
Improving the Observed-to-Expected Mortality
Ratio with the Combination of Standardized
Documentation and a Multidisciplinary
Mortality Review Committee
Ellen Overson1,� Jacob Wagner1,� James Grace1 Melissa Haala2 Bradley Burns3 Abraham Jacob4

Rebecca Markowitz1

1Division of Hospital Medicine, University of Minnesota Medical
School, Minneapolis, Minnesota, United States

2 Inpatient Coding and Clinical Documentation Improvement, North
Memorial Health, Robbinsdale, Minnesota, United States

3Department of Emergency Medicine, M Health Fairview Ridges
Hospital, Burnsville, Minnesota, United States

4Division of Pediatric Hospital Medicine, M Health Fairview, Quality
Improvement, Minneapolis, Minnesota, United States

Appl Clin Inform 2025;16:1909–1916.

Address for correspondence Ellen Overson, MD, FACP, FAAP, Division
of Hospital Medicine, Department of Medicine, University of
Minnesota, 420 Delaware Street SE, MMC 741, Minneapolis, MN
55455, United States (e-mail: over0199@umn.edu).

Keywords

► clinical
documentation

► clinical
documentation
integrity

► clinical notes
► inpatient care
► quality improvement
► mortality review
► mortality risk factors
► observed to expected

mortality ratio
► clinical coding

queries

Abstract Background Many academic medical centers (AMCs) rely on systems like the Vizient
Quality and Accountability Scorecard to track quality metrics such as the observed-to-
expected (O/E) mortality ratio. The O/E mortality ratio calculation relies on clinical
documentation. Missed documentation of diagnoses and risk factors for mortality
leads to an underestimated expected mortality, which negatively affects the O/E
metric.
Objectives We aimed to reduce our O/E mortality ratio from a median of 1.08
(�0.10) to a median well below 0.90 within 12 months by improving the accuracy of
clinical documentation.
Methods We used a continuous quality improvement process that began with
creating a rule-based tool within a standardized documentation template. The tool
was designed to pull pertinent discrete electronic health record data into clinician
documentation. The tool only pulled in data that were present on admission, and it
especially prioritized inclusion of frequently missed risk factors according to prior
coding query data. We then formed a multidisciplinary mortality review committee
where providers reviewed mortality cases, made suggestions for documentation
clarification, and found potential diagnoses and risk factors that the patient had which
were missing from the documentation. We then leveraged the committee’s expertise
and feedback to improve the rule-based clinical tool.
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Background and Significance

Health care outcome data are increasingly visible and
scrutinized to differentiate health systems from one anoth-
er. The Vizient Quality and Accountability scorecard1 is one
rating system that provides hospitals with key metrics such
as observed mortality, expected mortality, and the ob-
served-to-expected (O/E) mortality ratio over time. This
scorecard allows hospitals to compare themselves to insti-
tutions with similar patient populations (e.g., academic
medical centers [AMCs]). The observed mortality rate is
defined as the number of in-hospital deaths divided by the
number of hospital discharges. The expected mortality rate
is determined by a predictive model that incorporates data
about patient comorbidities and acuity. Higher acuity and
presence of certain comorbidities will increase the expected
mortality ratio. An O/E mortality ratio of greater than 1.0
suggests that in-hospital deaths are beyond what would be
expected.

The expected mortality rate for a given hospital relies on
information about the patient comorbidities and acuity by
utilizing what is present in clinician documentation (e.g.
admission notes, progress notes, or discharge summaries). To
improve the accuracy of documentation, many have invested
in the creation of clinical documentation integrity (CDI)
programs.2 The CDI specialists typically have a clinical
background and perform chart reviews in real time while
the patient is still in the hospital. They can query providers to
clarify the clinical picture and documentation can be adjust-
ed to include missing information using terminology that
will be recognized by the future billing and coding teams.
Some successful quality improvement projects went a step
further to partner CDI specialists with physician leads to
retrospectively review charts, identify missed documenta-
tion examples, and then disseminate their findings to other
physicians in the form of educational lectures, tip sheets,
and/or emails.3–7

Clinician education can be a wonderful tool to improve
clinical documentation but typically has a tradeoff in the
form of increased cognitive load, which can affect clinician
performance.8Other initiatives have attempted to go beyond
CDI expertise plus clinician education by adding standard-
ized note templates with automated incorporation of patient
data.9 Inspired by these initiatives, in 2021, we set out
to improve the O/E mortality ratio at our AMC, utilizing

documentation standardization (with an embedded rule-
based tool) along with the formation of a mortality review
committee (MRC) to review mortality cases.

Objectives

In 12 months, we aimed to move our O/E mortality ratio at
our AMC from amedian of 1.08 (�0.10) towell below 0.90. If
achieved, this improvement would place our AMC in the top
quartile of AMCs nationally. Our focus was on ensuring that
clinical documentation accurately reflected the acuity and
complexity of our patients while avoiding excess adminis-
trative burden on clinicians and coding specialists.

Methods

The first step for this quality improvement project was the
creation of a set of standardized note templates for inpa-
tient providers. These note templates were the default
templates available when a new note was created, making
them accessible and user-friendly. Hospitalist use of the
template was repeatedly encouraged (e.g., at meetings or
via email). Next, our CDI team compiled a list of frequently
omitted diagnoses (►Table 1) based on their experiences
with prior provider queries. With these diagnoses in mind,
the medical informaticists added a rule-based section to the
note templates that would be populate with text if certain
conditions were met. For example, if the patient had low
potassium level on their admission laboratory tests, “hypo-
kalemia” would be added to the note. The tool evaluated
relevant discrete electronic health record data that were
present-on-admission to populate appropriate diagnoses
into the note.

Table 1 The clinical documentation integrity specialists noted
these diagnoses were frequently present for the patient but not
documented in the clinical documentation (history and
physical, progress notes, or discharge summary)

Frequently missed diagnoses in clinician documentation

• Fluid and electrolyte disorders
• Malnutrition
• Acute blood loss anemia
• Congestive heart failure (acute and/or chronic)
• Encephalopathy

Results Over the 21-month period following implementation, the median O/E
mortality ratio decreased by 30%, from 1.08 (�0.10) to 0.72 (�0.13) and consistently
remained below the prior levels. Importantly, the intervention also led to a reduction in
the total number of coding queries sent to clinicians, indicating a lower administrative
burden for clinicians and coders.
Conclusion Our interventions showed a clear improvement in the O/E mortality ratio
at our AMC and in the expected mortality percentage compared with other similar
institutions without significantly increasing burden on clinicians or coding specialists.
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The next step for this project was to form a multidisci-
plinary MRC with backgrounds in billing and coding, CDI,
clinical practice, and quality improvement. These members
either conducted independent reviews that they sent to their
colleagues or would join a weekly virtual meeting to discuss
their findings. The members with backgrounds in coding,
CDI, and quality improvement remained the same and the
clinical practitioners rotated depending on their specialty
area (e.g. Neurology, Cardiology, General Medicine, or On-
cology). Starting in November 2021, all mortality cases with
diagnostic-related groups (DRGs) that mapped to the Hospi-
talMedicine or Oncology service lineswere reviewedweekly
by the billing and coding team and brought to the committee
meeting.

For those cases brought to the committee, the certified
coding specialists would do an initial review, identifying all
variables that were found in the clinical documentation.
They would also include other potential risk variables in
that particular DRG on a spreadsheet, which may impact
mortality. The next layer of review was done by clinicians
and as of November 2021, themain reviewers were hospital-
ists. The clinicians would review the chart, looking for
diagnoses or risk variables that were present-on-admission
for the patient but were not adequately reflected in the
documentation. The committee would also discuss whether
or not the case had the correct DRG depending on the clinical
context. If diagnoses were indeed present but not in the
documentation, the coding specialist would query the treat-
ing clinician for any remaining clarifications and gaps in
documentation would be closed if deemed appropriate by
the treating clinician.

These mortality reviews revealed additional missed diag-
noses (►Table 2), and this information was conveyed to the
clinical informatics team. This feedback created a database
that helped to update the rule-based documentation tem-
plate tool to further improve documentation.

Results

The O/E mortality ratio baseline prior to the MRC reviews
(October 2020–October 2021) ranged from 0.94 to 1.24
with median of 1.08 (�0.10). When compared with the
median O/E ratio prior to the MRC reviews, the median O/E
ratio after the MRC reviews (November 2021–July 2023)
decreased by 30% and fell well below the goal of 0.90
(►Fig. 1). From the time the mortality reviews began in
November 2021 and for approximately 21 months after-
ward (through July 2023), the O/E ratio ranged from 0.56 to
0.99 with a median of 0.72 (�0.13). The O/E mortality ratio
for our comparison group (made up of�118 other US AMCs)
remained fairly static over the same time frame. The median

Table 2 These components are diagnoses that have a larger
impact on the observed mortality rates for patients and factor
in to their expected mortality risk

Diagnoses that impact observed and expected mortality

• Malnutrition, cachexia, or underweight
• Coagulation defect/coagulopathy
• Thrombocytopenia/platelet defect
• Acute renal failure/chronic renal failure
• Coma (no response to painful stimuli)
• Severe brain conditions (i.e., cerebral edema or brain

compression)
• Respiratory failure (requires specified acuity and

hypoxic/hypercapnic)
• Fluid and electrolyte disorders (hypovolemia, hypokale-

mia, hypo/hypernatremia, etc.)
• Comfort care/palliative care and DNR/DNI documented
• Cardiac arrhythmias (PVCs, tachycardia, atrial fibrillation)
• Shock
• Liver failure/diseases (cirrhosis or hepatitis)
• Encephalopathy

Abbreviation: PVC, premature ventricular contraction.

Fig. 1 The observed-to-expected (O/E) mortality ratio at our institution over time (dotted line) with the coronavirus disease 2019 delta and
omicron peaks depicted by arrows during the pre- and postintervention periods, respectively, superimposed on the median O/E ratio (solid line)
and the goal O/E ratio (dashed line).
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O/E ratio for the combined AMCs was 0.97 (�0.05) from
October 2020 to October 2021and the median O/E ratio
from November 2021 to July 2023 was 0.89 (�0.06;►Fig. 2)

The mortality reviews had a larger impact on expected
mortality percentage given that increased capture of risk
variables from documentation sometimes (but not univer-
sally) increased the expected mortality. Prior to the MRC
reviews (October 2020–October 2021), the expected mor-
tality percentage at our AMC from ranged from 2.03 to 2.87%
with a median of 2.26% (�0.24%; ►Fig. 3), which was lower
than the expected mortality percentage at other AMCs
(which ranged 2.58 to 3.69% with a median of 2.85%
[�0.35%];►Fig. 4). After theMRC reviews (November 2021–
July 2023), the expected mortality percentage at our AMC

ranged from 2.59 to 3.72% with a median of 2.94 (�0.26%)
compared with the expected mortality percentage at com-
parable AMCs (which ranged 2.63–3.80% with a median of
2.81% [�0.27%]). This trend suggests our intervention had an
impact on expected mortality percentage compared with
national health trends.

Given the scrutiny of the clinical documentation, there
was concern about excess billing and coding queries. As a
result, a balancingmeasure of this project was tomonitor the
number of queries sent to clinicians during the project.
Fortunately, there was actually a decrease in total queries
sent to clinicians in 2022 and 2023. The decrease in queries
sent was evident within a few months after the documenta-
tion template launch and continued to drop as use of the

Fig. 2 The observed-to-expected (O/E) mortality ratio for the entire academic medical center (AMC) comparison group (made up of�118 other
AMCs across the United States) with actual ratio (dotted line) superimposed on median ratio (solid line) for the pre- and postintervention
periods.

Fig. 3 The expected mortality rate at our academic medical center during the intervention period, with the coronavirus disease 2019 delta and
omicron peaks depicted within the pre- and postintervention periods, respectively.
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template (especially by hospitalists) approached 90% com-
pliance. Further, the total queries related to the mortality
reviewswas only 5% of all queries. In fact, the documentation
improved to such an extent that in mid-2022, mortality
reviews could be expanded to other service lines, and
additional cases from other hospital sites in the organization
could be reviewed by the MRC. Eventually, however, the
mortality reviews were discontinued as there were fewer
clinical documentation opportunities identified. By
April 2023, the reviews did not need to be conducted weekly
and were instead conducted monthly and then quarterly.

Discussion

At first glance, the utilization of a tool to capture additional
diagnoses in clinical documentation may be perceived
solely as an attempt to increase reimbursement. The focus
of the project was on accuracy of the patient condition (not
reimbursement). Further, the inpatient coding team noted
that incorporating additional diagnoses in the documenta-
tion did not always lead to a change in anticipated reim-
bursement. Additionally, during the development of the
electronic health record-integrated tool, the medical infor-
maticists and inpatient coding specialists worked together
to set appropriate triggers for automatic populating of
diagnoses in the notes. These triggers were developed
with clinical reasoning, which meant only clinically signifi-
cant diagnoses or diagnoses requiring monitoring or treat-
ment would be incorporated. The inpatient coding
specialists utilized the ICD-10 (International Classification
of Diseases, 10th Revision) coding guidelines to ensure that
the diagnoses met criteria to be captured by coders. Further,
if a diagnosis was incorporated into a clinician note and
there was lack of clarity regarding the clinical significance,
the CDI specialists would query the provider who wrote the
note regarding whether the diagnosis was appropriate or

not. Clinicians also had the ability to delete any information
that was pulled into the note if it was not applicable.

Many AMCs are charged with training large numbers of
medical students and residents. Given that there is very
limited undergraduate and graduate medical education on
inpatient coding and clinical documentation,10 our automat-
ed tool was an asset increase accuracy of documentation for
trainees as well. Anecdotally, some practitioners appreciated
the tool as it increased visibility for any potential missing
diagnoses that might affect that patient’s care in real time.
Future areas of research could focus on whether or not the
incorporation of missing diagnoses into the note leads to a
meaningful clinician changing management (e.g., a medica-
tion was added or subtracted).

One limitation of this project was that it did not affect
observed mortality, which remains a meaningful goal for
medical centers and improving patient outcomes. However,
our medical center was concurrently focused on other
initiatives targeting observed mortality and our observed
mortality did drop during this time frame as well (►Fig. 5).
Hospitals across the country also observed improvements
their observed mortality (►Fig. 6). Although this clinical
documentation initiative did not directly impact observed
mortality, improving clinical documentation in a standard-
ized fashion can establish more accurate benchmarks for the
organization to utilize for future quality improvement ini-
tiatives. Future mortality reviews can also focus on provision
of medical care and/or utilize the more accurate documenta-
tion to consistently identify risk factors that portend a worse
outcome. Another limitation of the mortality reviews was the
investment of time required for chart reviews and meetings.
For those involved, the time investment was felt to be
manageable but larger hospital groups considering adopting
an MRC could consider a time-limited term of service on the
MRC, which would allow for broader and more rapid dis-
bursement of knowledge sharing within the workforce.

Fig. 4 The expected mortality rate during the intervention period for the entire academic medical center comparison group, superimposed on
median ratio for the pre- and postintervention periods with the coronavirus disease 2019 delta and omicron peaks depicted within the pre- and
postintervention periods, respectively.
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Conclusion

After standardizing documentation, creating a rule-based
automated documentation tool, and forming a multidisci-
plinary committee to implement a standardized mortality
review process, we achieved a clear and sustained improve-
ment in our O/E mortality ratio. We more accurately cap-
tured the expected mortality without significantly
increasing thework burden of clinicians or coding specialists.
The mortality reviews by the committee frequently identi-
fied diagnoses and risk factors for mortality that were not
documented by the clinician and occasionally discovered
inaccurate DRGs initiated by the coding team. These reviews
then led to improvements in the rule-based, automated
documentation template tool, which subsequently led to
fewer coding queries that benefited both clinicians and

coding specialists. Aftermore accurately capturing the acuity
and complexity of the patient population with this project,
we look forward to continued use of clinical informatics tools
and multidisciplinary collaboration for future projects to
further improve patient care.

Clinical Relevance Statement

Institutions seeking to improve the accuracy of their clinical
documentation should consider rule-based automated doc-
umentation tools in conjunction with a multidisciplinary
standardized mortality review. When utilized appropriately,
these low-cost, minimally burdensome, interventions can
lead to sustained improvements in clinical documentation,
resulting fewer coding queries and improved hospital
metrics.

Fig. 6 The observed mortality rate for the academic medical center comparison group with the coronavirus disease 2019 delta and omicron
peaks depicted within the pre- and postintervention periods, respectively.

Fig. 5 The observed mortality rate at our academic medical center during the intervention period with the coronavirus disease 2019 delta and
omicron peaks depicted within the pre- and postintervention periods, respectively.
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Multiple-Choice Questions

1. Which of the following interventionswas used to improve
the accuracy of clinical documentation?
a. Mandatory educational modules for all providers
b. Incorporation of rule-based automated documentation

tool into a note template already in use
c. A mortality review committee comprised of physicians

with expertise in billing and coding
d. Implementing a weekly mandatory quota of coding

queries for all inpatient coding specialists

Correct Answer: The correct answer is option b. In
addition to the incorporation of a rule-based automated
documentation tool into a note template already in use,
the formation of a multidisciplinary team (including
billing and coding specialist, hospital medicine physicians
with no additional training in billing) and a standardized
mortality review process all helped to improve the accu-
racy of clinical documentation that led to a more accurate
estimation of expected mortality and a decrease in the
institutions observed-to-expected mortality ratio. Man-
datory educational modules and mandatory quotas for
coding specialists were not used as a part of this inter-
vention and the long-term benefits of these types of
inventions is limited.

2. Which of the following was identified as a frequently
missed diagnosis in clinician documentation?
a. Sepsis
b. Atrial fibrillation
c. Cirrhosis
d. Malnutrition

Correct Answer: The correct answer is option d. As
described in ►Table 1, fluid and electrolyte disorders,
malnutrition, acute blood loss anemia, congestive heart
failure (acute or chronic), and encephalopathy were all
identified as frequently missed diagnoses by inpatient
providers.

3. Which of the following diagnoses will commonly have an
impact on the observed-to-expected mortality ratio?
a. Osteoarthritis
b. Dementia (Alzheimer’s, Lewy body, vascular)
c. Cardiac arrhythmias (premature ventricular contrac-

tions, tachycardia, atrial fibrillation)
d. Type 2 diabetes mellitus

Correct Answer: The correct answer is option c. As
described in ►Table 2, cardiac arrhythmias (premature
ventricular contractions, tachycardia, atrial fibrillation),
malnutrition, cachexia, a coagulation defect/coagulop-
athy, thrombocytopenia or platelet defect, acute renal
failure/chronic renal failure, liver failure/diseases (cirrho-
sis or hepatitis), encephalopathy, shock, coma (defined by
no response to painful stimuli), severe brain conditions
(i.e., cerebral edema or brain compression), respiratory
failure, fluid, and electrolyte disorders (hypovolemia,

hypokalemia, hypo/hypernatremia, etc.) all were fre-
quently found to impact expected mortality, which then
impacts the observed-to-expected mortality ratio.

4. True or False: After implementing a rule-based clinical
documentation tool and standardized multidisciplinary
mortality review committee, institutions should expect a
decrease in their observed mortality.
a. True
b. False

Correct Answer: The correct answer is option b. After
implementing a rule-based clinical documentation tool
and multidisciplinary mortality review committee, insti-
tutions should expect improved accuracy of their clinical
documentation, which may lead to increasing their
expected mortality. Having more accurate clinical docu-
mentation, however, could subsequently lead to more
accurate data to utilize for future quality improvement
projects focused on observed mortality.
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Data from the Vizient Clinical Data Base used by permis-
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