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In the June 2018, Critical Care Medicine journal entry, “Development and Evaluation of an Automated
Machine Learning Algorithm for In-Hospital Mortality Risk Adjustment Among Critical Care Patients,”
two researchers from Tenet Healthcare and one critical care physician propose the Risk of Inpatient
Death (RIPD) score. The score is a reliable risk adjustment algorithm for use in predicting expected
costs and outcomes of patients treated in intensive care units (ICUs). Risk adjustment algorithms also
allow healthcare facilities to evaluate provider performance, establish a comparison between
facilities, set forth performance benchmarks, and enable heath care providers to set improvement
goals.

Data for the RIPD score is extracted from accessible administrative clinical and administrative
systems, and the score is designed for retrospective risk adjustment rather than prospective
predictions of patient mortality. The availability and use of the RIPD score by ICUs may allow for
enhanced ICU performance measurements, ultimately improving the value of healthcare delivered to
ICU patients.

In their study, the researchers studied a cohort of 237,173 ICU inpatients 18 years old or older
discharged between January 2014 and December 2016, and developed the RIPD score for in-hospital
mortality risks and rates. The study relied on data from 131 ICUs from 53 diverse Tenet Healthcare-
owned hospitals that met established criteria. The overall mortality observed across all hospitals was
9.2 percent. Within the validation set, with a sample of 90,191 patients, the top five most frequent
All Patient Refined-Diagnosis Related Groups (DRGs) included:

Table 1 : Five All Patient Refined-Diagnosis Related Groups (DRGs)
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DRG Sample Mortality

720 Septicemia 2,013 24.6%

133 Pulmonary Edema and Respiratory Failure 410 17.6%

710 Infectious or parasitic diseases with OR procedure 302 16.9%

130 Respiratory System Diagnosis with ventilator support 96+ hr 266 29.7%

044 Intracranial Hemorrhage 338 20.7%

In addition, mortality rates in the validation set for different patient types varied. The mortality rate
was 9.5 percent for the 71,716 emergency department admits, 6.0 percent for the 20,720 surgical
patients, 13.7 percent for the 11,732 transfer patients, and 14.6 percent for the 10,916 30-day
readmission patients.

The study ultimately utilized 17 clinical and administrative features (listed in Table 2), which were
selected from a group of over 15,000 clinical variables, in addition to various administrative features.
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APR-DRG risk of mortality (integer 1-4) Last heart rate
Last Glasgow Coma Sore (integer 1-15) Mean respiratory rate

APR-DRG severity of illness (integer 1-4) Last CO2 measurement 
Medicare cost weight index Mean temperature (oF)
Last measured shock indexa Last blood urea nitrogen 

Last shock index Change in creatinine level
Last pulse oximetry Last evidence of any oxygen therapy (yes/no)

Mean pulse oximetry Last mechanical ventilation status (yes/no)
Last systolic blood pressure 

APR-DRG = All Patient Refined-Diagnosis Related Group.
aShock index = (heart rate/systolic blood pressure) x age.

Table 2: Features Used in Risk of Inpatient Death Score

The three most-commonly utilized algorithms are the Acute Physiology and Chronic Health
Evaluation (APACHE), the Simplified Acute Physiology Score (SAPS), and the Mortality Probability
Model (MPM). The origins of each of these algorithms date back over several decades, and each has
evolved over time. APACHE, for example, was first modeled in 1981, and the most recent iteration is
APACHE-IV.[1] The SAPS scoring system, dates back to 1993, and SAPS III is the most recent system.[2]

In addition, the MPM has its origins dating back to 1987, and its most recent iteration is MPM II.[3]

The researchers also found that the proposed RIPD score had similar performance statistics to the
other commonly used mortality risk adjustment algorithms. They note that the observed
performance of the RIPD score aligns most with the published statistics for APACHE-IV, which has
provided the most frequently used and reliable results of these risk adjustment algorithms.

While the aforementioned algorithms and their multiple revisions have been available for years,
only about 12 percent of ICU facilities utilize them. The costs related to obtaining necessary licenses,
implementing the relevant systems, and maintaining such systems act as barriers to
implementation. Another factor is the intensity required to compile and document patient data for
use in the algorithms. The researchers in this study sought to determine an overlaying baseline
algorithm that would be more feasible for most ICUs. By using modern machine learning methods
and open source tools, they proposed the RIPD score, with reduced costs and operating burdens.

The RIPD score may reduce overall costs utilizes freely available open-source software, and provides
a score that can be generalized for many hospitals, thus making it a feasible option for
implementation. The algorithm does not require custom data entries, but instead uses data
elements available to most hospitals, provided through means such as electronic health record
(EHR) systems. The program is automated, and although no human labor is required, it still performs
well in comparison to the published statistics of other algorithms.

The authors acknowledge that the RIPD score has its limitations, including that it is only usable for
hospitals utilizing APR-DRG codes. However, to address this, the researchers also created a system
for such users. They also note that there are some initial costs associated with implementation. Yet
they contend that the RIPD algorithm, and more generally that automated risk adjustment
algorithms, can effectively be implemented with fewer costs and burdens than the other non-
automated risk adjustment algorithms.

Finally, the authors note that annual costs for healthcare provision within American ICUs exceed $80
billion and point to research that suggests that some of this spending is excessive or wasteful.
Because this point of contention is a major focus of healthcare systems and policymakers, the
availability of new data collection tools such as the RIPD score may help inform researchers and
policymakers on ways to improve care delivery of care and reduce costs. This may ultimately allow
ICUs to better evaluate their facilities and improve performance measurements.
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