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Background: Little is known about the trend of incidence and mortality of specific organ dysfunction
among sepsis patients at the population level. This study aimed to examine the trend and mortality of
organ dysfunction in patients with sepsis using a nationwide database in Taiwan.

Methods: We conducted a study using 2002-2012 data from the nationwide health insurance database
of Taiwan. Sepsis hospitalizations were identified by Angus algorithm to include all cases with ICD-9-
CM codes for specific sepsis diagnosis and both an infectious process and a diagnosis of acute organ
dysfunction. The primary outcome was the trend of incidence and in-hospital mortality of specific type of
organ dysfunction in sepsis patients.

Results: We identified 1,259,578 adult patients with sepsis. Acute respiratory dysfunction, cardiovascular
dysfunction/shock, and renal system dysfunction were the leading three types of acute organ dysfunction,
accounting for 65.6, 30.5, and 18.3% of all sepsis patients, respectively. All types of organ dysfunction
increased over time, except for hepatic and metabolic systems. Renal system (annual increase: 13.5%)
and cardiovascular system dysfunction (annual increase: 4.3%) had the fastest increase. Mortality from all
sources of infection has decreased significantly in the study period (trend p < 0.001).

Conclusions: This is the first true nationwide population-based data showing the trend and outcome of
acute organ dysfunction in sepsis patients. Renal and cardiovascular systems dysfunction are increasing at
an alarming rate.
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Introduction infection.' This response may cause collateral injury
to affect organs or systems, leading to a life-threaten-

Sepsis is a clinical syndrome that develops ing condition.” Before 2016, sepsis was traditionally
when a human’s host immune system responds to defined as the presence of infection and the systemic

Received: December 23, 2018; Revised: February 1, 2019; Accepted: March 28, 2019.

"Corresponding author: Chien-Chang Lee, MD, ScD, Department of Emergency Medicine, National Taiwan University Hospital, No.7,
Chung Shan S. Rd., Zhongzheng Dist., Taipei City 100, Taiwan. E-mail: cclee] 00@gmail.com

Chia-Hung Yo and Chih-Cheng Lai have made equal contributions to this article and shared the co-first authorship.

178 Journal of Acute Medicine 9(4) 2019



inflammatory response syndrome (SIRS). In addi-
tion, two severe forms of sepsis: severe sepsis and
septic shock were also defined.' Many large-scale or
population-based studies®® regarding the incidence,
trends, and outcomes of sepsis or severe sepsis were
reported based on the SIRS definition. However, the
new clinical definition of sepsis that is termed as Sep-
sis-3 was proposed in 2016 by the Society of Critical
Care Medicine and the European Society of Intensive
Care Medicine.” Sepsis-3 is based on the presence of
infection and organ dysfunction. Operationally, acute
organ dysfunction is defined by an increase of more
than 2 points in the total sequential organ failure as-
sessment (SOFA) score in the intensive care unit (ICU)
settings or quick SOFA score outside the ICU settings.
Although several studies™'’ have assessed the burden
of sepsis at the national level, studies that examine the
trends of incidence and outcomes of organ function in
sepsis, which is an important component of the Sep-
sis-3 definition, are still lacking.

Moreover, organ replacement therapies, com-
prised of evidence-based hemodynamic optimization
and organ protection devices, have been introduced
and widely adopted for the management of patients
with sepsis in the last few decades. These therapies
include invasive or non-invasive mechanical ventila-
tion (MV) for respiratory failure, intra-aortic balloon
pumps for cardiac dysfunction, dialysis for renal in-
jury, and extracorporeal membrane oxygenation for
cardiopulmonary failure. The development of new
management approaches, such as the protective-ven-
tilation strategy,'' conservative strategy of fluid
management,'” and restrictive transfusion" have also
significantly changed clinical practice. It is, there-
fore, interesting to know the temporal trend of the
incidence and outcome of acute organ dysfunctions
in patients with sepsis. Thus, the aim of this study is
to investigate the incidence and outcomes of different
types of organ dysfunction among patients with sepsis
over time.

Methods

Study Cohort

The entire National Health Insurance (NHI)
claims database of Taiwan between January 1, 2002
and December 31, 2012 was used for this study. Be-
cause the NHI of Taiwan was a government-operated
and mandatory health insurance system with a 99.7%

Sepsis Associated Organ Dysfunction

coverage rate, using such database allowed us to ob-
tain information for almost all 23 million residents of
Taiwan. The database was developed as part of the
National Health Informatics Project sponsored by the
Ministry of Health and Welfare of Taiwan. The NHI
Research Database contained complete outpatient and
inpatient electronic claim records, individual diagno-
ses, procedures, and medications prescribed. Available
information on all prescription drugs included brand
name, route of administration, quantity, and number
of days supplied. Since this was an anonymized ad-
ministrative database study, patient consent was not
required. Our study was approved by the institutional
review board of National Taiwan University Hospital
(no. 201402032RINA).

Following the publication of the surviving sepsis
campaign in 2004, a nationwide educational program
was launched by the joint Taiwan Critical Care Med-
icine Committee, which consisted of three medical
societies: Critical Care Medicine, Emergency and
Critical Care Medicine, and Pulmonary and Critical
Care Medicine (total board-certified specialists =
2,102). This educational program included at least
10-hours of training for physicians who work in the
ICU." During the study period, there was no financial
incentive that encouraged physicians to follow the
guideline.

Case Selection and Definitions

According to sepsis-3, sepsis is defined as life-
threatening organ dysfunction caused by a dysregu-
lated host response to infection.” We only included
adult patients for this analysis and patients under 18
years of age were excluded. The cases with sepsis
was identified by the ICD-9 coding strategy proposed
by Angus that identified sepsis cases by combining
ICD-9-CM codes for both a bacterial or fungal in-
fection and a diagnosis of acute organ dysfunction
in the hospital or emergency department records."
The organs/systems dysfunctions used for this study
included cardiovascular/shock, respiratory, central
nervous, hematologic, hepatic, renal and metabolic
dysfunctions. The ICD-9 codes used for identifica-
tion of acute organ dysfunction were shown in the
Appendix 1. Index date was defined as the first day of
emergency department visit or hospital admission of
sepsis. We also included patients with an explicit code
of sepsis, severe sepsis, and septic shock (ICD-9 CM:
995.92, 785.52). Angus implementation" is the most
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common administrative implementations for severe
sepsis and has been cited more than 2,000 times as of
December 2011. This implementation was validated
by demonstrating that it identifies a population of
patients similar in aggregate to one identified by nurs-

16,17 L
or physician re-

ing-led prospective assessment
view." We used the Angus implementation of identify
sepsis cases in this study to ensure the comparability
with international sepsis epidemiology. The follow-
ing information including demographic, presence of
pre-existing comorbidity, and outcome were collected.
Other information was abstracted from the index hos-
pitalization claims records. We defined the mortality
as the 30-day all-cause mortality verified by a linked

national death certificate database.

Statistical Analysis

We compared the characteristics and outcomes
of organ dysfunction among patients with sepsis
across the study period. Categorical variables were
presented as frequency and percentage, and contin-
uous variables were presented as mean + standard
deviation. The annual incidence of sepsis was calcu-
lated as the number of sepsis patients divided by the
number of population in a given year. When there
were multiple episodes of sepsis in one patient, we
only counted the first episode in a given year. The
mortality rate was calculated by the number of deaths
divided by the total number of sepsis patients. The

temporal trends were all presented with line graphs.
Our nationwide database allowed for the capture of
all cases of sepsis and there was minimal possibility
of chance variation. Therefore, confidence intervals
were not presented in all estimates. All analyses were
performed using SAS Version 9.3 (SAS Institute Inc.,
Cary, NC, USA), and a two sided p-value of 0.05 was
deemed as statistical significance.

Results

Demographics

In total, we identified 1,259,578 episodes of
sepsis between 2002 and 2012 (Fig. 1). Overall,
acute respiratory failure was the most common organ
dysfunction (65.6%, n = 827,078) among sepsis pa-
tients, followed by cardiovascular dysfunction/shock
(30.5%), renal dysfunction (18.3%), hepatic dysfunc-
tion (11.2%), metabolic dysfunction (5.1%), hemato-
logic system dysfunction (5.0%), and central nervous
system dysfunction (4.1%). We divided the study pe-
riods into three subperiods: 2002-2005, 2006—-2009,
and 2010-2012 for further analysis (Table 1). Male
comprised more than half of sepsis cases, and the ra-
tio of male patients increased from 56.69% first sub-
period to 58.47% in last subperiod. The average age
of sepsis patients also gradually increased over time,
from 67.93 years in the first subperiod to 69.70 years
in the last subperiod. In all subperiods, acute respira-

(n = 230,154,807)

National health insurance beneficiaries from 2002 to 2012

Did not meet sepsis criteria

(n = 228,853,139)

\4

Age < 18 years
(n=42,090)

Adult sepsis patients
(n=1,259,578)

Fig. 1. Flowchart for patient enrollment.
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Table 1. Characteristics of patients with sepsis according to three subperiods spanning 2002 to 2012
. 2002-2005 2006-2009 2010-2012
Characteristic
n = 380,343 n=471,489 n =407,746
Male sex (%) 227,020 (56.69) 278,826 (58.78) 238,422 (58.47)
Age 67.93 £16.45 69.03 +£16.50 69.70 £ 16.68

Acute organ/system dysfunction

Acute respiratory failure (%)
Cardiovascular dysfunction/shock(%)
Renal system dysfunction (%)
Hepatic system dysfunction (%)
Metabolic system dysfunction (%)
Hematologic system dysfunction (%)

Central nervous system dysfunction (%)

266,614 (70.10)
104,620 (27.51)
51,579 (13.56)
45,735 (12.02)
22,174 (5.83)
18,682 (4.91)
13,919 (3.66)

Outcome

All-cause mortality (30 days) (%)

100,866 (26.52)

314,445 (66.69)
148,730 (39.10)
87,101 (18.47)
51,868 (11.00)
23,111 (4.90)
22,677 (4.81)
19,208 (4.07)

114,582 (24.30)

246,019 (60.34)
130,796 (34.39)
91,941 (22.55)
43,259 (10.61)
19,309 (4.74)
22,186 (5.44)
18,183 (4.46)

93,560 (22.95)

n = total number of severe sepsis and septic shock patients.

tory failure remained the most common type of organ
dysfunction, but the percentage of acute respiratory
failure among patients with sepsis declined from
70.10% in first subperiod to 60.34% in last subperiod.
The decreasing trends of organ dysfunction over time
were also noted for hepatic system dysfunction, and
metabolic dysfunction. In contrast, the trends of renal
system dysfunction, hematologic systemic dysfunc-
tion, and central nervous system dysfunction appeared
increasing with time. For cardiovascular dysfunc-
tion/shock—the second most common type of organ
dysfunction, the ratio was lowest in first subperiod
(27.51%), and highest in second subperiod (39.10%).
Finally, the 30-day all-cause mortality rate decreased
from 26.52% in the first subperiod to 22.95% in the
last subperiod.

Incidence

Fig. 2 and Table 2 showed annual incidence (per
100,000 persons) of sepsis-related organ dysfunction
over the 11-year period. The incidence of patients
with renal dysfunction (annual increase of 13.51%),
cardiovascular dysfunction/shock (annual increase of
4.31%), central nervous system dysfunction (annual
increase of 4.10%), hematologic dysfunction (annual
increase of 2.10%) and respiratory dysfunction (an-
nual increase of 0.14%) were found to increase from
year 2002 to year 2012. In contrast, the incidence of
sepsis patients with hepatic dysfunctions (annual de-
crease of 0.42%) and metabolic dysfunctions (annual

decrease of 0.88%) were found to decrease in number
during the study period.

The Mortality of Septic Patients With Specific
Organ Dysfunction and Mortality

Fig. 3 and Table 3 illustrated the 30-day all-caus-
es mortality of different types of organ dysfunctions.
The mortality rates for all kinds of organ dysfunctions
were trending downward in general. The mortality of
central nervous system dysfunction decreased at the
fastest rate (annual mortality decrease: -2.61%), fol-
lowed by renal system (-2.59%), hematologic system
(-2.37%), respiratory system (-1.99%), metabolic sys-
tem (-1.65%), cardiovascular system (-1.63%), and
hepatic system dysfunction (-0.58%).

Discussion

After the development of sepsis-3 consensus,
acute organ dysfunction has become an essential part
of sepsis diagnosis. By using a large database encom-
passing the population of an entire nation for eleven
years, we were able to determine the true popula-
tion-based incidence and mortality trend of organ dys-
functions among patients with sepsis. We determined
respiratory system (65.6%), cardiovascular system
(30.5%), and renal system dysfunctions (18.3%) were
the leading three organ dysfunctions associated with
sepsis. However, renal system dysfunction (annual in-
crease: 13.35%), cardiovascular dysfunction (4.31%),
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Fig. 2. Changes in population incidence of specific organ dysfunction among patients with sepsis, from 2002 to 2012. (A)
High to moderate incidence trends. (B) Low incidence trends.

Table 2. Changes in population incidence of specific organ dysfunction among patients with sepsis, from 2002

to 2012: incidence of all the organ dysfunctions, presented by events per 100,000 population

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 Annual

change

Cardiovascular system dysfunction 166 167 179 201 198 216 231 236 246 246 245 431%

Respiratory system dysfunction 441 440 463 477 463 465 470 466 473 465 448 0.14%

Renal system dysfunction 74 81 91 104 109 125 135 146 161 172 185 13.51%

Hepatic system dysfunction 86 76 77 75 73 77 78 79 80 82 82 -0.42%

Metabolic system dysfunction 40 40 35 37 35 35 33 34 36 37 36 -0.88%

Central nervous system dysfunction 24 24 23 25 26 28 29 30 33 35 35 4.10%
Hematologic system dysfunction 35 31 30 32 31 34 34 35 41 41 43 2.1%
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and central nervous system (4.10%) were the three or-
gan dysfunctions that increased at a fastest rate during
the study period. Meanwhile, the annual incidence
of sepsis increased by 18.7%, from 28,023 in 2002
to 35,650 in 2012."° In a previous work,'® we have
shown the incidence of sepsis increased from 600.5
per 100,000 persons in 2002 to 712.9 per 100,000 in
2012 after adjusting for the change of population age
and gender structure of over the study period. This
work is an extension of previous work, in which we
aimed to describe the change of incidence of mortali-
ty of different organ dysfunction among patients with
sepsis. The knowledge on the epidemiological change
of organ dysfunction in sepsis patients will have im-
portant public health implications.

Compared with prior studies, Kumar et a
analyzed the US Nationwide Inpatient Sample study
showing that respiratory, renal and cardiovascular
dysfunction were the most common organ system
dysfunctions. In addition, except for the acute respira-
tory failure showing a downward trend between 2000
and 2007 (from 52.8 to 47.6%), other organ dysfunc-
tions increased with time, especially for renal failure
(from 33.4 to 48.6%) and cardiovascular dysfunctions
(from 30.3 to 41.7%). Rhee et al.” analyzed electron-
ic medical record database and found acute kidney
injury (AKI), shock, and acute respiratory failure re-
quiring MV were the leading three organ dysfunctions
among sepsis patients, with a prevalence of 43.5, 28.4
and 26.0% respectively. In a national study of Norwe-
gian hospitals during the years 2011 and 2012,% car-
diovascular dysfunction was the most common organ
dysfunction (48.5%), followed by respiratory system
dysfunction (32.0%) and renal dysfunction (24.8%).
Another nationwide population-based analysis of
severe sepsis in Spain from 2006 to 2011 showed
that respiratory failure was the most common dys-
functional organ (50.5%), followed by cardiovascular
system (44.7%) and renal system (40.5%).”' Among
the change of different organ dysfunction, only renal
failure had considerable increase with time (from 36.5
t0 46.5%).

Taken together, the results of our study were
consistent with previous findings. Acute respiratory,
cardiovascular, and renal systems dysfunctions were
the three most common types of organ dysfunctions
in patients with sepsis. In addition, all of these stud-
ies showed an upward trend for incidence or preva-
lence of renal system dysfunction. This rise might be
partially explained by increased awareness of AKI,

119
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improved ascertainment in administrative data and
greater sensitivity of consensus diagnostic and clas-
sification schemes. Furthermore, an increasing aging
population, a growing percentage with chronic kidney
disease, and an expanding characterization of modi-
fiable risk factors, such as administration of contrast
media and exposure to nephrotoxins and broad-spec-
trum antibiotic,” had contributed to the increase inci-
dence of renal system dysfunction.

Furthermore, we observed a decreasing trend
of sepsis-related mortality similar to previous stud-
ies conducted.”'*"”*® The causes should, therefore,
be multifactorial. The improving outcome of sepsis
could be due to implementation of several Surviving
Sepsis Campaign recommended interventions such
as the use of vasopressor and hemodynamic monitor,
conservative transfusion strategy, early and appro-
priate antibiotic uses, early goal directed therapy.”**
In Taiwan, Chen et al. demonstrated that a national
education program could cause a significant impact
on clinical practice and lead to significant reduction
of severe sepsis mortality rate.'* In addition, we also
noted that organ dysfunction specific mortality was
gradually decreasing during the study period. These
could be benefit from the improvement of various or-
gan supports such as lung protection strategy for acute
respiratory distress syndrome,® the choice and amount
of fluids,'** appropriate type and intensity of hemo-
dynamic monitoring,* role of adjunctive vasoactive
agents for septic shock,” and transfusion strategy for
hematologic organ dysfunction."

In addition to the decline of overall mortality
over time, we observed different trends of mortality
decrease for various types of organ dysfunctions. Ex-
cluding hepatic dysfunction with an annual mortality
decrease of 0.58%, other organ dysfunctions were
associated with a more pronounced mortality reduc-
tion during the study period with annual mortality
decrease of more than 1%. Except for liver transplant,
there was limited evidence-based practice with proved
benefits to improve liver function during sepsis. This
trend indicated that liver support treatment would
be an important area for research in improving the
outcome of sepsis. Rhee et al.”* noted the increased
awareness of AKI after risk, injury, failure, loss of
kidney function, and end-stage kidney disease defi-
nition was one of the major causes for the observed
increased prevalence of AKI and probable pseudo-im-
provement of AKI or sepsis related mortality. Hence,
there was a strong debate that the incidence of sepsis



based on the administrative database was artificially
inflated by the code abstraction strategy for renal
system dysfunction. We could not totally completely
exclude the possibility in our study due to the national
education activity of Surviving Sepsis Campaign and
several organ dysfunction guidelines increasing the
awareness of sepsis, which might lead to improved
documentation of sepsis and organ dysfunction. How-
ever, we did not have any incentive for quality im-
provement from the insurance agency to promote the
upcoding of sepsis. We also observed that acute renal
dysfunction had the sharpest increase during the past
decade. Moreover, we did not see the AKI-specific
mortality rate decreasing at a similar pace. Therefore,
the increase of sepsis could not be entirely explained
by the upcoding practice or increased diagnosis of
AKI in our database.

Results of this study should be interpreted in
light of both strength and weakness. We are the first
in literature that estimate the burden of sepsis in a true
population based database that could totally avoid the
sampling variability. Although we used the most wide-
ly validated Angus implementation to identify sepsis
cases, previous validation study showed a 71% posi-
tive predictive value. The sensitivity was estimated at
50%, but with other coding implementations had even
poor sensitivity. We acknowledged that Angus imple-
mentation does identify a population predominantly
comprised of patients with severe sepsis, but not a pure
sample. The burden of sepsis patients may be underes-
timated given the suboptimal sensitivity.

Conclusions

Respiratory, cardiovascular, and renal system
dysfunctions were the three most common and deadly
types of organ dysfunctions for patients with sepsis.
The different types did not increase in parallel with re-
nal system dysfunction increasing at the sharpest rate
and posing a great public health concern. Findings of
our study should inform the allocation of research and
healthcare resource for different types of organ dys-
functions and also warrant the search of underlying
cause for the rapid increase of acute renal dysfunction
among sepsis patients for future prevention.
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Appendix 1. ICD-9-CM/procedure codes of organ dysfunction associated with sepsis.

Cardiovascular dysfunction/shock

785.5, Shock
458, Hypotension

Acute respiratory dysfunction

96.7, Mechanical ventilation

57001B, 57002B, 57023B, 57029C, Use of ventilators
Central nervous system dysfunction

348.3, Neurologic encephalopathy
293, Transient organic psychosis
348.1, Anoxic brain damage

Hematologic system dysfunction

287.4, Hematologic secondary thrombocytopenia
287.5, Thrombocytopenia, unspecified

286.9, Other/unspecified coagulation defect
286.6, Defibrination syndrome

Hepatic system dysfunction

570, Hepatic acute and subacute necrosis of liver
572.2, Hepatic encephalopathy

572.4, Hepatorenal syndrome

572.8, Other squeal of chronic liver disease
573.4, 573.8, Hepatic infarction

V42.7, Liver replaced by transplant

Renal system dysfunction

584, Acute renal failure
58014C, Use of CVVH

Metabolic system dysfunction

250.1, Diabetic ketoacidosis
250.2, Hyperosmolar hyperglycemic state
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