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Objective: The COVID-19 pandemic has been a challenge for 
hospital medical staffs worldwide due to high volumes of 
patients acutely ill with novel syndromes and prevailing 
uncertainty regarding optimum supportive and therapeutic 
interventions. Additionally, the response to this crisis was 
driven by a plethora of nontraditional information sources, 
such as email chains, websites, non–peer-reviewed preprints, 
and press releases. Care patterns became idiosyncratic and 
often incorporated unproven interventions driven by these 
nontraditional information sources. This report evaluates 
the efforts of a health system to create and empower a 
multidisciplinary committee to develop, implement, and 
monitor evidence-based, standardized protocols for patients 
with COVID-19.

Methods: This report describes the composition of the committee, 
its scope, and its important interactions with the health system 
pharmacy and therapeutics committee, research teams, 

and other work groups planning other aspects of COVID-19 
management. It illustrates how the committee was used to 
demonstrate for trainees the process and value of critically 
examining evidence, even in a chaotic environment.

Results: Data show successful interventions in reducing 
excessive ordering of certain laboratory tests, reduction of 
nonrecommended therapies, and rapid uptake of evidence-
based or guidelines-supported interventions.

Conclusions: A multidisciplinary committee dedicated solely to 
planning, implementing, and monitoring standard approaches 
that eventually became evidence-based decision-making led 
to an improved focus on treatment options and outcomes for 
COVID-19 patients. Data presented illustrate the attainable 
success of a committee that is both adaptable and suitable for 
similar emergencies in the future.

Keywords: COVID-19, clinical management, pharmacy and 
therapeutics, treatment, therapy.

The COVID-19 pandemic has spread to nearly all 
countries, carrying with it high morbidity, mortal-
ity, and severe impacts on both well-developed 

and less-well-developed health systems. Media reports 
of chaos within overwhelmed hospitals have been promi-
nent.1,2 As of January 28, 2022, SARS-CoV-2 has infected 
more than 368 million people globally and directly 
caused the death of more than 5.6 million,3 though this 
number is likely an undercount even in countries with well- 
developed mortality tracking.4

Throughout the COVID-19 pandemic, hospital- 
based medical teams have been confronted with a flood 
of severely ill patients with novel syndromes. Initially, 
there were no standards for therapy or supportive care 

except for treatments borrowed from similar syndromes. 
In the setting of high volumes, high acuity, and public dis-
may, it is unsurprising that the usual deliberative meth-
ods for weighing evidence and initiating interventions 
were often pushed aside in favor of the solace of active 
intervention.5 In this milieu of limited evidence, there was  
a lamentable, if understandable, tendency to seek  
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guidance from “nontraditional” sources,6 including email 
chains from colleagues, hospital websites, non–peer- 
reviewed manuscripts, advanced publication by medi-
cal journals,7 and nonscientific media presentations. In 
many localities, practitioners responded in idiosyncratic 
ways. For example, findings of high cytokine levels in 
COVID-19,8 along with reports of in-vitro antiviral activity 
with drugs like hydroxychloroquine against both SARS9 
and SARS-CoV-2,10 drove laboratory test ordering and 
therapeutic interventions, respectively, carving short-
cuts into the traditional clinical trial–dependent stan-
dards. Clinical trial results eventually emerged.11

COVID-19 created a clinical dilemma for hospital 
medical staffs in terms of how to organize, standardize, 
and rapidly adapt to a flood of new information. In this 
report, we describe how 1 health system responded 
to these challenges by forming a COVID-19 Clinical 
Management Committee (CCMC) and empowering this 
interdisciplinary team to review evidence, create and 
adjust order sets, educate practitioners, oversee care, 
and collaborate across teams addressing other aspects 
of the COVID-19 response.

Program Overview

Health System Description
Luminis Health is a health system with 2 acute care hos-
pitals that was formed in 2019 just before the start of the 
pandemic. Anne Arundel Medical Center (hospital A) is a 
385-bed teaching hospital in Annapolis, MD. It has more 
than 23 000 discharges annually. Patients with COVID-19 
were cared for by either an internal medicine teaching ser-
vice or nonteaching hospitalist services on cohorted nurs-
ing units. Doctor’s Community Medical Center, in Lanham, 
MD (hospital B), is a 206-bed acute care hospital with 
more than 10 350 annual discharges. COVID-19 patients 
were cared for by hospitalist groups, initially in noncohorted 
units with transition to cohorted nursing units after a few 
months. The medical staffs are generally distinct, with dif-
ferent leadership structures, though the Luminis Health 
Department of Medicine has oversight responsibilities at 
both hospitals. More than 47 physicians attended COVID-
19 patients at hospital A (with medical residents) and 30 
individual physicians at hospital B, respectively, including 

intensivists. The nursing and pharmacy staffs are distinct, 
but there is a shared oversight Pharmacy and Therapeutics 
(P&T) Committee.

The 2 hospitals had distinct electronic medical records 
(EMR) until January 2021, when hospital B adopted the 
same EMR as hospital A (Epic). 

Mission and Formation of CCMC 
In order to coordinate the therapeutic approach across 
the health system, it was important for the CCMC to be 
designated by the health system P&T committee as an 
official subcommittee so that decisions on restrictions of 
medications and/or new or revised order sets could be 
rapidly initiated across the system without waiting for the 
subsequent P&T meetings. The full committee retained 
oversight of the CCMC. Some P&T members were also 
on the CCMC.

The committee reviewed new reports in medical journals 
and prepublication servers and consulted recommenda-
tions of professional societies, such as the National Institutes 
of Health (NIH) COVID-19 guidelines, Infectious Diseases 
Society of America, Society of Critical Care Medicine, and 
US Food and Drug Administration (FDA) emergency use 
authorizations (EUA), among other sources. 

Composition of the CCMC
Physician leaders from both hospitals in the following spe-
cialties were solicited for participation: critical care, epide-
miology, hospital medicine (internal medicine), emergency 
medicine, infectious diseases, nephrology, women and 
children’s services, and medical informatics. Specialists 
in other areas, such as hematology, were invited for  
topic-specific discussions. Hospital pharmacists with dif-
ferent specialties and nursing leadership were essential 
contributors. The committee members were expected to 
use various communication channels to inform frontline 
clinicians of new care standards and the existence of new 
order sets, which were embedded in the EMR.

Clinical Research
An important connection for the CCMC was with the 
COVID-19 clinical research team. Three members of the 
research team were also members of the CCMC. All new 
study proposals for therapeutics were discussed with the 
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CCMC as they were being considered by the research 
team. In this way, feedback on the feasibility and accep-
tance of new study opportunities could be discussed 
with the CCMC. Occasionally, CCMC decisions impacted 
clinical research accrual strategies. For example, new 
data from randomized trials about tocilizumab1,2 demon-
strated benefits in some subsets of patients and resulted 
in a recommendation for use by the NIH guideline com-
mittee in these populations.1 The CCMC quickly adopted 
this recommendation, which required a reprioritization 
of clinical research enrollment for studies testing other 
immune-modulating agents. This important dialogue was 
mediated within the CCMC. 

Guideline Distribution, Reinforcement, and 
Platform for Feedback
New guidelines were disseminated to clinicians via daily 
brief patient huddles held on COVID units, with participa-
tion by nursing and pharmacy, and by weekly meetings 
with hospitalist leaders and frontline hospital physicians. 
Order sets and guidelines were maintained on the intranet. 
Adherence was reinforced by unit-based and central 
pharmacists. Order sets, including admission order sets, 
could be created only by designated informatics per-
sonnel, thus enforcing standardization. Feedback on the 
utility of the order sets was obtained during the weekly 
meetings or huddles, as described above. To ensure a 
sense of transparency, physicians who had interest in 
commenting on a particular therapy, or who wished to 
discuss a particular manuscript, news article, or website, 
were invited to attend CCMC meetings. 

Scope of CCMC
In order to be effective and timely, we limited the scope 
of our work to the report to the inpatient therapeutic envi-
ronment, allowing other committees to work on other 
aspects of the pandemic response. In addition to issuing 
guidance and creating order sets to direct clinical prac-
tice, the CCMC also monitored COVID-19 therapeutic 
shortages15,16 and advised on prioritization of such treat-
ments as convalescent plasma, remdesivir (prioritization 
and duration of therapy, 5 vs 10 days), baricitinib, and 
tocilizumab, depending upon the location of the patient 
(critical care or not). The CCMC was not involved in the 

management of non–COVID-19 shortages brought about 
by supply chain deficiencies.

Table 1 shows some aspects of the health system  
pandemic-response planning and the committee workforce 
that undertook that work. Though many items were out of 
scope for the CCMC, members of the CCMC did partici-
pate in the planning work of these other committees and 
therefore stayed connected to this complementary work.

A Teaching Opportunity About Making  
Thoughtful Choices 
Another important feature of the CCMC was the contribu-
tions of residents from both pharmacy and internal medi-
cine. The purpose and operations of the committee were 
recognized as an opportunity to involve learners in a curric-
ulum based on Kern’s 6-step approach.17 Though the prob-
lem identification and general needs assessment were 
easily defined, the targeted needs assessment, extracted 
from individual and group interviews with learners and the 
committee members, pointed at the need to learn how 
to assess and analyze a rapidly growing body of litera-
ture on several relevant clinical aspects of SARS-CoV-2 
and COVID-19. To achieve goals and objectives, residents 
were assigned to present current literature on a particular 
intervention during a committee meeting, specifically com-
menting on the merit or deficiencies of the study design, 
the strength of the data, and applicability to the local con-
text with a recommendation. Prior to the presentations, the 
residents worked with faculty to identify the best studies 
or systematic analyses with potential to alter current prac-
tices. We thus used the CCMC process as a teaching tool 
about evidence-based medicine and the dilemma of clin-
ical equipoise. This was imperative, since trainees thrust 
into the COVID-19 response have often keenly observed 
a movement away from deliberative decision-making.18 
Indeed, including residents in the process of deliberative 
responses to COVID-19 addresses a recent call to adjust 
medical education during COVID-19 to “adapt curriculum 
to current issues in real time.”19

Interventions and Therapies Considered
Table 2 shows the topics reviewed by the CCMC. By the 
time of the first meeting, nonstandardization of care was 
already a source of concern for clinicians. Dialogue often 
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continued outside of the formal meetings. Many topics 
were considered more than once as new guidance devel-
oped, changes to EUAs occurred, and new data or new 
publicity arose. 

Methods
The Human Protections Administrator determined that 
this work constituted “quality improvement, and not 
research” and was therefore exempt from institutional 
review board review.

Quantitative Analysis 
All admitted patients from March 10, 2020, through April 
20, 2021, were considered in the quantitative aspects 
of this report except as noted. Patients diagnosed with 
COVID-19 were identified by searching our internal data 
base using diagnostic codes. Patient admissions with 
the following diagnostic codes were included (prior to 
April 1, 2020): J12.89, J20.8, J40, J22, J98.8, J80, 
each with the additional code of B97.29. After April 1, 
2020, the guideline for coding COVID-19 was U07.1. 

Descriptive statistics were used to measure utilization 
rates of certain medications and laboratory tests of interest 
over time. These data were adjusted for number of unique 
admissions. In a few cases, not all data elements were 
available from both hospitals due to differences in the EMR. 

Case fatality rate was calculated based upon whether 
the patient died or was admitted to inpatient hospice as a 
result of COVID-19. Four patients transferred out of hospi-
tal A and 18 transferred out of hospital B were censored 
from case-fatality-rate determination. 

Figure 1 shows the number of admissions for each 
acute care hospital in the health system and the com-
bined COVID-19 case-fatality rate over time. 

Results
A total of 5955 consecutive COVID-19 patients admitted 
from March 10, 2020, through April 30, 2021, were ana-
lyzed. Patients with International Statistical Classification of 

Diseases, Tenth Revision codes J12.89. J20.8, J40, J22, 
J98.8, J80, each with the additional code of B97.29 (or the 
code UO7.1 after April 1, 2020), were included in the anal-

Table 1. Scope of the COVID-19 Clinical Management Committee

In Scope of the CCMC Out of Scope of the CCMC

Medication for therapeutic interventions: inpatient only; 
specific patient scenarios, including duration of illness,  
severity of illness, risk factors for poor outcome,  
oxygenation status

Management of COVID-19 drug shortages including 
prioritization and triaging of scarce therapeutics: 
intermittent shortages caused by high demand and supply 
chain disruptions created the need to issue prioritization 
guidelines (eg, convalescent plasma, remdesivir, 
tocilizumab, and baricitinib) 

Medications for supportive care, prophylaxis,  
and palliation: inpatient only; examples include dose  
and type of anticoagulation, antiemetics with potential 
interactions, antihypertensives

Respiratory support; proning, high flow oxygen,  
vapotherm, and other respiratory or oxygen delivery  
methodsa: beneficial effects of proning were first identified 
in specialty discussion by members of CCMC and built 
into order sets; respiratory therapy committee tracked 
other advances and brought them to CCMC for inclusion 
into order sets for specific populations

Management of other drug shortages due to supply chain issues was out 
of scope and done by other committees

Outpatient management of COVID-19, including access to clinical 
research and monoclonal antibody therapy: remote patient monitoring 
after admission; monoclonal antibodies and supportive care medications 
organized by some CCMC members but not a designated responsibility

COVID-19 molecular testing for emergency department, ambulatory 
patients, and health care workers: laboratory committee surveyed  
and recommended for adoption different testing platforms for  
different purposes

Vaccine distribution to staff and patients: completed by vaccine 
committee

Access to and distribution of PPE, safe work spaces: infection control 
committee and epidemiologist

Predictive modeling, space planning for expanded COVID-19 care, and 
visitation policies: incident command or subcommittees

CCMC, COVID-19 Clinical Management Committee; PPE, personal protective equipment.
aBoth in and out of scope of the CCMC.
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ysis. The median age of admitted patients was 65 years 
(range 19-91 years). Using the NIH classification system 
for severity,20 the distribution of severity during the first  
24 hours after the time of hospital admission was as fol-
lows: asymptomatic/presymptomatic, 0.5%; mild illness, 

5.3%; moderate illness, 37.1%; severe illness, 55.5%; and 
critical illness, 1.1%.

The impact of the CCMC can be estimated by look-
ing at care patterns over time. Since the work of the 
CCMC was aimed at influencing and standardizing phy-

Table 2. Timeline of Topics Reviewed by COVID-19 Clinical Management Committee

Date Topic Comment

04/01/20 Introductory meeting; charge to the CCMC;  
suggested topics for meetings

COVID-19 research team: convalescent plasma; 
Mayo Clinic “study”; rationale for operational aspects

04/15/20 Designation as subcommittee of system P&T committee N/A

04/21/20 Risk stratification based upon vital signs, lab values, and 
therapeutics: vitamin C, glucocorticoids, hydroxychloroquine, 
chloroquine; proning to improve oxygenation

Convalescent plasma for high-risk patients; 
glucocorticoids: which patients and what dose?

05/06/20 Remdesivir EUA; glucocorticoids; anticoagulation; 
hydroxychloroquine; chloroquine 

Anticoagulation: which patients and what dose?

06/02/20 Glucocorticoids; research opportunity for monoclonal 
antibodies for inpatients; preliminary data on outcomes

Research team presentation

06/16/20 Glucocorticoids; plasma; remdesivir; lopinavir/ritonavir Glucocorticoids: patient-selection criteria; remdesivir 
order sets and proper utilization

06/30/20 Reducing antibiotics as adjunct therapy; biomarker overuse; 
research study utilizing CD24 molecule as  
anti-inflammatory

Research team presentation of proposed study

07/10/20 Research proposal: BTK inhibitors as anti-inflammatory agents Research team presentations

08/04/20 Ethnic and racial disparities in outcomes-local results; 
therapeutics: interleukin-6 antagonists; research proposal: 
neuropilin-2 inhibitors

Internal and external data sets on disparities in racial 
and ethnic group outcomes; research proposal: 
anti-inflammatory neuropilin-2 inhibitors

08/18/20 Guidance for convalescent plasma; empiric antibiotics; 
biomarkers

Which patients, if any, benefit from convalescent 
plasma?

09/01/20 Local disease trends and predictive models; neuraminidase 
inhibitors

N/A

10/06/20 Research proposal: mesenchymal stem cell infusion  Research team presentation: inhibitors of lung 
inflammation

11/02/20 Changes to remdesivir EUA; JAK inhibitors (eg, ruxolitinib) for 
pulmonary fibrosis; evolving convalescent plasma analyses

N/A

12/08/20 Additional ivermectin requests, fenretinide research proposal Research team presentation: anti-inflammatory 
molecule for hyperinflammation phase

01/12/21 Full-dose anticoagulation; investigational antispike protein 
antibody for inpatients; immune modulators ACTIV-1 IM

Enrollment onto full-dose anticoagulation in critical 
care patients paused by ACTIV-4, others; research 
team presentation: ACTIV-1 IM

02/16/21 Baricitinib study results Local context for baricitinib, given standard of care 
is to use glucocorticoids

03/16/21 New NIH guidance on tocilizumab; risks and benefits Newly published data differ from earlier results

04/20/21 Tocilizumab roll out: are all qualifying patients receiving drug? 
Convalescent plasma: new recommendations from the FDA; 
remdesivir in cases of renal failure or hemodialysis

Verify tocilizumab is being used or considered in 
patients receiving high-flow oxygen; some ventilated 
patients

ACTIV, Accelerating COVID-19 Therapeutic Interventions and Vaccines; BTK, bruton tyrosine kinase; CCMC, COVID-19 Clinical Management Committee;  
EUA, emergency use authorization; FDA, Food and Drug Administration; JAK, Janus kinase; N/A, not available; NIH, National Institutes of Health; P&T, Pharmacy 
and Therapeutics.
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sician ordering and therapy choices through order set 
creation and other forms of oversight, we measured the 
use of the CCMC-approved order sets at both hospitals 
and the use of certain laboratory tests and therapies 
that the CCMC sought either to limit or increase. These 
counts were adjusted for number of unique COVID-19 
admissions. But the limits of the case collection tool 
meant it also collected cases that were not eligible 
for some of the interventions. For example, COVID-19 
admissions without hypoxemia would not have been 
eligible for remdesivir or glucocorticoids. When admit-
ted, some patients were already on steroids for other 
medical indications and did not receive the prescribed 
dexamethasone dose that we measured in pharmacy 
databases. Similarly, a few patients were hospitalized for 
indications unrelated to COVID-19, such as surgery or 
childbirth, and were found to be SARS-CoV-2-positive 
on routine screening. 

Figure 2 shows the utilization of CCMC-approved 
standard COVID-19 admission order sets as a proportion 
of all COVID-19 admissions over time. The trend reveals 
a modest increase in usage (R2 = 0.34), but these data 
do not reflect the progressive build of content into order 
sets over time. One of the goals of the order sets was to 

standardize and reduce the ordering of certain biomark-
ers: C-reactive protein, serum ferritin, and D-dimer, which 
were ordered frequently in many early patients. Orders 
for these 3 laboratory tests are combined and expressed 
as an average number of labs per COVID-19 admission 
in Figure 2. A downward trend, with an R2 value of 0.65, 
is suggestive of impact from the order sets, though other 
explanations are possible.

Medication guidance was also a goal of the CCMC, 
simultaneously discouraging poorly supported inter-
ventions and driving uptake of the recommended  
evidence-based interventions in appropriate patients. 
Figure 3 shows the utilization pattern for some drugs of 
interest over the course of the pandemic, specifically the 
proportion of patients receiving at least 1 dose of medi-
cation among all COVID-19 admissions by month. (Data 
for hospital B were excluded from this analysis because 
it did not include all admitted patients.) 

Hydroxychloroquine, which enjoyed a wave of pop-
ularity early on during the pandemic, was a target of 
successful order stewardship through the CCMC. Use 
of hydroxychloroquine as a COVID-19 therapeutic option 
after the first 2 months of the pandemic stopped, and 
subsequent use at low levels likely represented continua-
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tion therapy for outpatients who took hydroxychloroquine 
for rheumatologic indications. 

Dexamethasone, as used in the RECOVERY trial,21 
had a swift uptake among physicians after it was 
incorporated into order sets and its use encouraged. 
Similarly, uptake was immediate for remdesivir when, 
in May 2020, preliminary reports showed at least some 
benefits, confirmed by later analysis,22 and it received 
an FDA EUA. 

Our data also show successful stewardship of the 
interleukin-6 antagonist toclilizumab, which was dis-
couraged early on by the CCMC due to lack of data or 
negative results. But in March 2021, with new studies 
releasing data12,13 and new recommendations14 for its use 
in some subsets of patients with COVID-19, this drug was 
encouraged in appropriate subsets. A new order set with 
qualifying indications was prepared by the CCMC and 
new educational efforts made to encourage its use in 
appropriate patients. 

Ivermectin was nonformulary at the start of the pan-
demic. This drug enjoyed much publicity from media 
sources and was promoted by certain physicians and on 
websites,23 based on in-vitro activity against coronaviruses. 
Eventually, the World Health Organization24 and the FDA25 
found it necessary to issue advisory statements to the 
public against its use outside of clinical trials. The CCMC 
had requests from physicians to incorporate ivermectin but 
declined to add it to the formulary and recommended not 
approving nonformulary requests due to lack of data. As a 
result, ivermectin was not used at either hospital.

Discussion
COVID-19 represents many challenges to health systems 
all over the world. For Luminis Health, the high volume of 
acutely ill patients with novel syndromes was a particu-
lar challenge for the hospital-based care teams. A flood 
of information from preprints, press releases, preliminary 
reports, and many other nontraditional sources made 
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deliberative management decisions difficult for individual 
physicians. Much commentary has appeared around the 
phenomenon but with less practical advice about how to 
make day-to-day care decisions at a time of scientific uncer-
tainty and intense pressure to intervene.26,27 The CCMC 
was designed to overcome the information management 
dilemma. The need to coordinate, standardize, and oversee 
care was necessary given the large number of physicians 
who cared for COVID-19 patients on inpatient services. 

It should be noted that creating order sets and issuing 
guidance is necessary, but not sufficient, to achieve our 
goals of being updated and consistent. This is especially 
true with large cadres of health care workers attending 
COVID-19 patients. Guidelines and recommendations 
were reinforced by unit-based oversight and stewardship 
from pharmacy and other leaders who constituted the 
CCMC.

The reduction in COVID-19 mortality over time experi-
enced in this health care system was not unique and can-
not necessarily be attributed to standardization of care. 
Similar improvements in mortality have been reported at 
many US hospitals in aggregate.28 Many other factors, 
including changes in patient characteristics, may be 

responsible for reduction in mortality over time.
Throughout this report we have relied upon an implicit 

assumption that standardization of medical therapeutics 
is desirable and leads to better outcomes as compared 
with allowing unlimited empiricism by individual physi-
cians, either consultants or hospitalists. Our program 
represents a single health system with 2 acute care hos-
pitals located 25 miles apart and which thus were simi-
larly impacted by the different phases of the pandemic. 
Generalizability to health systems either smaller or larger, 
or in different geographical areas, has not been estab-
lished. Data limitations have already been discussed.

We did not measure user satisfaction with the pro-
gram either from physicians or nurses. However, the high 
rate of compliance suggests general agreement with the 
content and process.

We cannot definitively ascribe reduction in utilization of 
some nonrecommended treatments and increased utili-
zation of the recommended therapies to the work of the 
CCMC. Individual physicians may have made these adjust-
ments on their own or under the influence of other sources.

Finally, it should be noted that the mission to rapidly 
respond to data from well-conducted trials might be 
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thwarted by too rigid a process or a committee’s lack of 
a sense of urgency. Organizing a committee and then 
empowering it to act is no guarantee of success; com-
mitment to the mission is.

Conclusion
COVID-19 has represented a challenge to medical staffs 
everywhere, inundating them with high volumes of acutely 
ill patients presenting with unfamiliar syndromes. Initial 
responses were characterized by idiosyncratic manage-
ment approaches based on nontraditional sources of 
opinion and influences. 

This report describes how a complex medical system 
brought order and standardization through a deliberative, 
but urgent, multidisciplinary committee with responsibil-
ity for planning, implementing, and monitoring standard 
approaches that eventually became evidence based. 
The composition of the committee and its scope of influ-
ence, limited to inpatient management, were important 
elements of success, allowing for better focus on the 
many treatment decisions. The important connection 
between the management committee and the system 
P&T committee, the clinical research effort, and teaching 
programs in both medicine and pharmacy are offered 
as exemplars of coordination. The data presented show 
success in achieving standardized, guideline-directed 
care. The approach is adoptable and suitable for similar 
emergencies in the future.
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