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Median day 1 fluids for all = 3,050mL, IQR 1,975-5,000mL

Variable Day One Fluid Prescribing Practices



Observed vs. Predicted Hospital Mortality

Figure 3. The effect of day one fluid resuscitation volume on hospital mortality 

The difference between observed and predicted mortality is significant when 95 percent CI bars do not 

cross the line for predicted mortality. 

Mansoori, JN, Linde-Zwirble, W, Hou, PC, Havranek EP, Douglas IS. Variability in Usual Care Fluid Resuscitation 
and Risk-adjusted Outcomes for Mechanically Ventilated Patients in Shock. Crit Care. 2020 Jan 28;24(1):25.



Covariates: Age, Gender, Admission diagnoses (ICD-9-CM codes present in at least 3% of patients)



Figure 4. The effect of day one fluid volume under- or over-resuscitation on 

hospital mortality

Observed vs. Predicted Hospital Mortality
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Clinical Decision-
Making in Sepsis: 
Integrating the 
Decision Sciences



Neoclassical vs. Behavioral 
Economics

• Neoclassical Economics:
• Decision-makers are rational and have sufficient 

information to make decisions
• Decisions are guided by utility function
• If mistakes are made, they are random ones

• Behavioral Economics
• Incomplete information abounds
• Not all decisions are rational
• Deviations from rational choice are systemic and 

predictable (cognitive biases)



Other Key Terms

• Heuristics

• Mental shortcuts or rules of 
thumb that ease the cognitive 
load of making a decision

• Choice Architecture

• The practice of 
influencing choice by changing 
the manner in which options 
are presented and the 
environmental conditions 
under which choices are made



Significance to Clinical Practice

• Cognitive biases in clinician decision-making -> low-
value care
• Unintended retention of foreign objects (e.g., search 

satisficing)

• Wrong site surgeries (e.g., confirmation bias)

• Patient falls (e.g., availability and ascertainment bias)

• Diagnostic errors that may result in treatment delays 
(e.g., anchoring, framing, and premature closure) 

The Joint Commission DoHCI. Cognitive biases in health care. Quick Safety; 2016:1-3.



Dual Process Theory

INTUITIVE
THINKING

ANALYTICAL
THINKING



Unconscious Decision-Making

Soon CS, Brass M, Heinze HJ, Haynes JD. Unconscious determinants of free 
decisions in the human brain. Nat Neurosci. 2008 May;11(5):543-5.

• Predictive neural 

information (frontopolar 

cortex) preceded the 

conscious motor 

decision by up to 10 

seconds

“This delay presumably 
reflects the operation of a 
network of high-level 
control areas that begin to 
prepare an upcoming 
decision long before it 
enters awareness.”



Pennycook G, Fugelsang JA, Koehler DJ. What makes us think? A three-stage dual-process model of analytic 
engagement. Cogn Psychol. 2015 Aug;80:34-72.
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Nudges

“A nudge…is any aspect of the 
choice architecture that alters 
people's behavior in a predictable
way without forbidding any 
options or significantly changing 
their economic incentives... 
Nudges are not mandates. Putting 
fruit at eye level counts as a 
nudge. Banning junk food does 
not.”

- Thaler and Sunstein



Nudges Do Not Require Cognitive 
Engagement
• Defaults

• Automatic enrollment in programs (donor networks)

• Use of social norms
• “Most providers wash their hands…”

• Increase in ease and convenience
• Positioning of desirable products

Nudges may be 
planned or 
unplanned



Nudge vs. Sludge

• Sludges are nudges that

1. Discourage behavior in 
a person’s best interest

2. Encourage self-
defeating behavior

• Decisional friction can act as 
a nudge or sludge



Pennycook G, Fugelsang JA, Koehler DJ. What makes us think? A three-stage dual-process model of analytic 
engagement. Cogn Psychol. 2015 Aug;80:34-72.
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TIME 
CONSTRAINT

56 of 189 (30%)

RECONSIDERED 
ANSWER

26 of 56 (46%)

CHANGED 
ANSWER

18 of 26 (69%)

Discordant to 
Concordant

3 (17%)

Concordant to 
Discordant

3 (17%)

Concordant to 
Concordant

2 (11%)

Discordant to 
Discordant

10 (56%) 

• Only stress and confidence were 
associated with likelihood of 
choosing to reconsider



NudgeFuture 
Directions: A 
Mechanistic 
Approach to 
Nudging



NHLBI K23 Proposal

Aim 1. To examine the mental models associated with 
fluid-resuscitation decisions for patients with septic 
shock in real-world contexts. 

Aim 2. To measure the impact of clinician characteristics 
(demographic and psychological) and the choice 
environment on fluid-resuscitation decisions for patients 
with septic shock. 

Aim 3. Informed by decision psychology, to a) develop 
and b) pre-test feasibility and effectiveness of a clinical 
decision aid for fluid resuscitation of patients with septic 
shock. 



Methods and Tools

• Cognitive Task Analysis (CTA): Set of methods and 
techniques that specify the cognitive structures and 
processes associated with task performance

• Critical Decision Method (CDM): Cognitive task 
analysis method that employs retrospective 
interviews and cognitive probes to incidents that 
required expert judgment or decision-making



Recognition-
Primed Decision 

Model



Code Group Code Sub-Code

Perception and 
Knowledge

Cues 

Behavioral
Clinical
Fluids
Physical/Environmental

Information
Needed
Used

Mental Modeling Decision Making

Decision Points
Emotional Response
Fatigue
Feeling Busy/Overwhelmed
Guidance Received
Intuition
Other Individuals Influences
Rules for Choosing
Time Spent
Time-Pressure

Decision Alternatives Vasopressors

Analogues 

Expected Outcomes
Acknowledge if Correct or Incorrect
Anticipated Consequences
Mistakes

Goals Measures of Success or Failure



Intuition: Confirmation Bias

“…if you just got eight liters you basically should be 
resuscitated with that, and so I wouldn’t be surprised if a 
straight leg test was negative. And that would like 
confirm my clinical suspicion that I already had versus if 
he only had two to three liters I’m already suspicious that 
they might not have had enough fluid resuscitation. And 
if a straight leg test is negative I don’t know that I trust it 
enough to not give him additional fluid…”

“I’ve done that a little bit more often but I think also I 
mean the IVC I was talking to Mike the other day and he’s 
like you kind of find what you’re looking for when you’re 
looking at the IVC.”



Interviewer 2: And why three to four?

Interviewee: That's arbitrary. I've gotten, I don't know. I have, no; it just feels like, 
yeah, I don't really know. It just feels like - that just feels like a number maybe my 
head where I'm just like that seems enough fluid….

Interviewer 2: Is it just a feeling that three to four is a lot or have you had other 
experiences that demonstrated to you that three to four was a lot or any specific 
reason that you chose those numbers?

Interviewee: I don't know like a specific. I just feel I guess in my head saying someone 
got five liters of fluid or four liters of fluid sounds like a lot and at least I feel at that 
number if you're not seeing a benefit I feel that's an appropriate therapeutic trial for 
someone with fluid. Whereas, if I hear someone got three liters in my head, it just 
feels to me, yeah, they could probably, maybe they could use a little bit more, that 
doesn't feel as significant. I guess there's just something about that four or five 
arbitrary threshold where in my mind that makes me a little bit more suspicious that 
we're just throwing stuff at them without any objective idea of what we're doing.

Heuristic: 3-5 Liters



Boosts

• “Smart Heuristics” – designing 
environments to trigger 
successful heuristic strategies

• Support decision-making 
without steering decisions 
in a different direction

• Particularly useful in time-
pressured contexts with 
decisional uncertainty



Boosts are ‘Ecologically Rational’

• Reduce effort without sacrificing accuracy by 
matching the mind’s capacities with the 
current environment
• Less information as opposed to more information

• Can outperform complex algorithms in real-world 
settings



Building Blocks 
of Boosts

• Guiding Search

• Ordered search for cues and 
alternatives

• Eg. Highest sensitivity 
predictor comes first



Building Blocks 
of Boosts

• Stopping Search

• Simple criteria that are 
easily ascertained

• Stopping rules do not try to 
compute an optimal cost-
benefit trade-off



Building Blocks 
of Boosts

• Decision-Making

• Simple principles 

• Do not require extensive 
computations and 
knowledge 



Decision-Making in Different 
Environments
• Noncompensatory – Importance of available cues 

are exponentially decreasing
• Simple ‘Take the Best’ heuristic can outperform any 

optimal linear combination of binary cues (Martignon
and Hoffrage, 1999)

• One-Reason Decision-Making



Example of a ‘Fast and Frugal’ 
Decision Tree

• Small number of binary 
predictors that allows for a 
decision at each branch of 
the tree



Clinician Intuition and Regression 
Model Outperformed by the 
Simplified Algorithm



Decision-Making in Different 
Environments
• Compensatory – Can be exploited using a tallying 

heuristic
• For example, if n (n ≥ 2) then do X

• Does not employ one-reason decision-making 
• Uses more than one cue 

• Simplicity lies in use of only a few cues without ordering 
or weighting



When Might Less Actually be 
More?
• Situations where decisions are liable to error and 

generalization is poor
• Overfitting – noise and idiosyncrasies are explained by 

variables that do not generalize to new samples

• The more unpredictable the situation, the more 
information should be ignored
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