Current Infectious Disease Reports (2023) 25:273-279
https://doi.org/10.1007/511908-023-00815-7

SEPSIS IN THE ICU (J LIPMAN, SECTION EDITOR) q

Check for
updates

Exploiting Electronic Data to Advance Knowledge and Management
of Severe Infections

Kevin B. Laupland'?® . Alexis Tabah'3# . Kyle C. White'-> - Mahesh Ramanan*6”

Accepted: 27 September 2023 / Published online: 11 October 2023
© The Author(s) 2023

Abstract

Purpose of Review To identify opportunities and recent advances in the use of multicentric digital data sources and networks
to investigate the epidemiology and management of patients with infections admitted to intensive care units (ICUs).
Recent Findings Electronic surveillance systems for a range of serious infections have been reported from large cohorts with
evident improvements in efficiency, objectivity, and comprehensiveness of coverage as compared to traditional methods.
Electronic data, most notably from electronic health records, has been used to define the epidemiology and outcomes of
severe infections in several settings and conditions and has facilitated population-based evaluation. Automated alerts and
notifications hold promise to identify patients at risk for sepsis and bloodstream infection although demonstration of efficacy
in interventional trials is needed.

Summary Exploitation of electronic data in ICUs has led to a better understanding of the epidemiology of severe infections
and holds promise for future interventional clinical trials.

Keywords Infection - Sepsis - Septic shock - Intensive care unit - Electronic

Introduction

The recent decades have witnessed an explosion in the
amount of clinical data collected during healthcare provi-
sion [1]. The increasing availability of digital health data
contained in clinical information systems and databases has
facilitated marked improvements in efficiencies of care,
ability to track and measure quality and outcomes, and to
conduct research. However, this plethora of data has often
exceeded our ability to comprehensively integrate it and
optimise its application into improved clinical care. Recent
advancements in machine learning and artificial intelligence
are increasing opportunities for enhanced use for research,
administrative, and patient care purposes [2, 3].

Severe infections, including those associated with sepsis
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and septic shock, are responsible for a major burden of ill-
ness in patients admitted to intensive care units (ICUs) [4,
5]. Infections may be invasive (i.e. an organism is isolated
from a normally sterile body site such as blood, cerebrospi-
nal fluid, or aspirates from deep tissue) and may affect any
body system. These may manifest with features of severity
that may include direct complications (i.e. brain injury due
to meningitis), associated secondary organ failures (i.e. renal
failure due to severe pneumonia with septic shock), and high
case fatality. Septic shock is a syndrome that arises due to
infection and is manifested by refractory hypotension and
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elevated serum lactate [6]. Severe infection therefore repre-
sents an entity that may encompass a range of definitions,
treatment locations, and presence of septic shock.

The objective of this report was to review contemporary
studies investigating the use of electronic data aimed at
improving the understanding of the determinants, manage-
ment, and outcomes of severe infections, with a focus on
contemporary studies conducted in ICUs.

Literature Search

We searched for novel studies that investigated the use
of digital information to inform the epidemiology, man-
agement, and outcome of severe infections in adults. Ad
hoc searches were performed using PubMed using terms
including “infection”, “sepsis”, “septic shock”, “intensive
care unit”, and “electronic”, with supplementary searches
of relevant bibliographies. These were limited to articles
published from 2018 through to June 2023 and to humans,

those with abstracts, and reported in the English language.

Electronic Surveillance

Tracking the occurrence of an infectious disease or syn-
drome is important for quality improvement, research, and
administrative purposes and to inform measures to reduce
the burden of disease. The concept of electronic surveil-
lance, where digital information sources are connected and
manipulated to support efforts to track and manage infec-
tious diseases, has evolved significantly over the past two
decades [7]. While traditionally surveillance has been a
manual process of individual case review, exploiting digital
data has facilitated surveillance of wider range of illnesses
across larger populations. It is noteworthy that surveillance
of severe infections is challenged by availability of adequate
definitions and practical means of their application. On one
hand, surveillance for invasive infections may be defined
by a positive culture from a normally sterile body site as
identified by microbiology laboratories [8, 9]. On the other
hand, surveillance for clinical syndromes such as sepsis is
more complex, does not have a universal “gold standard”,
and requires integration of clinical, microbiology, diagnos-
tic, and treatment information [10].

Streefkerk et al. recently conducted a systematic review
(inclusive to January 2018) of electronic surveillance sys-
tems in hospitals and identified 78 studies [11]. Although
they were inclusive of hospital populations at large, more
than one-half of the studies either included or focussed on
ICU applications. Overall, they found that sensitivity of
electronic surveillance systems was generally high (> 80%);
however, specificity was highly variable. Studies were
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generally limited by lack of demonstration of efficiency, and
few were comprehensive systems that looking at a range of
infections and settings.

Jones and colleagues reported on a hospital surveillance
program that examined non-ventilator hospital-acquired pneu-
monia (NV-HAP) by using electronic data from more than 6
million hospitalizations in 284 institutions in the USA [12]. A
series of objective definitions using oxygenation, temperature,
white blood cell count, chest imaging, and antimicrobial use
were applied to ascertain the presence of NV-HAP patients
from within electronic health records. They found that 32,797
cases had NV-HAP for an incidence of 0.54 per 100 admissions
and 0.96 per 1000 patient days. Clinical audit of 250 cases con-
firmed NV-HAP by at least one reviewer in 81% of cases with
low to moderate interobserver variability observed. Although
only one-quarter of cases were related to ICU admissions, this
study represents a major work to validate electronic surveillance
data in a large population.

In another recent study, Schaumburg et al. reported on use
of electronic surveillance for ICU-acquired primary bacteremia
and compared results with traditional manual chart review [13].
They included patients admitted to five ICUs in Germany and
found that approximately 75% of antibiotic resistant infections
and 85% of primary bacteremia/sepsis cases were classified
concordantly. Although they examined agreement, they did not,
however, compare each to a composite gold standard such that
a superior approach could be determined.

Gerver et al. reported on BSI surveillance results from
194 ICUs in England [14ee]. They applied standardized def-
initions for to data obtained by linkage across multiple data-
sets and found 433 ICU-associated BSIs that represented 4.9
per 1000 occupied overnight bed-days and a central venous
catheter (CVC)-associated rate of 2.3 per 1000 ICU-CVC
days among adults. This study emphasized the value of
objectivity of electronic surveillance data to facilitate valid
inter-site comparisons.

While many electronic surveillance systems emphasize
the use of microbiology laboratory and other diagnostic
results for detecting cases, a wealth of clinical information
may be obtained in the text-based clinical records main-
tained in clinical information systems. Yan and colleagues
conducted a systematic review (through to December 2020)
of studies examining the use of natural language process-
ing in electronic health records to identify cases of sepsis
[15]. These authors included nine articles in their synthesis
of which six were ICU-focussed. Although these studies
were heterogenous and precluded meta-analysis, overall,
they showed that combining structured data within clini-
cal text improved the identification and early detection of
sepsis in patients admitted to ICUs [2, 16—18]. Addition-
ally, Vermassen et al. used natural language processing
of electronic health record data to identify cases of septic
shock among 8911 admissions to a Belgian ICU [19]. They



Current Infectious Disease Reports (2023) 25:273-279

275

compared results from a prospectively collected infection
database, hospital administrative coding, and two different
automated search strategies based on written sections of the
electronic health record. They observed that the automated
combined strategy performed well overall with sensitivity
and specificity of 73% and 93%, with higher sensitivity than
hospital coding alone (56%).

Electronic Data to Inform the Understanding
of Determinants and Outcome of
Severe Infections

Gaining knowledge of the epidemiology, including the
occurrence and risk factors for developing and dying from
severe infections, is important for health service planning
and to develop new means to prevent or reduce the burden
of severe infections. While clinical trials are considered the
gold standard for evidence for interventions, observational
studies are needed for defining the natural history of dis-
ease, investigating rare conditions, and providing insight
into treatments where clinical trials are either not feasible or
unethical. As a result of realization of efficiencies, electronic
data to support observational studies allows much larger,
more comprehensive investigations with less resource input
as compared to traditional case-by-case review studies.

Large multicentred studies and critical care registries have
played major roles in developing new knowledge related to
severe infections across the globe [20-25]. However, in most
cases, established ICU registries employ at least a component
of manually entered data. The increasing use of electronic
health records and application of machine learning techniques
has further created opportunities to study the epidemiology of
severe infections in large ICU cohorts including at the popula-
tion-based level. Although recent topic areas have been influ-
enced by the pandemic, there is a wide range of contemporary
studies investigating severe infections.

CovID-19

Three large studies have been reported from the USA that
have examined comorbidities and outcomes related to
COVID-19. Fiore and colleagues utilized electronic health
record data from more than 1 million COVID-19 patients
across 21 US health systems [26e¢]. The analysis cohort
comprised data from 104,590 adult hospitalized COVID-
19 patients where they observed decreasing rates of ICU
admission and case fatality during surveillance and identi-
fied males, public insurance, obesity, and age as important
determinants of adverse outcome. In another study from the
USA, Rivera et al. examined statin usage as a determinant
of COVID-19 severity among patients aged 40 years and
older in Chicago [27]. Electronic health records were used

to study a cohort of 15,524 individuals, and after controlling
for confounding variables, statin use was associated with
a modest reduction in ICU admission but no difference in
case fatality. Kim et al. used a large dataset derived from
electronic health records from more than 700 hospitals and
7000 clinics in the USA [28]. They found that among 27,639
patients with COVID-19, 18,460 had at least one past or
current cancer diagnosis; cancer was associated with higher
risk for hospitalization and death but not ICU admission as
compared to those without this comorbidity.

Descamps et al. used linked electronic data from several data-
bases in France to investigate the relationship with pre-existing
psychiatric disorders and risk for development of COVID-19
in a cohort of 97,302 patients [29]. Although the risk for ICU
admission was lower with psychiatric disease than for propen-
sity-matched controls, the overall case fatality was higher.

Several large studies investigating COVID-19 epidemiol-
ogy in England have recently been reported. Gao et al. used
linked hospital, registry, and vital statistics data to investi-
gate the role of obesity on the determinants and outcome of
patients with severe COVID-19 in England [30]. The base
cohort consisted of 7 million subjects. The authors found
a linear increase in admission to an ICU across the whole
body mass index (BMI) range and that a BMI > 23 kg/m?
was associated with a linear increase in risk for admission to
hospital and death. Aveyard and colleagues examined under-
lying lung disease as a risk factor for hospitalization and
dying from COVID-19 [31]. They included more than 8 mil-
lion subjects from 1205 general practices in England, with
linkages to several other databases. Overall, 14,479 (0.2%)
were admitted to hospital with COVID-19, 1542 (<0.1%)
were admitted to ICU, and 5956 (0-1%) died. They observed
small but significant increased risks for hospitalization, ICU
admission, and severe COVID-19 associated with several
chronic lung diseases. In another English study inclusive of
more than 17 million patients, some minority ethnic popula-
tions were found to have excess risks of SARS-CoV-2 posi-
tivity, ICU admission, and adverse outcome [32].

Other notable studies that have investigated COVID-19
epidemiology included a national electronic health record
study among renal dialysis patients in Qatar that reported
a case fatality rate of 15% overall and 50% for those admit-
ted to ICU [33]; an electronic health record-based study of
10,454 patients from Galicia, Spain, that reported 284 (2.7%)
were admitted to ICU [34]; an electronic health record study
that identified comorbidities as significant risk factors for
death among COVID-19 patients in Golestan province, Iran
[35]; and a study that examined free text within 1.5 million
electronic health records using natural language processing
and machine learning to identify significant differences in
demographic, symptomatology, investigation, hospitaliza-
tion, and ICU admission among males and females among
4780 patients with COVID-19 [36].
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Sepsis

Alrawashdeh et al. examined the determinants of outcome of
329,052 patients with community-onset sepsis admitted to
373 US hospitals and specifically investigated the presence
of comorbidities on outcome [37]. They obtained electronic
data from three independent datasets and applied Centers for
Disease Control and Prevention Adult Sepsis Event surveil-
lance criteria to identify cases. They found that while only a
small proportion of cases (2.6%) had no comorbid medical
illnesses, the case fatality rate was notably high (22.8%) in this
group. Oud and Garza used statewide data from Texas, USA,
to investigate the occurrence and determinants and outcomes
of patients with sepsis among those who have multiple sclero-
sis (MS) admitted to ICU [38]. They identified nearly 20,000
ICU admissions among patients with MS of which 6244 had
sepsis; presence of this syndrome was associated with a four-
fold worsened outcome. Rhee et al. used detailed electronic
health data from 136 hospitals in the USA during 2009-2015
to investigate hospital- versus community-onset sepsis [39].
Among nearly 100,000 sepsis admissions, they showed that
ICU admission rates (61% vs. 44%) and case fatality (33% vs.
17%) were significantly higher with hospital- as compared to
community-onset sepsis cases.

Automated Alerts and Sepsis Management

Electronic health records may be configured to screen for the
presence or predictors of severe infection and provide prompts
to clinicians to act. Warttig et al. conducted a systematic review
of randomized controlled trials comparing automated sepsis-
monitoring systems (i.e. automated alerts sent from system) to
standard care (i.e. no automated alerts) among patients admit-
ted to ICU with sepsis [40]. They screened articles through
to September 2017 and only identified three studies for inclu-
sion. These were deemed to be of low quality and had very
limited reporting of specific details. Furthermore, it was not
clear as to whether these were entirely independent or repre-
sented sub-studies of one larger one due to two being reported
only in abstract form [41]. They concluded that there was inad-
equate data to address question as to whether automated alerts
improved outcome.

Zhang et al. conducted a more recent systematic review
and included both interventional and observational stud-
ies [42¢]. However, only six were ICU focussed, and of
the ICU clinical trials, all were published prior to 2018
[41, 43, 44]. Furthermore, one of these was not an elec-
tronic information system alert per se, as it evaluated a
wireless vital sign monitor [44]. Among the two clini-
cal trials, Shimabukuro and colleagues found that use of
a machine learning-based algorithm sepsis surveillance
system reduced length of stay and improved outcome [43],
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whereas Hooper et al., while demonstrating feasibility, did
not find a difference in outcome with the alerts [41].

Although there is a lack of contemporary randomized
clinical trial data available on alerts, several non-concurrent
(i.e. pre-post) related studies have been published.
Jung et al. evaluated a bedside surveillance system inte-
grated with the electronic medical record in a surgical ICU
and found that as compared to pre-intervention historical
controls, the use of the system reduced the time to antibi-
otic administration and was associated with shorter length
of stay [45]. Burdick et al. [46] assessed the performance
of a machine learning algorithm for severe sepsis predic-
tion and detection using electronic health record data in
nine diverse hospitals in the USA. A clinical outcome
analysis was performed to evaluate the effect of the algo-
rithm on in-hospital patient mortality, hospital length of
stay, and 30-day readmissions. Alerts were given with
implementation to clinicians. Pre-post analysis demon-
strated decreased length of stay (4.8 vs. 3.3 days), read-
mission by 30 days (36.4% vs. 28.1%), and in-hospital
case fatality (3.9% vs. 2.3%). Lipatov and colleagues
evaluated an electronic health record-based sepsis alert
and augmented clinical support in a pre-post implementa-
tion study of 1950 patients admitted to medical ICU in
the USA [47]. Although found poor positive predictive
value of 28%, a high negative predictive value of 97% was
observed. However, there was no effect on outcomes [47].

Adams et al. conducted a cohort study among 590,746
patient encounters at five American hospitals and evalu-
ated a sepsis alert system (targeted real-time early warn-
ing system (TREWS)). They found that patients who had
TREWS alerts (n=6877) responded to by a provider
within 3 h had a 3.3% reduction in in-hospital death as
compared to those with later responses [48].

Roimi et al. developed machine learning algorithms
to predict positivity of blood cultures in the diagnosis
of ICU-acquired bloodstream infection using electronic
health record data in hospitals in the USA and Israel [49].
Among a population of 7419 patients, 32% had at least
one set of blood cultures drawn. The algorithm predicted
positivity with a sensitivity of approximately 90% and
specificity of 69-86%. While not tested in practice, this
study demonstrated the use of machine learning techniques
to potentially flag patients at higher risk for bloodstream
infection and its complications.

Discussion

In this review, we identify and review three themes related
to the exploitation of electronic data for surveillance and
reporting, epidemiological analysis and understanding, and
real-time monitoring and alerts related to severe infections.
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While the body of contemporary literature is limited, it
is evident that major contributions to the literature have
been made by studies harnessing electronic data related to
severe infections and that we may reasonably expect these
to increase if not become the standard in the coming years.

Traditionally, surveillance for infections has been a labo-
rious process based on case-by-case review by trained indi-
viduals with manual entry of results into reporting databases
[50]. As a result, surveillance is often limited by resources
such that many programs may be limited to select types of
infections (i.e. bloodstream or wound infection) and/or to
certain settings (i.e. ICUs, surgical wards). Electronic sur-
veillance systems, because they utilize existing information
in electronic health records or clinical information systems
are broadly applied, are much more efficient. Indeed, many
of the studies included in this review report on surveillance
of hundreds of thousands or even millions of patient days
of observation [12, 14, 39]. The vast resources required to
perform such studies using traditional approaches would
have precluded their conduct. In addition to efficiency, it is
important to note that because electronic surveillance sys-
tems require application of objective, explicit definitions,
they have the added benefit over traditional approaches by
reducing bias and interobserver variability [51].

Reported rates of sepsis-related case fatality are
decreasing across many jurisdictions globally [52].
While there is debate as to why this may be the case, the
decreasing proportion of deaths among cases means that
larger sample sizes are required to detect statistically sig-
nificant differences in outcome among studies. Addition-
ally, patients are becoming more complex with increas-
ing comorbidities and other variables that may confound
analyses. In response, very large sample sizes are required
in many studies. The use of electronic data sources is prac-
tically requisite for efficient conduct of studies involving
tens of thousands of patients or more.

The SARS-CoV-2 pandemic has highlighted the impor-
tance of electronic data in response to a novel infectious
disease threat. Indeed, the explosion of research publi-
cations that followed within weeks of pandemic onset
was facilitated by use of digital data sources. Our review
included several studies that provided insight into the epi-
demiology of COVID-19 and its associated complications
[26-32]. Perhaps more importantly is that the determina-
tion of optimal therapy of patients with COVID-19 was
rapidly established using novel research platform trials
[53]. Registry-embedded trials that utilize electronic data
collection platforms are increasingly being employed
in critical care clinical trials [54e]. It is our contention
that these designs will become the new standard for effi-
cient conduct of trials not only with severe infections but
broadly within critically ill populations.

Author Contributions KBL, AT, KCW, and MR contributed to study
conception; KBL conducted the primary review and manuscript
drafting; KBL, AT, KCW, and MR revised the manuscript draft and
approved the final version for submission.

Funding Open Access funding enabled and organized by CAUL and
its Member Institutions

Compliance with Ethical Standards
Conflict of Interest The authors have no competing interests to disclose.

Human and Animal Rights and Informed Consent This article does not
contain any studies with human or animal subjects performed by any
of the authors.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Papers of particular interest, published recently, have
been highlighted as:

e Of importance

ee Of major importance

1. Pastorino R, De Vito C, Migliara G, Glocker K, Binenbaum I,
Ricciardi W, Boccia S. Benefits and challenges of big data in
healthcare: an overview of the European initiatives. Eur J Public
Health. 2019;29(Supplement_3):23-7.

2. Delahanty RJ, Alvarez J, Flynn LM, Sherwin RL, Jones SS.
Development and evaluation of a machine learning model for the
early identification of patients at risk for sepsis. Ann Emerg Med.
2019;73(4):334-44.

3.  Garcia-Gallo JE, Fonseca-Ruiz NJ, Celi LA, Duitama-Muiioz JF.
A machine learning-based model for 1-year mortality prediction
in patients admitted to an intensive care unit with a diagnosis of
sepsis. Med Intensiva. 2020;44(3):160-70.

4. Laupland KB, Davies HD, Church DL, Louie TJ, Dool JS, Zygun
DA, Doig CJ. Bloodstream infection-associated sepsis and septic
shock in critically ill adults: a population-based study. Infection.
2004;32(2):59-64.

5. Laupland KB, Paiva JA, Timsit JF. Focus on severe infections.
Intensive Care Med. 2017;43(7):1033-6.

6.  Shankar-Hari M, Phillips GS, Levy ML, Seymour CW, Liu VX,
Deutschman CS, Angus DC, Rubenfeld GD, Singer M. Develop-
ing a new definition and assessing new clinical criteria for septic
shock: for the third international consensus definitions for sepsis
and septic shock (Sepsis-3). JAMA. 2016;315(8):775-87.

7. Leall, Gregson DB, Ross T, Flemons WW, Church DL, Laupland
KB. Development of a novel electronic surveillance system for mon-

@ Springer


http://creativecommons.org/licenses/by/4.0/

278

Current Infectious Disease Reports (2023) 25:273-279

11.

12.

13.

14.00

15.

16.

17.

19.

20.

21.

22.

23.

itoring of bloodstream infections. Infect Control Hosp Epidemiol.
2010;31(7):740-7.

Laupland KB, Leal JR. Defining microbial invasion of the
bloodstream: a structured review. Infect Dis (London, England).
2020;52(6):391-5.

Zhu NJ, Rawson TM, Mookerjee S, Price JR, Davies F, Otter J,
Aylin P, Hope R, Gilchrist M, Shersing Y, et al. Changing pat-
terns of bloodstream infections in the community and acute care
across 2 coronavirus disease 2019 epidemic waves: a retrospective
analysis using data linkage. Clin Infect Dis Offic Publ Infect Dis
Soc Am. 2022;75(1):e1082-91.

Seymour CW, Kennedy JN, Wang S, Chang CH, Elliott CF, Xu
Z, Berry S, Clermont G, Cooper G, Gomez H, et al. Derivation,
validation, and potential treatment implications of novel clinical
phenotypes for sepsis. JAMA. 2019;321(20):2003-17.
Streefkerk HRA, Verkooijen RP, Bramer WM, Verbrugh HA. Elec-
tronically assisted surveillance systems of healthcare-associated
infections: a systematic review. Euro surveillance: bulletin Europeen
sur les maladies transmissibles = European communicable disease
bulletin. 2020;25(2).

Jones BE, Sarvet AL, Ying J, Jin R, Nevers MR, Stern SE, Ocho
A, McKenna C, McLean LE, Christensen MA, et al. Incidence and
outcomes of non-ventilator-associated hospital-acquired pneu-
monia in 284 US hospitals using electronic surveillance criteria.
JAMA Netw Open. 2023;6(5): €2314185.

Schaumburg T, Kohler N, Breitenstein Y, Kolbe-Busch S, Hasenclever
D, Chaberny IF. ICU infection surveillance can be based on electronic
routine data: results of a case study. BMC Infect Dis. 2023;23(1):126.
Gerver SM, Mihalkova M, Bion JF, Wilson APR, Chudasama D,
Johnson AP, Hope R. Surveillance of bloodstream infections in inten-
sive care units in England, May 2016-April 2017: epidemiology and
ecology. ] Hosp Infect. 2020;106(1):1-9. A large study from Eng-
land that demonstrates the value of objective electronic infor-
mation for infection surveillance in ICUs.

Yan MY, Gustad LT, Nytrg @. Sepsis prediction, early detection, and
identification using clinical text for machine learning: a systematic
review. ] Am Med Inform Assoc JAMIA. 2022;29(3):559-75.
Goh KH, Wang L, Yeow AYK, Poh H, Li K, Yeow JJL, Tan
GYH. Artificial intelligence in sepsis early prediction and
diagnosis using unstructured data in healthcare. Nat Commun.
2021;12(1):711.

Liu R, Greenstein JL, Sarma SV, Winslow RL. Natural language
processing of clinical notes for improved early prediction of septic
shock in the ICU. Ann Int Conf IEEE Eng Med Biol Soc IEEE
Eng Med Biol Soc Ann Int Conf. 2019;2019:6103-8.
Amrollahi F, Shashikumar SP, Razmi F, Nemati S. Contextual
embeddings from clinical notes improves prediction of sepsis.
AMIA Ann Symp Proc AMIA Symp. 2020;2020:197-202.
Vermassen J, Colpaert K, De Bus L, Depuydt P, Decruyenaere J.
Automated screening of natural language in electronic health records
for the diagnosis septic shock is feasible and outperforms an approach
based on explicit administrative codes. J Crit Care. 2020;56:203-7.
McGoldrick DM, Edwards J, Praveen P, Parmar S. Admission pat-
terns and outcomes of patients admitted to critical care in the UK
with surgically treated facial infection: an analysis of the Intensive
Care National Audit and Research Centre Case Mix Programme
database. Br J Oral Maxillofac Surg. 2022;60(8):1074-9.

Magee F, Bailey M, Pilcher DV, Martensson J, Bellomo R. Early
glycemia and mortality in critically ill septic patients: interaction
with insulin-treated diabetes. J Crit Care. 2018;45:170-7.
Zahar JR, Schwebel C, Adrie C, Garrouste-Orgeas M, Francais A,
Vesin A, Nguile-Makao M, Tabah A, Laupland K, Le-Monnier A,
et al. Outcome of ICU patients with Clostridium difficile infec-
tion. CritCare (London, England). 2012;16(6):R215.

Bagshaw SM, Zuege DJ, Stelfox HT, Opgenorth D, Wasy-
lak T, Fraser N, Nguyen TX. Association Between pandemic

@ Springer

24.

25.

26.00

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

coronavirus disease 2019 public health measures and reduction
in critical care utilization across ICUs in Alberta. Can Crit Care
Med. 2022;50(3):353-62.

Lakbar I, Munoz M, Pauly V, Orleans V, Fabre C, Fond G, Vincent
JL, Boyer L, Leone M. Septic shock: incidence, mortality and hospital
readmission rates in French intensive care units from 2014 to 2018.
Anaesth Crit Care Pain Med. 2022;41(3):101082.

Tabah A, Buetti N, Staiquly Q, Ruckly S, Akova M, Aslan AT,
Leone M, Conway Morris A, Bassetti M, Arvaniti K, et al. Epi-
demiology and outcomes of hospital-acquired bloodstream infec-
tions in intensive care unit patients: the EUROBACT-2 interna-
tional cohort study. Intensive Care Med. 2023;49(2):178-90.
Fiore MC, Smith SS, Adsit RT, Bolt DM, Conner KL, Bernstein
SL, Eng OD, Lazuk D, Gonzalez A, Jorenby DE, et al. The first 20
months of the COVID-19 pandemic: mortality, intubation and ICU
rates among 104,590 patients hospitalized at 21 United States health
systems. Plos One. 2022;17(9):e0274571. An American study that
utilized electronic data to examine outcomes of COVID-19 associ-
ated with ICU admission.

Rivera AS, Al-Heeti O, Petito LC, Feinstein MJ, Achenbach CJ,
Williams J, Taiwo B. Association of statin use with outcomes of
patients admitted with COVID-19: an analysis of electronic health
records using superlearner. BMC Infect Dis. 2023;23(1):115.
Kim Y, Zhu L, Zhu H, Li X, Huang Y, Gu C, Bush H, Chung C,
Zhang GQ. Characterizing cancer and COVID-19 outcomes using
electronic health records. Plos One. 2022;17(5): e0267584.
Descamps A, Frenkiel J, Zarca K, Laidi C, Godin O, Launay O,
Leboyer M, Durand-Zaleski 1. Association between mental dis-
orders and COVID-19 outcomes among inpatients in France: a
retrospective nationwide population-based study. J Psychiatr Res.
2022;155:194-201.

Gao M, Piernas C, Astbury NM, Hippisley-Cox J, O’Rahilly S,
Aveyard P, Jebb SA. Associations between body-mass index and
COVID-19 severity in 6-9 million people in England: a prospec-
tive, community-based, cohort study. Lancet Diabetes Endocrinol.
2021;9(6):350-9.

Aveyard P, Gao M, Lindson N, Hartmann-Boyce J, Watkinson P,
Young D, Coupland CAC, Tan PS, Clift AK, Harrison D, et al.
Association between pre-existing respiratory disease and its treat-
ment, and severe COVID-19: a population cohort study. Lancet
Respir Med. 2021;9(8):909-23.

Mathur R, Rentsch CT, Morton CE, Hulme WJ, Schultze A,
MacKenna B, Eggo RM, Bhaskaran K, Wong AYS, Williamson
ElJ, et al. Ethnic differences in SARS-CoV-2 infection and COVID-
19-related hospitalisation, intensive care unit admission, and death
in 17 million adults in England: an observational cohort study
using the OpenSAFELY platform. Lancet (London, England).
2021;397(10286):1711-24.

Ghonimi TAL, Alkad MM, Abuhelaiqa EA, Othman MM,
Elgaali MA, Ibrahim RAM, Joseph SM, Al-Malki HA, Hamad
Al Mortality and associated risk factors of COVID-19 infection
in dialysis patients in Qatar: a nationwide cohort study. Plos One.
2021;16(7): e0254246.

Gude-Sampedro F, Fernandez-Merino C, Ferreiro L, Lado-Baleato
(), Espasandin-Dominguez J, Hervada X, Cadarso CM, Valdés L.
Development and validation of a prognostic model based on comor-
bidities to predict COVID-19 severity: a population-based study. Int
J Epidemiol. 2021;50(1):64-74.

Honarvar MR, Roshandel G, Shirzad-Aski H, Tabarraei A,
Tahamtan A, Ghelichi-Ghojogh M, Fazel A, Arefnia S, Jafari N,
Mansoury M, et al. Epidemiological and clinical characteristics
of the COVID-19 epidemic and associated factors for mortality in
Golestan province, Iran: a retrospective cohort study. J Prev Med
Hyg. 2021;62(2):E298-e304.

Ancochea J, Izquierdo JL, Soriano JB. Evidence of gender dif-
ferences in the diagnosis and management of coronavirus disease



Current Infectious Disease Reports (2023) 25:273-279

279

37.

38.

39.

40.

41.

42.0

43.

44,

45.

46.

2019 patients: an analysis of electronic health records using natu-
ral language processing and machine learning. ] Womens Health.
2021;30(3):393-404.

Alrawashdeh M, Klompas M, Simpson SQ, Kadri SS, Poland R,
Guy JS, Perlin JB, Rhee C. Prevalence and outcomes of previously
healthy adults among patients hospitalized with community-onset
sepsis. Chest. 2022;162(1):101-10.

Oud L, Garza J. The burden of sepsis in critically ill patients with
multiple sclerosis: a population-based cohort study. J Crit Care.
2022;69: 153985.

Rhee C, Wang R, Zhang Z, Fram D, Kadri SS, Klompas M.
Epidemiology of hospital-onset versus community-onset sep-
sis in U.S. hospitals and association with mortality: a retro-
spective analysis using electronic clinical data. Crit Care Med.
2019;47(9):1169-76.

Warttig S, Alderson P, Evans DJ, Lewis SR, Kourbeti IS, Smith
AF. Automated monitoring compared to standard care for the
early detection of sepsis in critically ill patients. Cochrane Data-
base Syst Rev. 2018;6(6):Cd012404.

Hooper MH, Weavind L, Wheeler AP, Martin JB, Gowda SS,
Semler MW, Hayes RM, Albert DW, Deane NB, Nian H, et al.
Randomized trial of automated, electronic monitoring to facilitate
early detection of sepsis in the intensive care unit*. Crit Care Med.
2012;40(7):2096-101.

Zhang Z, Chen L, Xu P, Wang Q, Zhang J, Chen K, Clements
CM, Celi LA, Herasevich V, Hong Y. Effectiveness of automated
alerting system compared to usual care for the management of
sepsis. NPJ Digit Med. 2022;5(1):101. A contemporary sys-
tematic review of observational and interventional studies
evaluating automated alerts.

Shimabukuro DW, Barton CW, Feldman MD, Mataraso SJ, Das R.
Effect of a machine learning-based severe sepsis prediction algo-
rithm on patient survival and hospital length of stay: a randomised
clinical trial. BMJ Open Respir Res. 2017;4(1): ¢000234.
Downey C, Randell R, Brown J, Jayne DG. Continuous versus
intermittent vital signs monitoring using a wearable, wireless
patch in patients admitted to surgical wards: pilot cluster rand-
omized controlled trial. ] Med Internet Res. 2018;20(12): e10802.
Jung AD, Baker J, Droege CA, Nomellini V, Johannigman J,
Holcomb JB, Goodman MD, Pritts TA. Sooner is better: use
of a real-time automated bedside dashboard improves sepsis
care. J Surg Res. 2018;231:373-9.

Burdick H, Pino E, Gabel-Comeau D, McCoy A, Gu C, Roberts
J, Le S, Slote J, Pellegrini E, Green-Saxena A, et al. Effect of a
sepsis prediction algorithm on patient mortality, length of stay and

47.

48.

49.

50.

51.

52.

53.

54.e

readmission: a prospective multicentre clinical outcomes evalu-
ation of real-world patient data from US hospitals. BMJ Health
Care Inform. 2020;27(1).

Lipatov K, Daniels CE, Park JG, Elmer J, Hanson AC, Madsen
BE, Clements CM, Gajic O, Pickering BW, Herasevich V. Imple-
mentation and evaluation of sepsis surveillance and decision sup-
port in medical ICU and emergency department. Am J Emerg
Med. 2022;51:378-83.

Adams R, Henry KE, Sridharan A, Soleimani H, Zhan A, Rawat
N, Johnson L, Hager DN, Cosgrove SE, Markowski A, et al. Pro-
spective, multi-site study of patient outcomes after implementa-
tion of the TREWS machine learning-based early warning system
for sepsis. Nat Med. 2022;28(7):1455-60.

Roimi M, Neuberger A, Shrot A, Paul M, Geffen Y, Bar-Lavie
Y. Early diagnosis of bloodstream infections in the intensive care
unit using machine-learning algorithms. Intensive Care Med.
2020;46(3):454-62.

Croft CA, Moore FA, Efron PA, Marker PS, Gabrielli A, Westhoff LS,
Lottenberg L, Jordan J, Klink V, Sailors RM, et al. Computer versus
paper system for recognition and management of sepsis in surgical
intensive care. J Trauma Acute Care Surg. 2014;76(2):311-7; discus-
sion 318-19.

Shappell CN, Klompas M, Rhee C. Surveillance strate-
gies for tracking sepsis incidence and outcomes. J Infect Dis.
2020;222(Suppl 2):S74-s83.

Timsit JF, Laupland KB. Is the burden of severe sepsis and septic
shock changing? Crit Care Med. 2013;41(5):1361-3.

Gordon AC, Mouncey PR, Al-Beidh F, Rowan KM, Nichol AD,
Arabi YM, Annane D, Beane A, van Bentum-Puijk W, Berry LR,
et al. Interleukin-6 receptor antagonists in critically ill patients
with COVID-19. N Engl J Med. 2021;384(16):1491-502.
Young PJ, Bagshaw SM, Forbes AB, Nichol AD, Wright SE, Bailey
M, Bellomo R, Beasley R, Brickell K, Eastwood GM, et al. Effect of
stress ulcer prophylaxis with proton pump inhibitors vs histamine-2
receptor blockers on in-hospital mortality among ICU patients receiv-
ing invasive mechanical ventilation: the PEPTIC randomized clinical
trial. JAMA. 2020;323(7):616-26. A landmark ICU trial that was
registry embedded.

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer



	Exploiting Electronic Data to Advance Knowledge and Management of Severe Infections
	Abstract
	Purpose of Review 
	Recent Findings 
	Summary 

	Introduction
	Literature Search
	Electronic Surveillance
	Electronic Data to Inform the Understanding of Determinants and Outcome of Severe Infections
	COVID-19
	Sepsis

	Automated Alerts and Sepsis Management
	Discussion
	References


