. Styglerovd T. Vyvoj obyvatelstva v Ceské republice v roce 2007.
Demografie, 2008;50(3): 153-172.

20. Dombrovskiy VY, Martin AA, Sunderram J, et al. Rapid in-
crease in hospitalization and mortality rates for severe sepsis in the
United States: a trend analysis from 1993 to 2003. Crit Care Med,
2007;35:1244-1250.

21. Levy MM, Rhodes A, Phillips GS, et al. Surviving sepsis campaign:
association between performance metrics and outcomes in a 7.5-year
study. Crit Care Med, 2015;43:3-12.

22. Dellinger RP, Levy MM, Rhodes A, et al. Surviving sepsis campaign:
international guidelines for management of severe sepsis and septic
shock. /ntensive Care Med, 2013;39:165-228.

Acknowledgments

This work was supported by a research grant from the
Czech Science Foundation GA CR P404/13-41382P and by
the Institutional programme of supporting long-term

PUVODNI PRACE

conceptual research of the University of Economics,
Prague (IP400040). The author would also like to
acknowledge the MultiCause research network for pro-
viding valuable guidelines for multiple causes of death
analysis.

Do redakce doslo dne 30. 7. 2016.

Adresa pro korespondenci:

RNDr. Markéta Pechholdova, Ph.D.

Katedra demografie

Fakulta informatiky a statistiky
Vysokad Skola ekonomickd v Praze
nam. W. Churchilla 4

130 67 Praha 3-Zizkov

e-mail: pechholdova@gmail.com

2017,66,¢.2  EPIDEMIOLOGIE, MIKROBIOLOGIE, IMUNOLOGIE

79



