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ABSTRACT
Background: Clinical documentation of patient care alters coding accuracy of Medicare Severity DiagnosisRelated Groups (MS-DRGs), expected mortality, and expected length of stay (LOS) which impact quality metrics.
We aimed to determine if neurosurgical quality metrics could be improved by facilitating accurate documentation
and subsequently developed a mobile application and educational video to target areas of opportunity.
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Methods: Vizient software was used to analyze MS-DRGs and expected LOS for sample of patients requiring
surgery for spinal pathology, brain tumors, and subarachnoid hemorrhage (SAH) between January 2019 and
August 2021. Chart reviews were conducted to discover variables missed by documenting provider and/or coder.
Results: Review of 114 spinal surgeries, 20 brain tumors, and 53 SAH patients revealed at least one additional
variable impacting LOS in 43% of spine, 75% of brain tumor, and 92% of SAH patients, with an average of 1 (1.25),
2 (1.75), and 3 (2.89) new variables, respectively. Recalculated expected LOS increased by an average of 0.86 days
for spine, 3.08 for brain tumor, and 6.46 for SAH cases.
Conclusion: Efforts to accurately document patient care can improve quality metrics such as expected LOS,
mortality, and cost estimates. We determined several missing variables which impact quality metrics, showing
opportunity exists in neurosurgical documentation improvement. Subsequently, we developed an educational
video and mobile-supported application to specifically target these variables. To the best of our knowledge,
this represents the first initiative to utilize the proven powers of mobile phones in health care toward the novel
application of specifically improving neurosurgical quality metrics.
Keywords: Brain tumor, Documentation improvement, Mobile application, Quality metrics, Spine, Subarachnoid
hemorrhage

INTRODUCTION
Quality metrics are closely tracked within hospital systems due to their effect on revenue,
hospital expansion, relative hospital performance, and trust in the health-care team. Clinical
documentation of patient care alters the coding accuracy of Medicare Severity DiagnosisRelated Groups (MS-DRGs), expected length of stay (LOS), expected mortality, and expected
costs. These factors are used to code quality metrics which can impact physician and medical
center profiling, quality reporting, and revenue. Consequently, surgeons face increasing pressure
to improve these metrics in their patient population. However, it can be difficult to accurately
document all major factors due to poor data accessibility and ease of interpretation by providers
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and coders, along with requiring effortful behavioral changes
by multiple stakeholders.[6] Therefore, observed quality
metrics are sometimes worse than expected calculations,
reflecting poorly on the value of care provided.
Improving hospital-wide quality metrics such as mortality
index (the observed to expected mortality ratio) can be
greatly impacted by high-acuity departments such as
neurosurgery.[7] The previous studies in neurosurgical
departments have had great success in improving quality
metrics by addressing clinical documentation.[8,11] However,
quality improvement in large institutions has no onesize-fits-all solution due to the different personalities and
approaches among teams, service lines, and departments.
Generic educational sessions and printed material only
capture limited attention and motivation from providers
and have been shown to poorly influence provider practices
and patient outcomes.[2,3] Therefore, effectively improving
quality metrics through clinical documentation require a
more engaging and user-friendly modality. The importance
of this issue is highlighted by the increasing worldwide and
multidisciplinary efforts to implement and improve clinical
documentation improvement programs.[6,12,13]
In this initiative, we aimed to determine if neurosurgical
quality metrics could be improved by facilitating clinical
documentation using toolkits that have multiple modalities
of support. Initially, we aimed to retrospectively determine
commonly missed variables within documentation.
Subsequently, we aimed to develop a toolkit consisting of
an educational video along with a mobile application. This
technology-based approach provides the benefit of increased
engagement, customized interventions, user convenience,
and dynamic real-time updates.

MATERALS AND METHODS
Vizient is the largest health-care performance company
that tracks data from over 97% of the US academic medical
centers and 600 community hospitals. To create a technologybased quality improvement toolkit, we first developed a
2 min video animation to provide an overview of the role
of clinical documentation improvement, coding, Vizient,
and a demonstration of the proposed mobile application.
We provided this animation to providers for input to assess
educational value and effectiveness. We then initiated
department specific interventions based on provider
preferences and needs. First, specific diagnoses were identified
that were being treated but not documented in a way that
could be captured by coding. For example, cases of “coma”
documentation cannot only include the total Glasgow Coma
Scale score, rather it requires each subsection score to show
accurate severity of illness. The Vizient Clinical Data Base
was utilized with permission of Vizient, Inc. (All rights
reserved.) to target areas of opportunity, by MS-DRG, for
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expected LOS. Retrospective chart reviews based on these
targets were conducted to identify high-yield variables for
providers to focus on, some of which were documented
but not delineated as present on admission. MS-DRGs and
expected LOS were analyzed from the clinical database for a
sample of 114 spine, 20 brain tumors, and 53 subarachnoid
hemorrhage (SAH) patients over the span of January 2019 to
August 2021. Chart reviews for all procedures were conducted
to search for variables missed by the documenting provider
or coder that impact LOS. Expected LOS was recalculated
for every procedure, accounting for the missed variables
discovered during chart review. Of note, variables are
groupings of International Classification of Diseases Tenth
Revision (ICD-10) codes that based on risk stratification
impact quality metrics including expected LOS, mortality, and
cost. If any one ICD-10 code within each grouping is identified,
the associated variable is assigned to the patient encounter.
By utilizing department feedback and retrospective clinical
data, a Progressive Web Application (PWA) was created
with variables divided by procedure and included variable
definitions when necessary. A PWA allows seamless access
through any device with an internet connection including
computers, mobile phones, and tablets. Within this PWA,
expandable descriptions for each variable allow the provider
to understand what to document for each patient.
Ethics statement
IRB and ethics committee approval were not required
for this study since it is classified as nonhuman research
for quality improvement. Similarly, patient consent was
not required since data collected pertain only to quality
metrics assessment without any identifiable patient data or
interventions affecting patient care.

RESULTS
Chart reviews of 114 spinal surgeries, 20 brain tumors, and
53 SAH patients revealed at least one additional variable
contributing to expect LOS in 43% of spine, 75% of brain
tumor, and 92% of SAH patients. An average of 1 (1.25),
2 (1.75), and 3 (2.89) new variables was found which impact
expected LOS in spine, brain tumor, and SAH patients,
respectively. Expected LOS, recalculated with previously
undocumented variables, increased by an average of 0.86 days
for spine cases, 3.08 days for brain tumor cases, and 6.46 days
for SAH cases. The greatest increase in expected LOS was
7 days for spine, 32 days for brain tumor, and 72 days for
SAH patients when accounting for undocumented risk
factors. The most common variable categories missed for
each group are shown in Table 1. Exact variables missed were
categorized into larger groups to preserve the proprietary
nature of Vizient variable data.
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Table 1: Missed variables categories impacting length of stay.
Count
Spine (n=114)
Fluid, nutritional, and electrolyte variables
Cardiovascular
Hematologic
Spinal disorders and procedures
Pulmonary
Chronic fatigue conditions
Psychiatric
Admission source and status variables
Trauma and relevant complications
Renal
Cancer and neoplasms
Gastrointestinal and hepatobiliary
Infectious disease
Substance abuse
Socioeconomic
Subarachnoid hemorrhage (n=53)
Fluid, nutritional, and electrolyte variables
Ventricular procedures
Stroke and sequelae
Socioeconomic
Pulmonary and ventilation variables
Neurological
Aneurysms
Psychiatric
Cardiovascular
Hematologic
Gastrointestinal and hepatobiliary
Level of care information
Infectious disease
Shock
Brain tumor (n=20)
Fluid, nutritional, and electrolyte variables
Cardiovascular
Chronic fatigue conditions
Neurological
Gastrointestinal and hepatobiliary
Substance abuse
Hematological

39
29
15
13
8
7
7
6
6
5
4
3
2
1
1
28
17
15
12
10
8
7
5
4
3
2
2
1
1
12
5
3
3
2
2
2

A 2 min educational video animation was created based
on department feedback ([Video 1], which shows the full
animated video). In addition, an overview of the mobile
application to facilitate neurosurgical documentation is
shown in Figure 1.

DISCUSSION
The previous research shows that quality metrics in
neurosurgery, such as mortality index, are often not
capturing reality and such a problem needs to be addressed.[5]
Furthermore, studies have had success by utilizing educational
presentations, pocket reference cards, precoder, and
documentation teams.[8,14,16] While these interventions show a

proven method of improving quality metrics, there are several
improvements needed such as convenience, opportunity for
real-time data updating, and increased time efficiency. A recent
study by Kessler et al. showed success by utilizing a spreadsheet
tool which answers some of these concerns.[8] In addition, the
use of technology and mobile phones has been proven to be
impactful in enhancing patient care, provider education, and
data delivery.[4] However, mobile phones are a powerful and
unexplored modality for documentation improvement in
neurosurgery, a department with great potential due to high
acuity and busy censuses.[7] To the best of our knowledge,
this study represents the first initiative to utilize the proven
powers of mobile phone supported applications in the novel
scenario of improving neurosurgical quality metrics. We show
that there is an opportunity in documentation improvement
through retrospective reviews of patient charts. This tool
was developed to target the most missed variable categories
discovered in three neurosurgical populations in our
department. Overall, the previous studies show that the most
commonly missed factor in documentation are nutritional
variables.[15] This correlates to our results such that the most
commonly missed variables were within nutritional categories
across all three patient groups, indicating that interventions
are essential to capture these variables. In practice, we suggest
that this tool be used as a quick checklist, which, in theory,
would take only a couple of minutes. For example, the brain
tumor category contains only 21 variables, requiring less than
1 swipe on a smartphone to scroll through the entire list. If a
patient is treated for a brain tumor, the documenting provider
could reference the application after writing the note to detect
the lesser obvious, but impactful variables like “chronic fatigue
conditions.” The provider would then expand this description
to understand exactly what needs to be documented for the
coding process. Therefore, this would allow targeting of the
three large barriers of accurate capturing of quality metrics:
documentation, coding, and education.
Documentation issues
Correct documentation of comorbid conditions (CCs)
and major CCs (MCCs) is essential for accurate coding,
reimbursement, epidemiological data, and provider/
hospital quality metrics.[9] If two like patients undergo the
same procedure, each will be coded equally, with an equal
expected LOS. However, if one patient has significant CCs or
MCCs that are documented clearly, his or her expected LOS
increases along with an increase in potential reimbursement,
and improvement in quality metrics. The specific CCs and
MCCs that are coded for each MS-DRG vary.
Coding issues
Multiple barriers exist between providers and coders
including the value placed on documentation as well as
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the language used between parties.[8] Providers may not see
the value in accurate and detailed documentation as they
may not be familiar with the coding process. They may be
unaware of the downstream effect; their documentation
has on reimbursement as well as their own and their
hospital’s quality rankings. Furthermore, differences
in language utilized by providers versus coders create
a discrepancy and gap in translation. This may be the
biggest factor in missed variables as coders may not know
the medical jargon used by providers. Coders may have
difficulty interpreting documentation, omitting possible
CCs and MCCs. Clarifying diagnoses through queries are
a cumbersome process and by improving the upstream
documentation, coders will be able to code more efficiently
and accurately.

Educational issues
The previous studies report on attempts to improve provider
education surrounding coding and clinical documentation
through use of an educational handout and group
discussion,[10] as well as distributing laminated cards of the
most commonly missed variables.[1] Unfortunately, lectures
and group discussions are time intensive and may not
facilitate sufficient engagement between providers. While
laminated cards are less time intensive, they lack the message
of importance of accurate documentation. A brief, yet,
impactful way to educate providers about documentation
and the coding process is needed to maximize improvements
in quality metrics. Thus, we developed a 2 min educational
video followed by use of a mobile application as the most
advanced and effective way to educate health-care providers.
Both of these methods solve the issues of large time
commitment and lack of engagement. The mobile application
is easy and quick to use while the short educational video
provides the importance and reasoning behind using the
application.
Limitations

Video 1: Educational animated video providing an overview of the
role of clinical documentation improvement, coding, Vizient, and a
demonstration of the proposed mobile application.

This study is limited to the data within the neurosurgical
department in one academic center. This application was
developed based on retrospective data that show opportunity
for improvement exists. However, the next steps require
real-world implementation and prospective data on the true
impact of such interventions. Generalizability may by limited
due to several differences such as hospital structure, types of
procedures commonly performed, and individual provider

Figure 1: Mobile application to facilitate clinical documentation. Data in this figure are an example and do not represent an exact Vizient risk
model. (a) Home page where department can be selected, (b) department page where relevant procedure can be selected, and (c) procedure
page showing applicable variables to document. Certain variables can be expanded for further explanation, (d) search page allows user to
search for any variable in the application. Clicking the variable opens a descriptive page providing variable explanations.
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familiarity with the coding process. This further reinforces
the need for department-specific interventions; however,
the use of technology has a proven positive record in health
care. While we provide a preliminary proof-of-concept and
inspiration, the future steps are limitless. The possibility for
direct integration into the electronic medical record could
increase efficiency and adoption. We are working toward
implementing this mobile application seamlessly into the
daily workflow for the neurosurgery department. Although,
this system should not be unique to neurosurgery and can be
expanded easily into other departments throughout hospitals
once a framework is created.

CONCLUSION
This study identifies several opportunities for
documentation accuracy improvement within a single
academic neurosurgery department. To the best of our
knowledge, this study represents the first initiative to
specifically improve neurosurgical quality metrics by
utilizing a mobile phone supported application, a modality
proven to have profound impacts in health care. Accurate
documentation, or lack thereof, influences quality metrics,
accurate identification of areas requiring improvement
for patient care, and reimbursement. Therefore, it is of
vital importance to utilize technological advancements
and provide individualized tools and education for the
improvement of clinical documentation, especially within
acute departments such as neurosurgery. While we
retrospectively present that opportunity for improvement
in several patient populations exists, the future studies are
essential to prospectively determine the real-world impact,
mobile phone supported tools can have on documentation
improvement. It is our hope that this preliminary proof-ofconcept study will inspire other initiatives in neurosurgery
to improve quality metrics and patient care by utilizing
similar strategies.
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