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Crowding, Karenina, and Complexity: Patient Flow in
Evolving Health Care Ecosystems

David A. Petrie, MD*

Tolstoy begins Anna Karenina with this observation:
“Happy families are all alike; every unhappy family is
unhappy in its own way.” The retrospective observa-
tional study by Cheng et al.1 in the current issue of
this journal looking at the factors associated with
failure to meet emergency department length of stay
targets confirms again2-5 that perhaps the opposite
is true of patient flow in emergency departments
(EDs): “Unhappy EDs are all alike, but every happy
ED is happy in its own way.” That is to say, the
most common and most significant factor in what is
known as overcrowding (a word on semantics in
a second) is, by far, the boarding of admitted patients
in the ED.
In Cheng’s study,1 the odds ratio of missing ED

length of stay targets for admission to the intensive care
unit (ICU) was a whopping 364 (upper 95% confidence
interval [CI] 3071) if the bed request duration was
greater than 6 hours, and 217 (upper CI 1541) if there
was “access block” in the ICU. During this time, the
average hospital occupancy was 97.6% (so that almost
half the time it was over 100%; and if this hospital is like
others, the average occupancy of general/community
medicine beds, often the destination of the majority of
ED admits, may be higher than that). We know from a
recent paper from Quebec6 that increases in hospital
bed occupancy are associated with an increase in 30-day
adverse outcomes even after adjustment for patient and
ED characteristics. Commenting on that paper, an
editorial entitled “Just Another Crowding Paper”7

laments that the finding of a 10% increase in ED bed
occupancy ratio being associated with a 3% increase in
death might be seen as old news. Yet, if this mortality
rate was discovered to be due to an unrecognized

complication of a new drug, or a new infectious disease
outbreak, it would be front-page news.

Cheng et al.1 clearly described by observation what we
already known with mathematical certainty given the
nonlinear nature of queues:8 if random variation in
demand cannot be smoothed to any significant degree
(i.e., in EDs), and capacity is fixed, and the ability to
tolerate wait times is limited (another paper out of
Ontario9 showed that wait times correlate with mortality
in a dose–response relationship that suggests causation),
then high occupancy rates in the hospital (i.e., greater than
85%8,10), leads to the ED being used as a holding area for
admissions, displacing incoming ED patients into hallways
and waiting rooms, which equals missed ED length of stay
targets, unhappy EDs, and, most alarmingly, poor patient
outcomes. We are all alike in that way.

That is not to say that ED leaders and front-line staff
can throw up their hands, point fingers, and blame all
dysfunction on “the system.” Happy EDs (in happy
hospitals) have problem-solved and adapted to the
myriad dynamic and interdependent factors that con-
tribute to ED overcrowding. Like seeds that evolve to
become drought-tolerant over time when there is a lack
of water, EDs have evolved over time to be more effi-
cient at rationalizing their operations when there is a
lack of beds. And that is the real issue in this over-
crowding/access block discussion: the problem is not
“overcrowding” in the vernacular sense of the word; it is
the inability to access an appropriately staffed and
equipped ED stretcher, within a reasonable amount of
time, relative to the need of the next sick and/or complex
frail patient in the queue. There could be hundreds of
low-acuity patients waiting, and this might be a problem
for the fire marshal, but it does not meaningfully
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contribute to the real problem.11 However, if there are
two ambulances with undifferentiated and potentially sick
patients waiting for only one available ED stretcher,
patient safety is compromised.

It is clear that previous attempts to model ED over-
crowding as a simple problem (like baking a cake
gone wrong12) have inadvertently perpetuated the real
problem. The “common-sense” assumption that over-
crowding in the ED is caused by too many people in the
recipe, and that the obvious way to fix that is to reduce
the number of people who “shouldn’t be there,” has led
to years and years, and millions and millions of dollars, of
doomed-to-fail solutions. A recent meta-analysis of
interventions aiming to reduce the use of EDs by low-
acuity patients has shown a disappointing amount of
futility (though not universally so) in this endeavour.13,14

We have failed by solving the wrong problem.
Recognizing this perhaps before most, Asplin et al.15

in 2003 published the very helpful and almost uni-
versally accepted paper entitled “A Conceptual Model
of Emergency Department Crowding.” This clearly
articulated description led to a more complicated
approach to what is really a broader systems issue. This
characterized ED operations as having three distin-
guishable components; input, throughput, and output. Its
huge success was moving the conversation (and there-
fore the practical solutions) from the simple era (too
many low-acuity patients) into one with far more
insight and effectiveness. The goal of the input–
throughput–output conceptual model, which has largely
been accomplished, was to “provide a practical frame-
work on which an organized research, policy, and
operations management agenda can be based to alle-
viate ED crowding.”15 And indeed, in some jurisdic-
tions, significant improvements have resulted from this.

It is beyond the scope of this editorial to review all of
the successful solutions to ED overcrowding, but
improvements in ED length of stay have been achieved
with strategies that optimize inpatient bed-hour utili-
zation and therefore reduce boarding in the ED.
Likewise, strategies that optimize emergency bed-hour
utilization have also led to improvements in flow in
many situations. Happy EDs can achieve happiness in
different ways. Efficiencies can be gained with many
innovative flow strategies, but only up to a certain
threshold; then it becomes a capacity problem. No
matter how lean an ED/hospital becomes, efficiencies
will be overwhelmed by the occupancy/capacity issue at
a certain point.16

Unfortunately, if the Asplin model itself is interpreted
too rigidly in a linear (input–throughput–output) pro-
duction line, cause–effect, command and control, system-
as-machine manner, this may contribute to a more
insidious obstacle to practical solutions; that ED over-
crowding is merely a complicated (and not a complex)
problem.12 Health systems and hospital flow do not
function like machines (“well-oiled,” or not), and if we are
stuck in this frame of reference, the problem will remain
intractable. Patient flow is a wicked problem17 and is
better thought of in the context of complex adaptive systems
methodology12,17,18 (which work differently and are less
predictable than machines). Patient flow in today’s
healthcare ecosystems involves multiple independent
agents, following different and dynamic rules (not a single
set of stable system rules), with interdependent impacts
on outcomes, coevolving adaptations (work-arounds,
gaming), nonlinear tipping points, negative and positive
feedback loops, self-organizing and emergent patterns,
and no single locus of control—all characteristics of a
complex adaptive system.
Experienced and more broadly informed leader-

practitioner decision-makers have noted important layers
to the problem (and therefore corresponding solutions)
that are not explicitly represented in the input–through-
put–output model, such as inadequate accountability in
managing sequential and/or interdependent queues,19

ineffective advocacy,20 disengaged senior leadership,21

absence of public reporting and targeted incentives/
disincentives,22 and other aspects of challenged organiza-
tional culture.23 Again, the Asplin model is not exclusive
of these,24 and other factors that may have significant
implications for ED overcrowding. But that is one of the
inherent problems of schematically representing com-
plexity: the multiple scientific, economic, social, cultural,
and psychological elements of a health (eco)system do
not lend themselves to straightforward two-dimensional
images, and input–throughput–output flow diagrams and
descriptions.
As the ED has conceptually moved from the back-

door to the front-door of the hospital, to being
described as a keystone node in a coevolving integrated
network of healthcare,25,26 so too must our general
orienting models evolve from simple (baking a cake
gone bad), to complicated (input–throughput–output
machines), to complex (ecosystem) modeling. It is not
that the earlier models are wrong, but they can be
said to be partial given our current understanding
of ED overcrowding and the science of complexity.
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Asplin’s model is still essential, but its power may be
multiplied when it is interpreted through a complex
adaptive systems lens.

Cheng et al.1 have demonstrated that the nonlinear
properties of queues (when irregular demand exceeds a
fixed or falling capacity) have an overwhelming impact on
blocking patient flow into ED stretchers (we are all
unhappy in the same way). They have also reminded
us that a rigorous improvement-science approach can
identify other factors and possible solutions (we can all be
happy in different ways). As a keystone connector in the
evolving healthcare ecosystem, emergency medicine can
catalyze top–down approaches to solving the real (and
wicked) problem of “overcrowding” by influencing the
boundary conditions through system design and inte-
grative thinking,27,28 advocating for incentives and sanc-
tions, and holding other decision-makers accountable for
efficiency and capacity in their interdependent queues.
We can also drive system change through bottom–up
positive deviance,29 process innovations, and rapid-cycle,
iteratively driven, continuous quality improvements. But
for the patients we serve, expecting relatively small effi-
ciency gains to fix ED access block, while ignoring the
tipping point dynamics of inadequate capacity, will feel
like the difference between war and peace.

Keywords: ED access block, queuing theory, wicked problems,
complex adaptive systems

Competing interests: None to declare.

REFERENCES

1. Cheng I, Zwarenstein M, Kiss A, et al. Factors associated
with failure of emergency wait-time targets for high acuity
discharges and intensive care unit admissions. CJEM 2017;
epub, doi:10.1017/cem.2017.16.

2. Affleck A, Parks P, Drummond A, Rowe BH, Ovens HJ.
Emergency department overcrowding and access block.
CJEM 2013;15(6):359-84.

3. Rabin E, Kocher K, McClelland M, et al. Solutions to
emergency department “boarding” and crowding are
underused and may need to be legislated. Health Aff (Mill-
wood) 2012;31(8):1757-66.

4. Asplin BR, Magid DJ. If you want to fix crowding, start by
fixing your hospital. Ann Emerg Med 2007;49:273-4.

5. Boyle A, Beniuk K, Higginson I, Atkinson P. Emergency
department crowding: time for interventions and policy
evaluations. Emerg Med Int 2012;2012:838610. doi:10.155/
2012/838610.

6. McCusker J, Vadeboncoeur A, Lévesque JF, Ciampi A,
Belzile E. Increases in emergency department occupancy are

associated with adverse 30-day outcomes. Acad Emerg Med
2014;21(10):1092-100.

7. Schneider SM. Just another crowding paper. Acad Emerg
Med 2014;21(10):1158-9.

8. Foster EM, Hosking MR, Ziya S. A spoonful of math helps
the medicine go down: an illustration of how healthcare can
benefit from mathematical modeling and analysis. BMC Med
Res Methodol 2010;10:60.

9. Guttmann A, Schull MJ, Vermeulen MJ, Stukel TA. Asso-
ciation between waiting times and short-term mortality and
hospital admission after departure from emergency depart-
ment: population-based cohort study from Ontario, Canada.
BMJ 2011;342:d2983. doi:10.1136/bmj.d2983.

10. Sanford D. How Queueing Theory Can Influence Wait
Times, Health Council Canada Video 7. Available at: http://
healthcouncilcanada.blogspot.ca/2013/12/how-queueing-
theory-can-improve-wait.html (accessed 24 February2017).

11. Schull MJ, Kiss A, Szalai JP. The effect of low-complexity
patients on emergency department waiting times. Ann
Emerg Med 2007;49(3):257-64.

12. Glouberman S, Zimmerman B. Complicated and complex
systems: what would successful reform of Medicare
look like. Romanow Pap 2002;2:21-53.

13. Foley M, Legome E, Raven M. Reducing emergency
department utilization: is this the answer? Acad Emerg Med
2013;20(10):1062-3.

14. Morgan SR, Chang AM, Alqatari M, Pines JM. Non-
emergency department interventions to reduce ED utiliza-
tion: a systematic review. Acad Emerg Med 2013;20(10):
969-85.

15. Asplin BR, Magid DJ, Rhodes KV, et al. A conceptual model
of emergency department crowding. Ann Emerg Med
2003;42(2):173-80.

16. Petrie DA. Emergency Medicine Cases, Blog Series 2016:
Parts 5 and 6 of Waiting to be Seen. Emergency Physician
Speed: Solutions to Physician Productivity. Available at:
https://emergencymedicinecases.com/?s=wtbs+5 (accessed
24 February2017).

17. Australian Public Service Commission. Tackling Wicked
Problems: A Public Policy Perspective. Available at: http://
www.apsc.gov.au/publications-and-media/archive/publications-
archive/tackling-wicked-problems.

18. Helbing D. Globally networked risks and how to respond.
Nature 2013;497(7447):51-9.

19. Innes G. Sorry—we’re full! Access block and accountability
failure in the health care system. CJEM 2015;17(2):171-9.

20. Abu-Laban RB. The junkyard dogs find their teeth:
addressing the crisis of admitted patients in Canadian
emergency departments. CJEM 2006;8(6):388-91.

21. Rotteau L, Webster F, Salkeld E, et al. Ontario’s emergency
department process improvement program: the experience
of implementation. Acad Emerg Med 2015;22(6):720-9.

22. Vermeulen MJ, Stukel TA, Guttmann A, et al. Evaluation of
an emergency department lean process improvement
program to reduce length of stay. Ann Emerg Med 2014;
64(5):427-38.

23. Nugus P, Braithwaite J. The dynamic interaction of quality
and efficiency in the emergency department: squaring the
circle? Soc Sci Med 2010;70(4):511-7.

Petrie

14 2018;20(1) CJEM � JCMU

http://healthcouncilcanada.blogspot.ca/2013�/�12/how-queueing-theory-can-improve-wait.html
http://healthcouncilcanada.blogspot.ca/2013�/�12/how-queueing-theory-can-improve-wait.html
http://healthcouncilcanada.blogspot.ca/2013�/�12/how-queueing-theory-can-improve-wait.html
https://emergencymedicinecases.com/?s=wtbs+5
http://www.apsc.gov.au/publications-and-media/archive/publications-archive/tackling-wicked-problems
http://www.apsc.gov.au/publications-and-media/archive/publications-archive/tackling-wicked-problems
http://www.apsc.gov.au/publications-and-media/archive/publications-archive/tackling-wicked-problems


24. Fields WW. Calculus, chaos, and other models of emer-
gency department crowding. Ann Emerg Med 2003;42(2):
181-4.

25. Morganti KG, Bauhoff S, Blanchard JC, et al. The Evolving
Role of Emergency Departments in the United States. Santa
Monica, CA: Rand Corporation; 2013. Available at: http://
www.rand.org/content/dam/rand/pubs/research_reports/RR200/
RR280/RAND_RR280.appendix.pdf.

26. Martinez R, Carr B. Creating integrated networks of
emergency care: from vision to value. Health Aff (Millwood)
2013;32(12):2082-90.

27. Bevan H, Fairman S. A White Paper. The New Era of
Thinking and Practice in Change and Transformation:
A Call to Action for Leaders of Health and Care. Available
at: http://theedge.nhsiq.nhs.uk/white-paper-the-new-era-of-
thinking-and-practice-in-change-and-transformation-a-call-
to-action-for-leaders-of-health-and-care/.

28. Schwartz B. Transfer of care and offload delay: continued
resistance or integrative thinking? CJEM 2015;17(6):679-84.

29. Bradley EH, Curry LA, Ramanadhan S, et al. Research in
action: using positive deviance to improve quality of
health care. Implement Sci 2009;4:25.

Under-capacity, overcrowding, and optimizing flow efficiencies

CJEM � JCMU 2018;20(1) 15

http://www.rand.org/content/dam/rand/pubs/research_reports/RR200/RR280/RAND_RR280.appendix.pdf
http://www.rand.org/content/dam/rand/pubs/research_reports/RR200/RR280/RAND_RR280.appendix.pdf
http://www.rand.org/content/dam/rand/pubs/research_reports/RR200/RR280/RAND_RR280.appendix.pdf
http://theedge.nhsiq.nhs.uk/white-paper-the-new-era-of-thinking-and-practice-in-change-and-transformation-a-call-to-action-for-leaders-of-health-and-care/
http://theedge.nhsiq.nhs.uk/white-paper-the-new-era-of-thinking-and-practice-in-change-and-transformation-a-call-to-action-for-leaders-of-health-and-care/
http://theedge.nhsiq.nhs.uk/white-paper-the-new-era-of-thinking-and-practice-in-change-and-transformation-a-call-to-action-for-leaders-of-health-and-care/

	Crowding, Karenina, and Complexity: Patient Flow in Evolving Health Care Ecosystems
	ACKNOWLEDGEMENTS
	References


