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Root Cause Analysis of Emergency Department Crowding and Ambulance
Diversion in Massachusetts
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Qctober, 2002

Emergency Room Diversion Study: Analysis and Findings

Phase |

Phase | of these investigations involved formulation of a conceptual model that would
permit data collection and analysis germane to the problem of ambulance diversion. As
preparation for this study, a wide range of relevant medical publications, policy
statements and commissioned studies were reviewed. This was followed by personal
interviews with representatives in government, hospital administration, public health and
the Emergency Medicine community. Information was gathered from throughout
Massachusetts and from other key states. Particular attention was given to experience
in areas where crowding is particularly severe including metropolitan Boston, San
Francisco, Los Angeles and the states of Arizona and Florida. Overall, numerous
potential root causes of diversion had been articulated both in the medical literature and
lay press, but empirical data to support them were lacking. Available research tended to
be descriptive, documenting the extent of crowding without clear delineation of its
sources. Various solutions had been proposed and implemented, all without consistent
benefit. A partial summary of this analysis has been previously released by the
Massachusetts Health Policy Forum of Brandeis University.

An operations management perspective suggested straightforward input-throughput-
output analysis. Hospital utilization data provided by the Division of Health Care Finance
and Policy was therefore reviewed alongside diversion data provided by regional EMS
providers. Analysis of this information revealed the likely operation of mechanisms both
internal and external to emergency departments. In addition to simple supply/demand
imbalances for emergency care, diversion and utilization patterns suggested

bottlenecks and backlogs related to the competition of emergency and non-emergency
patients for similar resources. The interrelationships of hospital services then became
the focus of attention and patient care pathways were explored with administrators from
the two study hospitals.

Two paradigms for the quantitative study of interrelationships among hospital

departments were considered. The first involved an analytical approach wherein each
relationship was identified, its stochastic character estimated, and appropriate
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Hospital A:

Diversion Pattern “Hospital A - Diversion Minutes by Hour”

- There were a total of 22 episodes of diversion which started and ended within the
study, with an average length of 814 minutes. There was one episode that began prior
to the study and ended after the study began and so is not included in this calculation,
nor in any calculations which involve the beginning of diversion episodes.

- The hourly diversion pattern shows diversion is highest in the evening hours, settles
back down during the early morning hours, and then stays steady until the mid to late
afternoon (see Fig. 1).

- The goal of the project was to determine the drivers which create this pattern.

Hospital A - Avg Diversion Minutes by Hour
30

I~ VRS
1 o~

10

—&— Divert Minutes |

Fig. 1

The following 3 hypotheses were tested to determine the drivers of diversions:

1. ED arrival rate is too high, leading to diversion when the ED becomes full.

2. ED processing of patients is too slow, causing backups that lead to diversion

3. ED arrival and processing rates are fine, but there are not enough beds in the
hospital to accommodate the admissions.
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There are seven sets of data (see Fig. 2), each representing a different view of
arrivals into the ED. The "Arrivals_0" category only includes new arrivals from the
hour in question. Each subsequent category, from "Arrivals_1" to "Arrivals_6"
includes one more hour’s worth added to the total. In other words, "Arrivals_1"
includes arrivals from the current hour added to the arrivals from the previous
hour, "Arrivals_2" includes all of "Arrivals_1" plus the arrivals from two hours ago,
and so on. This is what accounts for the stacked shape as each additional hour is
layered on top. Because average length of stay was 340 minutes, 6 hours is
used as the maximum lag. Correlation coefficients from each of these

cumulatives to Avg Diversion Minutes by hour are as follows:

Arrivals_0 = -0.073
Arrivals_1 = 0.001
Arrivals_2 = 0.078
Arrivals_3 = 0.165
Arrivals_4 = 0,259
Arrivals_5 = 0.359
Arrivals_6 = 0.460

Hospital A - ED Diversion vs. Arrivals to ER by Hour

386

Arrivals_0 wedis Arrivals_1 === Arrivals_2 =@&=Arrivals_3
Arrivals_4 wlmes Arrivals_5 =i Arrivals_6 =m=l)ivert Minutes

Fig. 2

There is also a possible corollary to hypothesis #1, that overall ED census is a
driver of diversion. When counting the non-boarding census and comparing it to
diversion status, however, the resulting point-biserial coefficient (r = -0.051)
makes clear that this potential explanation should be rejected as weill.
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