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Abstract

Documentation of the care delivered to hospitalized patients is a ubiquitous and important aspect of medical care. The majority
of references to documentation and coding are based on the Centers for Medicare and Medicaid Services (CMS) Medicare
Severity Diagnosis Related Group (MS-DRG) inpatient prospective payment system (IPPS). We educated the members of a
clinical care team in a single department (neurosurgery) at our hospital. We measured subsequent documentation
improvements in a simple, meaningful, and reproducible fashion. We created a new metric to measure documentation, termed
the “normalized case mix index,” that allows comparison of hospitalizations across multiple unrelated MS-DRG groups.
Compared to one year earlier, the traditional case mix index, normalized case mix index, severity of illness, and risk of mortality
increased one year after the educational intervention. We encourage other organizations to implement and systematically
monitor documentation improvement efforts when attempting to determine the accuracy and quality of documentation
achieved.
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Introduction

Documentation is an important aspect of medical care. In addition to clinical communication, documentation is coded to
provide data that support quality metrics, acuity of care, billing, and accurate representation of medical conditions. Many
clinicians are not well versed in the system by which acuity of patient care and inpatient technical billing (that is,
nonprofessional services) are determined. After healthcare organizations codify documentation, payers most often reimburse
for services on the basis of the Centers for Medicare and Medicaid Services (CMS) Medicare Severity Diagnosis Related
Group (MS-DRG) inpatient prospective payment system (IPPS). Our project focused on the MS-DRG system.

The MS-DRG system classifies a hospitalization into a base MS-DRG derived from the patient’s principal diagnosis and/or
principal procedure. Coding professionals identify diagnoses and procedures after reviewing clinicians’ documentation of
patient care, typically after a patient is discharged. Currently, the International Classification of Diseases, Ninth Revision,
Clinical Modification (ICD-9-CM) ontology is used in the United States to map documentation to diagnosis and procedure
codes reported to quality organizations and payers. Each MS-DRG has a number of parameters: medical or surgical type,
relative weight, geometric mean length of stay (LOS), and arithmetic mean LOS. Most often (with some exceptions), MS-
DRGs belong to a related group consisting of the base MS-DRG, the base MS-DRG plus complication or comorbidity (CC), or
the base MS-DRG plus major complication or comorbidity (MCC). A patient’s hospitalization is classified into the base MS-
DRG and changed to CC or MCC if a qualifying secondary diagnosis is present. In addition, the MS-DRG relative weight and
LOS for CC and MCC assignments are correspondingly higher than the base assignment. Technical reimbursement is
determined by multiplying the MS-DRG relative weight by a conversion factor unique to each hospital.

The CMS MS-DRG system is the most widely used technical inpatient billing and reimbursement standard in the United
States. Such systems have evolved over time, with annual updates (the 2013 MS-DRG was version 30). An analogous system
also used is the All Patient Refined Diagnosis Related Group (APR-DRG) system, created by 3M (3M Health Information
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Systems, Salt Lake City, Utah). Associated with 3M APR-DRGs are measures of severity of illness (SOI) and risk of
mortality (ROM), both classified into nominal, not ordinal, subclasses one through four.

Because many clinicians are not aware of the foundations and permutations of the MS-DRG system, gaps may exist in
reporting quality metrics, acuity of care, and even reimbursement for the medically indicated care that was delivered. Focusing
solely on revenue capture or improving case mix index (CMI) has been discussed, but caution is recommended when
considering such a singular goal.  Hicks and Gentleman described a clinical documentation management program utilizing
nurses trained as clinical documentation consultants that resulted in improved clinical documentation in the medical record.
Similarly, Cleveland Clinic created a successful clinical documentation improvement (CDI) department in 2002, utilizing nurses,
physicians, and health information management professionals who clarify uncertainties and assist clinicians to improve
documentation accuracy while patients are still hospitalized.

In addition to CDI efforts, educating clinicians is an important step for an organization to enhance and ensure useful and
appropriate documentation of the medically indicated care that is delivered. Slaughter and Willner demonstrated that analyzing
documentation patterns improved documentation and created dialogue between coding and clinical teams.  Others showed that
bringing clinicians and coding professionals together resulted in a reduction of complication rates.  We present a project
focused on educating a department of clinicians (neurosurgery) at our organization in the MS-DRG system through a joint
effort with physician champions, CDI staff, and coding professionals. We describe the measurement of subsequent
documentation improvements in a simple, meaningful, and reproducible fashion.

Methods

Identifying Opportunity

As part of a quality-improvement process designed to enhance clinical documentation, we used CareFX (Harris Healthcare
Solutions, Scottsdale, Arizona) software to identify departments within our organization with the highest opportunity to improve
documentation compared to national benchmarks based on self-reported, anonymized data shared with the University
HealthSystem Consortium (UHC).9 We identified MS-DRGs that showed a large discrepancy between current documentation
and UHC national benchmarks.

At our institution, the neurosurgical service demonstrated a potential gap between the large number of critically ill patients
treated and the national benchmarks for case mix seen at peer institutions in the UHC cohort. We identified 14 potential
groups of MS-DRGs that encompassed the majority of patients treated on the neurosurgical service (see Table 1) and
reviewed the distribution of these cases as a whole and individually within each group of MS-DRGs. Within each group of
MS-DRGs, we identified common diagnoses that qualified for classification as CC or MCC. In conjunction with the CDI and
coding teams, we also identified diagnoses that affect the APR-DRG SOI and ROM. Collectively, we identified the conditions
and diagnoses that were most commonly encountered in neurosurgical patients and were important to recognize and treat,
when necessary, so as to enhance patient care.

Table 1:
Groups of MS-DRGs Common to the Majority of Neurosurgical Patients (MS-DRG Version 30 Data)

MS-DRGs Description Type
020, 021, 022 Intracranial vascular procedures w PDX hemorrhage Surgical

023, 024 Cranio w major dev impl/acute complex CNS PDX Surgical

025, 026, 027 Craniotomy & endovascular intracranial procedures Surgical

028, 029, 030 Spinal procedures Surgical

031, 032, 033 Ventricular shunt procedures Surgical

040, 041, 042 Periph/cranial nerve & other nerv syst proc Surgical

052, 053 Spinal disorders & injuries Medical

453, 454, 455 Combined anterior/posterior spinal fusion Surgical

1–5
6

7
8
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456, 457, 458 Spinal fus exc cerv w spinal curv/malig/infec or 9+ fus Surgical

459, 460 Spinal fusion except cervical Surgical

471, 472, 473 Cervical spinal fusion Surgical

490, 491 Back & neck proc exc spinal fusion Surgical

551, 552 Medical back problems Medical

614, 615 Adrenal & pituitary procedures Surgical

Abbreviation: MS-DRG, Medicare Severity Diagnosis Related Group.

CareFX served primarily to identify the service lines (such as neurosurgery) where the greatest documentation improvement
opportunity existed to help prioritize efforts. All service lines could benefit from a documentation improvement project,
however. At other institutions, the service lines may be targeted based on local knowledge (for example, CDI experience),
departmental interest, and resource availability. Physician champions (BPR and RJW), the CDI staff, and coding teams
determined the diagnoses targeted for improvement by analyzing the diagnoses most commonly encountered in each group of
MS-DRGs at our institution historically.

Educating Clinicians

Next, we conducted educational sessions, led by physician champions (BPR and RJW) within the neurosurgery department to
inform clinicians about the MS-DRG system. The goal was to provide tools for clinicians to focus their attention on relevant,
common, and important conditions that affect the care and outcomes of neurosurgical patients—information that is important
to share with all members of the medical team. Each individual received a pocket card, shown by others to improve
knowledge,  to serve as an ongoing documentation improvement reference and reminder at the end of the session. No
changes were made within the organization’s electronic health record (EHR), which is a fully functional EHR (Epic
MyPractice, Epic Systems Corporation, Verona, Wisconsin), or to EHR functionality. All changes in documentation were a
result of active engagement by clinicians. Clinicians included attending physicians, fellows, resident physicians, physician
assistants (PAs), and nurse practitioners (NPs). As at most institutions, our institution approaches patient care in a team-based
fashion, and multiple individuals interact with patients and document care in the EHR.

Normalized Case Mix Index

Traditionally, organizations analyze MS-DRG data by comparing the mean MS-DRG weight, termed the CMI, over time.
Unfortunately, however, CMI is a less than ideal method to determine whether documentation efforts improve. Because MS-
DRG weights are relative across medical and surgical MS-DRG assignments, a higher mix of medical (nonsurgical) patients
can negatively influence the CMI, even with improved documentation within each group. As a result, we propose and discuss
a new metric, the normalized CMI, for comparison across unrelated MS-DRGs.

The normalized MS-DRG weight (or normalized CMI) corresponds to the typical doublet or triplet of related MS-DRGs.
Normalizing the weight and comparing the mean (that is, the normalized CMI) allows for comparison of dissimilar MS-DRGs
on a related basis. CMI may be otherwise difficult to compare for dissimilar MS-DRGs, particularly when determining if
documentation changed at the onset of a targeted improvement project.

The normalized MS-DRG weight is determined by taking the difference between the actual MS-DRG weight and the
minimum MS-DRG weight and dividing by the maximum minus the minimum MS-DRG weight in the related group as shown
in Equation 1. The minimum and maximum values are found within the related MS-DRG doublet or triplet.

Table 2 illustrates the normalized weight for two MS-DRG groups. Note that the normalized weight will always be 100 for the
base plus MCC MS-DRG and 0 for the base MS-DRG. After determining individual MS-DRG normalized weight, analogous
to calculating the traditional CMI, the normalized CMI is then computed as the mean normalized MS-DRG weight across
multiple hospitalizations of interest. The resultant normalized CMI helps identify, regardless of patient mix (medical or surgical),
whether the documentation itself improves.

10
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Table 2
Example MS-DRG Group and Corresponding Normalized Weight (MS-DRG Version 30 Data)

MS-DRG Type Classification Weight Normalized Weight

Group: Intracranial vascular procedures with principal diagnosis of hemorrhage

020 Surgical Base plus MCC 9.1016 100

021 Surgical Base plus CC 6.640 46.4

022 Surgical Base 4.5056 0

Group: Intracranial hemorrhage or cerebral infarction

064 Medical Base plus MCC 1.8424 100

065 Medical Base plus CC 1.1345 31.2

066 Medical Base 0.8135 0

Abbreviations: CC, complication or comorbidity; MCC, major complication or comorbidity; MS-DRG, Medicare Severity
Diagnosis Related Group.

Measuring Progress

Using organizational billing data, we measured the effects of educating the clinicians within the neurosurgery department. The
data contain patient demographics, procedures, diagnoses, and acuity of care details (LOS, MS-DRG, MS-DRG weight, SOI,
ROM). Such data are common to all healthcare organizations. We created a web-based inpatient hospitalization documentation
analysis tool to help analyze historical and recent trends in documentation. The tool fills a significant gap by enabling the
analysis of whether documentation improvement efforts are successful from a variety of measures (such as quality, acuity, and
reimbursement).

The tool is password protected and was developed (by BPR) using open-source software (PHP and MySQL). Twice monthly
(or however frequently desired), discharge-level financial data (billed data) are downloaded from a central financial application
(Allscripts EPSi, Chicago, Illinois) and loaded into the tool. Annually, updates to the MS-DRG definitions are incorporated into
the tool. Discharge-level data are analyzed for custom-defined groups of physicians (the clinicians targeted for documentation
improvement) after a patient is discharged. The tool provides a retrospective review of recent hospitalizations after discharge
to understand how well documentation was performed and coded. Time from discharge to inclusion in the analysis is as low as
three days. As a result, we provided timely feedback directly to the clinicians to improve future clinical care delivery. The
software was also implemented throughout the organization beyond the neurosurgery department to validate its functionality.
Statistical reporting was validated using JMP Pro 10.0.2 (SAS Institute, Inc., Cary, North Carolina).

We met frequently with the CDI and coding departments within the organization to clarify gaps in our knowledge of the MS-
DRG coding process and possible discrepancies in the diagnoses documented and those coded in the final bill. As a result, we
jointly identified several process issues.

The data obtained and presented in this article represent the situation one year after the educational initiative compared to one
year before it. All data were obtained retrospectively with institutional review board (IRB) approval. Because of the sensitive
nature of the data, only relative changes are presented as determined by statistical significance (increase or decrease) or lack
thereof.

Statistical Methods

Statistical analyses were conducted using JMP Pro 10.0.2. A p-value of .05 was used to determine statistical significance.
Analyses conducted included Student’s t-test (for mean values) and chi-square testing (for categorical values). Variables
independently analyzed included CMI, normalized CMI, patient age, LOS, number of ICD-9-CM diagnosis codes, MS-DRG
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assignment, APR-DRG ROM and SOI, and payer type. Assuming variable independence, in addition to unadjusted
independent Student’s t-test and chi-square testing, we employed a conservative adjustment for multiple comparisons using the
Holm-Bonferroni sequential correction procedure, stopping if adjusted p-values became greater than .05.

Results

The neurosurgery department was the primary discharging service for 3,323 inpatients in the year before the educational
intervention and 3,334 patients in the year after the educational intervention. Table 3 illustrates the relative changes of various
relevant documentation metrics before and after the educational intervention. After one year, the following mean values
increased as indicated by unadjusted p-values: CMI, normalized CMI, MS-DRG, expected LOS (arithmetic and geometric),
and number of ICD-9-CM diagnosis codes, whereas the following mean values remained unchanged: patient age and actual
LOS. In addition, after one year, the following percentages increased as indicated by unadjusted p-values: CC or MCC, MCC,
APR-DRG ROM (3 or 4), APR-DRG SOI (3 and 3 or 4). The following percentages remained unchanged: medical MS-DRG,
APR-DRG ROM of 4, and Medicare or Medicaid payer type. No values decreased.

The number of diagnosis codes evaluated was based on institutional internal data. The maximum number of associated codes
for the hospitalizations analyzed was 52 (median 8, mode 5, mean 9.5, and standard deviation 6.5).

Table 3
Relative Changes of Metrics One Year after Documentation Improvement Education Compared to One Year Before
Documentation Improvement Education

Parameter Relative Change from
Before to After

Unadjusted p-Value Adjusted p-
Value

Mean Values for Hospitalizations

CMI 5.3% .0074 .067

Normalized CMI 28% < .0001 .001

Patient age 0.35% .690 —

Actual LOS 1.2% .679 —

Expected LOS (MS-DRG Arithmetic) 9.5% < .0001 .001

Expected LOS (MS-DRG Geometric) 9.2% < .0001 .001

Number of ICD-9-CM diagnosis codes 12% < .0001 .001

Percentage of Hospitalizations Receiving Classification as Follows

CC or MCC 14% < .0001 .001

MCC 39% < .0001 .001

Medical MS-DRG 6.9% .178 —

APR-DRG ROM = 4 5.7% .515 —

APR-DRG ROM = 3 or 4 24% < .0001 .001

APR-DRG SOI = 4 19% .034 —

APR-DRG SOI = 3 or 4 11% .0089 —

Neurosurgery MS-DRGs –2.4% .103 —

11,12

a

b

c

d
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Payer = Medicare (FFS, HMO) or Medicaid
(FFS, HMO)

–3.1% .279 —

Note: Bold indicates statistical significance based on unadjusted p-values.

Abbreviations: APR, All Patient Refined Diagnosis Related Group; CC, complication or comorbidity; CMI, case mix index;
FFS, fee-for-service; HMO, health maintenance organization; LOS, length of stay; MCC, major complication or comorbidity;
MS-DRG, Medicare Severity Diagnosis Related Group; ROM, risk of mortality.

Adjusted p-value calculated using the Holm-Bonferroni sequential correction procedure for multiple comparisons. Dash
indicates unadjusted p-value or prior sequential corrected p-value greater than .05.

Unadjusted p-value calculated using Student's t-test.

Unadjusted p-value calculated using chi-square distribution.

See Table 1 for definition of neurosurgery MS-DRGs.

Discussion

The calculated metrics (see Table 3) illustrate that the documentation improvement project and evaluation tool were
successful. First, we demonstrated that important measures of patient acuity (CMI, normalized CMI, SOI, and ROM)
improved, indicating that documentation after the educational intervention more accurately reflected the patient’s medical
condition. In such a retrospective analysis, it is possible that the “before” and “after” patient cohorts differ in their fundamental
makeup, resulting in bias. Such bias could lead to erroneously ascribing improvement in acuity to the documentation
improvement effort. In our case, we found no change in actual LOS, patient age, medical MS-DRGs, neurosurgery MS-DRGs
(see Table 1 for definitions), or payer. In addition, the large patient volume (3,323 before; 3,334 after) helped to eliminate such
a bias. As a result, we interpret that the patient cohorts are largely identical and that the improvements seen were due to the
documentation improvement effort alone.

Another confirmation, we believe, of documentation improvement was that SOI assignments of 4 and 3 or 4 both increased
(unadjusted p-values .034 and .0089, respectively), whereas only ROM of 3 or 4 increased (unadjusted p-value < .0001), as
seen in Table 3. ROM of 4 (the highest nominal assignment) remained unchanged after the educational intervention. Given the
aforementioned reasons for our belief that the fundamental makeup of each patient cohort (before and after) did not change,
we would expect that the overall mortality incidence and antecedent risk would also remain unchanged. As a result, the data
corroborate the intuition that such a documentation improvement effort would be and was more effective at accurately
improving severity markers (that is, acuity of patient condition/care) as opposed to mortality markers.

Aside from evaluating numerical metrics, we learned important lessons that are applicable to other organizations. During the
quality improvement project, we reviewed individual patient charts using the tool to identify ongoing areas for improvement.
After reviewing individual patient charts and meeting with the CDI and coding departments, we learned that important,
meaningful patient data that may be found in common locations in the EHR (for example, body mass index [BMI]) are often
overlooked, even though the data represent factors that significantly influence care. For example, a BMI greater than 40
kg/m  can make a surgical procedure more technically demanding or alter the intensity of nursing care that must be delivered.
As a result, we educated the clinicians, CDI, and coding professionals on where to find important patient data elements that
affect documentation.

The newly proposed normalized MS-DRG weight (normalized CMI) is a valuable measure to identify whether targeted
documentation improvement efforts are effective. In our case, both the CMI and normalized CMI improved (unadjusted p-
values .0074 and < .0001, respectively), with the degree of statistical significance reflecting the certainty of the improvement.
When the project was first underway (in the first several weeks and months), no or minimal statistically significant
improvement in CMI was seen; however, the normalized CMI did show statistically significant improvement. In addition, we
noted that during certain periods (two-week intervals) when the CMI decreased compared to historical values, the normalized
CMI remained high, which indicated continued improved documentation despite the change in patient mix. Other departments

a

b

c

d
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or physician cohorts have a more varied mix of medical and surgical MS-DRG patient populations. Such populations’ relative
weight assignment would be more closely distributed, making the CMI a less reliable metric of improvement. The normalized
CMI can be used to confirm documentation improvement. Normalized CMI, particularly at the onset of the project, validated
our efforts to educate clinicians who, in turn, improved patient documentation.

In identifying neurosurgery as an area of opportunity, we knew that a small number of diagnoses were frequently overlooked
or obscure to clinicians. The electronic tool we created allowed us to specifically analyze selected MS-DRGs according to
normalized CMI and the myriad metrics (see Table 3) to demonstrate that documentation improved. Thus, we propose that
quality education focusing on relevant, common misses is more important than quantity of education. In addition, we found it
most helpful to educate and interact with the residents, NPs, and PAs who, at our institution, do the majority of detailed
inpatient documentation.

Furthermore, our interaction with the departments responsible for coding patient documentation was invaluable. Both the
project team and the coding teams learned important information. In these interactions, we identified areas in which to clarify
important clinical diagnoses and scenarios for the coding team. In addition, the clinicians learned about the intricacies of
technical coding. The CDI team learned more about the clinical workflow and improved ways of communicating with
clinicians to clarify ambiguous or missing elements within the documentation. In addition, we jointly created a formal
institutional definition of disease states qualifying for a relatively ambiguous ICD-9-CM diagnosis code.

Beyond education of the clinical documenters, we found that the process of measuring the changes in documentation was an
important step to validate the process improvement. Educating clinicians is important, but so too is understanding if such efforts
resulted in any changes. Finally, we did not observe any negative effects on quality metrics during the same time interval,
which was a theoretical concern of improving the number and type of documented diagnoses.

Conclusions

Clinical documentation is the cornerstone of recording a patient’s current condition, relevant diagnoses, and communication
between clinicians. As healthcare data analysis, quality metrics, and reimbursement continue to advance, knowledge of
important documentation concepts must also advance. Patient complications may be judged against a patient’s assigned MS-
DRG, SOI, or ROM, and incomplete or ambiguous documentation or coding efforts may render such judgments difficult to
decipher. Understanding and improving clinical documentation to reflect a patient’s medical condition accurately and precisely
has the potential to affect all such metrics. Proper and complete documentation also has important implications for the utility
and reproducibility of data in large multi-institutional data sets such as the Medicare Provider Analysis and Review
(MEDPAR) File, American College of Surgeons National Surgical Quality Improvement Program (ACS NSQIP), Nationwide
Inpatient Sample (NIS), and UHC data that are used both for clinical research and to determine local, state, and national
healthcare policy.

The clinicians (BPR, RRL, RJW) benefited significantly by working directly with the coding and documentation improvement
professionals (LKW, DLK), who provided valuable insights into how to enhance documentation in ways that improved
communication in the medical record. Although the coding system is complex, the basic understanding that documentation must
be accurate and thorough is simple to convey to clinicians. Education on the overall importance provides incentive to improve
efforts given that there is no necessary, direct patient-by-patient penalty for poor documentation. Feedback about ongoing
progress and improvement also provides incentive to continue.

Further efforts at our organization and others may focus on implementing some of the principles of MS-DRG assignment
within the EHR to help clinicians effectively document relevant, common diagnoses that have an impact on overall metrics.
For example, Grogan et al. demonstrated improvements in documentation with a progress note template in 2004.  It is
important that such efforts not focus solely on improving financial reimbursement. Most important is the need to ensure
accurate clinical documentation that represents the patient’s level of acuity and clinical condition effectively.
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