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The Use of Patient Monitoring Systems to Improve Sepsis
Recognition and Outcomes: A Systematic Review
Bryan M. Gale, MA and Kendall K. Hall, MD, MS
Introduction: The aim of this systematic review was to determine the
impact of automated patient monitoring systems (PMSs) on sepsis recogni-
tion and outcomes.
Methods: Systematic searcheswere conducted usingCINAHL,MEDLINE,
and Cochrane, for articles published from 2008 through 2018. English-
language, peer-reviewed articles that reported the impact of PMS on sepsis
care were included. For selected articles, the authors abstracted informa-
tion, with the study designed to be compliant with Preferred Reporting
Items for Systematic reviews and Meta-Analyses guidelines.
Results: Nineteen articles were identified for inclusion: 4 systematic reviews
and 15 individual studies. Study design and quality varied, with some random-
ized controlled trials and quasiexperimental studies, as well as many observa-
tional studies. Study results for outcome measures (e.g., mortality, intensive
care unit [ICU] length of stay, ICU transfer) were mixed, with more than half
of the studies showing a significant improvement in at least one measure. Ev-
idence for process measure (e.g., time to antibiotic administration, lactate mea-
surement, etc.) improvement was of moderate strength across multiple types of
hospital units, and evidence was most consistent outside the ICU.
Conclusions: Automated sepsis PMSs have the potential to improve sepsis
recognition and outcomes, but current evidence is mixed on their effectiveness.
More high-quality studies are needed to understand the effects of PMSs on im-
portant sepsis-related process and outcomemeasures in different hospital units.
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S epsis is a syndrome of life-threatening organ dysfunction due
to a person’s systemic, dysregulated response to infection.1 It

is a common reason for hospital admission and readmission, with
an estimated incidence of 6% of all hospital admissions or more
than 1 million admissions in the United States every year.2,3 Sep-
sis also has one of the highest mortality rates of any hospital con-
dition, estimated at 15% to 30%.3,4 In addition to its prevalence
and mortality, $24 billion was spent treating sepsis in 2013, more
than any other condition treated in U.S. hospitals.5

In response to this, international organizations such as the So-
ciety for Critical Care Medicine have focused on addressing the
2 problems that sepsis presents: delay in recognition and diagnosis
of sepsis, and delay in start of treatment, which combined contribute
to the high mortality rate for sepsis.6 This article focuses on an
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emerging solution to the former problem: identifying signs of sepsis
in a patient as early as possible so that treatment can be started,
which is critical to averting organ failure and risk of death.1

The symptoms of sepsis are shared by many other conditions
(e.g., high temperature, low blood pressure, etc.), making sepsis
difficult to diagnose, especially in the early stages.7 As a result,
sepsis does not have a simple diagnostic test or specific symptoms
that unambiguously indicates onset. International organizations
have developed diagnostic criteria and recommend screening pa-
tients at risk of sepsis using these criteria.2

Although manual screening has been the most common ap-
proach in the past, automated electronic patient monitoring (i.e.,
surveillance) for signs of emerging sepsis is becoming more wide-
spread, especially in hospitals, which have sophisticated technology
infrastructures. Such systems automatically and continuously
monitor data from telemetry devices and/or electronic health re-
cord entries, and alert a clinician if set criteria for sepsis are met.
The alerting system can take many forms depending on the study
and setting, from paging a specific team member to displaying a
noninterruptive alert on a patient dashboard. If, after alert and
evaluation, a clinician determines that the patient has sepsis, the
clinician must start treatment immediately to reduce mortality
and improve patient outcomes.2 The goal is to decrease the time
to treatment initiation for sepsis, which has been shown to in-
crease survival.3,4 This article reviews the current literature on
the effectiveness of these patient monitoring systems (PMSs) for
sepsis, as well as implementation facilitators and barriers.

METHODS
We conducted a search of 3 databases (CINAHL, MEDLINE,

andCochrane) for articles published from 2008 to 2018 to identify
those that described the use of a PMS to improve sepsis recogni-
tion and care. Search terms included “sepsis” and related syno-
nyms, as well as “monitoring,” “surveillance,” and other similar
terms. English-language, peer-reviewed articles that reported the
impact of PMS on sepsis care were included.

The lead author reviewed the title and abstract for the retrieved
articles to determine relevance to the study objectives. Articles
were excluded if the outcomes were not relevant, if the article
was out of scope (including not quantitative), or if the study design
was insufficiently described. If an article was deemed relevant or
additional information was needed to make that determination, the
full text was obtained and reviewed by the lead author. Through a
consensus process, the 2 coauthors selected the articles for inclusion
based on relevance, quantified outcomes, and sufficiently described
study design. If a study was referenced within a selected systematic
review, it was not included as a separate study. For selected articles,
the authors abstracted information into an evidence table. The
study was designed to be compliant with Preferred Reporting
Items for Systematic reviews and Meta-Analyses guidelines.8

RESULTS
The initial search yielded 345 results; after duplicates were re-

moved and additional articles added, 350 were screened for
ient Saf • Volume 16, Number 3, Supplement 1, September 2020

mailto:bgale@impaqint.com
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
www.journalpatientsafety.com


J Patient Saf • Volume 16, Number 3, Supplement 1, September 2020 Use of PMS for Sepsis Recognition and Outcomes
inclusion and 55 full-text articles were retrieved. Of those, 15 in-
dividual studies and 4 systematic reviews were selected for inclu-
sion in this review.

Results of the studies are reviewed by measure type (process
and outcome) and setting. Of note, the sepsis diagnostic criteria
as well as the sensitivities and specificities of PMSs are not exam-
ined because the algorithms within PMSs that scan for sepsis can
be constantly adjusted to fit the needs of the setting and optimize
performance, as opposed to a static manual screening tool. Most
included studies based their diagnostic criteria on those developed
by consensus-based professional organizations such as the sys-
temic inflammatory response syndrome criteria and Modified
Early Warning Score, but some studies used other indicators and
thresholds. Upon designing and implementing a sepsis PMS, the
clinicians/administrators typically test the system performance
and adjust variable thresholds to best balance speed, sensitivity,
and specificity for their setting.

All included individual studies took place in the hospital set-
ting, 5 in the intensive care unit (ICU), 5 in the emergency depart-
ment (ED), 3 in general units, 1 in a telemetry unit, and 1 in
multiple hospital units (ICU, pediatric intensive unit [PCU], and
medical/surgical units).
Effect on Outcome Measures
The patient outcomes used to determine the effectiveness of the

studies of automated PMS included mortality, ICU transfer rate,
hospital length of stay (LOS), and ICU LOS. Outcome measures
were reported in 12 studies: 3 in the ED,9–11 5 in the ICU,12–16 2
in general units,17,18 1 in a telemetry unit,19 and 1 in multiple hos-
pital units (ICU, PCU, and medical/surgical units).20

Eight of the 12 studies found a significant effect of a sepsis
PMS in improving at least one outcome measure, and others
showed absolute but not statistically significant improvements.
The studies that showed a significant improvement included 2
randomized controlled trials (RCTs), 1 quasiexperimental study,
and 5 observational studies. Six of the 12 studies that reported
mortality showed a statistically significant decrease after im-
plementing a PMS. For example, Manaktala and Claypool18

found that after implementing the sepsis PMS, screened pa-
tients had a 2.1 times lower risk of death (odds ratio, 0.474;
95% confidence interval, 0.228–0.988). A study in 9 neonatal
ICUs across the United States showed a significant reduction in
mortality (8.1% versus 10.2%, P = 0.04) after implementing a
neonatal sepsis PMS.16

Nine studies reported on hospital LOS, and 4 found a signif-
icant effect of the sepsis PMS. For example, McCoy and col-
leagues20 found a 9.55% decrease in hospital LOS after the
implementation of a machine learning–based PMS in multiple
hospital units (ICU, PCU, and medical/surgical units) in a
242-bed regional community hospital. In contrast, Manaktala
and Claypool,18 described previously, showed a significant de-
crease in mortality but did not find a significant decrease in
hospital LOS.

Only 1 of the 4 studies that reported on ICU LOS found a sig-
nificant effect from a PMS. This was an observational study of a
PMS implemented in a 34-bed surgical ICU in a large academic
medical center.13 The studies that found no effect on ICU LOS
varied in setting, with 1 implemented in the ED, 1 in a medical
ICU, and 1 in all noncritical care units.21 One study attributed lack
of impact on ICU LOS to a PMS with poor predictive value,9 and
one credited the already vigilant ICU staff12; the third was un-
derpowered to detect modest changes in ICU LOS. Two studies
reported on ICU transfer rate, and neither found a significant
effect on this or any other outcome measure.9,17 Several studies
© 2020 The Author(s). Published by Wolters Kluwer Health, Inc.
that showed no significant effects on outcome measures showed
significant effects on process measures, for example, Umscheid
and colleagues.17
Effect on Process Measures
Although assessing PMSs for effects on outcome measures

(e.g., mortality) is the ultimate goal of this patient safety prac-
tice, it is also important to evaluate whether a PMS improves
sepsis care processes. Process measures are typically based on
evidence-based clinical recommendations, and an improvement
in the measures would indicate that patients are receiving care
that has been shown to lead to better outcomes. Processes that
are commonly targeted for improvement are the timely administra-
tion of antibiotics, lactate measurement, blood culture draw, and
fluid administration. One or more process measures for sepsis
PMSs were reported in 9 studies: 4 in the ED,9–11,22 3 in the
ICU,12–14 and 2 in noncritical care units.17,23 Studies had various
designs including 2 RCTs,12,14 1 quasiexperimental study,10 and
6 observational pre/post studies.9,11,13,17,22,23 In addition, 4 system-
atic reviews covered this topic to some degree.21,24–26 The most
commonly reported process measure was time to antibiotic admin-
istration (n = 8), followed by time to lactate measurement and blood
culture draw (n = 5 each), and time to fluid administration (n = 3).

A systematic review by Warttig and colleagues,24 which in-
cluded RCTs conducted in the ICU through September 2017,
determined that there is very low-quality evidence for any im-
provement in time to antibiotic administration after implementation
of a PMS. None of the reviewed studies showed a significant im-
provement. Three other systematic reviews found mixed results
on improvement in sepsis process measures (including time to anti-
biotic administration among others mentioned previously).21,25,26

Despins25 searched for automated sepsis detection in the hospital
setting (ICUs, EDs, and generalwards) from 2005 to 2015;Makam
and colleagues26 searched for electronic sepsis recognition systems
in ICUs, EDs, and general wards through June 2014; and Alberto
and colleagues21 searched for sepsis screening systems in only gen-
eral hospitalwards through June 2016. Several studies these authors
reviewed (all observational and all outside the ICU) reported that
PMSs significantly improved time to administration of antibiotics,
lactate draw, blood culture draw, and/or fluid administration.
For example, Narayanan and colleagues,11 after implementing
a PMS in the ED of an academic medical center, found that aver-
age time to antibiotic administration decreased from 61.5 to
29.0 minutes (P < 0.001). The authors of one systematic review
hypothesized that PMSs in the ICU may not be as effective as
those outside the ICU because clinicians in the ICU are already
vigilant for signs of patient deterioration, so a sepsis PMS in this
setting may be redundant, among other reasons.23

Of the 6 studies we reviewed that were published after the sys-
tematic reviews were conducted, 5 found a significant effect of a
PMS on at least one process measure. Of these 5, one was an
RCT and the others were observational studies. An RCT in 2
ICU units with a total of 32 beds at an urban medical center found
that patients with automated sepsis monitoring received antibi-
otics an average of 2.76 hours earlier than did patients in the con-
trol group and had blood cultures drawn an average of 2.79 hours
earlier than did patients in the control group.14 Austrian et al9 was
the only new study that found no effect of a PMS on time to first
lactate measurement or antibiotic administration before blood cul-
tures in the ED and urgent care units of an urban academic medi-
cal center. This was a pre/post observational study with control of
possible cofounders, and the authors suggested that alert fatigue
from a tool with low positive predictive value contributed to the
lack of impact on process measures.
www.journalpatientsafety.com S9
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DISCUSSION
Evidence for the effectiveness of sepsis PMSs was mixed but

suggests that a PMS can improve sepsis care processes and out-
comes in some environments. Many hospitals are currently imple-
menting or considering implementing PMSs for sepsis, primarily
because of its advantages over manual screening for sepsis. An
automated surveillance system is less time-consuming for staff
than manual screening, and alerts clinicians in near real time to
a patient’s deteriorating condition more quickly than most manual
screening strategies. However, some units across the hospital
might benefit more from a sepsis PMS than others. Patient moni-
toring systems seem to be less effective in ICUs than in the ED or
general units, perhaps because of the existing vigilance for sepsis
in ICUs.

Several other themes emerged from the studies. First, as with
manual screening tools, a PMS will only be effective if the system
has a high level of sensitivity and specificity, to engender clinician
trust and reduce false-positive alerts. However, the nonspecific na-
ture of sepsis makes achieving a highly predictive system difficult,
whether on paper or in an automated PMS. To overcome this,
some prospective studies iteratively revised thresholds for key
values, with input from the clinicians, to optimize tool perfor-
mance.20,27 Some more recent studies used machine learning
to optimize system performance.14,27 This is an approach that
may improve the performance of PMS in the future. Although
not discussed by the studies, another possible strategy to combat
the nonspecific nature of sepsis is engaging patients and families
in the sepsis monitoring process, such as providing them with a
stoplight-style symptom checker or allowing them to trigger a
sepsis alert. These strategies could improve early sepsis recogni-
tion by capturing some of the “softer” information that goes into
an accurate diagnosis, as well as improve qualitative patient ex-
perience measures. Studies on other patient safety topic have
shown positive effects from patient and family engagement prac-
tices, and future studies could investigate how these practices
impact sepsis PMSs.28

Second, if the electronic monitoring and alerting system is dif-
ficult to use and/or is not regarded as helpful to clinicians, it can
lead to confusion, to frustration, and possibly to worse patient
care.29 For example, if the alert physicians receive contains too lit-
tle information (or too much), or if the action required is not clear,
physicians may find the system too difficult or burdensome to
use.29 To improve system usability, input from clinicians was
solicited in some studies, followed by adaptations. Examples of
clinician-driven adaptations included allowing a nurse to “snooze”
an alert for 6 hours if the patient is already under assessment for
sepsis, or implementing a “traffic light” system on a dashboard
to visually show clinicians which patients are in a warning zone
(yellow) or need urgent attention (red).20,30

Finally, the cost of designing and implementing a de novo PMS
can be prohibitive for smaller hospitals. Several PMS systems are
now available as an add-on electronic health record or telemedi-
cine module, but this may result in less customizable functionality.
Also, after a system is implemented, refining the algorithm and
updating it based on changing sepsis criteria and clinician needs
requires close work with the facility’s IT department, which can
be resource and time intensive.
Limitations
This review has several limitations, some relating to the study

design and some relating to the studies found. First, the inclusion
of only English language studies could have introduced a language
bias. The exclusion of gray literature (conference proceedings,
S10 www.journalpatientsafety.com
theses, government reports, etc.) may have also affected the re-
view conclusions.

Many of the included studies had a moderate potential for bias,
primarily because of observational designs. The studies also use a
variety of criteria and thresholds to identify patients with sepsis,
which makes cross-study comparison more problematic. In addi-
tion, it is difficult to attribute effects on outcomemeasures, or lack
thereof, to a PMS intervention, because many patients who de-
velop sepsis are older, have multiple comorbidities, and may have
advance directives for end-of-life care, any of which also affects
the outcomes of interest. Although some studies attempt to control
for these factors, they nonetheless present a challenge for evaluat-
ing sepsis interventions. In addition, reasons for ICU transfer and
ICU LOS are multifactorial and not necessarily correlated with
sepsis or the PMS.31 Finally, the broad increase in the capture of
sepsis cases in recent years, many of which are less severe cases,
can cause sepsis mortality to seem lower over time. When claims
or diagnosis codes are used as diagnostic criteria for sepsis in a
study, this phenomenon can lead to falsely concluding that an im-
provement in mortality was caused by an intervention.18

CONCLUSIONS
A sepsis PMS aims to reduce the time to recognition of sepsis

so that treatment can be initiated quickly, with associated improve-
ment in important patient outcomes. Evidence for PMSs in the
hospital setting showed some improvement in both process and
outcomemeasures, especially in non-ICU units. Because ofmixed
results, more high-quality studies are needed to help to understand
the effects of sepsis PMS on important process and outcome mea-
sures in different hospital units.

In addition, the emergence of machine learning technology
has the potential to improve the accuracy, consistency, and
customizability of PMS. Rather than rules-based patient monitor-
ing with predetermined thresholds, machine learning can continu-
ally learn from sepsis and nonsepsis cases and be able to better
and more quickly predict when a patient is at risk of sepsis.11

More studies testing the effect of these systems on processes and
outcomes are needed.
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