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Summary

To address a well-documented hospital adverse outcome (in-hospital patient clinical deterioration), Kaiser

Permanente Northern California (KPNC) developed and implemented the Advance Alert Monitor (AAM)

program. Using predictive analytics, the team developed a model to alert clinicians up to 12 hours prior to a

patient’s likely deterioration. This early detection allowed clinicians to devise and implement a care plan to

prevent deterioration of the patient’s condition and/or align the care plan with the goals of the patient.

A multidisciplinary team developed the AAM program to identify and respond to alerts of likely patient

deterioration. Clinical and technology teams worked collaboratively to develop and finalize the evidence-

based criteria to generate an AAM score and trigger an alert as appropriate. Once the algorithm was

developed and integrated into the electronic health record (EHR), a team of virtual quality nurse

consultants were trained to monitor the alerts and to follow a response protocol. This protocol includes an

initial review of the patient’s chart and corresponding follow-up with the Rapid Response Team (RRT)

nurse as needed. The RRT nurse is then responsible for following up with the bedside clinical team to

determine next steps.

Key results from implementation of the AAM program include lower mortality within 30 days of an alert,

reduction of intensive care unit (ICU) admissions, decreased hospital length of stay, lower 30-day mortality

after admission, and higher proportion of patients with favorable status (alive, not in the hospital, not

rehospitalized) within 30 days after an alert.1 The program produced favorable changes to align hospital

care with patient preferences. Implementation of this innovation resulted in improved patient safety and

quality for patients at high risk of clinical deterioration.
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Problem Addressed

The AAM program was designed to identify patients on general hospital units who are at high risk for

clinical deterioration, so clinicians can intervene to prevent negative outcomes. Delayed or missed signs of

acute inpatient deterioration outside of the ICU are associated with higher rates of severe illness and death.
1,2 Early identification of clinical deterioration and developing and implementing an appropriate care plan

can prevent adverse events, unplanned ICU admissions, and unexpected death.2 After internal review of

the data, KPNC found that mortality rates for patients transferred from medical, surgical, and telemetry

units to the ICU were significantly higher than mortality rates of patients who were directly admitted to the

ICU from the emergency department. This finding is consistent with findings from other studies.3,4

Studies have shown that more than 50% of transfers to the ICU occur within the first 24 hours of hospital

admission and 80% occur within the first 48 hours.3 Research shows that the majority of ICU transfers are

thought to be avoidable.1,5,6 KPNC data showed that only 3–4% of hospital admissions required a transfer

to an ICU; however, these patients accounted for as much as 25% of hospital deaths and ICU admissions.5

ICU transfers do not only potentially increase hospital length of stay; there are also increased costs

associated with the higher level of care.

Description of the Innovative Activity

The AAM program uses predictive analytics to scan the patient’s EHR and assigns an AAM score.7 The

model uses a variety of clinical data, including composite scores for chronic severity of illness (Comorbidity

Point Score, version 2, and Laboratory-Based Acute Physiology Score, version 2).1 In the current iteration

of the program, virtual quality nurse consultants are responsible for monitoring the AAM scores on an

hourly basis. If triggered, the virtual quality nurse consultant conducts a review of the patient’s chart to

determine the appropriate next step. If the score and review of the chart confirm signs of potential clinical

deterioration, the virtual quality nurse consultant alerts the RRT nurse. The RRT nurse then collaborates

with the clinical team, which can include the hospitalist, bedside nurse, and other providers caring for the

patient. The clinical team then works collaboratively with the patient and the family to identify or clarify the

goals and wishes of the patient to develop a tailored care and escalation plan.7

Context of the Innovation

Failure to identify, communicate, or act on indicators of acute deterioration of hospitalized patients outside

of the ICU is a potentially preventable patient safety issue associated with increased mortality and

morbidity.2 To prevent adverse events resulting from acute deterioration, such as unplanned admissions to

the ICU and unexpected death, scores such as the Modified Early Warning Score and National Early
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Warning Scores were developed to identify at-risk patients.2 The establishment of RRTs was another

approach to address inpatient clinical deterioration. In some organizations, RRTs evolved into rapid

response systems that included detection, a structured response, and a governance structure.

KPNC developed the AAM program to automate the early warning score using predictive modeling to

support rapid response systems in mitigating adverse events due to missed or delayed identification of

patient deterioration.

Results

Key results and findings from the staggered implementation of the AAM program across 19 hospitals

include statistically significant decreases in mortality, hospital length of stay, and ICU length of stay.

Implementation of the program resulted in a higher proportion of patients designated with favorable status

(alive, not in the hospital, not rehospitalized) within 30 days after an alert.1

Across 19 KPNC hospitals between August 2016 and February 2019, 326,816 patients had 548,838 non-

ICU hospitalizations. An analysis of program data during this period indicated a patient reached the alert

threshold during 43,949 hospitalizations.1 Implementation of the intervention resulted in a lower mortality

rate within 30 days after an alert for the intervention cohort—two KNPC hospitals participating in the

pilot—compared with the comparison cohort—remaining KPNC hospitals not participating in the pilot

program (adjusted relative risk = 0.84; 95% confidence interval [CI]: 0.78–0.90; p<0.001).1 Between the

intervention and comparison cohorts, KPNC estimated an absolute difference of 3.8 percentage points in

mortality within 30 days after an alert, which translated into 3.0 deaths (95% CI: 1.2–4.8) avoided per 1,000

eligible patients per year, or 520 deaths (95% CI: 209–831) per year over the 3.5-year study period.1

It is important to note that RRT nurse compliance with the process measures associated with the

intervention has consistently been over 90%.7 The virtual quality nurse consultants report significant clinical

findings from the chart review to the RRT nurse and review the alert jointly. The RRT nurses must respond

and act on the alerts within three hours by consulting the hospitalists with their assessment and reviewing

the treatment plan. The RRT nurse’s compliance is measured through documentation indicating their

assessment and intervention, recorded using the standard dot phrase in the patient’s EHR within three

hours of the initial AAM alert.

Innovation Patient Safety Focus

The innovation uses an early detection alert system to identify patients who are high risk for clinical

deterioration in medical, surgical, and telemetry units so that appropriate actions can be taken by the

clinical care team, such as transfer to an ICU, to prevent further worsening of the patient’s condition or

mortality.

Planning and Development Process
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KPNC initially piloted the AAM program in two hospitals. The lessons learned from the pilot were then

applied to a staggered deployment of the innovation to an additional 19 hospitals within the system.

Deployment across hospitals in the system used the following planning and development process.

A team of physicians, nurses, analysts, and performance improvement experts came together to devise

and execute the deployment strategy. This strategy included a standardization of early detection using

remote monitoring, standardization of the clinical response and its infrastructure, and standardized system

governance, which included a hospital readiness assessment and ensuring proper training of all parties

involved.2

To standardize remote monitoring, hospital leadership shifted the responsibility of viewing alerts in the

inpatient EHR from physicians and RRT nurses to specially trained virtual quality nurse consultants, who

reviewed the display of alerts via an electronic dashboard.2This team is responsible for monitoring the

alerts dashboard 24 hours a day, seven days a week across 21 KPNC hospitals. Once a patient reaches a

threshold to trigger an alert, the virtual quality nurse consultant conducts an assessment using information

in the patient’s chart to determine whether contacting the RRT nurse is the next best step. The virtual

quality nurse consultant requests prompt evaluation of the patient by the physician. The virtual quality

nurse consultant is responsible for reviewing the chart to make sure the request for evaluation was

completed.

Standardization of the clinical response and its infrastructure included ensuring the availability of RRT

nurses 24 hours a day, seven days a week. KPNC determined it was necessary to dedicate 4.2 full-time

nurse equivalents per hospital. The KPNC team developed a standard set of responsibilities and workflows

for the RRT nurses, which included focusing primarily on responding to alerts and proactive rounding on

high-risk patients.2Providing access to palliative care and other support services seven days a week was a

key part of the strategy.

The governance component consisted of establishing an AAM long-term oversight committee similar to

existing Critical Care and Code Blue committees.2 It focused on developing processes to support

performance improvement, sharing data via dashboards, and hosting collaborative calls between hospitals

to share best practices. Each hospital should also identify an implementation lead and define roles and

responsibilities for each hospital discipline involved in the workflow.2 Another key element in governance is

adherence to practice guidelines and ensuring those involved in the implementation of the innovation are

trained in its implementation.

Resources Used and Skills Needed

To implement the AAM program, organizations should consider the following action steps:

Convene a multidisciplinary team of clinicians to review and use evidence-based criteria to develop

the algorithm to determine the AAM score, which is used to determine likely patient clinical
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deterioration.

Work with the information technology team to integrate the program into the organization’s EHR.

Identify the team members who will be trained to monitor and review the AAM scores and facilitate

the triage process as appropriate. Kaiser Permanente Northern California (KPNC) used virtual

quality nurse consultants for this task.

Work closely with the RRT and clinicians to determine the best workflow for triage and follow-up.

Review the data regularly to identify opportunities to improve the process and the outcomes and

refine the AAM algorithm as needed.

Funding Sources

The innovation team received financial support for the pilot of the AAM program at two KPNC hospitals

from the Gordon and Betty Moore Foundation. KPNC funded the implementation of the program at the

remaining 19 hospitals within its system.

Getting Started with This Innovation

Develop an evidence-based algorithm to determine AAM score and establish appropriate workflows

and documentation standards.

Identify multidisciplinary leaders (hospitalists, ICU physicians and nurses, social services, and

palliative care) and frontline champions, and provide them with defined roles and responsibilities in

the development and implementation of the program.

Ensure appropriate staffing to effectively support program implementation, including virtual quality

nurse consultants and RRT nurse.

Build and maintain a shared safety culture to minimize communication gaps.

Use a performance improvement process to conduct several iterations of workflow and

documentation standards until the best process for the facility is identified.

Sustaining This Innovation

Based on KPNC’s experience implementing the AAM program, the following elements are key to sustaining

the innovation:

Maintain leadership support and commitment to the program.

Continue to train staff as needed on standardized communication, clinical response protocols,

handoffs, and documentation.

Facilitate the sharing of program best practices using tools such as newsletters, collaborative

conference call meetings, and site visits.

Review and share program data on a consistent basis to guide performance improvement activities

to continue to refine the AAM program.



Adoption Considerations Use by Others (Use By Other Organizations)

The AAM program has been implemented in 21 hospitals within the KPNC system. Several healthcare

organizations have contacted KPNC about implementing the AAM program or something similar.
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