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BACKGROUND: Hospital-based clinicians and educa-
tors face a difficult challenge trying to simultaneously
improve measurable quality, educate residents in line
with ACGME core competencies, while also attending to
fiscal concerns such as hospital length of stay (LOS).

OBJECTIVE: The purpose of this study was to deter-
mine the effect of multidisciplinary rounds (MDR) on
quality core measure performance, resident education,
and hospital length of stay.

DESIGN: Pre and post observational study assessing the
impact of MDR during its first year of implementation.

SETTING: TheNorwalkHospital is a 328-bed, university-
affiliated community teaching hospital in an urban
setting with a total of 44 Internal Medicine residents.

METHODS: Joint Commission on Accreditation of
Healthcare Organizations (JCAHO) core measure per-
formance was obtained on a monthly basis for selected
heart failure (CHF), pneumonia, and acute myocardial
infarction (AMI) measures addressed on the general
medical service. Resident knowledge and attitudes
about MDR were determined by an anonymous ques-
tionnaire. LOS and monthly core measure performance
rates were adjusted for patient characteristics and
secular trends using linear spline logistic regression
modeling.

RESULTS: Institution of MDR was associated with a
significant improvement in quality core measure per-
formance in targeted areas of CHF from 65% to 76%
(p<.001), AMI from 89% to 96% (p=.004), pneumonia
from 27% to 70% (p<.001), and all combined from 59%
to 78% (p<.001). Adjusted overall monthly performance
rates also improved during MDR (odds ratio [OR] 1.09,
CI 1.06–1.12, p<.001). Residents reported substantial
improvements in core measure knowledge, systems-
based care, and communication after institution of
MDR (p<.001). Residents also agreed that MDR im-

proved efficiency, delivery of evidence-based care, and
relationships with involved disciplines. Adjusted aver-
age LOS decreased 0.5 (95% CI 0.1–0.8) days for
patients with a target core measure diagnosis of either
CHF, pneumonia, or AMI (p<.01 ) and by 0.6 (95% CI
0.5–0.7) days for all medicine DRGs (p<.001).

CONCLUSIONS: Resident-centered MDR is an effective
process using no additional resources that simulta-
neously improves quality of care while enhancing
resident education and is associated with shortened
length of stay.
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H ospital-based educators and clinicians have recently
found themselves in the center of multiple seemingly

discordant pressures. How does an institution allocate
resources to improve measurable quality and tackle require-
ments for residency education while simultaneously addres-
sing the reality of increasing fiscal constraints? A realistic
approach should include the design of efficient, sustainable
processes that address these issues yet require minimal
additional resources.

The challenge to improve quality of care set forth by the
Institute of Medicine1 has been met with less than satisfactory
results in the area of core measure performance. A report in
2004 of the core measures assessed by the Centers for
Medicare and Medicaid Services (CMS) and Joint Commission
on Accreditation of Healthcare Organizations (JCAHO), for
example, revealed that only 46% of patients eligible for
pneumococcal vaccine with community-acquired pneumonia
received it, whereas 1 out of every 11 patients with a
myocardial infarction eligible for aspirin on arrival did not
receive that potentially life-saving treatment.2 Furthermore,
public reporting of quality core measures by JCAHO and CMS
and the potential advent of pay for performance have placed
quality improvement in the forefront of hospitals’ priorities.

Physicians based at teaching hospitals also face the chal-
lenge of ensuring that their trainees deliver high-quality
medicine. The Accreditation Council for Graduate Medical
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Education (ACGME) has defined core competencies as patient
care, medical knowledge, practice-based learning improvement,
interpersonal and communication skills, professionalism, and
system-based improvement. These core competencies recognize
the importance of the delivery of evidence-based care and
training in systems of care. Demonstration that residents are
progressing in these core competencies requires steps beyond
traditional teaching and documentation.3,4 Hospital-based clin-
icians and educators must attend to these quality and educa-
tional priorities while also focusing on the fiscally driven
requirement to improve patient flow and reduce length of stay.

Unfortunately, traditional strategies for changing hospital
practices and especially physician behavior have limited value.
The dissemination of information alone, without direct human
intervention, does not significantly affect management.5 De-
spite wide promulgation, clinical practice guidelines alone
have only a limited effect in changing physician behavior.6

Moreover, analyses of hospital characteristics associated with
high-quality care reveal only an inconsistent advantage of
having residency programs, but a positive association with
strong leadership and multidisciplinary approaches.7

Given thatmost teaching hospitals rely on residents to provide
a large proportion of inpatient care, we concluded that residents
could serve as a strategic resource for improving quality and
efficiency—especially when integrated into a multidisciplinary
effort. Labresh and colleagues demonstrated, for example, that
such an approach can improve performance of measures for
secondary prevention of cardiovascular disease.8 Hence, to
address quality improvement goals, meet the complimentary
needs to train residents in competencies that promote best
practice, and achieve operational efficiency, we implemented
medical resident-centered thrice-weekly multidisciplinary
rounds. In this study, we sought to determine whether resident-
centered multidisciplinary rounds lead to achievement of best
demonstrated practice in measurable quality as defined by the
core measures embraced by JCAHO and CMS while simulta-
neously enhancing resident education in line with ACGME core
competencies and improving length of stay.

METHODS

Setting

Norwalk Hospital is a 328-bed, university-affiliated community
teaching hospital in an urban setting. The Department of
Internal Medicine supports a residency program of 44, with 14
residents and 1 physician assistant comprising the 5 teams on
the inpatient general medical service. Residents rotate in 4-
week blocks on the medical teaching service for 4 months as
postgraduate year (PGY) 1, 3 months as PGY2, and 2 months
as PGY3. Residents care for about 80% of all medical admis-
sions. The remaining 20% of cases are cared for by private
medical attendings on the non-teaching service. During the
study period, the 4 full-time Hospitalist clinician-educators on
faculty were attendings for one-third of the patients on the
resident teaching service, with the remaining two-thirds of
those patients covered by private medical attending staff. Each
of the 5 medical units is directed by a nurse coordinator and
served by 1 or 2 case managers. Three pharmacists round on
the general medical units and are in charge of drug utilization.

Intervention

With the consent of senior hospital administrators, represen-
tatives were drawn from all departments directly involved in
patient care to form a multidisciplinary team. Members of the
team observed the conduct of multidisciplinary rounds at
another hospital (Berkshire Medical Center, Pittsfield, MA) to
gain familiarity with it and enhance acceptance. In addition to
members of the internal medical service, the multidisciplinary
team is comprised of case managers and nurse coordinators
from each of the non-intensive care medical units, a dietician,
pharmacists, and representatives from the physical medicine
and psychiatric services. MDR is led by the chief of medicine
and a clinician-educator and conducted on Monday, Wednes-
day, and Friday from 10 to 11 A.M. in a conference room
located in the center of the 2 main general medicine units. The
core measure descriptions are posted on a bulletin board in
the conference room and loaded on residents’ personal data
assistant (PDA) devices. Monthly core measure performance is
highlighted in figures displayed in the MDR conference room.
Senior administrators, including the hospital chief executive
and operating officers, provided visible support for MDR by
occasionally sitting through rounds.

One to 2 hours before MDR, nurses and/or case managers
gather data on the patients related to diagnoses, care issues,
and core measure compliance. Starting at 10 A.M., the first of
the 5 resident teams is paged by the physician leaders. Case
manager or nurses from each unit present thumbnail descrip-
tions of the cases, residents respond and integrate suggestions
from all members of the MDR team into the patient’s care plan,
whereas the physician leaders facilitate and advise. Tasks are
assigned to the appropriate members of the care team.
Resident teams leave upon completion of their patient list.
Summoned by a physician leader’s page just before the
completion of the preceding team’s discussions, the next team
takes it turn. Given that 50 to 80 patients are discussed, the
MDR team focuses exclusively on quality and core measure
compliance, advancement of care, system barrier recognition
and removal, clarification of diagnoses, coding accuracy and
optimization, drug dosing and safety, and exchange of other
essential clinical information. Formal didactics and issues
requiring prolonged discussions are handled outside of MDR.
Rounds on the entire resident teaching service usually are
completed in 1 hour and never extend beyond 5 minutes past
the hour.

Outcomes

The JCAHO core measures are evidence-based, peer reviewed
quality markers of common inpatient diagnoses.9 Given the
focus on inpatient medicine quality, we selected as outcomes
the performance of all core measures that could be affected by
MDR. For congestive heart failure, the core measures chosen
were discharge instructions, left ventricular function (LVF)
assessment, angiotensin-converting enzyme inhibitor (ACEI)
for left ventricular systolic dysfunction (LVSD), and smoking-
cessation counseling. For acute myocardial infarction, the core
measures chosen were aspirin prescribed at discharge, ACEI
for LVSD, smoking-cessation counseling, and beta-blocker
prescribed at discharge. For community-acquired pneumonia,
the core measures chosen were pneumococcal vaccination and
smoking-cessation counseling. Whereas important, the
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remaining core measures were controlled by either the inten-
sive care unit or emergency department, and not by the
general medical units.

The impact of MDR on length of stay and resident education
and attitudes were also assessed. Lengths of stay were deter-
mined for all medical patients 1 year before MDR, and for the
first year of MDR. To gauge their knowledge and attitudes about
MDR, residents completed an anonymous questionnaire.

Data Collection

Core Measures. In 2002, our quality improvement team joined
the National Voluntary Hospital Reporting Initiative through

the American Hospital Association. Data on core measures
performance were abstracted and reported to the Connecticut
Hospital Association (CHA) by a nurse abstractor in
accordance with JCAHO policy as outlined in the
Specifications Manual for National Hospital Quality Measures
Version 1.0.10 All patient data were included for submission to
the CHA for patients age 18 and older with a principal
diagnosis ICD9-CM code for AMI, CHF, or pneumonia
according to Tables 1.1, 2.1, and 3.1 provided in Appendix A
of the JCAHO Specifications Manual.10 Patients were excluded
from the study according to the algorithm for each specific core
measure. These data were reported on a monthly basis to the
CHA for distribution to CMS and JCAHO. A CMS Clinical Data
Abstraction Center audit of 66 data elements from July 2004
through September 2004 yielded an overall abstraction
reliability score of 95%. Core measure data and patient
comorbidities used in this study were obtained from the
official verified reports sent from the CHA.

Length of Stay. Data regarding LOS were drawn from an
administrative data base and sorted according to medical
attending and medical diagnosis between July 2002 and
June 2004, inclusively.

Resident Survey. Residents received an anonymous 2-section
questionnaire that they answered privately after completing at
least 2 blocks (8–12 weeks) of the new MDR on the general
medical service. Residents placed the completed
questionnaires in a basket and checked off their names from
a posted list. Questionnaires were retrieved as a group only
after all residents had checked off their names. The first
section utilized a 5-point Likert scale for residents to recall
their level of knowledge and attitudes before MDR, and then
after completing at least 2 blocks of MDR. The second section
assessed agreement or disagreement with statements about
the value of MDR on a 5-point Likert scale. The questions were
chosen thorough consensus agreement by the authors
regarding which ACGME Core Competencies the MDR could
affect and the potential impact on resident working conditions.

Table 1. Patient Characteristics Between 1 Year Pre-MDR and the
First Year of MDR

Patient characteristics Pre-MDR*
(n=1,332)

MDR†

(n=1,409)
P value

Demographic
Age (mean, SD) 74.8 (13.4) 78.5 (13.8) .14
Female (%) 50.5 48.0 .18
Race by group
White (%) 75.8 80.5 .003
Black (%) 15.7 13.1 .13
Others (%) 8.5 6.4 .11
Insurance status
Payer source
Self-pay (%) 0.4 1.3 .07
Medicare (%) 80.0 78.7 .22
Medicaid (%) 6.4 4.0 .04
Commercial insurance (%) 14.5 16.0 .35

Severity of illness
DRG weight (mean, SD) 1.2 (0.5) 1.4 (1.1) <0.001
Hypertension (%) 19.5 18.5 0.51
COPD (%) 63.7 70.0 0.001
Dementia (%) 3.6 4.8 0.13
Diabetes (%) 30.0 32.9 0.09
Acute renal failure (%) 1.2 1.7 0.27

SD denotes standard deviation.
*Pre-MDR from July 2002 to June 2003 and MDR from July 2003 to
June 2004
†MDR denotes multidisciplinary rounds.

Table 2. Changes in Outcomes of Core Measures Between 1 Year Pre-MDR and the First Year of MDR

Core measure Pre-MDR* MDR† P value

Eligible‡

(#)
Success rate
(%)

95% CI
(%)

Eligible‡

(#)
Success rate
(%)

95% CI
(%)

Heart failure 780 65 62–69 781 76 73–79 <.001
Discharge instructions 261 21 17–27 267 48 41–54 <.001
Left ventricular ejection fraction assessment 347 93 89–95 352 94 91–97 .334
Angiotensin converting enzyme inhibitor 119 76 68–84 116 80 72–87 .491
Smoking cessation counseling 53 77 64–88 46 91 79–98 .060

Acute myocardial infarction 201 89 83–93 243 96 93–98 .002
Aspirin prescribed at discharge 80 95 88–99 83 99 94–100 .160
Angiotensin converting enzyme inhibitor 26 81 61–93 38 89 75–97 .325
Beta-blocker prescribed at discharge 81 90 81–96 104 97 92–99 .046
Smoking cessation counseling 14 57 29–82 18 94 73–100 .011

Community-acquired pneumonia 351 27 23–32 385 70 65–74 <.001
Pneumococcal vaccination 261 10 7–14 303 64 58–69 <.001
Smoking-cessation counseling 90 78 68–86 82 91 83–96 .014

*Pre-MDR from July 2002 to June 2003. MDR denotes multidisciplinary rounds.
†MDR from July 2003 to June 2004
‡Eligible patients are those who meet JCAHO criteria for receiving the specified core measure
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Data Analysis

Core Measures. Core measure performance and LOS was
compared as “pre-MDR” from July 2002 to June 2003 and
“MDR” from July 2003 to June 2004, inclusively. Core
measure performance was assessed by tabulating either the
success at or failure to satisfy each individual core measure
requirement. These data were further grouped into their
appropriate “targeted” category by pooling total successes
versus eligible patients for CHF, AMI, and pneumonia,
respectively. Bivariate analyses were performed to assess
differences in patient’s characteristics and core measure
performance before and after institution of MDR across the 3
targeted groups. Pre-post comparisons of aggregate categorical
data were conducted with chi square tests, and continuous
variables with t tests. Monthly rates of core measure
performance were adjusted for patient characteristics and
secular trends using linear spline logistic regression
modeling.11 All statistical analyses were conducted using
STATA version 8.0 (STATA Corporation, College Station, TX).

Length of Stay. LOS was calculated by averaging the hospital
days, excluding outliers (LOS>30 days), used by each patient
in the corresponding group studied. The average LOS was
computed for “targeted diagnoses” and all medicine diagnoses.
Targeted diagnoses consisted of DRG 127 Heart Failure and
Shock, DRG 121 Circulatory Disorders with Acute Myocardial
Infarction, and DRG 089/090 Simple Pneumonia and Pleurisy.
LOS was adjusted for patient characteristics and secular
trends using linear spline logistic regression modeling.

Resident Survey. For the resident questionnaire, statistical
significance of resident knowledge and attitudes about MDR
in section 1 was calculated using a paired t test on scores
before and since MDR. For resident assessments of MDR in
section 2, positive responses were judged by a score of either
agree or strongly agree (4 or 5 on a 5-point Likert scale).

RESULTS

Core Measures

Comparison of patient characteristics before and after institu-
tion of MDR reveals a few differences in ethnicity, payer source
and illness severity (Table 1). Analysis of performance of core
measures reveals statistically significant improvement in all 3
targeted groups, and in 5 out of 10 individual core measures
after the institution of MDR (Table 2). Adjusted montly rates of
performance during MDR surpassed the pre-MDR period
except for AMI (Table 3).

Length of Stay

Adjusted average LOS decreased 0.5 (95% CI 0.1–0.8) days for
patients with the targeted diagnoses of CHF, pneumonia, or
AMI (p≤.013) and by 0.6 (0.5–0.7) days for all medicine DRGs
(p<.001) during this time period (Fig. 1).

Resident Survey

The resident assessment of MDR questionnaire was completed
by 100% of the medical residents (13 PGY-2 and 13 PGY-3).
Residents reported substantial improvements in core measure
knowledge, systems-based care, and communication with

Table 3. Monthly Core Measure Performance Rates Adjusted for
Patient Characteristics and Secular Trends*

Composite core measure† Odds ratio‡ 95% CI P value

Heart failure
Pre-MDR§ 1.02 0.98–1.05 .397
MDR§ 1.06 1.03–1.10 .001

Acute myocardial infarction
Pre-MDR 1.12 1.00–1.25 .057
MDR 1.05 0.93–1.20 .434

Community-acquired pneumonia
Pre-MDR 1.12 1.05–1.19 .001
MDR 1.22 1.15–1.29 <.001

Aggregated
Pre-MDR 1.05 1.02–1.08 .001
MDR 1.09 1.06–1.12 <.001

*Adjusted using linear spline logistic regression modeling. Patient
characteristics include age, gender, and comorbidities including COPD,
diabetes mellitus, hypertension, and dementia.
†CHF: discharge instructions, LVF assessment, ACEI for LVSD, smok-
ing-cessation counseling. AMI: aspirin at discharge, ACEI for LVSD,
smoking-cessation counseling, and beta blocker at discharge. Pneumo-
nia: pneumococcal vaccination and smoking cessation counseling.
‡The odds ratio reflects changes in monthly performance. A ratio of greater
than 1 indicates that monthly core measure performance is increasing.
§Month as an interval

Figure 1. Comparison of adjusted average LOS 1 year pre-MDR versus 1 year of MDR on targeted diagnoses (CHF, AMI, and pneumonia) and
all medicine diagnoses. LOS was adjusted for patient characteristics and potential secular trends using linear spline logistic regression

modeling. Patient characteristics include patients’ age, gender, and comorbidities including COPD, diabetes mellitus, hypertension, and
dementia. Bars represent the 95% confidence interval. *p=.013, †p<.001
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involved disciplines after institution of MDR (p<.001) (Fig. 2).
Residents also agreed that MDR improved efficiency, delivery of
evidence-based care, and relationships (Table 4). Although
roughly 1 quarter of residents felt uneasy during any point in
MDR, none felt “picked on.” Finally, residents responded that
MDR is not only a valuable process, but that it yields positive
returns on the time spent and improves the overall quality of
patient care.

DISCUSSION

These results reveal a robust improvement in quality of care,
resident attitudes, and average LOS following institution of MDR.
The cost ofMDR lies only in the time invested in thriceweekly, hour-
long rounds. No additional full-time equivalents (FTEs), equipment,
or technology was needed to run MDR, and no other identifiable
interventions occurred during this time period.

The data reveal that not only did overall performance
increase with MDR, but the overall monthly rates of improve-
ment during MDR exceeded baseline rates. This finding
suggests that MDR contributed to core measure success above
that expected from concurrent secular influences. When
viewed by targeted category, an exception was AMI, which
significantly improved overall but did not experience a monthly
rate of performance increase. This latter finding is attributable
to the near 100% AMI performance during MDR that left little
room for rate improvement.

MDR serves as an attractive method for achieving the goals
of quality, education, and expediting patient care because of its
relative efficiency. As noted by the residents in their survey and
by the other participants informally, MDR enhances commu-
nication and saves time otherwise spent tracking down the
many participants in patient care. This demonstrated success
of MDR helps address the call by Zwarenstein and Reeves12 for
more evidence of the positive value of such collaboration.

Performance of important processes of care may vary in
association with different patient characteristics.7,13,14 How-
ever, only small differences in race and payer status were
observed for the periods before and after MDR, which were
unlikely to account for the significant improvements in quality

Figure 2. Mean (SD) rating of resident knowledge and attitudes after 8 to 12 weeks of MDR (filled bar). Residents also rated pre-MDR
knowledge and attitude by recall (white bar). *p<.001

Table 4. Resident Assessment of Multidisciplinary Rounds

Affirmative
response (%)*

Mean
(SD)

Improves overall quality of care at
Norwalk Hospital

100 4.7 (0.5)

Improves self-knowledge of core
measures

96 4.7 (0.6)

A valuable process 92 4.4 (0.6)
Facilitates discharging patients
more rapidly

85 4.2 (0.7)

Improves my efficiency 85 4.4 (0.8)
Improves delivery of evidence-based
care

81 4.1 (0.9)

Interruption of MDR is outweighed
by benefits

81 3.9 (1.3)

Positive returns on time spent 77 4.1 (0.9)
Improves my relationship with
involved disciplines

69 4.1 (0.9)

Agreement scored on a 5-point Likert scale (5=strongly agree, 4=agree,
3=no opinion, 2=disagree, 1=strongly disagree)
*Affirmative response represents the percentage of resident question-
naires with a score of 4 or 5.
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seen. MDR’s concentration on diagnosis rather than on
patients’ personal characteristics, moreover, may serve to
negate biases.

A significant increase in study patients’ case mix index
(CMI), as determined by case DRG weight, was also observed
with MDR. This increase may be partially attributable to the
focus of MDR on proper identification of active comorbidities
and improvement in documentation to support accurate DRG
assignment. Given that the overall hospital CMI went down
slightly by 0.01 during the same time period, the increased
DRG weight of 0.20 seen in the core measure eligible patients
may further support the financial benefit of MDR along with
the LOS reduction.

Despite the previous description of successful multidisci-
plinary teams,15,16 most have been narrow in focus, such as
targeting treatment of a single-disease process.17,18 Multidis-
ciplinary teams broadening their scope to the general inpa-
tient medical wards have produced improvements in
satisfaction and LOS.19,20 None, however, have demonstrated
specific improvements in measurable quality for multiple
diagnoses. Although approaching quality through disease
management guidelines has shown promise, significant at-
tention is still needed in the implementation of these best
practices.21 In addition, tools for practical achievement of top
performance in quality measures have not been well demon-
strated. Given the multitude of pressures on teaching
hospitals, it is not desirable or even feasible to divide
resources among each and every new task. Thus, both the
unique nature and success of MDR depend on its ability to
broadly improve quality core measures while also enhancing
both educational and financial objectives.

As reflected by educational meetings and policies set forth by the
ACGME, residency programs have endeavored to develop new
strategies for teaching the core competencies. However, these
methodologies often rely on abstract didactic tools alone or are
removed from the daily routine of the resident service.22,23,24). MDR
addresses this shortfall by offering an immersion method for
effectively teaching both system and evidence-based care with
continual data feedback. Added attractions are the grounding
received by residents and other hospital staff in core measure
practices and the fostering of positive relationships and mutual
understanding among them.

Successful programs have been studied for their ability to
change clinical practice and promote evidence-based care.
Bradley et al.25 demonstrated that hospitals with superior out-
comes possess 4 unique characteristics: shared goals for im-
provement, substantial administrative support, strong physician
leadership, and use of credible data feedback. MDR possessed all
4 characteristics, namely, explicitly shared goals of improving
core measure performance and enhancing patient flow, visible
senior administrative support, physician leadership provided by
the chief of medicine, and quantifiable core measure perfor-
mance outcomes. In particular, the continuing support of senior
administrators remains key to sustaining MDR.

Although MDR has been successful with quality, LOS, and
education, we did not reach our goal of 100% performance of
all pertinent core measures. Some issues were idiosyncratic,
such as angiotension receptor blockers not recognized as being
acceptable substitutions for ACE inhibitors, which now has
been corrected by CMS and JCAHO. Despite significant
improvement, measures such as “discharge instructions” for
CHF remained suboptimal given the lack of an integrated and

automated discharge process. Other core measure failures
simply stemmed from missed opportunities or incomplete
follow through with orders and documentation.

Although providing a substantial improvement and back-
bone, MDR is not a complete stand-alone solution for core
measure compliance. Current and future direction of MDR
involves decision support embedded in a computerized prac-
tioner order entry system to create automatic reminders, force
documentation of exceptions, and automate diagnosis-driven
patient instructions. This advance will close the loop on the
recommendations made in MDR and, hence, further its
effectiveness.

Our study demonstrates a substantial decrease in LOS for
not only the core measure targeted diagnoses but for all
medicine DRGs. This gain may be attributable to the advance-
ment of care strategies promoted during MDR, as informally
attested to by participants. The utilization of the medical
residents as the key effector of such change provides proof of
their value not only for quality of care, but for fiscal savings as
well. Proponents of postgraduate medical education may be
able to use this value to defend their training programs during
these times of budgetary constraints.

In conclusion, resident-centered MDR is an effective process
that simultaneously improves quality of care while enhancing
resident education and is associated with shortened LOS.
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