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CASE 2021-2: Systems Problem

An urgent caesarean section presented to
the OR when one of the narcotic dispensing
drawers was unable to be closed. This dis-
abled the entire cart, which was a combined
automated medication dispensing system and
equipment storage device. The manufactur-
ing company made the recommendation to
have emergency medications attached to the
outside of these machines for cart failures. It
was decided by the pharmacy department to
remove these medication boxes as a cost-sav-
ings measure. We activated the emergency
procedure, which was to call pharmacy to
bring up the keys to override the system and
unlock the drawer. However, the keys un-
locked a part of the cart, and not the medi-
cation drawers. There were additional steps
to override the drawer locks, which the phar-
macy staff were not familiar with, and it took
additional time to properly unlock the med-
ication drawers. While this was occurring,
the patient’s status became more unstable.
The difficulty with unlocking the drawers de-
layed the start of the C-section. The infant
was admitted to the NICU for several days.

What can we learn from this?

[t is currently in vogue in health care
to say that we analyze accidents with a sys-
tems approach. We no longer blame the
people involved, but rather look at the de-
sign of the system. But how exactly do we
do that? It is helpful to develop a system-
atic way of understanding accidents based
in systems theory.

Systems theory assumes that the systems
we work in are composed of hierarchical
layers that each control and constrain the
layers below them (Engineering a Safer
World: Systems Thinking Applied to
Safety. 2012). When these constraints are
inadequate, the system is unsafe and acci-
dents occur. This differs from other models
such as James Reason’s swiss cheese model,
probabilistic risk analysis, fault tree anal-
ysis, and failure modes and effects analy-
sis, which assume that accidents occur in
a clear linear chain of events where each
actor in the system is fully independent.
These assumptions break down in our
complex systems today where interactions
are non-linear, cause and effect are not
always clear, and factors such as produc-
tion pressure erode all layers of defense.
Systems theory does not assume linear
causality and so can help us better under-
stand these complex systems. According
to systems theory, each layer in the system
is a controller, and it acts to control the
process underneath it by issuing control
actions. A simple example is blood pres-
sure control in the OR (Figure). The pa-
tient’s blood pressure is low, as shown to
the anesthesiologist by the arterial line.
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Figure: Control Loop Example - Intraoperative Blood Pressure Control
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This updates the anesthesiologist’s pro-
cess model or understanding of the state
of the system being controlled. Based on
this information, the controller (anesthe-
siologist) completes a control action (e.g.,
administration of 1.V. phenylephrine).
The phenylephrine and the V. line in
this case form the actuator of the control
loop. Finally, this control action reaches
the patient, completing the control loop.
To understand an accident, we need to
know what feedback each controller had
about the process they were controlling,
what actions they took to control the pro-
cess, and how those actions reached that
controlled process. Let’s look at some of
the controllers in the system described in
this case. Specifically, let’s consider the
anesthesiologist, the medical device man-
ufacturer, and the pharmacist, who are all
key controllers in this system.

The anesthesiologist’s control action
was to induce anesthesia to allow the
C-section to get started. They were un-
able to provide anesthesia because they
had no access to the medications due to
the medication cart malfunctioning. This
is an actuator failure. They may also have
had an incomplete mental model, think-
ing that the cart was the only place they
could get medication when in reality there
might have been another cart available or
another OR to get medication from. If this
was the case, then this information needs
to be more widely shared with the anes-
thesiologists in the practice.

It is easy to stop here and say this was
an actuator failure, a problem with the
cart. But that may be laying the blame
at the medical device company without
truly understanding the system problems.
The medical device company’s control
action is to design a safe medication cart.

In understanding the accident, we need
to understand the context of their design
decision. What was their process model,
their understanding of the medication
cart design? Their design decisions are
made in an environment of pressures from
regulators, such as government regulations
regarding the control of scheduled medi-
cations. There are tradeoffs between easy
access to emergency medications and con-
trol of scheduled substances. Additionally,
there are financial pressures from the
health systems buying the product, and we
need to understand the feedback they are
receiving from the users about their cart
design. All of these factors weigh into the
final design of the product.

A third controller in this case was the
pharmacist. The pharmacist’s control ac-
tion was to access the medication cart in
an emergency when it was locked, which
did not successfully happen in this case.
There is a constant tension in safety be-
tween work as imagined and work as it
actually exists (Int ] Qual Health Care
2015;27:418-20). The policy as imagined
was that the pharmacist could override the
cart in the event of emergency. In reality,
a difficult design made that challenging.
We do not know from this report, but it
is possible that the pharmacist was new or

lacked training in this cart. Additionally,
cart malfunctions are not common occur-
rences, so even an experienced pharmacist
might have struggled with this task in a
time-pressured setting. These are all exam-
ples of problems with a controller’s control
algorithm, or the process that they would
use to carry out a control action.

This systems theory approach to un-
derstanding how the accident occurred
creates a rich collection of areas to target
for changes to prevent this accident from
occurring again. In this case, possible
changes target a range of roles from the
front line workers up to the highest lev-
els of government regulators. At the front
line, one option is to reinstate the extra
emergency box set up in each OR, as had
been implemented previously, to allow for
rapid emergent access to medications by
the anesthesiologist. For the pharmacist
controller, a cognitive aid can be created
to ensure that everyone can easily and
quickly access the locked cart. Cognitive
aids have been shown to increase adher-
ence to protocols in crisis settings com-
pared to relying solely on memory (N Engl
J Med 2013;368:246-53; Anesthesiology
2017;127:384-92). Alternatively, an emer-
gency box containing all the medications
required for a stat general anesthetic could
be assembled and stored centrally in the
pharmacy and brought to the OR by the
pharmacist in the case of a similar occur-
rence to avoid the need for accessing the
locked drawers. This is a quick and easy
fix that can be implemented at the local
level while broader system changes are
explored. Additionally, hospital manage-
ment might purchase different carts or put
pressure on the device manufacturer to
change the cart design. Feedback should
be given to the device manufacturer and
the governmental regulators about the in-
cident to strengthen the mental models of
those controllers as they make future regu-
latory and design decisions. Governmental
regulators might also discuss changes to
regulations to allow for more emergent
access to controlled medications in the
perioperative setting. The risks of avail-
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Review of unusual patient care experiences is a cornerstone of medical
education. Each month, the AQI-AIRS Steering Committee abstracts a patient
history submitted to the Anesthesia Incident Reporting System (AIRS) and
authors a discussion of the safety and human factors challenges involved.
Real-life case histories often include multiple clinical decisions, only some
of which can be discussed in the space available. Absence of commentary
should not be construed as agreement with the clinical decisions described.
Feedback regarding this article can be sent by email to airs@asahq.org.
Report incidents or download the AIRS mobile app at www.agiairs.org.
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A lumbar epidural catheter was placed in a 27-year-old obese primigravida for labor analgesia. A 6-mL
bolus of 0.125% bupivacaine was administered, followed by a patient-controlled epidural analgesia
infusion of 0.125% bupivacaine with 2 pg/mL of fentanyl at a basal rate of 8 mL/h. Approximately one hour
after initiation of the infusion, the patient was noted to exhibit Horner syndrome. Which of the following
steps would be MOST appropriate for management of this patient?

[]
[]

(A) Request an immediate neurosurgery consult.

(B) Obtain a computed tomogram of the neck.

[ ] (C) Temporarily stop the infusion via the epidural catheter.

[ ] (D) Remove the epidural catheter.

Horner syndrome (Figure), which is char-
acterized by a triad of miosis, ptosis, and
anhidrosis, may result following epidural
anesthesia, possibly due to migration of
local anesthetic with blockade of sympa-
thetic nerve fibers that originate primarily
from the first ventral thoracic root.

Cephalic spread of the local anesthetic
via the epidural space is the probable cause
of this complication. Local anesthetics af-
fect the preganglionic neurons in the ven-
tral roots of the sympathetic chain that
synapse in the superior cervical ganglion.

While rare, most cases of Horner syn-
drome associated with lumbar epidural an-
esthesia are reported in pregnant patients
following labor analgesia. The decreased
capacity of the epidural space during preg-
nancy, especially in the obese parturient,
may predispose these patients to cephalic
migration of the local anesthetic.

Horner syndrome occurring as a com-
plication of lumbar epidural anesthesia is
a transient condition and, provided the
syndrome resolves spontaneously, does
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Figure: Horner syndrome. © 2018 American Society of Anesthesiologists.

not need any further investigation. In
most cases, epidural anesthesia is discon-
tinued and the symptoms resolve within a
few hours. The epidural catheter should be

Anesthesiology Continuing Education (ACE) is a self-study CME
program that covers established medical knowledge in the field

of anesthesiology. ACE can help fulfill the CME requirements of
MOCA®. To learn more and to subscribe, visit asahq.org/ace.

kept in place. After temporary discontinu-
ation of analgesia and once the syndrome
resolves, the infusion may be restarted.
The signs and symptoms of Horner syn-

drome typically do not recur after rein-
stitution of the infusion. In some case
reports, the infusion was continued and
the symptoms resolved spontaneously. W
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ability of controlled medications need
to be balanced with the need to access
these medications in emergent situations.
Different regulations might prevent this
type of accident in the future across mul-
tiple health systems. This incident did not

just occur because of the design of the cart
or the role of the pharmacist or anesthesi-
ologist, so changes should not be limited
to the front line of the system.

Overall, seeing the incident as a sys-
tems problem allows us to understand the
motivations of a wide variety of actors in
the incident and describe how they inter-
act through their control actions and their

feedback. Understanding what drove the
behaviors of each layer of the system al-
lows us to explore multiple areas of change
to prevent this accident from occurring
again in the future. The summary above
is not a complete analysis — for example,
we do not have information on the role of
hospital management or the user interface
of the cart. But taking this approach can

help drive accident investigations to gain
a more complete understanding of your
systems and the levers you have available
to implement change not just at the front-
lines of patient care, but throughout the
larger system. W

Special thanks to Aubrey Samost-Williams,
MD, for her contributions to this article.
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