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Evidence-based Practice Center Rapid Review Protocol

Project Title: Making Healthcare Safer (MHS) IV: Patient Monitoring Systems to
Prevent Failure to Rescue

Review Questions

Review Question: Based on the evidence published since the last MHS report, how effective are
the patient safety practices (PSPs) involving patient monitoring systems and what are their

unintended effects?
Contextual Questions
1. How do the PSPs prevent or mitigate harms?
2. What are common barriers and facilitators to implementation?
3. What resources (e.g., cost, staff, time) are required for implementation?

4. What toolkits are available to support implementation?



Context and Domain Being Studied

The Agency for Healthcare Research and Quality (AHRQ) Making Healthcare Safer (MHS)
reports consolidate information for healthcare providers, health system administrators, researchers,
and government agencies about PSPs that can improve patient safety across the healthcare
system—from hospitals to primary care practices, long-term care facilities, and other healthcare

settings. In Spring of 2023, AHRQ launched its fourth iteration of the MHS Report (MHS 1V).

Patient monitoring systems were identified as high priority for inclusion in the MHS IV reports
using a modified Delphi technique by a Technical Expert Panel (TEP) that met in December 2022.
The TEP included 15 experts in patient safety with representatives of governmental agencies,
healthcare stakeholders, clinical specialists, experts in patient safety issues, and a patient/consumer

perspective. See the MHS IV Prioritization Report for additional details.!

For the purpose of this rapid review, we focus on electronic patient monitoring systems that scan
patient data for signs of clinical deterioration in order to alert a clinician of a potential adverse
condition. Such early warning systems generate a risk or deterioration score from multiple input
parameters and may use artificial intelligence (AI) or machine learning algorithms.? This definition

of an early warning system does not include approaches that rely on a single vital sign threshold.

Overview of the Topic

Failure to rescue is a persistent patient safety problem despite wide implementation of rapid
response systems (RRSs) that are intended to improve the recognition and response to patients
experiencing clinical deterioration outside of the intensive care unit environment. Clinical
deterioration may progress to cardiorespiratory arrest which in itself carries a high mortality
(nearly 75%) for hospitalized patients.* * RRSs frequently are not activated in a timely manner or
at all for patients who clearly meet conditions for an RRS activation. These failures to activate
and delays in activation have been associated with increased morbidity and mortality when
compared to deteriorating patients who received prompt activations of the RRS.>” This failure of

the recognition and activation component of the RRS is referred to as afferent limb failure.


https://www.ahrq.gov/research/findings/making-healthcare-safer/mhs4/index.html
https://effectivehealthcare.ahrq.gov/products/prioritization-patient-safety-practices?_gl=1*yqzf6n*_ga*MzQ5MDE5NTYzLjE2ODUwMjk5MDc.*_ga_1NPT56LE7J*MTcwMTc1MzIzMS4xODUuMS4xNzAxNzU0NzIyLjAuMC4w

PSPs addressing afferent limb failure have focused on improving patient monitoring systems to
enhance recognition and activation. These improvements include implementation of early
warning scores, automatic calculation of early warning scores, comparisons of different early
warning scores, continuous monitoring as opposed to intermittent monitoring (which is the
standard on general hospital wards), automatic escalation protocols, and the application of Al

and machine learning to vital sign monitoring data.

In the previous MHS III report, patient monitoring systems were reviewed.® That report
identified the number of rescue events (RRS or code team response) as a major process measure
used in studies of this type of PSP but they questioned the relationship of this process measure to
relevant outcomes such as mortality. The report did note that three studies that used a continuous
monitoring intervention found significant reductions in the incidence of rescue events.”!! One
study found no statistical improvement in the number of rescue events but did find that the
number of initial activations went down (enough patients had multiple activations such that the
total number was not impacted).'!? However, none of the studies found a decrease in other
outcomes such as mortality or transfer to a higher level of care. The MHS III report also noted
that a systematic review by Cardona-Morrell found that intermittent monitoring systems were
associated with a statistically significant reduction in mortality, while continuous monitoring

systems were not.'3

Heterogeneity in the studies likely contributed to this counter-intuitive result.
Only one study identified in the MHS III report found a reduction in transfers to an intensive
care unit’ while several others did not.!*!? %15 Four studies (3 continuous monitoring studies

and 1 intermittent monitoring study)!'® 1 1516

reported average hospital length of stay, and three
of these found a significant effect of a patient monitoring system.!% !> 16 Few unintended

consequences were identified.!> !

In the prioritization process, the MHS IV TEP noted the widespread scope of patient monitoring
systems but continuing uncertainty about the effectiveness of PSPs involving patient monitoring
systems. The TEP agreed that it was important to review the topic again because they expected

an increasing number of studies about the use of Al in patient monitoring systems



Purpose of the Review

The main purpose of this review is to assess the evidence on the effectiveness of PSPs involving
electronic patient monitoring systems that scan patient data for signs of clinical deterioration to
alert a clinician of a potential adverse condition. The report should be of interest to critical care
specialists and hospitals that must make decisions about deployment of patient monitoring

systems on hospital wards.

Methodologic Approach

For this rapid review, strategic adjustments will be made to streamline traditional systematic
review processes and deliver an evidence product in the allotted time. We will follow
adjustments and streamlining processes proposed by the AHRQ Evidence-based Practice Center
(EPC) Program. Adjustments include being as specific as possible about the questions, limiting
the number of databases searched, modifying search strategies to focus on finding the most
valuable studies (i.e., being flexible on sensitivity to increase the specificity of the search), and
restricting the search to studies published since January 1, 2018 (when the search was done for
the MHS III) report in English, and having each study assessed by a single reviewer. The EPC
team plans to use the Al feature of DistillerSR (AI Classifier Manager) as a second reviewer at

the title and abstract screening stage, as described below in the section on Data Extraction.

We will search for good or fair quality systematic reviews published since the last MHS report,
using the criteria developed by the United States Preventive Services Task Force Methods

Workgroup!® for assessing the quality of systematic reviews:
¢ Good - Recent relevant review with comprehensive sources and search strategies; explicit
and relevant selection criteria; standard appraisal of included studies; and valid conclusions.

e Fair - Recent relevant review that is not clearly biased but lacks comprehensive sources and

search strategies.

e Poor - Outdated, irrelevant, or biased review without systematic search for studies, explicit

selection criteria, or standard appraisal of studies.
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We will rely primarily on the content of any good or fair systematic review that is found. We

will not perform an independent assessment of original studies cited in any such systematic

review.

For Contextual Questions 1 (rationale), 2 (barriers and facilitators), and 3 (resources), we will

draw on information reported in the studies addressing the main Review Question. For

Contextual Question 4, we will identify publicly available patient safety toolkits developed by

AHRQ or other organizations that could help to support implementation of the PSPs. To

accomplish that task, we will review AHRQ’s Patient Safety Network (PSNet)

(https:/psnet.ahrq.gov) and AHRQ’s listing of patient safety related toolkits

(https://www.ahrqg.gov/tools/index.html?search_api_views_fulltext=&field toolkit topics=1417

0&sort_by=title&sort_order=ASC) and we will include any toolkits mentioned in the studies we

find for the Review Question. We will identify toolkits without assessing or endorsing them.

Eligibility Criteria

We will search for original studies and systematic reviews on the Review Question according to

the inclusion and exclusion criteria presented in Table 1.

Table 1. Inclusion and Exclusion Criteria

Study Inclusion criteria Exclusion criteria
Parameter
Population e Hospitalized patients on general hospital wards Studies of ICU and emergency
(non-ICU patients) department patients (who are always or
often on continuous monitoring) who are
not eligible for rapid response system
activation.
Intervention e Change in the standard of care for general ward * No change as compared to standard of
patient monitoring. care process
e Change in monitoring modality (e.g., continuous vs. | e Change in manufacturer and/or vendor
intermittent, wireless vs. wired) or incorporate a of the monitoring system only (for
new parameter/technology, not simply a new example, switching pulse oximeter
device manufacturer. brands unless it included a new
¢ Change in parameters monitored, implementation technology)
of scoring system/index either manually or
electronically in the electronic health record,
Al/machine learning algorithms, orin
communication cascades for monitoring data
outputs
Comparator Time period or patient population adhering to previous | ¢ No defined comparison group
standard of care monitoring practice  Comparator group is not appropriate
(would not have equivalent exposure to



https://www.ahrq.gov/tools/index.html?search_api_views_fulltext=&field_toolkit_topics=14170&sort_by=title&sort_order=ASC
https://www.ahrq.gov/tools/index.html?search_api_views_fulltext=&field_toolkit_topics=14170&sort_by=title&sort_order=ASC

Study Inclusion criteria Exclusion criteria
Parameter

the intervention)

Outcome o Activation of rapid response system (a process No outcome of interest
measure)

Cardiorespiratory arrest

Serious adverse events (as defined by the study)
Hospital mortality

Measurement of alarm/alert fatigue

Transfer to higher level of care

Hospital length of stay

Timing All studies and new systematic reviews since inclusion | Published before January 1, 2018
period of the MHS Il report (January 1, 2018)

Study Time Defined study periods with and without the patient Study time periods are not defined.
Period monitoring system change for historically controlled
trials.

For cohort studies and trials, the study time frame also
needs to be specified.

Setting Any in-hospital general ward setting that implements ICU, emergency department, operating
an intervention of increased monitoring or change in room, invasive procedural locations such
monitoring modality, or applies an algorithmic as interventional cardiology, and/or

approach (Al, early warning score, etc.) to the existing | outpatient settings
monitoring standard or modifies how monitoring
information is communicated to providers.

Type of studies | RCTs, non-randomized trials, and observational e Study design not specified or no control
studies with a comparison group. described.

* Opinion surveys or subjective data
o Not published in English

e Low-income or lower middle-income
country (according to World Bank
Criteria)

Al = artificial intelligence; ICU = intensive care unit; MHS = Making Healthcare Safer; RCT = randomized controlled trial;

VS = Versus

Literature Searches

Our search strategy will focus on databases expected to have the highest yield of relevant studies,
including PubMed and the Cochrane Library, supplemented by a narrowly focused search for
unpublished reports that are publicly available from governmental agencies or professional
societies having a strong interest in patient monitoring systems, including the Society of Critical
Care Medicine, Society of Hospital Medicine, AHRQ, National Quality Forum, Joint

Commission, and International Society for Rapid Response Systems.

Data Extraction

To efficiently identify studies that meet the eligibility criteria, we will distribute citations from



the literature search to team members, with plans to have the title and abstract of each citation
reviewed by a single team member. The team will use the DistillerSR Al Classifier Manager as a
semi-automated screening tool to conduct the review efficiently at the title and abstract screening
stage. The title and abstract of each citation will be reviewed by a team member, and then the Al
Classifier Manager will serve as a second reviewer of each citation. Citations will be included
for full text review if both a team member and the Al Classifier Manager agree to include them.
If there is a disagreement between a team member and the Al the lead investigator will resolve
it. The full text of each remaining potentially eligible article will be reviewed by a single team
member to confirm eligibility and extract data. The team will ask a second team member to
check a randomly selected 10% sample of the articles to verify that important studies were not

excluded and confirm the accuracy of extracted data.

Information will be organized to answer the Review Question and Contextual Questions, and will
include author, year, study design, frequency and severity of the harms, measures of harm,
characteristics of the PSP, outcomes, unintended consequences, implementation barriers and
facilitators, required resources, and description of toolkits. In the results section of the report, the
following information will be presented:

1. Care setting;

2. Patient population;

3. Description of the intervention studied,

4. Outcome measures;

5. Outcomes;

6. Findings

7. Risk of bias or study quality.

To streamline data extraction, we will sort eligible studies by specific PSP, and focus on extracting

information about characteristics, outcomes, and barriers/facilitators most pertinent to a specific

PSP.



Risk of Bias Assessment

For studies that address the Review Question about the effectiveness of PSPs, the primary
reviewer will use the Cochrane Collaboration’s tool for assessing the risk of bias of randomized
controlled trials (RCTs) or the ROBINS-I tool for assessing the Risk Of Bias In Non-randomized
Studies — of Interventions.'®?* When assessing RCTs, we will use the 7 items in the Cochrane
Collaboration’s tool that cover the domains of selection bias, performance bias, detection bias,
attrition bias, reporting bias, and other bias.!” When assessing non-randomized studies, we will
use specific items in the ROBINS-I tool that assess bias due to confounding, bias in selection of
participants into the study, bias in classification of interventions, bias due to deviations from
intended interventions, bias due to missing data, bias in measurement of outcomes, and bias in
selection of the reported results.2 The risk of bias assessments will focus on the main outcome

of interest in each study.

The Task Leader will review the risk of bias assessments and any disagreements will be resolved

through discussion with the team.

Data Synthesis

Selected data will be compiled into evidence tables and synthesized narratively. We will not
conduct a meta-analysis. For the Review Question about the effectiveness of PSPs, we will record
information about the context of each study and whether the effectiveness of the PSP differs
across patient subgroups. If any of the PSPs have more than one study of effectiveness, we will
grade the strength of evidence for those PSPs using the methods outlined in the AHRQ Effective
Health Care Program (EHC) Methods Guide for Effectiveness and Comparative Effectiveness
Reviews.?! Evidence grading would not add value for PSPs that do not have more than one

available study.

Analysis of Subgroups or Subsets

We will report if the effectiveness of the PSP differs across patient subgroups but will not conduct

subgroup analyses.



Registration

We will submit the protocol to AHRQ and to the PROSPERO international prospective register

of systematic reviews.

EPC Team Disclosures

EPC core team members must disclose any financial conflicts of interest greater than $1,000 and
any other relevant business or professional conflicts of interest. Related financial conflicts of
interest that cumulatively total greater than $1,000 will usually disqualify EPC core team

investigators from participation in the review.

External Peer Reviewers

Peer reviewers are invited to provide written comments on the draft report based on their clinical,
content, or methodological expertise. The EPC considers all peer review comments on the draft
report in preparation of the final report. Peer reviewers do not participate in writing or editing of
the final report or other products. The final report does not necessarily represent the views of

individual reviewers.

We will ask at least one clinical content expert and one methodological expert to review the draft
report. Potential peer reviewers must disclose any financial conflicts of interest greater than
$5,000 and any other relevant business or professional conflicts of interest. Invited peer

reviewers may not have any financial conflict of interest greater than $5,000.

Role of the Funder

This project is funded under Contract No. 75Q80120D00003/75Q80122F32009 from the Agency
for Healthcare Research and Quality (AHRQ), U.S. Department of Health and Human Services.
The AHRQ Task Order Officer will review contract deliverables for adherence to contract
requirements and quality. The authors of this report are responsible for its content. Statements in
the report should not be construed as endorsement by AHRQ or the U.S. Department of Health

and Human Services.
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