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Abstract

Introduction: The transfer of patient care from the hospital team to primary care
and other providers in the community at the time of discharge is a high-risk
process characterized by fragmented, nonstandardized, and haphazard care that
leads to errors and adverse events. The development of interventions to improve
the discharge process requires a detailed evaluation of the process by a
multidisciplinary team. Methods: Using the resources of the Boston University—
Morehouse College of Medicine AHRQ Developmental Center for Patient Safety
Research (funded by the Agency for Healthcare Research and Quality),
multidisciplinary teams have been assembled to identify and address the sources
of error at discharge. To better understand the current hospital discharge process,
the researchers have applied a battery of epidemiologic and quality control
methods taken from industry. These include probabilistic risk assessment, process
mapping, qualitative analyses, failure mode and effects analysis, and root cause
analysis. The researchers describe each of these methods and discuss their
experience with them, displaying concrete tools that have arisen from their
application. Conclusions: A detailed, multifaceted process analysis has provided
us with powerful insight into the many patient safety issues surrounding the
discharge process. The generalizable methods described here have produced the
re-engineering of the discharge process, allowing for the planning of a clinical
trial and significant improvements in patient care.

Introduction

According to the Institute of Medicine’s (IOM’s) 1999 report, To Err Is
Human: Building a Safer Health System,' the number of deaths due to iatrogenic
errors of omission and commission in hospitals is estimated to be between 44,000
and 98,000 per year. More people die each year from medical errors than from car
accidents (43,458), breast cancer (42,297) or AIDS (16,515).% In 2001, a second
IOM report, Crossing the Quality Chasm: A New Health System for the 21st
Century,’ noted: “Effective methods of communication, both among caregivers
and between caregivers and patients, are critical to providing high-quality care.
Personal health information must accompany patients as they transition from
home to clinical office setting to nursing home and back.”
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Since 2001, our team has used the resources of the Boston University—
Morehouse College of Medicine AHRQ Developmental Center for Patient Safety
Research (DCERPS) to identify and address sources of error at discharge that lead
to subsequent hospital utilization.

In an effort to improve the care of our patients, we are studying the transition
from the inpatient service at Boston Medical Center (BMC) to community care. In
our inner-city, safety-net environment, we have identified the high rate of
unnecessary rehospitalization as a major problem that has existed (at least
anecdotally) for the institution’s 150-year history.

Investigating the sources of the high rate of rehospitalization has made it clear
that the hospital discharge process is characterized by fragmented,
nonstandardized, and haphazard care. The problems inherent in such care are
compounded because the 15-minute post-hospital follow-up visit scheduled by
primary care physicians (PCPs) does not allow the physician adequate time to
become familiar with the details of the hospitalization. Most such visits must be
added to already overbooked schedules at the time of discharge. Increasingly, as
hospitalists provide more inpatient care, it is difficult for PCPs to be aware of all
the complexities of a hospitalization. Thus, the transition from hospital care to
primary care is a hand-off that provides an opportunity for a high rate of medical
errors. Forster, et al.* provide data demonstrating that many adverse events occur
at the time of hospital discharge. Many of these events were deemed preventable
and thus could be viewed as errors, while others were simply previously
undetected adverse events. It is likely, therefore, that carefully designed
interventions that target the discharge process could successfully reduce medical
errors, adverse events, and rates of subsequent hospital utilization. However,
before such interventions can be devised, it is essential to diagnose the problem
systematically.

The Structure-Process-Outcome model’ can be applied to hospital discharge
since there are risks and hazards embedded within the structure and process of
care that can potentially cause injury or harm to patients. There is also potential
for active failure among the “sharp end” (i.e., direct patient care) providers
responsible for the discharge. In order to produce an effective intervention, we
have used a multifaceted approach to perform a comprehensive process
evaluation. With this work, we are developing tools that can now be tested,
allowing us to measure their impact; ultimately, these tools will be used as part of
an outcome evaluation in an interventional trial. Our conceptual model of the
components related to high rates of rehospitalization is shown in Figure 1.

Hospital discharge as a dangerous situation

The IOM report To Err Is Human argued that the majority of medical errors
are a result of systemic problems rather than poor performance by individual
providers.' Hospital discharge is an example of a systemic problem that can be
characterized as a dangerous situation in which latent conditions exist such that
sharp end individuals are set up to fail. While knowledge-based, rule-based, and
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Figure 1. Conceptual model of the components affecting rates of re-hospitalization
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skill-based behaviors are needed for optimal care, there are many opportunities
for slips, lapses, mistakes, and adverse events.

Re-engineering clinical systems requires an understanding of the causes of
errors and the use of safety design concepts to prevent or minimize errors by
detecting them before harm occurs.® Our analysis considers both active and latent
errors occurring at the time of hospital discharge. Active errors include, for
example, those occurring at the time of hospital discharge during knowledge-
based decisionmaking performed at the point of care.” Needing a conceptual
model from which to start our analysis, we developed a taxonomy of the types of
errors that can occur at the time of hospital discharge to guide our work (Figure
2). This taxonomy demonstrates how latent and active errors interrelate, and
highlights the importance of rule-based decisionmaking. One such rule to be
followed at the time of discharge is scheduling an appointment with a primary
care provider at a time convenient to the patient. Errors occur when latent
conditions or system failures occur that are the consequences of failures in
technical design or organization. For instance, in many hospitals, nurses and first-
year residents are responsible for the discharge process. The harried nature of
their work, as well as competing interests (e.g., new admissions requiring
attention), results in the discharge of a patient not being considered a high
priority, and can lead to an incomplete discharge process. Patient discharge is also
fragmented among various caregivers, including first-year residents, nurses,
trainees in both fields, and support staff. A clear delineation of discharge
responsibilities often does not exist and lack of communication results in
repetition and gaps. Clearly, the hospital discharge is a time when accidents and
adverse events happen because latent conditions or system failures are combined
with active failures.
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Figure 2. Taxonomy of errors at time of hospital discharge
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Highlighted boxes indicate errors potentially addressable with an intervention. While not detailed
here, each type of error can be further specified as exemplified by Lab/Test errors.

It is therefore not surprising that medical errors are an important concern at
hospital discharge. In their study, Forster et al.* identified four areas of systems
requiring improvement: (1) assessment and communication of problems that
remain unresolved at the time of discharge; (2) patient education regarding
medications and other therapies; (3) monitoring of drug therapies after discharge;
and (4) monitoring of the overall condition after discharge. Many adverse effects
occur during the peridischarge period, and many could be prevented with
relatively simple strategies. As Moray® and Van Cott’ point out, the prevention of
active or sharp end failures requires re-engineering systems so that they are
designed for safety.

In our pursuit of an effective intervention, we have employed a user-centered
framework that recognizes human factors and cognitive engineering principles.'® "'
In so doing, we have assembled a multidisciplinary team and used a combination
of epidemiologic methods and quality control techniques taken from industry.
These methods include: probabilistic risk assessment, process mapping, failure
mode and effects analysis, qualitative interviews, and root cause analysis (Figure
3). We propose that this multifaceted approach, which has significantly advanced
our understanding of the discharge process, may be generalized to many or most
patient safety problems.
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Figure 3. Schematic of the methods used in the process assessment of the hospital
discharge
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Methods

In describing the process we used to accomplish our work, we hope to
demonstrate a useful model for the investigation of health care quality and patient
safety issues. Overall, our process has included the development of
multidisciplinary teams who then employed the tools we chose for our
multifaceted investigation.

Project team

To widen our perspective, we first assembled two multidisciplinary teams to
conduct the various aspects of the project. An advisory group—made up of the
chief medical officer; the directors of our DCERPS center; senior researchers and
statisticians; and BMC’s directors of nursing, inpatient service, case management,
and quality improvement—meets monthly to provide oversight, make
recommendations to the project team, and assure sustainability of the outcomes of
our work. The working group meets weekly and consists of a health services
researcher, statistician, substance abuse counselor, nurse manager from the
medical wards, clinical pharmacist, directors of the inpatient teams, a research
assistant, and a member of the hospital administrative staff. Working both
individually and as a group, the working group has conducted the separate aspects
of our approach. This dual structure ensures continuity of progress and diversity
of input, coupled with valuable oversight and hospital-wide support for our
efforts.

Probabilistic risk assessment

Keeping in mind our ultimate goal of developing an intervention to improve
the quality of the discharge process and reduce subsequent hospital utilization, we
began by identifying those patients at highest risk of rehospitalization. We
conducted this portion of the project in two phases. First, we used hospital
administrative data to formulate a statistical model to predict the probability of
rehospitalization when a patient is discharged, with the presence of a
rehospitalization within 90 days as the dependent variable. For each admission,
we calculated the number of admissions that patient experienced in the preceding
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6 months. We evaluated the contribution of each of the 10 most frequent
admitting diagnoses and used the Deyo adaptation of the Charlson Comorbidity
Index'? to generate comorbidity scores from the ICD-9 codes of the three
additional diagnoses from each admission. Using logistic regression, we found
that age, length of stay, number of prior admissions, and the Charlson
Comorbidity Index all significantly predict rehospitalization.

To improve the power of the predictive model described above for a high-risk
population of patients, we evaluated the utility of adding psychosocial
information to the model. After institutional review board approval, we identified
currently admitted patients who had a prior admission in the last 6 months and
collected from consenting patients’ medical records (1) demographics (age,
gender, insurance, race, ethnicity); (2) admission diagnosis and other diagnoses;
(3) medications; and (4) length of stay. Additionally, we conducted structured
interviews with these patients, during which we administered the following eight
survey instruments: the Mini-Mental Status Examination,'*'* the Short Form 12-
item survey of health status (SF-12),"> '° the depression and anxiety components
of the Patient Health Questionnaire,' " '® the Nutrition Screening Initiative
checklist,'*° the Norbeck Social Support Questionnaire,”' > the Alcohol Use
Disorder Identification Test (AUDIT),** the Drug Abuse Screening Test
(DAST),*> *° and a patient satisfaction survey.”’ We are now following this cohort
and recording their hospital activity during the 3 months following discharge,
identifying hospital utilization via the hospital database and phone calls to all
subjects. Analysis of the first 59 patients shows the mean age is 54 years,

56 percent are women, 71 percent speak English, 45 percent are black and

33 percent are white. Two-thirds of patients categorized as high-risk by the single
criterion of being admitted previously (within the past 6 months) were
hospitalized in the next 90 days.

In interim analyses, we have found that the Physical Component Summary of
the SF-12 (SF-12 PCS) score was associated (P = 0.002) with rehospitalization.
We have entered the three most significant predictors of readmission (SF-12 PCS,
Emotional Support scale of the NSSQ and the Major Depressive Disorder scale of
the Patient Health Questionnaire) into a logistic regression model. Physical
functioning and mental health have been associated with hospital utilization and
death among urban elders using the emergency room, an observation that supports
our finding in this pilo‘[.28 In recent months, we have added two instruments, both
well validated to assess health literacy: the Rapid Estimate of Adult Literacy in
Medicine (REALM)*’ and the Test of Functional Health Literacy in Adults
(TOFHLA).*® These instruments will be included in subsequent analyses. We
have found this process invaluable in focusing our efforts on the patients most at
risk for bad outcomes. As resources are always limited, pairing the process
measures below with a probabilistic risk assessment helps to insure a targeted and
cost-effective intervention.
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Process mapping

Process maps are one of the most effective ways of gaining an understanding
of existing processes. Such maps are intended to represent a process in such a way
that it is easy to read and understand. A process map is considered to be a visual
aid for picturing work processes that show how inputs, outputs, and tasks are
linked.”" It has been described as being one of the “most important and
fundamental elements of business process re-engineering.”* Process maps have
several benefits:*® (1) they give a clearer explanation of a process; (2) the action
of working to develop process maps imparts understanding of the tasks and
problems faced within the organization; (3) these maps rapidly allow participants
in individual tasks to see the entire process and help clarify their interactions with
others involved; and, (4) the maps prompt new thinking. It is important to be sure
process maps are clearly understood.** Given the large number of potential users
from varied backgrounds, it is difficult to establish a universally understood
representational format. There are a number of different methods for process
mapping. The American Society of Mechanical Engineers (ASME) has produced
a mapping standard that is widely used in manufacturing and increasingly popular
in office and service environments.> It is suited for detailed level mapping and
has the distinct advantage that inherent in its use is an evaluation of whether a
step is value-adding. The ASME approach uses 11 different symbols in process
diagrams. We have tailored this approach to the mapping of the discharge process.

To map the hospital discharge process, we employed the dual structure of our
weekly working group and monthly advisory group. Using an iterative group
process over a 3-month period, we explored all elements of the hospital discharge.
Using ASME process mapping standards, each step in the process was reviewed
and modeled to document how that process is currently performed. We then
printed the map on poster-sized paper and brought it to meetings of residents,
nurses, and ancillary staff. In each case the map was reviewed and revised based
upon feedback and observations of the groups (Figure 4). This work provided
structure to our thinking about the discharge process and will serve to display the
standard care received by a control group in future clinical trials.

Qualitative analysis

Qualitative research embodies a family of approaches with the overall goal of
understanding the life experience of people.*® Qualitative approaches are
especially useful for addressing questions of process (e.g. organizational change,
decisionmaking), perceptions and understandings, experience, and descriptions of
an event or situation. Theoretical approaches to qualitative research vary and are
derived from many different intellectual disciplines including anthropology,
sociology, psychology, and linguistics. In contrast to quantitative approaches that
may seek to control for or predict phenomena, qualitative studies tend to focus on
the natural history of events or relationships, highlighting themes of the
phenomenon of interest as seen from an individual’s perspective. This approach
can give a broad view and provide rich information when paired with quantitative
studies.
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Figure 4. A portion of the discharge process map

*Physician Team includes:

Sub-L Medical Student,
Intern, Junior Resident,
Senior Resident and

= Physici

HOSPITALIZATION

READY FOR
DISCHARGE?

7 E T = Other
[_Medical: | [ Fhysician Team |-——‘ hLLitants I
Social/ Case Manager Substance Abuse
Behavioral:

Social Worker AR Counselor
Phxsical: I | Physical Therapy I—-—-—| Oceupational Therapy l
[Mutrition: | [ nutritionist |

Preparedness:“ Patient == Family I-—-{ Supporis I-—-{ Faciliies I
5

BL, B2, B3 (Homefund) B4 Team :
7:30.8:30 - Morning Report 7:30.8:30 - Morning Report Dosing/ are Mastageneent
11-11:15am - Morning
8:30-10:15 - Rounds 8:30-11am - Rounds it e e
10:15-11am - (git down) Rounds, 9:15-9:30 - Case Manager Dg' Status
15 minutes per Team Joins Rounds echana

The elements displayed pertain to the decision about a patient’s readiness for discharge. The full
process map is available by request from the corresponding author.

Interviews with key informants comprise one domain of qualitative research
and inquiry. One-on-one interviews can vary in terms of structure and the latitude
the interviewee has in responding to questions.’’ Interviewing is a useful way to
get large amounts of information quickly. Information about complex or
ambiguous topics may be immediately addressed with followup and clarification.
Therefore, using this technique to study the processes of hospital discharge offers
many advantages.

As a pilot test of interviewing, we conducted focus groups with physicians
who admit their patients to the inpatient service, as well as semi-structured, open-
ended interviews with 12 patients on the inpatient service who have been
rehospitalized within 90 days of a prior admission. The following themes have
emerged as contributing to rehospitalization:

(1) lack of adequate support (social, familial, financial);

(2) premature discharge from hospital;

(3) nonadherence with medication;

(4) nonadherence with followup procedures or instructions;
(5) substance abuse;

(6) homelessness;

(7) events external to the patient that were out of their control;

(8) incarcerated patients, who thus have limited control over dietary
restrictions and activity level; and
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(9) delay in seeking medical treatment at the first sign of recurring
symptoms. These data suggest that there are generic issues related to
rehospitalization that go beyond the diagnosis or the clinical and
demographic variables.

We are now commencing a more detailed qualitative investigation of
rehospitalized patients, in which we will design an interview template to explore
the key conceptual domains identified in the pilot study. The template will be
revised on the basis of our initial results to maximize reliability and technical and
conceptual validity. Indepth interviews with subjects and with one family member
or support person will be conducted. From these interviews, a richness of detail
about internal experiences and beliefs will be extracted. This exploration of
attitudes and beliefs will inform the development of more quantifiable indices
regarding hospital discharge processes, through which we will explore belief
systems and self-reported behaviors regarding a person’s understanding of his or
her illness, help-seeking behavior, and the rationale for and justification of
behaviors (e.g., medication taking, follow-through with self-care, appointments,
and self-monitoring) that might lead to or prevent rehospitalization. We view
these efforts as indispensable in guiding our investigation of the discharge
process, as they allow a perspective not achieved through our research teams.

Failure mode and effects analysis (FMEA)

Failure mode and effects analysis (FMEA) is an ongoing quality improvement
process that stems from the work of Reason and may be carried out in health care
organizations.*® FMEA is a proactive process that acknowledges that errors are
inevitable and predictable, anticipates their occurrence, and designs systems that
will minimize their impact. If employed before new processes are implemented,
FMEA can identify potential failure modes. As a result, the process might reveal
that specific steps must be put in place to address and avoid potential errors with
significant impact—errors that are intolerable.*” ** FMEA is used extensively in
the aerospace, nuclear, manufacturing, and chemical industries as a proactive,
systematic way of examining processes for possible ways in which failure can
occur. With patient safety now a priority, the technique recently has seen
application in health care. FMEA, which is widely used at NASA, is now a
requirement under the Joint Commission on the Accreditation of Healthcare
Organizations’ Patient Safety Standards.*"" * The NASA model includes the
identification, selection, and screening of potential initiation events (IEs) that
would lead to errors, and the modeling of scenarios linking each IE, by way of
pivotal events (PEs).

We analyzed the expected and unexpected errors occurring at the hospital
discharge using the process map. The project team scheduled two 4-hour sessions
in an area away from the activities of daily patient care to brainstorm the potential
errors highlighted by the process map, giving particular focus on IEs and PEs.
The team identified and categorized all potential sources of medical error
associated with the hospital discharge processes, using event and fault trees. Once
the failure modes were identified, the staff determined the likelihood of making a
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mistake and potential consequences of the error. It then identified any pre-existing
processes that could help detect the initiating and pivotal events that could lead to
error, and suggested an action plan for each significant failure mode (Table 1).
Such results are invaluable in guiding the development of interventions to reduce
errors and improve quality. In combination with the targeting allowed by the
probabilistic risk assessment, the structure of the process map, and the detail
allowed by the qualitative work, our FMEA has led to important, focused steps
that are improving patient care.

Root cause analysis

Root cause analysis is a technique that we are using to complement the FMEA
approach described above. While FMEA is a technique that explores potential
errors and means of reducing them, root cause analysis provides indepth insight
into errors that have actually occurred—in our case, preventable
rehospitalizations. Accurate identification of the root causes of rehospitalization
should precede identification and implementation of appropriate interventions.*
Root cause analysis is a process for identifying the basic or causal factors that
underlie a variation in performance, such as the occurrence of a sentinel event.**
A root cause analysis focuses primarily on systems and processes, not individual
performance. It progresses from special causes in clinical processes to common
causes in organizational processes, and identifies potential improvements in
processes or systems that would tend to decrease the likelihood of such events in
the future.*’

Root cause analysis can be both reactive and proactive. Most commonly, the
technique is used reactively, to probe the reason for a bad outcome or for
problems that have already occurred. Root cause analysis may also be use to
probe a near-miss mistake, an error is caught before it causes harm. The product
of the root cause analysis is an action plan that identifies the strategies to reduce
the risk of similar events occurring in the future.

Boston Medical Center has conducted root cause analyses of both major
adverse outcomes and near misses for the past 3 years. The root cause analyses
group is coordinated by the director of quality improvement and involves senior
leadership of the medical center. Root cause analysis meetings are deemed a very
high priority by the medical center leadership, ensuring that all those involved in
an event convene within 24 hours of the occurrence to initiate the analysis.

We are using the structure of our existing teams and the institutional
familiarity with such procedures to apply root cause analyses to the discharge
process. The team has begun to explore the details of patients who have been
rehospitalized to the inpatient service, and identify and categorize all potential
sources of medical error associated with the hospital discharge processes. The
teams will then dig deeper by asking “Why?”” and, when answered, ask “Why?”
again, in an iterative process. Such iteration will help identify enhancements of
systems and processes that would reduce the risk of rehospitalization in the future,
and lead to an action plan that takes into account human and other factors most
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directly associated with the sentinel event, and the process and systems related to
its occurrence.

Conclusion

By bringing together a multidisciplinary team to apply several epidemiologic
and quality control methods, we are identifying high risk patients, detailing the
essential aspects of the discharge process, and identifying sources of error that can
impact on outcomes. The diversity of methods applied to this problem has given
us valuable insight into the complex array of issues surrounding the high-risk
transition of patients from the hospital to community care providers. Such insight
would not come from any one method alone. The successes of our project have
been greatly aided by the resources available to us through the Boston
University—Morehouse College of Medicine AHRQ DCERPS Center, and from
the support of senior administrators at Boston Medical Center.

As a concrete example of the value of our multifaceted approach, we have
begun to take what we have learned to improve care at Boston Medical Center
and the surrounding community health centers. With the above analyses fresh in
mind, we have brought the advisory group together for three 2-hour sessions to
create a newly re-engineered discharge process. We began by printing the process
map on cardboard and cutting out each individual component of the map. The
pieces were then placed in an envelope. Eight similar envelopes were produced
for use by the advisory group, which was divided into groups of two or three.
Each small group was instructed to use its creativity and the knowledge gained by
the previous work to develop a new process map that solves the problems
identified in the FMEA. Each of the eight groups then described their new map
and the new themes or principles that they thought important to any new process.
These “principles of the newly re-engineered hospital discharge” were captured
and discussed at subsequent meetings and are listed below:

e There must be explicit delineation of roles and responsibilities.

e Patient education must occur throughout the hospitalization, not only
at the time of discharge.

e Information must flow easily from the PCP to the hospital team,
among the hospital team, and back to the PCP.

e Information should be captured throughout the hospital stay, not only
at the time of (or after) discharge.

e Every discharge must have a written discharge plan that is
comprehensive in scope and that addresses medications, therapies,
dietary and other lifestyle modifications, followup care, patient
education, and instructions about what to do if the condition worsens.

e This comprehensive discharge plan should be completed before the
patient leaves the hospital.
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e Patients at high risk of rehospitalization should have the discharge plan
reinforced by contact from the hospital team after discharge.

e All information about the admission must be organized and delivered
to the PCP within 24 hours.

e Waiting until the discharge order is written before beginning the
discharge process is likely to increase the risk of errors.

e Efficient and safe hospital discharge is significantly more difficult to
achieve if the case management staff works only the 7 a.m.—3 p.m.
shift (i.e., the “first” shift).

e All patients should have access to their discharge information in their
language and at their educational level.

We anticipate that the success of our work will culminate in the development
of a new, re-engineered discharge process and its evaluation in a clinical trial. The
strength of the methods described here come from the diversity of their input and
output. We encourage other groups investigating patient safety issues to employ
the combination of probabilistic risk assessment, process mapping, qualitative
analysis, failure mode and effects analysis, and root cause analysis to fully
understand the complexity of issues that affect quality and the care of patients.
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