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Purpose: Our study investigates how healthcare professionals in the Intensive Care Unit make decisions under highly ambiguous
conditions, where the patient’s presentation triggers initial protocolized treatment but subsequently fails to respond to medical
treatment. We hypothesize that providers with a low tolerance for ambiguity and specific risk-taking preferences are likely to rapidly
engage in adequate evidence-based strategies when dealing with high-risk illnesses such as sepsis.

Patients and Methods: This is a single-center cohort mixed method study of healthcare providers (attendings, fellows, residents,
and advanced care providers) (n=138) using clinical vignettes (Vignette#1 representing the case of sepsis, Vignette#2 representing an
ambiguous case). Participants were recruited using an internal Email distribution list (response rate 13.63%). Providers were asked to
choose any number of specific therapies while being assessed for tolerance of ambiguity, denial mechanism, anxiety, prevalence of
risk-taking behavior, optimism, and decision-making style.

Results: Providers sparsely used antibiotics in vignette #2, while fluids were rarely given in vignette #1 during the first 48 hours.
By day three, providers had implemented mechanical ventilation and renal replacement therapies. Bicarbonate and corticosteroids
were used significantly as collateral therapies. Study participants were not very tolerant of ambiguity, used defensive mechanisms,
and more often used rational decision-making rather than intuitive decision-making. Healthcare experience correlated negatively with
the stress of uncertainty, defensiveness, and rational thinking. Optimism correlated positively with years of healthcare experience. The
percentage of intensive care unit responsibilities correlated with risk-taking behaviors and defensiveness. There was no difference
between implementers of the bundle and never implementers in their demographic, professional, and psychological characteristics.
A similar lack of correlation was seen between different levels of tolerance of ambiguity among providers.

Conclusion: Providers’ experience working in the intensive care unit, combined with their level of optimism, seemed to influence the
relatively low implementation of the sepsis bundle across two vignettes.

Keywords: clinical decision-making, sepsis management, risk-taking behavior, tolerance of ambiguity, ICU providers, healthcare
providers

Introduction

Critical illnesses demand a high level of skills, knowledge, and the ability to navigate complex decision-making
processes."> Decisions are often made under significant uncertainty, as clinical data are frequently imperfect, biased, or
challenging to interpret.” ® Ambiguity is a fundamental “risk” in the medical decision-making process, and a provider’s
ability to tolerate this ambiguity and take risks becomes critical in care delivery.” '? This ambiguity can be managed in
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some well-established illnesses via established treatment protocols (sepsis, pneumonia), while other disease recommenda-
tions (for example, pancreatitis) are much less defined.'® Additional sources of risk include, but are not limited to, local
deviations from standard practice or the ever-changing landscape of clinical guidelines.'*'® Cognitive appraisal of the
ambiguity of the situation will affect the decision-making process within the context of provider experience.*> More
experienced providers often rely on intuitive thinking, especially when dealing with less sophisticated, ambiguous data.'”
Less experienced practitioners frequently engage in logical thinking as it enables decision-making in individuals with low
tolerance for ambiguity or experience.*'®'" Varying levels of emotional response are triggered depending on whether
logical or intuitive thinking is deployed.”'#***** Furthermore, these emotional consequences can be mitigated by avoiding
risky decisions even if deviation from evidence-based guidelines occurs.®** Also, providers may deploy strategies focused
on managing the emotional aftermath, such as denial.>** This relationship between the perception of risk, tolerance of
ambiguity, and the clinical decision-making process affects and the effectiveness of the care delivery.'*'*?>7 Physicians
with higher risk-taking preferences have been associated with lower admission rates for patients with chest pain, lower
imaging use in abdominal pain cases, and lower overall resource utilization.*° If the subjective perception of risk is low,
the provider engages in treatments with an excessive rate of complications.?®

This complex network has been infrequently tested in the intensive care unit (ICU) setting.'** Maintaining the
balance between risk perception, tolerance of ambiguity, and preferential engagement in decision-making style and
strategies to cope with emotional aftermath are particularly critical for ICU patients and the well-being of their
providers. In the case of one of the most morbid and common ICU illnesses, sepsis, the provider faces a high-
ambiguity/high-risk/high-stake situation but can rely on clear guidelines to make decisions.'®*° The standard of
treatment for sepsis is to implement a “bundle” of therapies even if the threshold of suspicion is low as mortality
increases exponentially with a delay in treatment.'>”'> However, a lack of improvement throughout sepsis places the
provider in a more ambiguous situation since the recommendations are vague if there is no favorable response.'>™'> So,
the provider faces two sequential situations here. Initially, it is a high-risk, relatively low-ambiguous situation with
clearly established guidelines.'*'®*® Here, the threshold can be determined by a simple Bayesian risk/benefits ratio
with minimal emotional consequences for a provider.'**>-**2! This situation supports logical thinking, especially if
providers are less experienced. However, if sepsis is not successfully treated, the situation becomes high risk, with
high ambiguity necessitating intuitive thinking. Even more critical is the provider’s flexibility in decision-making in
ambiguous situations.

Here, we examine healthcare professionals’ responses to sepsis, where initial treatment is followed by lack of
response by a patient to therapy (Vignette #1). We also created a second scenario when the diagnosis was a much less
obvious diagnosis on admission (Vignette #2). We specifically hypothesize that the initial presentation of sepsis will
result in deploying highly structured therapy per guidelines, particularly with less experienced providers engaging in
logical thinking."®* When facing a situation where the illness does not respond adequately to prescribed therapy, there
should be an increased engagement in intuitive thinking processes, particularly among more experienced practitioners,
while leveraging denial to reduce stress.'**%?* Providers who balance risk-taking with a high tolerance for ambiguity
and low reliance on denial mechanisms are better equipped to handle high-risk scenarios effectively, especially at the
onset of high-risk/low-ambiguity scenarios.'’** As clinical situations evolve, the engagement of intuitive thinking and
the deployment of coping mechanisms such as denial may play significant roles, particularly among seasoned

practitioners.'~*!7-??

Materials and Methods

In this study, we utilized a cohort survey design with a convenience sample of healthcare providers (attendings, fellows,
residents, and advanced practice providers) with different levels of medical experience. The study was approved by the
IRB (#826741; 2017.02) of the University of Pennsylvania Health System. Electronic informed consent was obtained
from all participants before study enrollment, in accordance with institutional guidelines and the Declaration of Helsinki.
Unique identifiers were assigned to each participant.
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Participants/ Study Setting

Healthcare providers from a multicenter academic hospital were invited via Email to participate in a survey on medical
decision-making using convenience sampling. The invitation was sent using an existing mailing list and no incentives
were offered to participants. The investigators do not control these distribution lists. Participants could open the link at
their convenience in the condition appropriate to confidentiality. Inclusion criteria were 18 years or older, a healthcare
professional in a healthcare-related field, able to read and understand English, and provide informed consent. There was
no formal testing for these variables as we assumed this proficiency among providers in the major US healthcare system.

Psychological Variables
The psychological construct of the variables interacting with each other was created using existing literature.'->¢%1%-12

We deployed the following scales which were not modified to assess psychological determinants of decision-making

2 . . .
3233 provided information across

considering their original validation. Reliability was assessed in all tools but only one
cultures. While some investigators address ethnicity,® it is not enough to address cultural variability. Therefore, potential
scoring biases may exist. The ZTolerance of Ambiguity Scale (TOA) was developed to examine the ability to cope with
clinical uncertainty using inter-item correlation and factor analysis. The scale was validated and adjusted using factor
analysis with physicians and psychiatrists who were considering genetic testing. The resulting scale consists of seven
items, with a higher score relating to a lower ability to tolerate clinical ambiguity.*'° Internal consistency was 0.78. The
IBS Rationality/Emotional Defensiveness Scale (R/ED) was deployed to assess the intensity of repression/ denial.>**
The scale consists of 12 items. The scale was validated on a patient population, but the universal nature of this denial
mechanism allows for more generalization. A higher score correlates positively with a lower intensity of the repression/
emotional defensiveness mechanisms. Psychometric characteristics of IBS-R/ED were satisfactory with Cronbach
0=0.77.3%% Correlational analyses conducted in the Netherlands and the US, need further studies to assess cultural
variability. The Anxiety Due to Uncertainty (ADU) 13-item subscale of the Physician Uncertainty Reaction was used to
measure anxiety related to ambiguity.>*>> Higher scores signify an increased element of stress from clinical ambiguity.
The scale was validated on a representative sample of physicians. Internal consistency was 0.80. Prevalence for risk-
taking behavior was assessed using the Modified Jackson Personality Index (JPI), a six-item scale.>® The higher score
indicates more risk-taking behavior. Internal consistency varied between 0.66 and 0.79, depending on whether items were
positively or negatively scored. The Decision Style Survey (DSS) measured the decision-making process on two
dimensions: rational and intuitive processes.>’® This has been validated and consists of two subscales (five items
each) with higher scores related to logical and intuitive decision-making processes.>”*® This is a 10-item scale validated
on five independent samples and correlated with the Big Five Traits of the International Personality Item Pool. Internal
consistency for the total score was 0.68; for the rational decision-making scale, it was 0.84; and for intuitive decision-
making, it was 0.77.° Life Orientation Test (LOT) was used to measure the traits of optimism. The psychometric
features have been published before.*” Internal consistency and test-retest reliability has been reported with a Cronbach’s
alpha (0=0.76).*' To address cultural variability, this has been translated to Greek and studied in Greece (LOT-R) with
a high Cronbach’s Alpha (a=0.71).*

Survey Design

We collected basic demographic information (age, gender), healthcare role (attending, fellow, resident, or advanced
practice provider (APP), years of professional experience, and the percentage of time spent with ICU responsibilities.?>*
Two of the study authors developed two clinical vignettes from existing literature representing common clinical

scenarios (Supplemental Material 1).*** The vignettes were created with the idea of progressive treatment failure

leading to patient demise, exposing the provider to patients with sepsis in the case of Vignette #1 and much more
ambiguous diagnoses in the case of Vignette #2 based on published case reports.*” Five non-participating and blinded
providers evaluated the vignettes for realism and clinical relevance before embedding them into the study methods. These
judges suggested the changes to vignettes. After these changes were implemented, vignettes were deployed for the study.
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Each vignette consisted of eight one-day, predetermined treatments. Each day, participants could select therapies from
a predetermined list based on current practice patterns and recommendations regarding the treatment of septic shock.*®
There was also an option to use free text, and these data were analyzed qualitatively. We inquired if participants had
enough information to form a treatment strategy on a given day using standardized treatment options based on guidelines
and current practice patterns.

Survey Administration/Data Collection Process

Surveys were self-administered via the RedCAP™ web-based survey instrument.*’ The survey invitations were dis-
tributed twice (one month apart) via Email link to healthcare providers via an internal mail distribution targeting
individuals providing critical care at the academic medical center. A total of 1078 invitations were sent, 258 of them
were opened by prospective participants. Of those 258 individuals, 138 individuals completed the survey. If there were
missing data, the participants were removed from the study. The time for survey completion was not collected or
assessed.

Statistical Analysis
Descriptive statistics described the data. The normality of distribution and parametric nature of the data were assessed
using the Lilliefors test and QQ plot.>° Chi-square (¥*[d[;n]) test for independence was used to determine the difference
in frequencies for categorical variables. Student’s #-tests (z[n] or Kruskal-Wallis (KS[n]) tests were used to evaluate the
differences between the groups when two groups were considered for parametric and nonparametric data, respectively.”’
ANOVA (F[d;n] was employed for multiple comparisons with the Dunnett test for post-hoc contrasts.’' In general, we
deployed more conservative nonparametric statistics, as there is no consensus on the definition of data’s parametric
nature.”® Correlations momentum was expressed as 7~ Pearson value. Cluster analysis was conducted using agnostic
k-mean of psychological traits to categorize them in groups in multidimensional variable environments. The initial center
of correlations was not defined. Subsequent analysis looked for maximal distance between centers while maintaining
reasonable number of cases similar to modified elbow technique.

The level of significance was set as a p-value of <0.05 for hypotheses unless specifically stated in the text. The free
text field was analyzed using thematic content analysis (Supplemental Material 2). SPSS v.29 (IBM, Whalton, MA) and
Graph Prizm (Prizma. Cambridge, MA) were used for statistical analysis.

Qualitative Analysis

The free text entries were collated to identify common themes by one of the authors using content analysis. Codes and
themes were used to help support and explain the quantitative results. There were very few entries, but items were
classified into several themes and then grouped based on the therapy types and presented in the form of a table
Redundant entries were used for confirmation of codes and themes. Considering relative sparsity and consistency of
the free text entries we decided against utilizing another person for qualitative analysis.

Results
Studied Population

There was a total of 138 participants, with a mean of 12.749.99 years of healthcare experience; the majority were female
(54.3%), and approximately 46.5+£38.73% of their time was spent performing ICU duties (See Table 1 for complete
details). We found residents and fellows to be the youngest, with the least amount of experience in healthcare and the
least number of people in households compared to attending physicians and APPs (Table 1). The percentage of clinical
duties in the ICU was highest among the APPs (66.3+44.91) (Table 1).

Implementation of Sepsis Bundle and Other Therapies
We found that a minority of the providers engaged the sepsis bundle 48 hours after seeing the patients (Figure 1A), but
this varied slightly according to the vignette. The full bundle was used in Vignette#1 earlier than Vignette #2. Regardless,
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Table | Basic Demographic and Professional Characteristics of Studied Group Demonstrated Difference as Expected from Our
Studied Groups

Total Attending Fellow Resident Advanced Practice | ANOVA
(N =138) Physicians (n=34) (n=21) Provider p
(n=40) (n=43)
Age 38.1 £9.58 43.5+10.33 32.7 £ 3.69F | 324 +8.09* 40.1 £9.45 0.001
(mean * SD)
Gender 54.3 30.0 50.0 66.7 744 0.001
(% female)
Years in Healthcare 12.7 £ 9.99 16.6 + 10.79 74 + 5.48* 6.1 + 8.65* 16.4 £ 9.36 0.001
(mean * SD)
Percent of clinical duties in ICU | 46.5 + 38.73 243 £ 283 49.2 £32.75% | 44.0 + 40.68 66.3 = 40.91* 0.001
(mean * SD)
Marital status 71.0 95.0 70.6 38.1 65.1 0.001
(% married/co-living)
People in Household 26 % 115 32 +£0.99 2.3 + 1.05* 1.9 £ 0.99* 27 £ 117 0.001
(mean * SD)

Notes: *Donates significant difference between the indicated group when compared with Attending Physicians.

the initial implementation rate of the sepsis bundle was relatively low, mostly due to the sparse use of antibiotics in
vignette #2, while in vignette #1, fluids were rarely given (Supplemental Material 3) in the first 72 hours. By day three,

mechanical ventilation (MV) and renal replacement therapies (RRT) were implemented, yet this varied according to
vignettes until day five (Figure 1B and C). Recommendations for RRT and MV therapies were made more often by APPs
than by other providers (Supplemental Material 3). There was significant use of bicarbonate and corticosteroids with

minimal implementations of other therapies such as (Figure 2). Qualitative analysis revealed that providers frequently
requested additional information, including history and physical exam findings, diagnostic testing, and lab work such as
lactate levels, repeat cultures, and blood gases. In addition, they requested more support from consultative teams (renal,
pulmonary and infectious diseases). Interestingly, a minimal number of palliative care consults and goals of care
conversations were initiated on day four and six but only in vignette 1 and in clusters 1, 3 and 4.

Psychological Characteristics of the Studied Population

Study participants were not very tolerant of ambiguity, used defensive mechanisms, and more often used rational
decision-making rather than intuitive decision-making (Table 2). There were no statistically significant differences in
psychological variables considering gender or provider role (Table 2). Years of healthcare experience correlated
negatively with the stress of uncertainty, defensiveness, and rational thinking. On the other hand, optimism correlated
positively with years of healthcare experience. The percentage of ICU responsibilities correlated to risk-taking and
defensiveness. However, these correlations were weak (Figure 3).

The Effect of Psychological Variables on Treatment Strategies

We adopted three strategies to examine the relationship between providers’ psychological characteristics and the
treatment strategies. First, we compared implementers to non-implementers of the septic process with respect to their
psychological makeup. Next, we compared the implementation of the sepsis bundle across providers, considering
the diversification of risk-taking behaviors and tolerance of ambiguity. Finally, we conducted a cluster analysis using
the psychological traits and comparing the treatment patterns among providers.

First, participants were identified based on the amount of bundle implementation resulting in implementers, non-
implementers, never implementers, or ever implementers (Table 3). Implementers were those performing early imple-
mentation of the sepsis bundle in the first 24 to 48 hours. Non-implementers were those participants who did not
implement the bundle during the first 2448 hours. Never implementers were providers who did not implement the
bundle during the 8-day study period, while ever implementers implemented the bundle at any time during the 8-day
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Table 2 Distribution of Psychological Variables Across the Studied Population Showed No Differences in Distributions of the Studied
Psychological Factors

Psychological Trait Total Attending Fellow Resident Advanced Practice p
(n=138) Physicians (n = 34) (n=21) Provider (n = 43)
(n = 40)
Tolerance for ambiguity (TOA) 214 +5.18 20.2 £ 537 21.9 £ 4.68 229 £ 4.69 21.3 £549 ns
Stress of uncertainty 41.1 + 840 392 +£797 433 + 786 43.7 + 8.63 40.0 + 8.67 ns
ISBRED Defensiveness 36.5 + 4.63 35.5 + 493 36.6 + 476 37.2 £ 436 372+ 434 ns
Optimistic denial 42.7 + 886 43.3 +9.98 420778 403 + 8.16 43.7 + 893 ns
Decision- Rational decision 42 +£047 4.2 + 049 42 £ 051 4.2 + 0.37 4.3 +0.48 ns
making making
Scale
Intuitive decision 2.7 £ 0.59 2.7 £0.57 2.5 +0.62 2.6 £ 06l 2.8 +0.57 ns
making
Risk Taking Positive Risk taking 94 +1.83 94 % 1.59 9.4 +1.98 8.7 + 1.60 9.8 + 1.95 ns
Negative risk-taking 1.6 + 1.54 11.3+1.39 1.7 £ 1.63 122 + 1.33 1.5+ 1.65 ns
Optimism 14.9 + 3.0l 15.0 + 2.62 139 + 341 14.8 + 2.32 15.6 + 3.20 ns

study period. We identified 30 individuals who implemented the bundle within the first 48 hours and 39 who never
implemented the bundle. Their demographic, professional, and psychological characteristics did not differ between
groups except the amount of ICU responsibilities (Table 3).

Second, when we divided healthcare providers based on TOA and risk-taking into four groups based on the
psychological testing results, we found that providers who implemented the bundle had either a predilection for risk-
taking or average scores of TOA (Figure 4A). The decision to implement MV and RRT did not differentiate between
TOA or risk-taking groups (Figure 4B and C).

Finally, a cluster analysis of all studied psychological variables was performed. All psychological variables in the
initial cluster contributed significantly to the heterogeneity of the cluster analysis except rational decision-making style.
Therefore, we removed rational decision-making and re-ran the cluster analysis. The final analysis yielded four clusters
utilizing all psychological variables except rational decision-making (Table 4). Defensiveness was borderline in its
variability between clusters. Cluster #1 represented an exceptionally high stress of uncertainty while being very low
on risk-taking and relatively low on denial and optimism on the ISBRED. Cluster #2 represented the average scores of
psychological traits. Cluster #3 had the lowest TOA and low stress of uncertainty scores. Cluster #4 demonstrated
exceptionally high stress of uncertainty scores but the highest optimistic denial scores. Demographic variables did not
differ among clusters (Table 4). Implementing the sepsis bundle, engagement of MV, initiation of RRT, or ancillary
therapies did not differ across clusters (Figure 5SA—C, Supplemental Material 4).

Risk Tolrrnse Stress of . O ptimis tic .. Rational Intuitive
Taking ur Uncertainty Dekaskreness Denial ptimmn Thinking Thinking
Ambiguity
Years in healthcare 0.1 -0.15 -0.22 0.13 027 - ‘ 0
% duties in ICU 0.22 0.14 0 0.19 0.06 -0.04 0.03 0.13

Figure 3 There were few correlations between professional experience and psychological variables but the interplay between variables was low. Bolded and underlined
correlations are also statistically significant.
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Table 3 A Comparison of Individuals Who Implemented Sepsis Bundles Within 24 hours, 48 hours or Never Implemented Showed
Only Difference in Percentage of Clinical Duties

First 24 hours (n=4) p First 48 hours (n=30) p Implementers P
Yes No Yes No Ever (n=99) Never (n=39)
Age 36.0 £ 9.27 382 % 9.65 ns 383 +9.38 380+ 9.73 ns 37.6 £9.12 39.5 £ 10.79 ns
(mean * SD)
Gender 238 972 ns 18.7 8l1.3 ns 71.0 29.0 ns
(% female)
Years in Healthcare (mean + SD) 12.3 £ 10.63 12.7 £ 10.05 ns 129 £ 991 12.6 £ 10.11 ns 12.4 + 9.49 134+ 11.39 ns
Percent of clinical duties in ICU 65.0 + 36.97 39.3 + 3892 ns 47.5 + 40.90 46.2 + 38.50 ns 51.5 £ 40.39 33.9 £31.80 0.016
(mean * SD)
Marital status 4.1 95.9 ns 235 76.5 ns 68.4 316 ns
(% married/co-living)
People in Household 3.0+082 26 116 ns 2.7 +1.09 26+ 1.17 ns 25+ 1.16 28+ L1 ns
(mean + SD)
Healthcare role 0.0 100.0 ns 20.0 80.0 ns 575 42.5 ns
(% MD)
Tolerance for ambiguity (TOA) 22.8 +7.89 21.3+£5.10 ns 222 + 568 21.1 £ 5.02 ns 21.6 £5.19 207 £5.12 ns
Stress of uncertainty 433 +789 41.1 £ 843 ns 41.7 £ 844 41.0 £ 842 ns 41.5 £ 847 402 £ 823 ns
ISBRED Defensiveness 348 £ 574 36.6 + 4.6l ns 37.0 £3.97 36.4 + 4.80 ns 36.1 £ 4.46 35.6 £ 4.96 ns
Optimistic 380+ 7.79 42.8 + 8.88 ns 423 £ 755 428+ 922 ns 43.3 + 887 41.0 + 872 ns
denial
Decision- Rational 4.3 +0.50 42+ 047 ns 42 + 043 42 + 048 ns 42 + 047 42 + 048 ns
making Scale decision
making
Intuitive 2.6 +034 2.7 £ 0.60 ns 2.6 + 0.58 2.7 + 0.60 ns 2.7 £ 061 2.7 £ 055 ns
decision
making
Risk Taking 14.5 £ 1.00 15.8 £ 4.95 ns 16.5 + 424 15.6 £ 5.05 ns 15.7 + 5.02 15.9 £ 4.58 ns
Optimism 15.8 + 2.06 149 + 3.03 ns 15.1 £2.57 148 + 3.13 ns 15.0 £ 3.01 14.5 + 3.02 ns
. .
Discussion

This is the first study utilizing extensive and simultaneous measurements of psychological variables to study their impact
on the clinical medical decision-making process using clinical vignettes.'*!*>#7>2 We hypothesized that providers with
a low TOA and specific risk-taking preferences would quickly adopt evidence-based strategies in high-risk situations,
such as sepsis, as presented in Vignette #1.”%?' These providers tend to favor structured approaches and rely on
established protocols to manage critical conditions."*® However, our findings did not support this hypothesis despite
determining significant variation in treatment choices.*” We also found little evidence of defensive and risk avoidance
strategies. We did not observe changes in the utilization of logical and intuitive thinking and specific decision-making
behaviors across several types of providers and their experiences.*®**3* Instead, delivery of the care seemed to be
independent of any studied psychological variables. The only significant predictor of decision-making was the proportion
of duties performed in an ICU setting. This unexpected result may stem from several factors. We rooted our hypothesis
utilizing intuitive vs rational thinking theory, but it is not the only theorem out there.”*>>-*® Education of health care
providers may counteract the effect of studied psychological variables on the decision-making process, though some
work suggests that professional development continues well after completion of formal training.”**>”% Other factors
that may influence the interaction between patients’ clinical complexity and provider psychological gestalt remain
unclear or untested."®*'? For example, resilience appears to play a key role in helping providers navigate the
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Figure 4 When the participants were divided using cluster analysis according to the risk, tolerance and ambiguity, only difference was seen in case of Full Sepsis Bundle (A),
but not in notation of Mechanical ventilation (B) or Renal Replacement Therapy (C). * Denotes the level of statistical significance between two vignettes. TFA = Tolerance of
Ambiguity, FB = Full Sepsis Bundle, MV = Mechanical Ventilation, RRT = Renal Replacement Therapy.

uncertainty of clinical data and the emotional demands of decision- making.’®> Resilient providers are better equipped
to handle stress and ambiguity, avoiding the pitfalls of avoidance or denial. Alternatively, a lack of adherence to
guidelines when working in ambiguous, pressurized, and risky contexts can derail decision-making due to the tendency
to rely on psychological biases and faulty heuristics that override more rational processing like in Vignette #2.° It is
unknown whether educational programs can influence the use evidence based guidelines. For example, using ‘represen-
tative heuristics’ to label a patient as ‘unlikely to do well” in ICU based on prototypical knowledge about that patient type
instead of more rational consideration of the specific qualities of that patient, an issue that is often exacerbated by time
pressure to make these decisions quickly.®"**? It is unlikely that changes in guidelines played a role in low adherence as
most of them are similar over the years with special emphasis on early use of antibiotics and fluid therapy.'* '

We found several interesting and novel findings. One of the most surprising was the low adherence to the sepsis
bundle initially and over time. We also found that several traits are stable and not dependent on prior experience. This
suggests that healthcare providers come with predetermined TOA, risk-taking, and thinking types instead of being
amenable to change during professional training.®> Consequently, professional educators must account for these
variables while teaching future generations of healthcare providers.
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Table 4 Distribution of the Psychological Traits Across Clusters Showed That Cluster #| Represented an Exceptionally High Stress of
Uncertainty While Being Very Low on Risk-Taking and Relatively Low on Denial and Optimism on the ISBRED. Cluster #2
Represented the Average Scores of Psychological Traits. Cluster #3 had the Lowest TOA and Low Stress of Uncertainty Scores.

Cluster #4 Demonstrated Exceptionally High Stress of Uncertainty Scores but the Highest optimistic Denial Scores

Psychological Trait Total Cluster | Cluster 2 Cluster 3 Cluster 4 P
(n=138) (n=32) (n = 34) (n=25) (n = 47)
Tolerance for Ambiguity (TOA) 214 £5.18 23.6 + 54| 244 £ 343 16.2 + 4.09 20.3 £ 4.08 | P>0.001
Stress of uncertainty 41.1 = 840 522 + 484 41.3 £ 428 33.8 £+ 557 374 +£597 | P>0.00I
ISBRED Defensiveness 36.5 + 4.63 37.8 + 457 345 + 446 36.5 + 457 37.1 £447 | P=0.02
Optimistic denial 42.7 + 8386 355 + 6.63 414 £ 4.19 35.7 £ 593 52.2 + 404 | P>0.00I
Decision-making Rational decision 4.2 + 047 4.3 £ 042 4.2 + 040 44 £ 047 42 £ 054 ns
Scale making
Intuitive decision 2.7 £ 059 2.6 + 0.57 29+ 053 2.6 + 0.55 2.5 +0.62 P=0.01
making
Risk Taking 94 + 1.83 13.2 £ 456 15.2 £ 3.62 17.0 £ 4.88 17.3 £5.21 P>0.001
Optimism 149 + 3.01 13.7 + 3.6l 149 £ 2.0l 14.1 £ 291 6.1 +2.85 | P=0.002

Other investigators should study these results. It is possible that the vignettes were not convincing despite being written
and rigorously reviewed by experts. Furthermore, we demonstrated a difference in sepsis bundle implementation between
Vignette #1 and #2. Our study was also deployed in 2019. Although the Survive Sepsis Campaign was already deployed, it
was not in full swing as seen today, though core recommendations showed less variation over time.'>™'® Sepsis may be
perceived as a heterogeneous illness through current recommendations suggest uniform sepsis treatment. It is unclear how
cultural context influenced the decision-making process. Furthermore, cultural context may severely limit the applicability of
this study outside of Western medicine and belief systems. Vignette testing has its limitations, including a lack of flexibility in
the therapies chosen.*” However, providers were able to use free text to suggest therapies that were not included in the
predetermined choices. Still, these were limited to the use of pressors, fever reduction modalities, electrolyte replacement, and
sedation. Potential factors affecting the results include the level of training, as we did not assess providers’ knowledge of
sepsis, despite the widespread implementation of the Sepsis Survival Campaign and sepsis bundle in healthcare systems. As
we studied only one system, resource allocation is unlikely to be a factor in this case. However, in future cross-validation
studies involving multiple institutions, the variable availability of resources and cultural influences will need to be considered.

This study has several strengths. There were differences in medical treatment between vignettes at the initial stages,
as the study’s authors intended. These differences were consistent when we compared medical treatment, with Vignette
#1 being more sepsis-oriented versus Vignette #2 being more ambiguous. As the clinical scenarios demonstrated
progressive worsening, the clinical approach to the critical illness equalized. This is not surprising, as protracted and
relentless illness often results in providers approaching several treatments based on their experiences and not rigid
guidelines, with a noticeable increase in heterogeneity. This will result in a somewhat haphazard implementation of
ancillary strategies, including corticosteroids, bicarbonate, or blood products. We deployed three different statistical and
methodological approaches to link the psychological variables to decisions made by providers, including agnostic
k-means cluster analysis. We used standardized tests to assess psychological variables. The internal validity of this
study was confirmed by the correlation between psychological variables, as demonstrated in description of the psycho-
logical tests. However, some of the scales were part of a larger study. Statistical analysis was conservative, focusing only
on relevant results. The data were inherently consistent. For example, demographic characteristics revealed an expected
increase in age or change in marital state as more experienced providers reported their characteristics. Interactions

between several variables were consistent with the psychological parameters of tests.
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Figure 5 Shows different treatment approaches according to different clusters, including starting and adjusting Antibiotics (A), Heparin (B) and Mechanical ventilation (C),
over time. Individuals were analyzed by psychological clusters. * Denotes the level of statistical significance between two vignettes.

Conclusion
In conclusion, providers with more ICU experience combined with the level of preexisting trait of optimism seemed to

influence the relatively low implementation of the sepsis bundle across the two vignettes when considering other

providers’ demographic and psychological variables.
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Defensiveness; IRB, Institutional Review Board; ISBRED — IBS Rationality/Emotional Defensiveness Scale; JPI,
Jackson Personality Index; KS, Kruskal-Wallis Test; LOT, Life Orientation Test; LOT-R, Life Orientation Test —
Revised; MV, Mechanical Ventilation; RRT, Renal Replacement Therapy; r?, Pearson’s Correlation Coefficient;
RedCAP™, Research Electronic Data Capture; SPSS, Statistical Package for the Social Sciences; t, Student’s #-test;
TOA, Tolerance of Ambiguity; y?, Chi-Square Test.

Disclosure
The authors report there are no conflicts of interest in this work.

References

—_

11.

12.

13

19.

20.
21.

22.

23.

24.
25.

26.

. Lighthall GK, Vazquez-Guillamet C. Understanding decision making in critical care. Clin Med Res. 2015;13(3—4):156-168. doi:10.3121/

cmr.2015.1289

. de Bock BA, Willems DL, Weinstein HC. Complexity perspectives on clinical decision making in an intensive care unit. J Eval Clin Pract. 2018;24

(1):308-313. doi:10.1111/jep.12794

. Tinghog G, Andersson D, Bonn C, et al. Intuition and moral decision-making - the effect of time pressure and cognitive load on moral judgment

and altruistic behavior. PLoS One. 2016;11(10):0164012. doi:10.1371/journal.pone.0164012

. Preuschoff K, Mohr PMC, Hsu M. Decision making under uncertainty. Front Neurosci. 2013;7:218:1-2. PMID: 24311997; PMCID: PMC3834552.

doi:10.3389/fnins.2013.00218

. Hamilton MTAP, Hamilton P. The thinking doctor: clinical decision making in contemporary medicine. Clin Med. 2016;16(4):343-346.

doi:10.7861/clinmedicine.16-4-343

. Kochenderfer MK. Decision making under uncertainity. In: MIT Laboratory Series. Boston, MA: MIT Publisher; 2015.
. Pawlicki RE. Relationship between locus of control and tolerance of ambiguity. Psychol Rep. 1972;31(1):102. doi:10.2466/pr0.1972.31.1.102
. Geller G, Tambor ES, Chase GA, Holtzman NA. Measuring physicians’ tolerance for ambiguity and its relationship to their reported practices

regarding genetic testing. Med Care. 1993;31(11):989-1001. doi:10.1097/00005650-199311000-00002

. Hey JD, Pace N. The explanatory and predictive power of non two-stage-probability theories of decision making under ambiguity. J Risk

Uncertainty. 2014;49(1):1-29. doi:10.1007/s11166-014-9198-8

. Callahan P, Young-Cureton G, Zalar M, Wahl S. Relationship between tolerance/intolerance of ambiguity and perceived environmental uncertainty

in hospitals. J Psychosoc Nurs Ment Health Serv. 1997;35(11):39-44. do0i:10.3928/0279-3695-19971101-15

Smith AR, Ebert EE, Broman-Fulks JJ. The relationship between anxiety and risk taking is moderated by ambiguity. Pers Individ Dif.
2016;95:40—44. doi:10.1016/j.paid.2016.02.018

Han PK. Uncertainty and ambiguity in health decisions. Handbook Health Dec Sci. 2016;133-144.

. Evans L, Rhodes A, Alhazzani W, et al. Surviving sepsis campaign: international guidelines for management of sepsis and septic shock 2021. Crit

Care Med. 2021;49(11):¢1063—e1143. doi:10.1097/CCM.0000000000005337

. Dellinger RP, Levy MM, Carlet JM, et al. Surviving sepsis campaign: international guidelines for management of severe sepsis and septic shock:

2008. Crit Care Med. 2008;36(1):296-327. doi:10.1097/01.CCM.0000298158.12101.41

. Dellinger RP, Levy MM, Rhodes A, et al. Surviving sepsis campaign: international guidelines for management of severe sepsis and septic shock:

2012. Crit Care Med. 2013;41(2):580-637. doi:10.1097/CCM.0b013e31827e83af

. Coopersmith CM, De Backer D, Deutschman CS, et al. Surviving sepsis campaign: research priorities for sepsis and septic shock. Crit Care Med.

2018;46(8):1334-1356. doi:10.1097/CCM.0000000000003225

. Hall KH. Reviewing intuitive decision-making and uncertainty: the implications for medical education. Med Educ. 2002;36(3):216-224.

doi:10.1046/j.1365-2923.2002.01140.x

. Pickering BW, Gajic O, Ahmed A, Herasevich V, Keegan MT. Data utilization for medical decision making at the time of patient admission to ICU.

Crit Care Med. 2013;41(6):1502-1510. doi:10.1097/CCM.0b013e318287f0c0

Garcia-Retamero R, Galesic M. On defensive decision making: how doctors make decisions for their patients. Health Expect. 2014;17(5):664—669.
doi:10.1111/5.1369-7625.2012.00791.x

ToleranceAmbiguity.pdf.

Wittenberg KJ, Norcross JC. Practitioner perfectionism: relationship to ambiguity tolerance and work satisfaction. J Clin Psychol. 2001;57
(12):1543-1550. doi:10.1002/jclp.1116

Alexis Ruiz A, Wyszynska PK, Laudanski K. Narrative review of decision-making processes in critical care. Anesth Analg. 2019;128(5):962-970.
doi:10.1213/ANE.0000000000003683

Chan S, Khong P, Wang W. Psychological responses, coping and supporting needs of healthcare professionals as second victims. Inter Nurs Rev.
2017;64(2):242-262. doi:10.1111/inr.12317

West AF, West R. Clinical Decision-Making: Coping with Uncertainty. Oxford University Press; 2002:319-321.

Tubbs EP, Elrod JAB, Flum DR. Risk taking and tolerance of uncertainty: implications for surgeons. J Surg Res. 2006;131(1):1-6. doi:10.1016/;.
j$8.2005.06.010

Thompson SC, Schlehofer MM. Control, denial, and heightened sensitivity reactions to personal threat: testing the generalizability of the threat
orientation approach. Personal Soc Psychol Bulletin. 2008;34(8):1070—1083. doi:10.1177/0146167208318403

3102 https: Journal of Multidisciplinary Healthcare 2025:18


https://doi.org/10.3121/cmr.2015.1289
https://doi.org/10.3121/cmr.2015.1289
https://doi.org/10.1111/jep.12794
https://doi.org/10.1371/journal.pone.0164012
https://doi.org/10.3389/fnins.2013.00218
https://doi.org/10.7861/clinmedicine.16-4-343
https://doi.org/10.2466/pr0.1972.31.1.102
https://doi.org/10.1097/00005650-199311000-00002
https://doi.org/10.1007/s11166-014-9198-8
https://doi.org/10.3928/0279-3695-19971101-15
https://doi.org/10.1016/j.paid.2016.02.018
https://doi.org/10.1097/CCM.0000000000005337
https://doi.org/10.1097/01.CCM.0000298158.12101.41
https://doi.org/10.1097/CCM.0b013e31827e83af
https://doi.org/10.1097/CCM.0000000000003225
https://doi.org/10.1046/j.1365-2923.2002.01140.x
https://doi.org/10.1097/CCM.0b013e318287f0c0
https://doi.org/10.1111/j.1369-7625.2012.00791.x
https://doi.org/10.1002/jclp.1116
https://doi.org/10.1213/ANE.0000000000003683
https://doi.org/10.1111/inr.12317
https://doi.org/10.1016/j.jss.2005.06.010
https://doi.org/10.1016/j.jss.2005.06.010
https://doi.org/10.1177/0146167208318403

Fleck et al

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.
40.

41.
4.
43
44,
45.
46.
47.
48.
49.
50.
51.
52.

53.
54.

55.

56.
57.
58.
59.
60.

61

62.

Logan R, Scott P. Uncertainty in clinical practice: implications for quality and costs of health care. Lancet. 1996;347(9001):595-598. doi:10.1016/
S0140-6736(96)91284-2

Allison JJ, Kiefe CI, Cook EF, Gerrity MS, Orav EJ, Centor R. The association of physician attitudes about uncertainty and risk taking with
resource use in a medicare HMO. Med Decis Making. 1998;18(3):320-329. doi:10.1177/0272989X9801800310

Begin AS, Hidrue M, Lehrhoff S, Del Carmen MG, Armstrong K, Wasfy JH. Factors associated with physician tolerance of uncertainty: an
observational study. J Gen Intern Med. 2022;37(6):1415-1421. doi:10.1007/s11606-021-06776-8

Weiss SL, Peters MJ, Alhazzani W, et al. Surviving sepsis campaign international guidelines for the management of septic shock and
sepsis-associated organ dysfunction in children. /ntensive Care Med. 2020;46(Suppl 1):10-67. doi:10.1007/s00134-019-05878-6

Hozo 1, Schell MJ, Djulbegovic B. Decision-making when data and inferences are not conclusive: risk-benefit and acceptable regret approach.
Semin Hematol. 2008;45(3):150-159. doi:10.1053/j.seminhematol.2008.04.006

Swan GE, Carmelli D, Dame A, Rosenman RH, Spielberger CD. The rationality/emotional defensiveness scale—I Internal Structure and Stability.
J Psychosom Res. 1991;35(4-5):545-554.

Swan GE, Carmelli D, Dame A, Rosenman RH, Spielberger CD. The rationality/emotional defensiveness scale--1I. Convergent and discriminant
correlational analysis in males and females with and without cancer. J Psychosom Res. 1992;36(4):349-359. doi:10.1016/0022-3999(92)90071-9
Gerrity MS, White KP, DeVellis RF, Dittus RS. Physicians’ reactions to uncertainty: refining the constructs and scales. Motivation Emotion.
1995;19(3):175-191. doi:10.1007/BF02250510

Gerrity MS, DeVellis RF, Earp JA. Physicians’ reactions to uncertainty in patient care. A new measure and new insights. Med Care. 1990;28
(8):724-736. doi:10.1097/00005650-199008000-00005

Pearson SD, Goldman L, Orav EJ, et al. Triage decisions for emergency department patients with chest pain: do physicians’ risk attitudes make the
difference? J Gen Intern Med. 1995;10(10):557-564. doi:10.1007/BF02640365

Hamilton K, Shih SI, Mohammed S. The development and validation of the rational and intuitive decision styles scale. J Pers Assess. 2016;98
(5):523-535. doi:10.1080/00223891.2015.1132426

Hamilton K, Shih S-I, Mohammed S. The predictive validity of the decision styles scale: an evaluation across task types. Pers Individ Dif.
2017;119:333-340. doi:10.1016/j.paid.2017.08.009

1! INVALID CITATION !!! 47,48,49.

Carver CS, Sheier MF, M.w B. Distinguishing optimism from neuroticism (and trait anxiety, self-mastery, and self-esteem): a re-evaluation of the
life orientation test. J Personal Soc Psychol. 1994;67(6):1063—1078. doi:10.1037/0022-3514.67.6.1063

Scheier MF, Carver CS. Optimism, coping, and health: assessment and implications of generalized outcome expectancies. Health Psychol. 1985;4
(3):219-247. doi:10.1037/0278-6133.4.3.219

Lyrakos GN, Damigos D, Mavreas V, Georgia K, Dimoliatis IDK. A translation and validation study of the life orientation test revised in the Greek
speaking population of nurses among three hospitals in Athens and loannina. Soc Indic Res. 2010;95(1):129-142. doi:10.1007/s11205-009-9453-6
Hajjaj FM, Salek MS, Basra MK, Finlay AY. Non-clinical influences on clinical decision-making: a major challenge to evidence-based practice.
J R Soc Med. 2010;103(5):178-187. doi:10.1258/jrsm.2010.100104

Vyas JM, Gonzélez RG, Pierce VM. Case 15-2013. N Engl J Med. 2013;368(20):1919-1927. doi:10.1056/NEJMcpc1302330

Bhattacharyya RP, Flores EJ, Azar MM. Case 30-2017. N Engl J Med. 2017;377(13):1274-1282. doi:10.1056/NEJMcpc1706100

Barnes JA, Abramson JS, Scott JA, Sohani AR. Case 35-2013. N Engl J Med. 2013;369(20):1946—-1957. doi:10.1056/NEJMcpc1209274

Veloski J, Tai S, Evans AS, Nash DB. Clinical vignette-based surveys: a tool for assessing physician practice variation. Am J Med Qual. 2005;20
(3):151-157. doi:10.1177/1062860605274520

Meng L, Laudanski K, Restrepo M, Huffenberger A, Terwiesch C. The impact of delayed symptomatic treatment implementation in the intensive
care unit. Healthcare. 2021;10(1). doi:10.3390/healthcare10010035

Harris PA, Taylor R, Minor BL, et al. The REDCap consortium: building an international community of software platform partners. J Biomed
Inform. 2019;95:103208. doi:10.1016/j.jbi.2019.103208

Walsch JE. The Handbook of Nonparametric Statistics. New York: D.V Nostrand; 1962.

Cressman KA, Sharp JL. Crafting statistical analysis plans: a cross-discipline approach. Stat. 2022;11(1). doi:10.1002/sta4.528

Phan HP. Predicting change in epistemological beliefs, reflective thinking and learning styles: a longitudinal study. Br J Educ Psychol. 2008;78(Pt
1):75-93. doi:10.1348/000709907X204354

Kahnemen D. Thinking Fast and Slow. New York: Farrar, Straus and Giroux; 2011.

Sladek RM, Bond MJ, Huynh LT, Chew DP, Phillips PA. Thinking Styles and Doctors’ Knowledge and Behaviours Relating to Acute Coronary
Syndromes Guidelines. Vol. 3. Implement Sci; 2008:23.

Rim S, Uleman JS, Trope Y. Spontaneous trait inference and construal level theory: psychological distance increases nonconscious trait thinking.
J Exp Soc Psychol. 2009;45(5):1088-1097. doi:10.1016/j.jesp.2009.06.015

Varkey JSHAP. Vertical Versus Lateral Thinking. The Physician Executive; 2008.

Zhang LF. Thinking styles and emotions. J Psychol. 2008;142(5):497-515. doi:10.3200/JRLP.142.5.497-516

Stoffel JM, Cain J. Review of grit and resilience literature within health professions education. Am J Pharm Educ. 2018;82(2):6150. doi:10.5688/ajpe6150
Torres-Pomales W. Considering Risk and Resilience in DecisionMaking. NASA; 2015.

Evans JSTBT. The heuristic-analytic theory of reasoning: extension and evaluation. Psychon Bull Rev. 2006;13.

.James FR, Power N, Laha S. Decision-making in intensive care medicine — a review. J Inten Care Soc. 2018;19(3):247-258. doi:10.1177/

1751143717746566
McKenzie MS, Auriemma CL, Olenik J, Cooney E, Gabler NB, Halpern SD. An observational study of decision making by medical intensivists.
Crit Care Med. 2015;43(8):1660-1668. doi:10.1097/CCM.0000000000001084

Journal of Multidisciplinary Healthcare 2025:18 hetps: 3103


https://doi.org/10.1016/S0140-6736(96)91284-2
https://doi.org/10.1016/S0140-6736(96)91284-2
https://doi.org/10.1177/0272989X9801800310
https://doi.org/10.1007/s11606-021-06776-8
https://doi.org/10.1007/s00134-019-05878-6
https://doi.org/10.1053/j.seminhematol.2008.04.006
https://doi.org/10.1016/0022-3999(92)90071-9
https://doi.org/10.1007/BF02250510
https://doi.org/10.1097/00005650-199008000-00005
https://doi.org/10.1007/BF02640365
https://doi.org/10.1080/00223891.2015.1132426
https://doi.org/10.1016/j.paid.2017.08.009
https://doi.org/10.1037/0022-3514.67.6.1063
https://doi.org/10.1037/0278-6133.4.3.219
https://doi.org/10.1007/s11205-009-9453-6
https://doi.org/10.1258/jrsm.2010.100104
https://doi.org/10.1056/NEJMcpc1302330
https://doi.org/10.1056/NEJMcpc1706100
https://doi.org/10.1056/NEJMcpc1209274
https://doi.org/10.1177/1062860605274520
https://doi.org/10.3390/healthcare10010035
https://doi.org/10.1016/j.jbi.2019.103208
https://doi.org/10.1002/sta4.528
https://doi.org/10.1348/000709907X204354
https://doi.org/10.1016/j.jesp.2009.06.015
https://doi.org/10.3200/JRLP.142.5.497-516
https://doi.org/10.5688/ajpe6150
https://doi.org/10.1177/1751143717746566
https://doi.org/10.1177/1751143717746566
https://doi.org/10.1097/CCM.0000000000001084

Fleck et al

Journal of Multidisciplinary Healthcare Dovepress

Taylor & Francis Group
Publish your work in this journal

The Journal of Multidisciplinary Healthcare is an international, peer-reviewed open-access journal that aims to represent and publish research in
healthcare areas delivered by practitioners of different disciplines. This includes studies and reviews conducted by multidisciplinary teams as well
as research which evaluates the results or conduct of such teams or healthcare processes in general. The journal covers a very wide range of areas
and welcomes submissions from practitioners at all levels, from all over the world. The manuscript management system is completely online and
includes a very quick and fair peer-review system. Visit http://www.dovepress.com/testimonials.php to read real quotes from published authors.

Submit your manuscript here: https://www.dovepress.com/journal-of-multidisciplinary-healthcare-journal

. ournal of Multidisciplinary Healthcare 2025:18


https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress

	Introduction
	Materials and Methods
	Participants/ Study Setting
	Psychological Variables
	Survey Design
	Survey Administration/Data Collection Process
	Statistical Analysis
	Qualitative Analysis

	Results
	Studied Population
	Implementation of Sepsis Bundle and Other Therapies
	Psychological Characteristics of the Studied Population
	The Effect of Psychological Variables on Treatment Strategies

	Discussion
	Conclusion
	Abbreviations
	Disclosure

