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CONTEXT: Incentives to improve quality include paying
less for adverse events, including the Centers for Medicare
and Medicaid Services’ policy to not pay additionally for
events classified as hospital-acquired conditions (HACs).
This policy is controversial, as variable coding practices at
hospitals may lead to differences in the inclusion and posi-
tion of HACs in the list of codes used for Medicare Severity
Diagnosis-Related Group (MS-DRG) assignment.

OBJECTIVE: Evaluate changes in MS-DRG assignment for
patients with an HAC and test the association of the posi-
tion of an HAC in the list of International Classification of
Diseases, 9th Revision (ICD-9) diagnosis codes with change
in MS-DRG assignment.

DESIGN AND SETTING: Retrospective analysis of patients
discharged from hospital members of the University Health-
System Consortium’s Clinical Data Base between October
2007 and April 2008. Comparisons were made between the

MS-DRG assigned when the HAC was not included in the
list of ICD-9 diagnosis codes and the MS-DRG that would
have been assigned had the HAC code been included in the
assignment.

RESULTS: Of the 7027 patients with an HAC, 13.8%
changed MS-DRG assignment when the HAC was
removed. An HAC in the second position versus third posi-
tion or lower was associated with a 40-fold increase in the
likelihood of MS-DRG change.

CONCLUSIONS: The position of an HAC in the list of diag-
nosis codes, rather than the presence of an HAC, is associ-
ated with a change in MS-DRG assignment. HACs have
little effect on reimbursement unless the HAC is in the sec-
ond position and patients have minor severity of illness.
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One financial incentive to improve quality of care is
the Centers for Medicare and Medicaid Services’
(CMS) policy to not pay additionally for certain
adverse events that are classified as hospital-acquired
conditions (HACs).1–3 HACs are specific conditions
that occur during the hospital stay and presumably
could have been prevented.4–6 Under the CMS policy,
if an HAC occurs during a patient’s stay, that condi-
tion is not included in the Medicare Severity
Diagnosis-Related Group (MS-DRG) assignment.

The MS-DRG assigned to a patient discharge deter-
mines reimbursement. Each MS-DRG is assigned a
weight, which is used to adjust for the fact that the
treatment of different conditions consume different
resources and have difference costs. Groups of
patients who are expected to require above-average
resources have a higher weight than those who require

fewer resources, and higher-weighted MS-DRG assign-
ment results in a higher payment. In some cases, the
inclusion of the diagnosis code of an HAC in the
determination of the MS-DRG results in a higher
complexity level and higher DRG weight. The policy
is designed to shift the incremental costs associated
with treating the HAC to the hospital. As of October
2009, there were 10 HACs included in the CMS non-
payment program (see Supporting Table 1 in the
online version of this article). CMS expanded the list
of HACs to include 13 conditions in 2013.

Withholding additional reimbursement for an HAC
has been controversial. One area of debate is that the
assignment of an HAC may be imprecise, in part due
to the variation in how physicians document in the
medical record.1,2,6–9 Coding is derived from docu-
mentation in physician notes and is the primary mech-
anism for assigning International Classification of
Diseases, 9th Revision, Clinical Modification (ICD-9)
diagnosis codes to the patient’s encounter. The coding
process begins with health information technicians (ie,
medical record coders) reviewing all medical record
documentation to assign diagnosis and procedure
codes using the ICD-9 codes.10 Primary and secondary
diagnoses are determined by certain definitions in the
hospital setting. Secondary diagnoses can be further
separated into complications or comorbidities in the
MS-DRG system, which can affect reimbursement.
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The MS-DRG is then determined using these diagnosis
and procedure codes. Physician documentation is the
principal source of data for hospital billing, because
health information technicians (ie, medical record
coders) must assign a code based on what is docu-
mented in the chart. If key medical detail is missing or
language is ambiguous, then coding can be inaccurate,
which may lead to inappropriate compensation.11

Accurate and complete ICD-9 diagnosis and proce-
dure coding is essential for correct MS-DRG assignment
and reimbursement.12 Physicians may influence coding
prioritization by either over-emphasizing a patient diag-
nosis or by downplaying the significance of new findings.
In addition, unless the physician uses specific, accurate,
and accepted terminology, the diagnosis may not even
appear in the list of diagnosis codes. Medical records
with nonstandard abbreviations may result in coder-
omission of key diagnoses. Finally, when clinicians use
qualified diagnoses such as "rule-out" or "probable,"
the final diagnosis coded may not be accurate.10

Although the CMS policy creates a financial incentive
for hospitals to improve quality, the extent to which the
policy actually impacts reimbursement across multiple
HACs has not been quantified. Additionally, if HACs—
as a policy initiative—reflect actual quality of care, then
the position of the ICD-9 code should not affect MS-
DRG assignment. In this study we evaluated the extent
to which MS-DRG assignment would have been influ-
enced by the presence of an HAC and tested the associa-
tion of the position of an HAC in the list of ICD-9
diagnosis codes with changes in MS-DRG assignment.

METHODS
Study Population

This study was a retrospective analysis of all patients
discharged from hospital members of the University
HealthSystem Consortium’s (UHC) Clinical Data Base
between October 2007 and April 2008. The data set
was limited to patient discharge records with at least
1 of 10 HACs for which CMS no longer provides
additional reimbursement (see Supporting Table 1 in
the online version of this article). The presence of an
HAC was indicated by the corresponding diagnosis
code using the ICD-9 diagnosis and procedure codes.

Data Source

UHC’s Clinical Data Base is a database of patient
discharge-level administrative data used primarily for
billing purposes. UHC’s Clinical Data Base provides
comparative data for in-hospital healthcare outcomes
using encounter-level and line-item transactional infor-
mation from each member organization. UHC is a
nonprofit alliance of 116 academic medical centers
and 276 of their affiliated hospitals.

Dependent Variable: Change in MS-DRG
Assignment

The dependent variable was a change in MS-DRG
assignment. MS-DRG assignment was calculated by
comparing the MS-DRG assigned when the HAC’s
ICD-9 diagnosis code was considered a no-payment
event and was not included in the determination (ie,
post-policy DRG) with the MS-DRG that would have
been assigned when the HAC was not included in the
determination (ie, pre-policy DRG). The list of ICD-9
diagnosis codes was entered into MS-DRG grouping

TABLE 1. Characteristics of Patients With a
Hospital-Acquired Condition Discharged Between
October 2007 and April 2008 (N 5 7,027)

Variable

MS-DRG

Change,

No. (%) or

M 6 SD,

N 5 980

No MS-DRG Change,

No. (%) or M 6 SD,

N 5 6,047

P

Value

Patient sociodemographic characteristics
Age, y 62.76 18.9 57.56 21.9 <0.001
Race
White 687 (70.1) 4,006 (66.3) 0.024
Black 166 (16.9) 1,100 (18.2)
Hispanic 45 (4.6) 416 (6.9)
Other 82 (8.4) 525 (8.7)

Sex <0.001
Male 441 (45.0) 3,298 (54.5)
Female 539 (55.0) 2,749 (45.5)

Payer <0.001
Commercial 279 (28.5) 1,609 (26.6)
Medicaid 88 (9.0) 910 (15.1)
Medicare 532 (54.3) 3,003 (49.7)
Self-pay/charity 52 (5.3) 331 (5.5)
Other 29 (3.0) 194 (3.2)

Severity of illness <0.001
Minor 50 (5.1) 71 (1.2)
Moderate 216 (22.0) 359 (5.9)
Major 599 (61.1) 1,318 (21.8)
Extreme 115 (11.7) 4,299 (71.1)

Patient clinical characteristics
Number of ICD-9 diagnosis codes per patient 13.76 6.0 20.26 6.6 <0.001
MS-DRG weight 2.96 2.1 5.96 6.1 <0.001

Hospital characteristics
Mean number of ICD-9 diagnosis
codes per patient per hospital

8.56 1.4 8.66 1.4 0.280

Total hospital discharges 15,9576 6,553 16,8576 6,634 <0.001
HACs per 1,000 discharges 9.86 3.7 10.26 3.7 <0.001

Hospital-acquired condition
Type of HAC <0.001
Pressure ulcer 334 (34.1) 1,599 (26.4)
Falls/trauma 96 (9.8) 440 (7.3)
Catheter-associated UTI 19 (1.9) 215 (3.6)
Vascular catheter infection 26 (2.7) 1,179 (19.5)
DVT/pulmonary embolism 448 (45.7) 2,145 (35.5)
Other conditions 57 (5.8) 469 (7.8)

HAC position <0.001
2nd code 850 (86.7) 697 (11.5)
3rd code 45 (4.6) 739 (12.2)
4th code 30 (3.1) 641 (10.6)
5th code 15 (1.5) 569 (9.4)
6th code or higher 40 (4.1) 3,401 (56.2)

NOTE: Abbreviations: DVT, deep venous thrombosis; HAC, hospital-acquired conditions; ICD-9, Interna-
tional Classification of Diseases, 9th Revision; M, mean; MS-DRG, Medicare Severity Diagnosis-Related
Group; SD, standard deviation; UTI, urinary tract infection.
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software with the ICD-9 diagnosis code for each HAC
in the identical position presented to CMS. Up to 29
secondary ICD-9 diagnosis and procedure codes were
entered, but the analyses of association on the posi-
tion of the HAC used the first 9 diagnosis and 6 pro-
cedure codes processed by CMS, as only codes in
these positions would have changed the MS-DRG
assigned during the study time period. If the 2 MS-
DRGs (pre-policy DRG and post-policy DRG) did not
match, the case was classified as having a change in
MS-DRG assignment (MS-DRG change).

Independent variables included in this analysis were
coding variables and patient characteristics. Coding
variables included the total number of ICD-9 diagno-
sis codes recorded in the discharge record, absolute
position of the HAC ICD-9 diagnosis code in the
order of all diagnosis codes, weight for the actual MS-
DRG, and specific type of HAC. The absolute position
of the HAC was included in the analysis as a categori-
cal variable (second position, third, fourth, fifth, and
sixth position and higher). In addition, patient-level
characteristics including sociodemographic character-
istics, clinical factors and severity of illness (minor,
moderate, major, extreme),6 and hospital-level
characteristics.

Statistical Analysis

Means and standard deviations or frequencies and
percentages were used to describe the variables. A v2

test was used to test for differences in the absolute
position of the HAC with change in MS-DRG assign-
ment (change/no change). In addition, v2 tests were
used to test for differences in each of the other cate-
gorical independent variables with change in MS-
DRG assignment; t tests were used to test for differen-
ces in the continuous variables with change in MS-
DRG assignment.

Two multivariable binary logistic regression models
were fit to test the relationship between change in
MS-DRG assignment with the absolute position of the
HAC, adjusting for coding variables, patient charac-
teristics, and hospital characteristics that were associ-
ated with change in MS-DRG assignment in the
bivariate analysis. The first model tested the relation-
ship between change in MS-DRG and position of the
HAC, without accounting for the specific type of
HAC, and the second tested the relationship including
both position and the specific type of HAC. Receiver
operating characteristic (ROC) curves were developed
for each model to evaluate the predictive accuracy.
Additionally, analyses were stratified by severity of ill-
ness, and the areas under the ROC curves for 3 mod-
els were compared to determine whether the
predictive accuracy increased with the inclusion of
variables other than HAC position. The first model
included HAC position only, the second model added
type of HAC, and the third model added other coding
variables and patient- and hospital-level variables.

Two sensitivity analyses were performed to test the
robustness of the results. The first analysis tested the
sensitivity of the results to the specification of comor-
bid disease burden, as measured by number of diagno-
sis codes. We used Elixhauser’s method13 for
identifying comorbid conditions to create binary vari-
ables indicating the presence or absence of 29 distinct
comorbid conditions, then calculated the total number
of comorbid conditions. The binary logistic regression
model was refit, with the total number of comorbid
conditions in place of the number of diagnosis codes.
An additional binary logistic regression model was
fit that included the individual comorbid conditions
that were associated with change in MS-DRG assign-
ment in a bivariate analysis (P< 0.05). The second
sensitivity analysis evaluated whether hospital-level
variation in coding practices explained change in MS-
DRG assignment using a hierarchical binary logistic
regression model that included hospital as a random
effect.

All statistical analyses were conducted using the
SAS version 9.2 statistical software package (SAS
Institute Inc., Cary, NC). The Rush University Medi-
cal Center Institutional Review Board approved the
study protocol.

RESULTS
Of the 954,946 discharges from UHC academic medi-
cal centers, 7027 patients (0.7%) had an HAC. Of the
patients with an HAC, 6047 did not change MS-DRG
assignment, whereas 980 patients (13.8%) had a
change in MS-DRG assignment. Patients with a
change in MS-DRG assignment were significantly dif-
ferent from those without a change in MS-DRG
assignment on all patient-level characteristics and all
but 1 hospital characteristic (Table 1). The variable
with the largest absolute difference between those
with and without a change in MS-DRG was the actual
position of the HAC; 86.7% of those with an MS-
DRG change had their HAC in the second position,
whereas those without a change had only 11.5% in
the second position.

After controlling for patient and hospital character-
istics, an HAC in the second position in the list of
ICD-9 codes was associated with the greatest likeli-
hood of a change in MS-DRG assignment (P< 0.001)
(Table 2). Each additional ICD-9 code decreased the
odds of an MS-DRG change (P 5 0.004), demonstrat-
ing that having more secondary diagnosis codes was
associated with a lesser likelihood of an MS-DRG
change. After including the individual HACs in the
regression model, the second position remained associ-
ated with the likelihood of a change in MS-DRG
assignment (results not shown). The predictive accu-
racy of our model did not improve, however, with the
addition of type of HAC. The area under the ROC
curve was 0.94 in both models, indicating high predic-
tive power.
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The proportion of cases with a change in MS-DRG
by severity of illness is reported in Table 3. The larg-
est proportion of cases with a change in MS-DRG
was in the minor severity of illness category (41.3%),
whereas only 2.6% of cases with an extreme severity
of illness had a change in MS-DRG. Figure 1 shows
ROC curves stratified by severity of illness. Figure 1A
illustrates the ROC curves for the 121 (1.7%) patients
with minor severity of illness. The area under the
ROC curve for the model including HAC position
only was 0.74, indicating moderate predictive power.
The inclusion of HAC type increased the predictive
power to 0.91, and inclusion of sociodemographic
characteristics further increased the predictive power
to 0.95. Figure 1B–D illustrates the ROC curves for
moderate, major, and extreme severities of illness. For
more severe illnesses, the predictive accuracy of the
models with only HAC position were similar to the
full models, demonstrating that HAC position alone
had a high predictive power for change in MS-DRG
assignment.

In a sensitivity analysis that evaluated the robust-
ness of our results to the specification of disease bur-
den, inclusion of the number of comorbid conditions
did not improve the predictive accuracy of the model.
Although inclusion of individual comorbid conditions
rather than number of diagnosis codes attenuated the
odds ratio (OR) for HAC position (OR: 40.5 in the
original model vs OR: 32.9 in the model with individ-
ual comorbid conditions), the improvement of the pre-
dictive accuracy of the model was small (area under
the ROC curve 5 0.936 in the original model vs 0.943
in the model with individual conditions, P<0.001)
(results not shown). In a sensitivity analysis using a
hierarchical logistic regression model that included
hospital random effects, hospital-level variation in

coding practices did not attenuate the relationship
between HAC position and MS-DRG change (results
not shown).

DISCUSSION
This study investigated the association of a change in
MS-DRG assignment and position of the ICD-9 diag-
nosis codes for HACs in a sample of patients dis-
charged from US academic medical centers. We found
that only 14% of the MS-DRGs for patients with an
HAC would have experienced a change in DRG
assignment. Our results are consistent with those of
Teufack et al.,14 who estimated the economic impact
of CMS’ HAC policy for neurosurgery services at a
single hospital to be 0.007% of overall net revenues.
Nevertheless, the majority of hospitals have increased
their efforts to prevent HACs that are included in
CMS’ policy.15 At the same time, most hospitals have
not increased their budgets for preventing HACs, and
instead have reallocated resources from nontargeted
HACs to those included in CMS’ policy.

The low proportion of records that are impacted by
the policy may be partially explained by the fact that
CMS’ policy only has an impact on reimbursement
for MS-DRGs with multiple levels. For example, heart
failure has 3 levels of reimbursement in the MS-DRG
system (Table 4). Prior to CMS’ policy, a heart failure
patient with an air embolism as an HAC would have
been classified in the most severe MS-DRG (291),
whereas after implementation the patient would be
classified in the least severe MS-DRG, if no other
complication or comorbidity (CC) or a major compli-
cation or comorbidity (MCC) were present. Chest
pain has only 1 level, and reimbursement for a patient
with an HAC and classified in the chest pain MS-
DRG would not be impacted by CMS’ policy. Most
hospitalized patients are complicated, and the propor-
tion of patients who are complicated will continue to
increase over time as less complex care shifts to the
ambulatory setting. The relative effectiveness of CMS’
policy is likely to diminish with the continued shift of
care to the ambulatory setting.

Patient discharges with a diagnosis code for as
HAC in the second position were substantially more

TABLE 2. Results of Binary Logistic Regression
Model for Change in MS-DRG Assignment
(N 5 7,027)

Intercept Odds Ratio P Value

Minor severity of illness 6.80 <0.001
Moderate severity of illness 5.52 <0.001
Major severity of illness 8.02 <0.001
Number of ICD-9 diagnosis codes per patient 0.97 0.004
HAC ICD-9 diagnosis code in 2nd position 40.52 <0.001
HAC ICD-9 diagnosis code in 3rd position 1.82 0.009
HAC ICD-9 diagnosis code in 4th position 1.72 0.032
HAC ICD-9 diagnosis code in 5th position 1.15 0.662
Area under the ROC curve 0.94 <0.001*
Area under the ROC curve, model with

patient socio-demographic characteristics only
0.85

NOTE: The reference category for includes extreme severity of illness and HAC ICD-9 code in the 6th posi-
tion or higher. The model controls for patient age, sex, race/ethnicity, primary payer, hospital HAC rate, and
total number of discharges per hospital. Abbreviations: HAC, hospital-acquired conditions; ICD-9, Interna-
tional Classification of Diseases, 9th Revision; MS-DRG, Medicare Severity Diagnosis-Related Group; ROC,
receiver operating characteristic. *Compared to the model with patient sociodemographic characteristics
only.

TABLE 3. Percentage of Patients With a Change in
MS-DRG by Severity of Illness, Discharges Between
October 2007 and April 2008 (N 5 7,027)

Variable No.

Within Category Percent With

MS-DRG Change

Severity of illness
Minor 121 41.3
Moderate 575 37.6
Major 1,917 31.3
Extreme 4,414 2.6

NOTE: Abbreviations: MS-DRG, Medicare Severity Diagnosis-Related Group.
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likely to have a change in MS-DRG assignment com-
pared to cases with an HAC listed lower in the final
list of diagnosis codes. Perhaps it is not surprising that

MS-DRG assignment is most likely to change when
the HAC is in the second position, because an ICD-
9 diagnosis code in this position is more likely to be
a major complication or comorbidity. For HACs
listed in a lower position of the list of ICD-9 diag-
nosis codes, it is likely that the patient had another
major complication or comorbidity listed in the sec-
ond position that would have maintained classifica-
tion in the same MS-DRG. Our results suggest that
physicians and hospitals caring for patients with
lower complexity of illness will sustain a higher
financial burden as a result of an HAC under CMS’
policy compared to providers whose patients sustain
the exact same HAC but have underlying medical
care of greater complexity.

FIG. 1. Receiver operating characteristic (ROC) curves stratified by severity of illness. ROC curves by severity of illness. Abbreviations: AUC, area under the

curve; HAC, hospital-acquired conditions.

TABLE 4. Example of MS-DRG Codes and Weights,
Fiscal Year 201418

Variable MS-DRG DRG Weight

Heart failure and shock
With major complications and comorbidities (MS-DRG 291) 291 1.5062
With complications and comorbidities 292 0.9952
Without major complications or comorbidities 293 0.6718

Chest pain 313 0.5992

NOTE: Abbreviations: DRG, Diagnosis-Related Group; MS-DRG, Medicare Severity Diagnosis-Related
Group.
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These results raise further concerns about the ability
of CMS’ payment policy to improve quality. One crit-
icism of CMS’ policy is that all HACs are not univer-
sally preventable. If they are not preventable, payment
reductions promulgated via the policy would be puni-
tive rather than incentivizing. In their study of central
catheter-associated bloodstream infections and
catheter-associated urinary tract infections, for exam-
ple, Lee et al. found no change in infection rates after
implementation of CMS’ policy.16 As such, some have
suggested HACs should not be used to determine
reimbursement, and CMS should abandon its current
nonpayment policy.4,17 Our findings echo this criti-
cism given that the financial penalty for an HAC
depends on whether a patient is more or less complex.

Because coding emanates from physician documen-
tation, a uniform documentation process must exist to
ensure nonvariable coding practices.1,2,7,9 This is not
the case, however, and some hospitals comanage doc-
umentation to refine or maximize the number of ICD-
9 diagnosis and procedure codes. Furthermore, there
are certain differences in the documentation practices
of individual physicians. If physician documentation
and coding variation leads to fewer ICD-9 codes dur-
ing an encounter, the chance that an HAC will influ-
ence MS-DRG change increases.

Another source of variation in coding practices
found in this study was code sequencing. Although
guidelines for appropriate ICD-9 diagnosis coding cur-
rently exist, individual subjectivity remains. The most
essential step in the coding process is identifying the
principal diagnosis by extrapolating from physician
documentation and clinical data. For example, when a
patient is admitted for chest pain, and after some eval-
uation it is determined that the patient experienced a
myocardial infarction, then myocardial infarction
becomes the principal diagnosis. Based on that princi-
pal diagnosis, coders must select the relevant second-
ary diagnoses. The process involves a series of steps
that must be followed exactly in order to ensure accu-
rate coding.12 There are no guidelines by which cod-
ing personnel must follow to sequence secondary
diagnoses, with the exception of listed MCCs and
CCs prior to other secondary diagnoses. Ultimately,
the order by which these codes are assigned may
result in unfavorable variation in MS-DRG
assignment.1,2,4,7–9,17

There are a number of limitations to this study.
First, our cohort included only UHC-affiliated aca-
demic medical centers, which may not represent all
acute-care hospitals and their coding practices.
Although our data are for discharges prior to imple-
mentation of the policy, we were able to analyze the
anticipated impact of the policy prior to any direct or
indirect changes in coding that may have occurred in
response to CMS’ policy. Additionally, the number of
diagnosis codes accepted by CMS was expanded from
9 to 25 in 2011. Future analyses that include MS-

DRG classifications with the expanded number of
diagnosis codes should be conducted to validate our
findings and determine whether any changes have
occurred over time. It is not known whether low ill-
ness severity scores signify patient or hospital charac-
teristics. If they represent patient characteristics, then
CMS’ policy will disproportionately affect hospitals
taking care of less severely ill patients. Alternatively,
if hospital coding practice explains more of the varia-
tion in the number of ICD-9 codes (and thus severity
of illness), then the system of adjudicating reimburse-
ment via HACs to incentivize quality of care will be
flawed, as there is no standard position for HACs on
a more lengthy diagnosis list. Finally, we did not eval-
uate the change in DRG weight with the reassignment
of MS-DRG if the HAC had been included in the cal-
culation. Future work should evaluate whether there
is a differential impact of the policy by change in MS-
DRG weight.

CONCLUSION
Under CMS’ current policy, hospitals and physicians
caring for patients with lower severity of illness and
have an HAC will be penalized by CMS dispropor-
tionately more than those caring for more complex,
sicker patients with the identical HAC. If, in fact,
HACs are indicators of a hospital’s quality of care,
then the CMS policy will likely do little to foster
improved quality unless there is a reduction in coding
practice variation and modifications to ensure that the
policy impacts reimbursement, independent of severity
of illness.

Disclosures: The authors acknowledge the financial support for data
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