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Abstract:

High-Reliability Organizations emerged as an effective response
to consequences. Designing a response from the antecedent
events, causation, or the situation misses vital subtle, and nu-
anced information. Immediate consequences from apparently
mundane circumstances, forcing functions, or abrupt catastrophic
events share the same possibility of outcomes — dramatic failure.
They also share the same approach to engagement. Appreciating
the effect of consequences guides every member of an organiza-
tion toward vigilance for early heralds and engagement that cre-
ates enactment.

“Appreciating the effect of consequences
guides every member of an organization
toward vigilance for early heralds and
engagement that creates enactment.”

Introduction

In the 1930s, a man was told he had an intrapericardial foreign
body. Upon learning this, he could not work and sought several
surgical consultations. The surgeons found the intrusion was ex-
trapericardial; there was no need for an operation. This spurred
Harry R. Decker, one of the surgeons, to review 100 cases of
foreign bodies in the heart and pericardium between 1900 and
1939. The study showed that operative mortality was higher than
non-operative mortality (1, 2). It turned out that the man’s inca-
pacitation came from the knowledge of the presence of a foreign
body, not from the foreign body itself (3).

In Decker’s (1) study, patients with retained foreign bodies in the
heart lived 5-22 years. The best prognoses for a retained foreign
body in the heart were placement in the pericardium or ventricular
wall. Sharp foreign bodies could cause fatal perforation, and a for-
eign body free in the right heart could cause pulmonary embolism
and infarction. These should be removed. A later study of intra- or
extrapericardial intrusions found that, if there was no hemorrhage
or tissue damage, survival could be thirty years before pain, an-
eurysmal dilatation, migration, thrombosis, or embolism necessi-
tated removal (2).

Before WWII, Dwight E. Harken and Evelyn M. Glidden [4] studied
heart surgery and found that one major difficulty with the operative
approach was visualization during intracardiac surgery. To prevent

anoxemia, they listed only three alternatives:
1. Work “blindly;”

2. Utilize endoscopic visualization; there was no such scope
available; or

3. Devise a temporary mechanical substitute for the heart and
lungs; there was no technology enabling this.

Thus, during WWII, only the first alternative was available. Opera-
tions to remove a foreign body were considered a last resort, even
amongst military surgeons (1-4).

During the D-Day landing in France in June 1944, a soldier with a
chest wound lay on the operating table. The chest X-ray showed
shrapnel near the heart. On opening the chest, the surgeon, Har-
ken, found the shrapnel was in the right ventricle. He inserted a
clamp into the ventricle, able to grasp the fragment. “Then, sud-
denly, with a pop as if a champagne cork had been drawn, the
fragment jumped out of the ventricle, forced by the pressure within
the chamber...Blood poured out in a torrent!” (Harken in a letter
to his wife). Sutures along the edge of the wound did not stop the
bleeding. “I told the first and second assistants to cross the su-
tures, and | put my finger over the awful leak. The torrent slowed,
stopped, and with my finger in situ, | took large needles swedged
with silk and began passing them through the heart muscle wall,
under my finger, and out the other side...Blood pressure did drop,
but the only moment of panic was when we discovered that one
suture had gone through the glove on the finger that had stemmed
the flood. | was sutured to the wall of the heart! We cut the glove,
and | got loose...” (4).

The patient recovered.

“Harken was aware of the risks and

the sentiment toward the removal of

a foreign body from within a beating
ventricle. However, he thought in terms
of consequences. He held the view that
“some missiles should be removed for
the outlined reasons (3)”

Harken was aware of the risks and the sentiment toward the re-
moval of a foreign body from within a beating ventricle. However,
he thought in terms of consequences. He held the view that “some
missiles should be removed for the outlined reasons (3):

1.  to prevent embolus of the foreign body or associated throm-
bus;

2.  toreduce the danger of bacterial endocarditis;
3. to avoid recurrent pericardial effusions;
4. toreduce damage to the myocardium.”

Discussing Harken’s experience, Decker further commented,
“Statistics do not mean very much.” Each case should be decided
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individually, referencing symptoms, interference with cardiac func-
tion, and neuropsychiatric reaction. Harken also considered the
psychological response to “harboring an unwelcome visitor in one
of the citadels of his well-being” (3).

“One surgeon who had reviewed

heart and pericardial injuries felt that
patients without symptoms during the
first few days in a forward surgical unit
would probably do better waiting for an
operation at a base hospital. He then
described a patient who died due to

an embolic foreign body ten days after
seeming to recover.”

One surgeon who had reviewed heart and pericardial injuries felt
that patients without symptoms during the first few days in a for-
ward surgical unit would probably do better waiting for an opera-
tion at a base hospital. He then described a patient who died due
to an embolic foreign body ten days after seeming to recover. On
autopsy, shrapnel was found in the right ventricle — “the overly-
ing myocardium for a distance of several centimeters was black,
and death was due to the presence of the foreign body and the
squeezing action of the myocardium on that foreign body.” The
surgeon had privately told Harken, “he is sure that this patient
could have been salvaged by the removal of the foreign body” (3).

Harken advocated the removal of all intracardiac foreign bodies
measuring 1.0 cm. or more in two dimensions (2, 5).

Harken responded to the possible consequences of shrapnel re-
tained in the ventricle by removing it. He acted against statistics,
conventional wisdom, and the technical impossibility of visualiza-
tion within the ventricle. This was not trial and error nor a foolhardy
act of desperation. His was a well-thought-out synthesis of sci-
ence, practice, context, and experience within the environment.
Harken considered potential outcomes and consequences to
make a confident guess as to the consequences of his decisions.

His actions directly led to mitral valve repair, open-heart surgery,
physiological monitoring in intensive care units, and consideration
of the patient’s psychological response to iliness (2, 4, 6).

Mastery in High-Reliability Organizing is not a body of knowledge
but the ability to solve problems never before encountered. Mas-
tery and specialization in an area continue to exist in HRO. But
specialization in domains risks specialization in language, includ-
ing the development of arcane knowledge, jargon, and special-
ized terms. With specialization comes categorization. How we
define categories and their purpose is heavily influenced by regu-
lators, for example, the ICD codes used in medicine—identifying
problems that cross the boundaries of different domains functions
as boundary objects, contributing to the distribution of information
and distributed problem-solving.

In HRO, the problems we solve prevent or are in response to con-
sequences, often developing from various gaps that impede our
ability to act (7). Through engagement with reciprocal feedback,
we bring structure and resolution to the situation. Systemic and
routine response to consequences supports effective, early en-
gagement of the situation by individuals.

Jim Denney, Capt., LAFD, a veteran of two Vietham combat tours,
would remind his medic and fire crews, “The emergency has a
vote. In the face of a void, move forward.” A Los Angeles City fire-
fighter, arriving on a confusing, volatile scene to assist one of the
authors (DvS) on the Fire Rescue Ambulance, uttered a powerful
version of a pragmatic stance: “| don’t know what's happening,
but | know what to do.” Bill Corr, one of the authors’ (DvS) fire
captains, and WWII US Navy veteran, South Pacific Theater, gave
meaning to rescue work, “What we do is help people when they
cannot help themselves.”

“Engaging uncertainty challenges our
abilities of perception, sensemaking, and
“thinking on the fly” when our actions
produce unwanted responses. Some call
this “trial-and-error,” except that learning
by trial and error is foolhardy when the
first trial could be fatal.”

Uncertainty, Risk, Error, Hazard

Engaging uncertainty challenges our abilities of perception, sen-
semaking, and “thinking on the fly” when our actions produce
unwanted responses. Some call this “trial-and-error,” except that
learning by trial and error is foolhardy when the first trial could be
fatal. Some productive technologies can become destructive in
such situations. These technologies have potentially grave con-
sequences. There is absolute avoidance of failure when the con-
sequences of major failures are greater than the value of their les-
sons. The result is an organizational process to “engage in trials
without errors, lest the next error be the last trial” Todd R. LaPorte
and Paula M. Consolini (8).

“Operators in the liminal or VUCA-2T
(Volatility, Uncertainty, Complexity,
Ambiguity, Threat, and Time
compression) expect to encounter grave
consequences that necessitate trials
without error, possibly a hallmark of an
HRO (Tables 1 and 2).”

Operators in the liminal or VUCA-2T (Volatility, Uncertainty, Com-
plexity, Ambiguity, Threat, and Time compression) expect to en-
counter grave consequences that necessitate trials without error,
possibly a hallmark of an HRO (Tables 1 and 2). HRO operators
would call “trial without error” “learning by doing,” or the ability
to improvise. Rather than “trial” as a singular action, the opera-
tor continues engagement in serial trials. There are no failures in
common sense, as failure means the operator stopped too soon.
What was just learned for each serial iteration generates a series
of solutions, reducing damage in unforeseen ways. Engagement
can be described as the act of learning by doing in context, not
an outcome of rational deliberation, and cannot be objectified for
theory-making (9, 10).
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Table 1. VUCA-2T (11)

Volatility The rapid, abrupt change in events

Uncertainty Lack of precise knowledge, need for more information, unavailability of the necessary infor-
mation

Complexity A large number of interconnected, changing parts

Ambiguity Multiple interpretations, causes, or outcomes

Threat Impaired cognition and decision-making

Time Compression

Limitations acquiring information, deciding or acting before consequential changes

Table 2. Liminality

Conventional Operations Liminal Operations

High-Reliability Operations

Closed system

Familiar Threshold of transition A potential unexpected abrupt change
Structured Passage
White noise Red and pink noise Red and pink noise

“Cosmology episode” (12)

Open system

Familiar relations New rules unknown

Prevent Failure Consequence driven Consequences

Knowledge by description Gaps in knowledge (7) Knowledge by acquaintance
Standards Learn by doing Adaptive

Known rules Old rules do not apply Relations from shared experience

Hierarchical support Alone

Mutual support

Euclidean space

Newtonian physics

Topological space, but learning relations

Collapse sensemaking and leadership (12)

Topological space

Non-Newtonian physics

anyone else” (13)

“They attained a sort of tranquility in spite of their
anxiety. They had very little need for defensive
mechanisms of any sort to deceive themselves or

“We act to prevent consequences,
though in our mind, we interpret our
actions as our response to the situation,
with our understanding of the situation
being derived from antecedent events.
The central problem of this act comes
from theories that don’t match the
situation and, as the event evolves, plans
that do not match the flux of events.
Unrecognized in this process is the
gratuitous effects of stress and fear on
our thinking and acting.”

Consequences develop from uncertainties in gaps that form be-
tween stable and unstable situations. Intrinsic uncertainties come
from the essential nature of the system. They can be information-
insensitive uncertainties natural to the system or information-sen-
sitive uncertainties from information analysis. Extrinsic uncertain-
ties arise from the performance of tasks or the development of
knowledge (14). Novel situations and problems emerge from the

environment that people cannot or will not solve themselves. HRO
supports engagement to reduce consequences.

We act to prevent consequences, though in our mind, we interpret
our actions as our response to the situation, with our understand-
ing of the situation being derived from antecedent events. The
central problem of this act comes from theories that don’'t match
the situation and, as the event evolves, plans that do not match
the flux of events. Unrecognized in this process is the gratuitous
effects of stress and fear on our thinking and acting. By its tempo-
ral-spatial proximity, a threat initiates functional stress-restricted
cognition, protective fear circuits, and adaptive threat behaviors.
When not modulated, threats cause unrecognized situational cog-
nitive distortions (15, 16), stress-induced disorders, fear circuitry
disorders, and amygdala-driven behaviors (15-18). Because we
use our judgment to judge our judgment, these maladaptive threat
effects only become visible in others or after failure. They can be-
come normalized, making the ecology of fear inevitable and invis-
ible (19).

The above approach produces high reliability. Academicians codi-
fied HROs from environments where failure could be catastrophic,
yet failures were rare or nonexistent despite working with hazards
or in hazardous conditions (20). Mistranslated field terms into the
business and management science lexicon caused some wash-
out of essential concepts and themes. This borrowing has been
restricted, mainly from the normative frame for preventing system
failure. The inordinate focus on error and failure diminished the
pragmatic frame for early identification and engagement of errors.
Instead, the organization relies on the normative frame to reduce
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the number of errors through plans, structures, and rules (9).

“Out of this concern that operational
failures can result in dangerous and
harmful consequences, business and
management science distinguishes the
concepts of risk, error, and hazard (8).”

Out of this concern that operational failures can result in danger-
ous and harmful consequences, business and management sci-
ence distinguishes the concepts of risk, error, and hazard (8).

Risk. In the engineering sense, the risk is the product of the mag-
nitude of a consequence and the probability of an event causing
the consequence. In management science, the risk is a calculated
value from a measured probability multiplied by the cost of that
failure. In the HRO environment, causation of an event or com-
plete knowledge of any significant situation are uncertainties and
cannot be reliably known (8).

The International Organization for Standardization (ISO) devel-
oped standards for risk, ISO 31000:2009 (21). Risk is the “effect of
uncertainty on objectives.” “Risk management” is the “coordinated
activities to direct and control an organization with regard to risk.”
Risk as an operational measure is less helpful for an HRO.

HROs can continually access and manage extrinsic uncertain-
ties to develop effective ‘barriers’ to assess and manage system
risks. The HRO makes efforts to reduce the uncertainties, reduce
the effects of uncertainties, and increase the proper detection,
analysis, and correction of the adverse effects of uncertainties (2).
Decision-making approaches can generate Shannon information
(changing uncertainty to certainty) (22) through what Bob Bea,
Professor Emeritus, Civil Engineering, University of California,
Berkeley (23), called interactive-real-time assessment and man-
agement of risks. Harken used this approach when he removed
shrapnel from the ventricles of soldiers in WWII.

“This approach was completely overlooked [by academi-
cians] until the early 1990s. We were taught that there was
only proactive (before operations) and reactive (after) - and
that was it. And we thought we could capture all of the risks
with the proactive approaches - and then provide adequate
defenses if Yjustified’ — but we were missing some really ma-
jor risks that were fundamentally unpredictable and unknow-
able.”

Bob Bea, 8/30/2005, personal communication

Error. “Inherent or natural uncertainties that are fundamentally in-
formation insensitive” cause errors (Bob Bea, 8/8/2007, personal
communication). Extrinsic uncertainties frequently are identified
as ‘human errors’ though they result from human and organiza-
tional processes. Human errors are results, not causes (14).

Errors and failures do not appear with the full force of an overt, de-
compensated state. Such events start from mundane actions and
events or routine procedures that work in most contexts but not all
(9). Some mundane events stay small, some self-resolve, and a
few must be engaged. Though uncommon, if not rare, mundane
events can entrain energy and resources, cascading into irrevers-
ible failure. It all starts from a covert, compensated event (24-26).

Errors are not errors at first. An act becomes a mistake only late
in its development as events evolve (27). Sensemaking appreci-
ates that the smallness of errors and disturbances is not insignifi-

cant. Micro-level actions can have significant consequences (28).
For the operator, errors are valuable by making the boundaries of
knowledge, capabilities, and performance visible. Errors make the
system safe through early identification and management (29).

“From the operator’s view, until we
experience something, we don’t know
exactly how we would act or what

to expect. Error emerges from local,
nonlinear interactions, manifesting

the environment entwined with human
intent. One person’s error, then, becomes
another person’s information.”

From the operator’s view, until we experience something, we don’t
know exactly how we would act or what to expect. Error emerges
from local, nonlinear interactions, manifesting the environment
entwined with human intent. One person’s error, then, becomes
another person’s information. Environments where people must
move between ill-structured and well-structured problems con-
found people anchored in the normative stance. For the HRO,
error corrects heuristic bias (26).

Focus on error prevention to achieve HRO has consequences.
Behaviors to prevent failure or reduce liability exposure include
“doing everything through channels,” “refer all matters to commit-
tees,” which should be “as large as possible — never less than
five,” “advocate caution,” “urge your fellow conferees to be rea-
sonable and avoid haste,” “worry about the propriety of any deci-
sion — raise the question of whether such action as is contem-
plated lies within the jurisdiction of the group or whether it might
conflict with the policy of some higher echelon,” and “apply all reg-
ulations to the last letter.” The above quotations exemplify a “type
of simple sabotage” that requires “no destructive tools whatsoever
and produces physical damage, if any, by highly indirect means.”

“The United States Office of Strategic
Services (OSS) used these methods

to undermine industrial efforts in
occupied Europe during World War

Il. Operatives taught civilian workers
these “simple sabotage” methods (30).
Today’s business and healthcare leaders
commonly accept these methods as
prudent means to prevent error and
reduce liability in healthcare. ”

The United States Office of Strategic Services (OSS) used these
methods to undermine industrial efforts in occupied Europe dur-
ing World War Il. Operatives taught civilian workers these “simple
sabotage” methods (30). Today’s business and healthcare lead-
ers commonly accept these methods as prudent means to prevent
error and reduce liability in healthcare.
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Hazards. Hazard refers to characteristics that, if failure were to oc-
cur, can result in significant damage to life and property (8). Haz-
ard is objective and dispassionate, if not passive, while the threat
is subjective and can be directed intentionally toward an object.

Hazards, Consequences, Capabilities. During a rope training ex-
ercise, a Special Forces (SF) operator asked one of the authors
(DvS) about risk management. He was working toward his MBA
and didn’t quite grasp the concept. The author described it as a
calculated value to help a business make investment decisions —
how much to spend depending on what can be lost. Too great a
risk, and the business does not pursue the venture. The author
pointed out that SF cannot refuse an assignment. Instead, they
look at the capabilities necessary for the mission. If they don’t
have the necessary capabilities, or their support groups do not
have the required capabilities, they develop them. They match
capabilities to expected hazards. They received the mission be-
cause of the consequences of not completing it. This is the type
of thinking Harkens followed standing by a soldier with a rare type
of wound.

“If they don’t have the necessary
capabilities, or their support groups do
not have the required capabilities, they
develop them. They match capabilities
to expected hazards. They received the
mission because of the consequences
of not completing it. This is the type of
thinking Harkens followed standing by a
soldier with a rare type of wound.”

This may better be appreciated when we consider two orthogonal
axes to describe the environment — one formed by abstractions
and one contextual. Abstract concepts comprise discrete ele-
ments and time measures that do not influence other elements on
the axis. The other contextual axis oscillates from environmental
influences due to internal feedback (auto-correlation) and external
feedback with different frequencies. The first axis of abstractions

Table 3. Patterns and Characteristics of Noise (24)

is stable and can be described by a gaussian distribution, produc-
ing the statistics and probabilities necessary for evidence-based
medicine. The oscillations of the contextual axis have frequen-
cies with long-period events that carry greater energy. The system
must respond to these long-period frequencies that act as infre-
quent forcing functions.

Consequences and Color of Noise

Stable environments measurable by the gaussian distribution
are “white noise” environments. Environments where stability is
at risk from forcing functions, are “red noise” environments (24).
The interaction between the orthogonal axes of abstractions and
contextuality produces periods that have stability or the appear-
ance of stability. However, these environments are punctuated by
instability that seems distant until it arrives, then it appears to have
been a logical consequence of events (Table 3).

Reddened or pink-noise environments are information insensitive.
More information (or data) makes the data messier or reveals co-
vert, unexpected influences. With events in flux, current informa-
tion quickly becomes antecedent information, entrained energy
changes circumstances, and what was once relevant becomes
irrelevant. We operate more in a mystery, searching for and test-
ing clues using a complete spectrum analysis (31). Our drive is to
prevent consequences from becoming a reality.

“Red noise environmental ‘forcing
functions’ drive environmental influences
into the organization, destabilizing

the internal environment. Problems
become contextually resolved by
practical, pragmatic solutions. The pink
noise environment is also ecological,

but the problem is embedded into the
environment, making these problems
contextual and pragmatic (32). ”

Color Structure Variance Distribution
White No frequencies dominate Information sensitive Gaussian distribution
Flattened spectrum Data decreases variance - Elements fully independent
- No autocorrelation
Red Low frequencies dominate Information insensitive Power law distribution
L iod | Data increases variance - Elements not independent
ong-period cycles - Mutual/ reciprocal relations
Pink The midpoint of red noise Information insensitive Power law distribution
Slope lies exactly midway between Dat ti i . N ll-defined | t
white noise and brown (random) | Data continuously increases variance | - No well-defined long-term mean
noise - No well-defined value at a single
point
Distinguishes pink noise from red-
dened spectra
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Red noise environmental ‘forcing functions’ drive environmental
influences into the organization, destabilizing the internal envi-
ronment. Problems become contextually resolved by practical,
pragmatic solutions. The pink noise environment is also ecologi-
cal, but the problem is embedded into the environment, making
these problems contextual and pragmatic (32). Problem-solving
for red and pink noise environments tends toward practical com-
mon sense, focusing on consequences and a broad knowledge
base (33).

Decision theories and problem-solving developed in white noise
environments tend to be information sensitive, linear, and de-
terministic. Within the forcing function of red noise or the abrupt
catastrophe from pink noise, “white noise approaches” become
the problem. Using white noise predictions of what would happen
during forcing functions or catastrophes is a matter of life or death
— inaccurate models could kill (34).

“I Am Data-Driven”

Said with pride by various executives, administrators, and man-
agers. Data is a product of a gaussian distribution, found only in
white noise environments. Consequences in red and pink noise
environments emerge from forcing functions and abrupt catastro-
phes. Data provides less support for these emergencies than a
focus on capabilities would.

Executives, administrators, and managers learn to rely on data
from their experience in white noise environments. These sys-
tems have information-sensitive uncertainties that arise from in-
formation analysis. Data forms a gaussian distribution; more data
decreases variance while providing the information necessary to
resolve these uncertainties. Hence, being “data-driven” makes
sense.

“Executives, administrators, and
managers learn to rely on data from
their experience in white noise
environments. These systems have
information-sensitive uncertainties that
arise from information analysis. Data
forms a gaussian distribution; more data
decreases variance while providing the
information necessary to resolve these
uncertainties.”

In an environment influenced by reddened noise, more data in-
creases variance while forming a power distribution rather than a
Gaussian distribution. The uncertainties natural to such systems
are information insensitive. Hence, “data-driven” approaches can
mislead, if not confusing. Data then becomes a tool one may want
to drop during an exigency.

In our environments, data becomes stale relatively quickly. Mis-
construed data can take away from developing the depth and
breadth necessary for reddened noise surges. Data production
for a distant administrator may have less operational relevance
than more qualitative measures.

Leadership for Consequences
To feel the severity of lung disease in a patient with status asth-

maticus, one of the authors (DvS) hand ventilated a child. Blood
gas analysis revealed continuing decreases in arterial pH. In look-
ing at the cardiorespiratory monitor, the author noted the T wave
on the EKG was increasingly becoming peaked, an indicator that
the heart was becoming affected by increasing serum potassium
due to refractory respiratory acidosis. Verbal orders for treatments
to lower serum potassium were met with doubt and resistance.
“The amplitude on the monitor is high,” remarked staff. Adjust-
ing the amplitude revealed the seriousness. The author quickly
explained how respiratory acidosis could cause hyperkalemia,
influencing some staff to begin preparations. Other staff held the
too common belief that if it does not make sense, then it won't
happen, or “If | haven’t seen it, it can’t be.”

Cardiac arrest ensued, but because some staff were present in
the process of preparing treatment, the child recovered. Two days
later, the scenario, exactly as described above, occurred again
but with new staff with the same comments. The child again re-
covered.

An adolescent dependent on long-term mechanical ventilation in
a subacute care facility was anxious, not wanting to be left alone.
Pulse oximetry revealed variable oxygen saturation ranging from
decreasing peaks of 96% to 88% and lows to 78%. Staff prepared
to call 9-1-1 to send the patient to the emergency department.
The Respiratory Care Practitioner (RCP) noted the ventilator peak
pressure was set at 18 cm H,0O, yet she used both hands to ex-
pand the chest, effectively a pressure of 32-35 cm H,O. She also
noted his tracheal secretions had changed from thick to sticky
while under fluid restriction. The RCP requested a stepwise in-
crease of ventilator peak pressure and enteric fluids for the secre-
tions.

“Healthcare providers want to relieve
suffering quickly and not keep a patient
in deteriorating condition. They also do
not want to leave their patient in extremis.
This created tension between rapid
engagement and early transport — both
will reduce consequences.”

Healthcare providers want to relieve suffering quickly and not
keep a patient in deteriorating condition. They also do not want
to leave their patient in extremis. This created tension between
rapid engagement and early transport — both will reduce conse-
quences. One of the authors (DvS) reframed the problem as one
of hydration and ‘interoception.” Administration of an oral or enter-
ic rehydration solution can hydrate the airways in 20 minutes. The
new rheological characteristics then mobilize airway secretions,
relieving the obstruction. The greater chest expansion brings an
interoceptive state of relaxation.

Following the RCPs recommendation, peak pressure was in-
creased stepwise to 32 cm H,O while a stepwise decrease in the
respiratory rate occurred, and oxygen saturation increased. After
the enteric administration of an oral rehydration solution, tracheal
suctioning recovered copious secretions. Within one hour, the
oxygen saturation was 98% on F0, of 0.36; the respiratory rate
was 22, and the patient was comfortably breathing, asking for ice
chips, and feeling comfortable being alone in his room.

We experience a sense of danger when we are in circumstances
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we cannot adequately control without the threat of negative con-
sequences. This only occurs when we must interact with the prob-
lem in context, that is, the problem embedded in the environment.
Context accentuates consequences (33, 35, 36). Leaders can ac-
centuate the situation to intensify circumstances (the increasing
T wave from acute respiratory failure) or to attenuate the level of
concern (focusing on chest expansion and secretions) (37).

“Failures occur, the damage is done, and
people are injured or die. Faced with such
risks and the desire to operate failure-
free, we act carefully, think prudently,
and lead judiciously. We become secure
in believing we will prevent or mitigate
negative consequences. We prepare

our workforce, surveil for indicators of
problems, generate plans, and create
algorithms for actions that prevent or
support responses to that failure.”

Failures occur, the damage is done, and people are injured or die.
Faced with such risks and the desire to operate failure-free, we
act carefully, think prudently, and lead judiciously. We become se-
cure in believing we will prevent or mitigate negative consequenc-
es. We prepare our workforce, surveil for indicators of problems,
generate plans, and create algorithms for actions that prevent or
support responses to that failure. The result is a safer program
with few failures but failures that can be attributed to some error
or a failure from which we can learn.

This describes more than an ideal system; it describes how some-
one in an authority or leadership position may see the program
they have or aspire to have.

“Leadership scholarship has focused

on relatively stable operating conditions
with low ambiguity, accessible
information, and plentiful time for action
(38). Leadership models developed

in organizational science or military
organizations may not generalize “live-or-
die” situations where one must actively
avoid death (39). ”

Leadership scholarship has focused on relatively stable operat-
ing conditions with low ambiguity, accessible information, and
plentiful time for action (38). Leadership models developed in or-
ganizational science or military organizations may not generalize
“live-or-die” situations where one must actively avoid death (39).
In such cases, leaders and followers personally face dynamic and

unpredictable situations where outcomes include severe physical
or psychological injury (40). This type of leadership requires con-
text-dependent factors and the development of effective thought
processes (15, 41, 42).

Sensemaking against consequences is not a matter of gathering
information. It is retrospective and ongoing as the situation chang-
es and capabilities come into play, punctuated and not following
single sequences (43). We must update our knowledge from the
unfolding situation or risk being caught up in dangerous events if
we still act upon what happened in the recent past (12).

Sensemaking is actively shared by all who generate information.
The leader is receptive to new, especially disconfirming, informa-
tion. The leader may change plans from a subordinate’s recom-
mendation, not because the original plan had flaws, but to ac-
knowledge the subordinate’s initiative and insight. Subordinates
may notice the leader lost focus on events and, through reciprocal
sensemaking and sense-giving, might intervene to interpret a situ-
ation, suggest appropriate action, or encourage communication
with other leaders (44).

Rather than sensemaking or sense-giving, abstractions, decon-
textualizing, and reliance on data contribute to misconstrual and
miscommunication (44). While these approaches can develop
into teaching, they can make surmountable problems deadly in
instability with high consequences. The leader in these situations
strives for distributed cognition.

“Participation in decision-making by
subordinates contributes to them
crossing the gap from competence to
proficiency or proficiency to expertise
while developing moral agency that the
individual makes a difference (45).”

Participation in decision-making by subordinates contributes to
them crossing the gap from competence to proficiency or profi-
ciency to expertise while developing moral agency that the individ-
ual makes a difference (45). Through discussions with the leader,
subordinates learn of the impact of adverse consequences and
inherent moral implications of decisions and actions taken dur-
ing an unstable event (37). The leader increases performance by
modeling and sharing sensemaking and meaning-making to (46):

. foster meaning;
. build competence or self-efficacy;
o encourage the pursuit of value-congruent goals;

. strengthen social identification with a group, department, or
organization;

. help subordinates perceive themselves as important, influ-
ential, effective, and worthwhile.

Engagement reduces certitude. Certitude is an early herald of
failure. Engagement at the point of contact, where line workers
operate, is nearly always a liminal space. Neonatal physiology,
parents, families, and the local circumstances will never be the
same. While creating a PICU, Ron Perkin would tell staff he didn’t
care what they did...they just had to stay at the bedside (DvS, per-
sonal communication). That is, engagement continued past the
point of action, continuing through observation for complications,
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effectiveness, and sustainability. The further away one moves
from the event, the consequences of certitude decrease. In some
sense, certitude can be a hazard from limited field experience or
higher status (47).

“Leadership models do not incorporate
the characteristics necessary for close-
in, quick identification and interpretation
of weak signals, uncertainty, and
ambiguous information. “A story always
sounds clear enough at a distance, but
the nearer you get to the scene of events,
the vaguer it becomes,” George Orwell,
Shooting an Elephant (48).”

Leadership models do not incorporate the characteristics neces-
sary for close-in, quick identification and interpretation of weak
signals, uncertainty, and ambiguous information. “A story always
sounds clear enough at a distance, but the nearer you get to the
scene of events, the vaguer it becomes,” George Orwell, Shooting
an Elephant (48).

Design for Consequences:

HROs, as an organization, focus on function and consequences.
As Karl Weick observed (personal communication), a disruption
can distract an organization leading it to misjudge what is happen-
ing. While collecting sufficient information to act, circumstances
will have changed. Act immediately, and you don’t have the nec-
essary information. This is the uncertainty principle bedeviling all
who arrive at an exigent situation. With insufficient information as
a given, the HRO generates information through action. HROs
focus on consequences (49).

Faced with such a situation having a possible uncertain or bad
outcome, individuals may hesitate to act. Consequences, in these
situations, drive engagement. Yet consequences also arise from
inaction and actions taken. Focusing on the consequences of our
actions and bottom-up feedback from the environment, rather than
a central authority, has common elements with the brain function
of motor cognition (9).

“When we engage, we build from
perception to observation, which drives
inquiry and experience. From our
experience, we give meaning to our
actions and the information we generate.
In the liminal space, we do not have
certainty, particularly for antecedent
events, which impairs our ability to act
from what happened earlier. ”’

When we engage, we build from perception to observation, which
drives inquiry and experience. From our experience, we give
meaning to our actions and the information we generate. In the
liminal space, we do not have certainty, particularly for anteced-
ent events, which impairs our ability to act from what happened
earlier. This also interferes with scientific logic and the Cartesian
approach to reaching truth (50) or bringing about a resolution. In-
stead, we use the possible consequences of our actions to guide
inquiry, likely the most challenging tenet of pragmatism to appreci-
ate (51, 52).

Conclusion:

Dwight E. Harken thought of preventing consequences but would
act against the consensus of surgeons (3). He would work blindly
in the ventricle. He didn’t know if he would succeed and, if he
succeeded, would he prevent the complications some casualties
never experienced.

The RCP observed a patient in distress with poor chest expan-
sion, a large amount of tracheal secretions, and oxygen saturation
that did not improve after suctioning. Wanting to make the patient
comfortable and appreciating that patient-ventilator asynchrony
can be fatal (563), the RCP began hand ventilating for greater
chest expansion. Greater tidal volume increased the mean airway
pressure, increasing oxygen saturation while also increasing the
flow of mucus.

Mobilized secretions created a vibration in the ventilation bag.
Suctioning produced thick, then sticky secretions. The RCP, en-
gaging the consequences of discomfort, had changed to the con-
sequences of patient-ventilator asynchrony due to poor chest ex-
pansion, then to the effects of sticky secretions and mucous plugs
that can rapidly become fatal.

“The dynamic viscoelastic, non-
Newtonian properties of mucus ensure
efficient clearance, maintain adhesive
and elastic strength to resist gravity

and coughing and prevent loss of these
properties from ambient water. As a
hydrogel of glycosylated proteins, mucus
rapidly becomes hydrophobic once
released from the cell. ”

The dynamic viscoelastic, non-Newtonian properties of mucus
ensure efficient clearance, maintain adhesive and elastic strength
to resist gravity and coughing and prevent loss of these proper-
ties from ambient water. As a hydrogel of glycosylated proteins,
mucus rapidly becomes hydrophobic once released from the cell.
Airway hydration determines mucus stickiness and thickness. If
mucus becomes sulfficiently thick, bacterial overgrowth and infec-
tions can occur (54, 55).

Interoception is the sensation of the internal body, specifically
its sense of well-being (56-58). Veterans of combat and public
safety from before WWII have encouraged novices to “take a
deep breath” during their early experiences under stress. In the
past few decades, such deep breathing has been found to re-
duce stress through interoception to the extent it can help with the
symptoms of PTSD (59, 60). Cardiorespiratory vagal activity is
the most rapid way to increase activity in the insular or interocep-
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tive cortex. We achieve this with a larger tidal volume and shorter
inspiratory time (60, 61).

ICU physicians had a greater influence on hospital and facility ad-
ministration to support early 9-1-1 response and transfer to the
Emergency Department or ICU. The standard ED and ICU treat-
ment is n-acetylcysteine, bronchodilators, mechanical devices,
and bronchoscopy. Concern by the nursing staff was to follow
these newer, informal protocols that had unintentionally created
the ecology of fear (19).

One of the authors (DvS) arrived and began using treatments es-
tablished over 30 years of personal experience described above.
The RCP and author worked with physical examination and re-
sponse to therapy, otherwise blind to standard studies — without
arterial blood gas analysis, chest X-ray, or sedation. The child
recovered in 30-45 minutes, as described, and remained in the
facility.

This description of the incident is a compilation of dozens of such
cases regarding smiles (62) and secretions (63). When possible,
we use a smile as an endpoint with some children, for the first
time, smiling, communicating (64), or talking. The absence of a
smile has been used as a sign of serious illness (65), while the
smile itself is a sign of joy (66).

“Aside from medical consequences,
Dwight Harken considered the
psychological reaction to a retained
foreign body in the heart (3). In a recent
case, Laura Elliot, the RCP considered

the suffocation sensation from a low

peak pressure and the improved comfort
from interoception produced by a faster
inspiratory time and higher peak pressure
(both hands to expand the chest) (56, 61).”

Aside from medical consequences, Dwight Harken considered the
psychological reaction to a retained foreign body in the heart (3).
In a recent case, Laura Elliot, the RCP considered the suffocation
sensation from a low peak pressure and the improved comfort
from interoception produced by a faster inspiratory time and high-
er peak pressure (both hands to expand the chest) (56, 61). This
combination reduces PTSD symptoms and reduces overactivity
of the amygdala (59, 67). This type of ventilation also counteracts
the synergistic activation of the sympathetic nervous system O,-
and CO,-sensitive chemoreflexes from hypoxia and hypercapnia
(60).

Driven to make the patient comfortable, Elliot uncovered com-
plex ventilator settings and potentially lethal sticky secretions
that had not responded to n-acetylcysteine, bronchodilators, and
mechanical devices. She was concerned about consequences,
then came across a series of gaps through engagement using
reciprocal feedback. Systemic and routine response to conse-
quences supports effective, early engagement of the situation by
individuals. By engaging consequences, we create a living, High-
Reliability Organization.

“We do in an emergency what we do every day.”

James P. Denney, Captain, Los Angeles Fire Department, and
Vietnam Combat Veteran.
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