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This dissertation models the relationship between symptoms of heart rhythm 

fluctuations and cardiac measurements in order to better identify the probabilities of 

either a primarily organic or psychosomatic cause, and to better understand cognition of 

the internal body. The medical system needs to distinguish patients with actual cardiac 

problems from those who are misperceiving benign heart rhythms due to psychosomatic 

conditions. Cognitive neuroscience needs models showing how the brain processes 

sensations of palpitations. Psychologists and philosophers want data and analyses that 

address longstanding controversies about the validity of introspective methods. I 

therefore undertake a series of measurements to model how well patient descriptions of 

heartbeat fluctuations correspond to cardiac arrhythmias.    

First, I employ a formula for Bayesian inference and an initial probability for disease. 

The presence of particular phrases in symptom reports is shown to modify the probability 

that a patient has a clinically significant heart rhythm disorder.   A second measure of 
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body knowledge accuracy uses a corpus of one hundred symptom reports to estimate the 

positive predictive value for arrhythmias contained in language about palpitations. This 

produces a metric representing average predictivity for cardiac arrhythmias in a 

population. A third effort investigates the percentage of patients with palpitations report 

actually diagnosed with arrhythmias by examining data from a series of studies.  

The major finding suggests that phenomenological reports about heartbeats are as or 

are more predictive of clinically significant arrhythmias than non-introspection-based 

data sources. This calculation can help clinicians who must diagnose an organic or 

psychosomatic etiology. Secondly, examining a corpus of reports for how well they 

predict the presence of cardiac rhythm disorders yielded a mean positive predictive value 

of 0.491. Thirdly, I reviewed studies of palpitations reporters, half of which showed 

between 15% and 26% of patients had significant or serious arrhythmias. In addition, 

evidence is presented that psychosomatic-based palpitation reports are likely due to 

cognitive filtering and processing of cardiac afferents by brainstem, thalamic, and cortical 

neurons. A framework is proposed to model these results, integrating neurophysiological, 

cognitive, and clinical levels of explanation. Strategies for developing therapies for 

patients suffering from identifiably psychosomatic-based palpitations are outlined. 
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Chapter One: Introduction 

Heart disease is a leading threat to health, and people worry when they feel changes 

in their heartbeat. Should clinicians trust descriptions of these palpitations? How should 

clinicians and scientists model personal, phenomenological statements about what is 

happening inside the body of a subject or patient? In an increasingly standardized, 

scientific, and objective world of medicine, what role is there for a doctor’s intuitions and 

instincts about a patient’s bodily sensations? 

These are not simple questions, as they attempt to straddle a fundamental duality 

between patients understood as embodied persons in an existential context of health and 

disease, and humans understood as systems, as bio-machines modeled by science. 

Clinicians collect measurements and interpret data about that category of object known as 

a human body, and must compare this externalized, ostensibly objective, techno-scientific 

knowledge to their patients’ description of what their bodies feel like. Like the Roman 

god Janus, the healer faces two worlds. As modern medicine becomes more involved 

with science, integrating these two domains requires ever-more flexibility, 

thoughtfulness, and careful techniques for acquiring and modeling data. As complex as 

these practical necessities are, science peers even deeper, into the meaning of the often 

enigmatic gap that can exist between patient descriptions of the heart speeding up or 

missing beats, and the lack of corresponding measurement of heart electrical output as 

measured through electrocardiograms (ECG). Medicine needs good approaches for 

distinguishing palpitations of psychosomatic origin from those with cardiac etiology, as 

well as general guidelines for the trustworthiness of patient-reported data about their 
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bodily sensations. Science needs to understand what mechanisms in the brain, body, and 

mind explain both accurate and inaccurate palpitations reports. 

Knowledge of, and theories about, fluid dynamics, hematology, processing of cardiac 

state by the peripheral nervous system, receptor activation, hormone binding, protein 

signaling, up-regulation and down-regulation of genes, and models of perfusion support 

sophisticated models of cardiodynamics. Yet the heart can be thought of in rather more 

intuitive terms, as a pump made of muscle that moves oxygen-poor blood to the lungs, 

and newly oxygenated blood to the rest of the body. Electrocardiograms show the 

rhythms of this pumping as sometimes more regular and periodic and other times less so. 

But how much personal knowledge do patients have about what the heart is doing? 

Personal knowledge of the body is a problem for mechanistic science. While cardiac 

periodicity is an object of scientific measurement, and therefore clinically and 

epistemologically privileged for scientists constructing explanations, the personal 

experience and phenomenological knowledge of the body may be considered merely 

subjective opinion or anecdotal.  

People introspecting about their interior sensations sometimes report to their doctor 

that their heart is racing, pounding, or skipping beats. In some instances, such data are 

compared to that from publically available sources such as ECG, and a diagnosis of 

cardiac etiology is made, but in other cases doctors believe the patient is 

psychosomatically cognizing benign heart rhythms as dangerous. When measurements of 

cardiodynamics do not correspond well to unwelcome sensations of altered heartbeats, 

how should medicine and science understand the discrepancy? This work addresses this 
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problem directly, by modeling the probabilities that a patient’s experience corresponds to 

a medically important heart rhythm disorder. 

For the patient, feeling a change in the rhythm or intensity of this fundamental aspect 

of ongoing embodied existence can be very worrisome. When the cause is 

psychosomatic, medicine categorizes it as unexplained, and cognitive neuroscience faces 

an explanatory challenge. Somewhere between the cardiac nerves, brainstem, thalamus, 

and cortical regions, normal heart rhythms are processed as abnormal and threatening, but 

why? A true understanding of such a gap between personal bodily feelings and cardiac 

measurement requires an implicit or explicit mapping of cardiographic, radiological, and 

other data onto a description from the patient about what is going on inside their body, or 

vice versa. This is not the sort of problem that cognitive science has heretofore usually 

focused on, but the field of medical cognitive science can apply ideas from neuroscience 

to come up with an explanation. Current evidence (Damasio, 2010) suggests a role for 

multiple areas in the peripheral and central nervous systems that process cardiac rhythm 

signals, which are cognized into feelings of skipping beats and other abnormal rhythms 

(Barsky, 2000). 

Such theoretical problems aside, clinicians must apply complex psychological, 

anatomical, neurophysiological, and etiological concepts to interpret their patients’ 

symptom reports. What patients have to say about what is happening in their bodies must 

be taken seriously, but not necessarily believed. Traditionally, a doctor might have had 

some intuition about the reliability of a patient’s description of their heart fluttering or 

racing and would consider the possibility that emotions, stress, and existential or 
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psychological issues partially or mostly explain the diagnosis. Yet the demands placed on 

modern clinicians increasingly constrict the time they may spend listening to the patient, 

making it harder for them to get a rich description of the proper existential context 

framing the presenting complaint. As such, the need for quickly ascertaining the 

probability that palpitation symptoms have a cardiac or psychosomatic etiology becomes 

paramount.   

What good is patient phenomenology in this new world of evidence-based medicine? 

To determine this, I shall focus in particular on comparing the predictive utility of patient 

palpitation reports for cardiac arrhythmias to other clinically predictive measures that do 

not depend on introspective data from the patient. This predictivity will support the 

differential diagnosis of cardiac-based palpitations against psychosomatic etiology, but 

modeling how well symptoms correspond to physiological measurements can also serve 

to operationalize what I will term “body cognition” and “body knowledge.” Palpitations 

are usually defined as unwelcome awareness of cardiac activity (Barsky, 2000), such as 

skipping, racing, or thumping heartbeats. Do people with such presenting complaints 

have heart rhythm abnormalities requiring medical attention, benign heart rhythm 

fluctuations, or normal heartbeats somehow sensed as strange, unpleasant, and abnormal? 

Evidence suggests that patients reporting palpitations who have an anxiety disorder are 

less likely to have arrhythmias (Abbott, 2005), but the reasons people with normal heart 

rhythms report palpitations must be considered a mystery for science, and a challenge 

(Barsky, 2000).  

When patients report that their hearts are racing, or report other internal sensations, 
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medical professionals are tasked with quickly assessing such statements so as to arrive at 

a diagnosis. The profusion of measurement technologies has made more sophisticated 

data sets available for the clinician to use in interpreting and analyzing the patient’s 

report. This process can be understood as a mapping of elements of one domain 

(sensations experienced by a patient) onto another (electrocardiography readout or other 

medical imaging data). The foundational or primitive knowledge elements, or ontology, 

of the former is based on the embodied sensations, or phenomenology, of a person, 

framed by a wider experience of health, illness, and their meaning for the patient. By way 

of contrast, the foundational or primitive knowledge elements of the latter are electrical 

and temporal representations of cardiac physiology and bioelectrical field dynamics. 

While these two domains are utterly different, there is evidence (Barsky, 2000) for 

predictivity between elements in the domain of verbal descriptions with elements in the 

domain of electrical waveforms. As such, it is possible and desirable to use what 

formulas exist to develop a provisional estimate of how much predictive utility for actual 

cardiac rhythm disorders is contained within symptom reports. Doing so would help 

establish a baseline for the likelihood of cardiac or psychosomatic causes for complaints 

from palpitation-symptom patients. Considering the harshness of the cost-benefit analysis 

employed in current clinical settings, such information could be of great use in directing 

further tests and treatment plans. 

 Clinicians interpreting reports of “skipping,” “racing,” or “thumping” heartbeats 

typically have little time to interpret such symptoms relative to the patient’s existential 

situation, as well as to clinical observations and test results. Simple formulas and 
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algorithms for evaluating symptom reports are valuable for differential diagnosis of 

disorders. Several diagnostic categories should be highlighted. There are anxious or 

panicking patients who report palpitations and who seem to be overly focused on and 

misinterpreting normal cardiac rhythms (Abbott, 2005). Certain patients may report 

unwelcome cardiac sensations that correspond to abnormal yet benign cardiac 

arrhythmias. Others may describe symptoms that do indeed correlate with medically 

significant arrhythmias, such as premature ventricular contractions (Yalamanchili, 

Khurana, & Smaha, 2003). In addition, a physician may also confront asymptomatic 

patients who nonetheless are diagnosed with nonsignificant or significant arrhythmias.  

To determine which of these categories a patient belongs to, a physician must ask the 

patient questions. This allows the physician to arrive at a sense of how the bodily 

phenomenology of the patient might be influenced by their larger life concerns, evaluate 

clinical observables such as pallor and patient energy level, note behaviors such as a 

smoking habit or sedentary lifestyle, and compare reported symptoms to ECG readings. 

As a practical matter, these categories and classifications are important insofar as they 

enable rapid and accurate diagnoses. Lives are at stake, as well as money. Thus, the 

medical system should view with great interest research that helps better distinguish 

between patients who report palpitations and are suffering from cardiac rhythm disorders 

and those who are psychosomatically filtering normal cardiac state. If new research about 

sometimes enigmatic palpitation-symptom reporting yields new information, therapeutic 

options might be developed for treatment of those palpitations based on psychosomatic 

and cognitive filtering of normal heart rhythms (Barsky, 2000). Therefore, a research 
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agenda to generate the data for addressing these challenges is undertaken here.  

OUTLINE AND SIGNIFICANCE OF RESEARCH AGENDA 
 

The main practical problem that this work addresses is how well complaints of 

palpitations predict actual cardiac arrhythmias. The degree of predictivity, or lack thereof, 

will be analyzed in depth, with an emphasis on comparing the clinical utility of body-

knowledge-based data from patients with that collected from other means not dependent 

on introspection. However, to the extent that patient palpitation reports do not show 

correspondences to ECG measurements, a more rich or complex psychological and/or 

neurocognitive model is needed to explain such palpitations of psychosomatic etiology, 

where normal, non-pathological cardiac rhythm dynamics are processed and interpreted 

by a patient. Overall, this work focuses on how to measure the predictive utility and 

accuracy contained in phenomenological descriptions of palpitations for cardiac rhythm 

disorders, an important aspect of a broader project for science: the modeling of the 

relationship between the experience of internal body states and their associated 

neurocognitive mechanisms. 

The significance of this work for our medical system is in building better estimates of 

how well symptom reports predict clinically significant arrhythmias. These metrics, 

measures, and estimates can be formalized within clinical algorithms that should improve 

diagnostic accuracy, reduce costs associated with unnecessary testing, reassure worried 

patients suffering from psychosomatic processing of normal heart rhythms who are not in 

danger of arrhythmias, and communicate the serious nature of the situation to those who 

are.  
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In addition to this primary aim of improving medical diagnosis, strategies for 

addressing another challenge are outlined: the theoretical problem for cognitive 

scientists, psychologists, and neuroscientists, who want to understand introspective 

accuracy in terms of the mechanisms undergirding human body knowledge, what Ádám  

(1998) calls “visceral cognition” or “knowledge about events occurring inside the body” 

(p.158). The methods used and data collected in investigating how well symptom 

reporters know their actual cardiodynamic states should help operationalize and 

illuminate constructs such as body knowledge and body cognition for models of 

perception in psychology and cognitive neuroscience. Furthermore, the data collected 

will at least implicitly address the methodological problem for clinicians and academic 

researchers (especially cognitive and experimental psychologists) who wonder about the 

trustworthiness of the verbal reports of their subjects. Much ink has been spilled over the 

century-old controversies about trusting or not trusting introspective data from subjects 

(Nahmias, 2002), yet psychologists, cognitive scientists, and clinicians routinely employ 

the method of asking subjects or patients to verbalize what they are experiencing and/or 

to describe sensations, perceptions, and feelings. Measurements of the accuracy of 

introspection-derived body knowledge from patients can address the gap between the 

methods clinicians and others commonly use and the skepticism toward introspection of 

some cognitive, behavioral, and experimental psychologists (Nisbett & Wilson, 1977) as 

well as philosophers and cognitive scientists (Dennett, 1991). 

The problem of estimating the accuracy of symptom reports regarding actual cardiac 

states predominates as the focus of this work. However, the data collected and analyzed 
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will address the theoretical problem of identifying the underlying neurocognitive 

mechanisms and the methodological problem of introspective accuracy. Both of these 

problems point to the need for a revised understanding of human cognition that balances 

the warranted claims of nuanced anti-introspectionists (Dennett, 1991; Nisbett & Wilson, 

1977) with evidence from medical and experimental sources that show the value of 

verbal reporting on experiential or phenomenological states. Insofar as significant 

predictivity for cardiac arrhythmias can be derived from patient introspection, it 

represents supporting evidence for the view that people indeed possess the ability to 

verbally represent important knowledge about their internal physiological states. I will 

term this perspective the Reportable Visceral Cognition Hypothesis and define it thusly: 

phenomenological reports routinely and commonly represent physiological states well 

enough to be labeled a form of verified and nontrivial knowledge. Whatever the truth of 

this proposition, closer investigations into the truth of reports about internal body 

sensations should help clinicians understand when to use introspective data from patients, 

and with which appropriate caveats and qualifications. While the ultimate truth of human 

introspective capacity relative to interior physiological states is more a scientific than 

medical concern, clinicians do need guidelines about the relative trustworthiness of data 

derived from different sources.  

The interpretation of patient phenomenology pertaining to heart rhythms, and the 

diagnosis of medically serious arrhythmias, are influenced by medical guidelines 

developed by committees, statistical models of disease prevalence and incidence from 

epidemiology, systematic reviews of the efficacy of differing interventions, and meta-
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analysis of data from clinics and hospitals, all of which are used to establish and promote 

best practices and gold standards for care. The interpretation and analysis of patient body 

knowledge or body cognition pertaining to symptom reports is now conducted in an era 

in which the individual physician confronts an unprecedented availability of information 

resources about the possible disorders. The role of evidence-based medicine in framing 

our understanding of how doctors reason about palpitations-based cardiac arrhythmias, as 

well as psychosomatic-based palpitations, will be explored in the next sections. 

THE TREND TOWARD EVIDENCE-BASED MEDICINE 
 
The diagnoses that clinicians make about what is happening when patients report 

palpitations reflects multiple considerations: anatomy, neurophysiological models of how 

visceral information is sent to and processed by the central nervous system, psychological 

studies of symptom accuracy and validity of verbal reports, psychosomatic phenomena, 

and for some, Bayesian statistics. Each of these will be explored in subsequent sections at 

appropriate levels of granularity. 

The ancient art of using patient-reported symptoms and previous experience to make 

diagnoses is framed by the current social and professional context of increasing 

standardization and the trend toward evidence-based medicine. The new era requires an 

important shift in how clinicians operate, from what have historically been fairly 

unfettered individual judgments, to increasing requirements for use of consensus-

developed guidelines formulated from reviews of previous findings. Clinicians who have 

with great effort developed the ability to intuit disorders may have to justify their familiar 

constructs, criteria, heuristics, and practices if these are not bolstered by peer-reviewed 
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studies, randomized clinical trials, systematic reviews, Bayesian statistical approaches to 

clinical problem solving, meta-analysis of previous data, and effectiveness metrics. 

Medical organizations can mandate best practices of patient care, gold standards of cost-

effectiveness for ordering certain tests, references to efficacy criteria that must be 

satisfied before a program of treatment is established, and more. This ongoing process is 

transforming medicine, requiring that the traditional art of diagnosis based on clinicians’ 

education, experience, and existential knowledge of personal health and illness will be 

integrated with operationalized definitions, committee-approved metrics, and greater 

formalization, thus constraining individual opinion and practices in favor of organization-

mandated standard operating procedures. While Elstein and Schwarz (2002, p. 324) noted 

a decade ago that traditional informal or intuitive methods of diagnosis are likely more 

commonly used, the broad trend in the twenty-first century shows the influence of 

systematic reviews of clinical trials, consensus-based guidelines, and standardization of 

diagnostic procedures and treatments being increasingly available to clinicians via 

computers and handheld information technologies and devices.  

In this context of greater standardization, emphasis on statistics and epidemiological 

data, and procedures vetted by managerial or professional guidelines, how do clinicians 

solve the problem of assessing the accuracy of symptom reports based on patient 

introspection on body state? One important set of tools for medical problem solving in 

the early twenty-first century comes from Bayesian statistics (Cutler, 1997), where a 

baseline probability for a patient having a disease can be modified by a test result, clinical 

observation, a symptom report, or other new information. The odds that a test result, 
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symptom, or clinically observed sign would be expected in a patient with the disease can 

be compared to the likelihood that the same result would be expected in a patient without 

the disease. The process starts with an initial estimated probability for a disease presence 

before diagnostic test results, symptom reports, clinical signs such as confusion or 

disorientation, or aspect of medical history, such as formerly having been a smoker, are 

acquired. This pretest probability is then multiplied by a conditional probability, which is 

derived from a test result, symptom report, and so forth, and which then produces a post-

test probability that a disease is present or absent. Thus, the ancient art of diagnosis is 

augmented or even superseded by powerful modern formal methods, which are based on 

epidemiological data that represent the abstracted experience of many other patients and 

clinicians. Whether crucial intuitive insights are lost in the process is an issue beyond the 

scope of this work, but one seriously debated nonetheless. 

The movement away from the clinician’s personal intuition and toward collectively 

validated procedures and data-intensive guidelines is part of a broader trend toward 

evidence-based medicine, in which double-blind randomized clinical trials, peer-

reviewed studies, systematic reviews, and consensus-derived standards enjoy pride of 

place. As a result, clinicians nowadays occupy a continuum with diagnosis based on more 

traditional intuition and experience on one end and immersion within a vast world of 

evolving rules, committee-approved standards, clinical trial data, statistical measures, 

effectiveness metrics, and performance evaluations on the other. The advent of managed 

care, electronic health records, lower liability rates for groups with standardized 

practices, and the progressive development of the biological sciences all contribute to 



 13 

clinicians being encouraged or required to increasingly augment or even bypass their 

individual clinical intuition with study data, evidence from clinical trials, gold-standard 

derived best practices, and consensus guidelines. However, these changes are by no 

means universally embraced within professional practice. To the extent Elstein & 

Schwarz (2002) were correct in estimating about evidence-based medicine that “probably 

only a minority of clinicians use it in daily practice and informal methods of opinion 

revision still predominate” (p. 730), the old ways live on. For any particular disease or 

disorder, the newer approach may only be partially accepted by working clinicians as a 

practical matter. Poorly understood, hard to define, or very rare diseases are harder to 

develop standards for. Eventually, clinical constructs, heuristics, and categories that lack 

formal definition may become standardized by committees emphasizing consensus-

developed guidelines and criteria. Such issues complicate an understanding of the 

relationship between palpitations reports and cardiac arrhythmias, as there are problems 

with how palpitations are defined and what constitutes a serious arrhythmia. 

To understand how clinicians interpret patient phenomenology and body cognition of 

cardiac sensations, the focus must be on clinician problem-solving and reasoning about 

symptoms, which is the concern of an interdiscipline known as medical cognitive science. 

I will look to this emerging field that links the cognitive sciences, biomedicine, studies of 

knowledge representation, artificial intelligence, and the computational and information 

sciences for insight into clinician reasoning about symptoms and what reportable 

knowledge patients might have about cardiac states. 
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MEDICAL COGNITION AND MEDICAL REASONING 

As a practical matter, assessing whether presenting complaints of palpitations are 

caused by clinically significant heart rhythm fluctuations or by psychosomatic factors 

likely involves many variables, such as clinician recall of relevant case studies, 

convenient access to applicable clinical findings and data, and intuitive assessments of 

whether emotional or psychological issues such as panic disorder are an influence. 

Clinicians pondering the cause of a specific patient’s palpitations have an understanding 

based at least to some extent on physiological, psychological, and neurocognitive models 

of how well patients perceive cardiac activity or visceral states more generally. What 

explains how physicians arrive at a diagnosis? Do they pay careful attention to the data 

and only gradually come up with an explanation, or do they intuit a hypothesis early on, 

and then find the data that support it? Summarizing decades of research, Ericsson and 

Simon (1993) write that the use of forward-directed problem solving by experts is among 

the most robust findings in the cognitive science of problem solving. Such problem-

solvers are data-driven: they start with clinical observations and use pattern-recognition 

to come up with an explanation. This is referred to as forward reasoning, or forward 

chaining. In contrast, some medical problems may be solved by goal-driven backwards 

reasoning, or backward chaining, which is characterized by early choice of a hypothesis 

to make sense of a problem, and subsequent data collection to confirm or falsify the 

hypothesis.   

Elstein, Shulman, and Sprafka (1978) developed an influential model of how 

clinicians produce and verify or falsify medical hypotheses. They posit the use of the 
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hypothetico-deductive style of diagnosis, where doctors initially generate a hypothesis to 

account for clinical data, and subsequently reason backwards from the hypothesis to find 

data and tests that verify or falsify the hypothesis. In contrast, Patel and Groen (1992) cite 

evidence that successful diagnostics involves forward reasoning or “forward-chaining”, 

starting with immersion in clinical data and then moving to a possible hypothesis, while 

novices or intermediate-knowledge clinicians who reason backwards from hypothesis to 

data tend to only partially classify or misclassify the disease. These findings present an 

alternative understanding of physician problem-solving compared to the earlier 

hypothetico-deductive model of Elstein and colleagues. A succinct overview of these 

issues comes from the paper, “Knowledge-Based Solution Strategies in Medical 

Reasoning” (Patel & Groen, 1992): 
 

It is usually taken for granted that clinical medicine and the biomedical 
sciences ideally form a unified domain in which clinical symptoms can be 
causally attributed to malfunctioning physiological or biochemical 
mechanisms. The assumption is also made that effective diagnostic 
reasoning involves the ability to explain the diagnosis in terms of such 
malfunctioning mechanisms. This is unarguably appropriate, since 
ignorance of a malfunctioning mechanism may gravely affect the health of 
a patient. However, it leads to the considerably more debatable assumption 
that effective diagnostic reasoning consists primarily of hypothesizing 
such mechanisms and deducing the observable consequences of their 
malfunctioning. This, combined with some way of evaluating the match 
between these consequences and the actual symptoms, is what is usually 
referred to as hypothetico-deductive reasoning. It is frequently contrasted 
with a process of diagnosis by pure induction, usually referred to as 
“pattern matching.” Such a process is apt to be viewed as suboptimal by 
proponents of the hypothetico-deductive approach because it can lead to 
serious misdiagnoses. (p. 194) 
 

     Patel and Groen characterize a contrasting view about medical problem-solving 

thusly: 



 16 

Our most significant result is that all of the experts with accurate 
diagnoses used bottom-up forward reasoning whereas the experts with 
inaccurate diagnoses used at least some top-down backward reasoning. It 
is compelling to interpret this latter kind of reasoning as involving some 
kind of process of generating a hypothesis and testing it in the light of 
whatever the subject has recalled about the facts of the case. (p. 107) 
 

 A succinct characterization of what has emerged as an influential perspective on 

medical problem solving appeared in work by Patel and Kaufmann (2006): 

Patel et al. (1986) studied the knowledge-based solutions strategies of 
expert cardiologists as evidenced by their pathophysiological explanations 
of a complex clinical problem. The results indicated that subjects who 
accurately diagnosed the problem employed a forward-oriented (data-
driven) reasoning strategy using patient data to lead toward a complete 
diagnosis (i.e. reasoning from data to hypothesis). This is in contrast to 
subjects who misdiagnosed or partially diagnosed the patient problem. 
They tended to use a backward or hypothesis-driven reasoning strategy. 
The results of this study presented a challenge to the hypothetico-
deductive model of reasoning as espoused by Elstein et al. (1978) that did 
not differentiate expert- from nonexpert-reasoning strategies. 

 
Patel and Groen (1991) investigated the nature and directionality of 
clinical reasoning in a range of contexts of varying complexity. The 
objectives of this research program were both to advance our 
understanding of medical expertise and to devise more effective ways to 
teach clinical problem solving. It has been established that the pattern of 
data-driven and hypothesis-driven reasoning are used differentially by 
novices and experts. Experts tend to use data-driven reasoning, which 
depends on the physician possessing a highly organized knowledge base 
about the patient’s disease (including set of signs and symptoms). Because 
of their lack of substantive knowledge or their inability to distinguish 
relevant from irrelevant knowledge, novices and intermediates use more 
hypothesis-driven reasoning resulting often in very complex reasoning 
patterns. 

 
The fact that experts and novices reason differently suggests that they 
might reach different conclusions (e.g., decisions or understandings) when 
solving medical problems. Similar patterns of reasoning have been found 
in other domains (Larkin et al. 1980). Due to their extensive knowledge 
base and the high-level inferences they make, experts typically skip steps 
in their reasoning. (pp. 155-156) 
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     Elstein and Schwarz (2002) responded to these results and summarized years of their 

research, and that of other teams, about how clinicians make diagnoses: 

Expertise in problem solving varies greatly between individual clinicians 
and is highly dependent on the clinician’s mastery of the particular 
domain. This finding challenges the hypothetico-deductive model of 
clinical reasoning, since both successful and unsuccessful diagnosticians 
use hypothesis testing. It appears that diagnostic accuracy does not depend 
as much on strategy as on mastery of content. Further, the clinical 
reasoning of experts in familiar situations frequently does not involve 
explicit testing of hypotheses. Their speed, efficiency, and accuracy 
suggest that they may not even use the same reasoning processes as 
novices. It is likely that experienced physicians use a hypothetico-
deductive strategy only with difficult cases and that clinical reasoning is 
more a matter of pattern recognition or direct automatic retrieval. (p. 730) 
 

     They elaborate further on a central debate in medical cognitive science concerning  
 
whether clinicians solve problems by positing and testing hypotheses: 
 

The controversy about the methods used in diagnostic reasoning can be 
resolved by recognizing that clinicians approach problems flexibly; the 
method they select depends upon the perceived characteristics of the 
problem.  Easy cases can be solved by pattern recognition: difficult cases 
need systematic generation and testing of hypotheses. (p. 730) 
 

 Given the historical bias against accepting introspective data in models of cognition 

(Nahmias, 2002), how much introspective access are physicians supposed to have to the 

cognitive processes that enable their problem solving? Analyzing clinician cognition begs 

the question of whether phenomenological reports can be trusted (Ericsson, Chase, & 

Simon, 1979) or whether introspective data should be interpreted with skepticism 

(Nisbett & Wilson, 1977). It may be that getting inside the doctor’s head requires 

cognitive scientists to confront a murky and controversial issue: how the knowledge that 

experts are conscious of, which is to say, introspectively available, is related to the 

unconscious information processing supposedly undergirding it. Intriguingly, one 
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potentially useful concept to bridge conscious and unconscious levels of medical 

cognition is labeled mental models, a term that can refer to both what a person (in this 

case, a doctor) knows, and the associated underlying unconscious cognitive processes 

enabling the knowledge. In the next section I will briefly discuss how this approach 

might illuminate how doctors think about patient descriptions of cardiac rhythms. 

PHYSICIAN MENTAL MODELS OF PATIENT BODY-KNOWLEDGE 
 

Cognitive scientists may describe how people think about systems in terms of 

mental models, which explain how they conceive a car engine or thermostat or software 

product works. The understanding may be explicit and declarable, but people may 

describe how they think about the system more in terms of knowing how to make it 

function, or in implicit, procedural terms. Do doctors use mental models? Elstein and 

Schwarz (2002, p.730) suggest clinicians may very well use mental models, based on 

previous experience when problem solving. Interesting questions arise when 

considering physician mental models: for instance, the human heart has been compared 

to a pump for centuries. If doctors conceive of the heart as a pump-like machine, do 

patient complaints of heartbeats racing or skipping get mapped onto the pump-model? 

For that matter, do clinicians rely on some implicit model or understanding of their own 

feelings of heartbeats to interpret the symptoms? How would a physician’s mental 

model for arrhythmia compare to a mental model for psychosomatics-based 

palpitations? These are fascinating questions. For present purposes, it is worth keeping 

in mind that a penetrating accounting of the nature of clinician cognition and 
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understanding of body systems is of rather less importance than getting a sound 

understanding of the true accuracy of patient symptom reports. Nonetheless, a deep and 

comprehensive accounting of how clinicians interpret patient descriptions of cardiac 

sensations should be reconcilable with more general theories of medical problem 

solving and medical cognition. Such a project is outside of my current focal concern, 

but is worth noting nonetheless. 

The particular diagnostic issue I am concerned with is why physicians analyzing a 

presenting complaint of a racing heart, skipped beats, and the like determine a primarily 

physiological or primarily psychosomatic etiology. While the neurocognitive factors in 

this domain are not well understood, much of the physiology is already known. It is to 

models of the biomedical basis of symptom perception that I now turn my attention. 
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Chapter Two: Biomedical literature review 

CARDIODYNAMICS, ARRHYTHMIAS, AND THE PATHOPHYSIOLOGY OF SYMPTOM 
PERCEPTION 
 

Clinicians such as cardiologists or internal medicine specialists may label certain 

cardiac rhythms an arrhythmia. These seem to result from abnormalities in the rhythms, 

rates, periodicities, and timings of the electrochemical signals known as action potentials 

propagating through cardiac nerves and muscles. The Merck Manual of Medical 

Information (Beers et al., 2003) explains arrhythmias in the following way: 

In an adult at rest, the normal heartrate is usually between 60 and 100 
beats per minute. However, lower rates may be normal in young adults, 
particularly those who are physically fit. A person’s heart rate varies 
normally in response to exercise and such stimuli as pain and anger. Heart 
rhythm is considered abnormal only when the heart rate is inappropriately 
fast (called tachycardia) or slow (called bradycardia), or is irregular or 
when electrical impulses travel along abnormal pathways. (p. 366) 
 

Sometimes patients may report that they are experiencing unpleasant awareness of 

their heart beating, that their heart is racing, that beats are skipped or are irregular, or that 

they feel unusual rhythms. ECG measurements may be recorded, and the physician can 

analyze to what extent patient-reported symptoms correspond to various cardiac rhythms, 

periodicities, epochs of regularity and irregularity, and patterns of order and disorder. The 

sensory and motor components of the cardiac nervous system regulate heart rate and 

rhythm by afferent and efferent projections to and from the brain. The heart’s sinoatrial 

node acts as a critical timekeeper or pacemaker. Insufficient sinoatrial regulation can lead 

to potentially dangerous pumping rhythms in ventricles. Common ECG patterns are 

shown below in Figures 1 and 2: 
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Figure 1: Normal ECG rhythm. From Wikimedia Foundation (2009). Retrieved October 
24, 2011 from http://en.wikipedia.org/wiki/File:12leadECG.jpg 
 
 

 

Figure 2: Ventricular fibrillation. From Wikimedia Foundation (2009).  Retrieved 
October 24, 2011 from http://en.wikipedia.org/wiki/File:EKG_VF.jpg 

 
The right and left ventricles must pump blood steadily and regularly for life systems 

to be maintained within stable homeostatic ranges. Rhythm disruptions in either (see 

Figures 3 and 4) can result in fibrillation of the ventricles, potentially a very dangerous 

threat to health. 

 
Figure 3: Bradycardia, or slow rhythm. From Wikimedia Foundation (2009). Retrieved 
October 24, 2011 from http://es.wikipedia.org/wiki/ 
Archivo:Lead_II_rhythm_generated_sinus_bradycardia.JPG 
 

With bradycardia, heartbeats are periodic, but the time between beats is lengthened. 

Since the normal heart rate for adults is cited to be 60-100 beats per minute in the 
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Merck Manual Home Edition, sensations of slower beats may be cause for concern. 
 

 
Figure 4: Ventricular tachycardia, or fast rhythm. From Wikimedia Foundation (2010). 
Retrieved July 15, 2011 from http://commons.wikimedia.org/wiki/ 
File:Lead_II_rhythm_ventricular_tachycardia_Vtach_VT.JPG 
 
 

Abnormally rapid cardiac activity, or tachycardia, is a common presenting complaint 

and source of palpitations. Rapid cardiac rhythms can be a sign noted by clinicians and 

medical professionals as well as a symptom experienced by a patient. Ventricular 

tachycardias are often quite dangerous. 

The regulation of critical life systems is often called homeostasis, a term which 

conveys a sense of maintenance of stability despite fluctuations within physiological 

boundaries, as well as feedback-feedforward adjustments characteristic of cybernetic 

systems. Damasio (2010) emphasizes the role of the brainstem, thalamus, and cortical 

regions in responding to changes in the internal milieu of the body, which he suggests is 

the vital foundation of cognitive processes in people coupled to environmental contexts. 

     Damasio’s perspective bridges external, mechanistic, system-centric models of life 

processes with concepts of embodied cognition and personally experienced, existentially 

meaningful phenomenological states. The complementary notion of autopoiesis (Varela, 

Maturana, & Uribe, 1974), where ecologically situated organisms regenerate their 

components over time, similarly incorporates cybernetics and homeostasis, but also the 
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notion of the umwelt, understood as the ecologically contextualized point of view 

possessed by an organism. The value of such terms is at the very least their capacity as 

shorthand for rich and somewhat complex concepts that bridge domains. Homeostasis 

and related processes apply at multiple levels and can be thought of as a crucial means by 

which biological systems at different levels are coupled. 

     The mechanics and bioenergetics of the heart’s pumping, which through perfusion 

moves oxygenated blood to the organs that need it, and de-oxygenated blood to be 

filtered and recirculated, are relatively well known. The muscular cardiac cells keep the 

pumping action relatively constant. The right side of the heart collects de-oxygenated 

blood from the body and pumps it, via the right ventricle, into the lungs. The left side of 

the heart in turn draws oxygenated blood from the lungs and pumps it out to the body. 

These processes result in heartbeats, which are often not consciously perceptible or are 

only dimly perceptible (Ádám, 1998), but cardiac neurons send pulses or signals to the 

brain nonetheless.   

Traditionally, physicians, nurses, and other health workers determined heart rate by 

palpating (gently squeezing) the neck over the carotid artery, or the wrist over the radial 

artery, to feel pulsing. Abnormalities in the pulse correlate with various disorders and 

syndromes. Each stroke of the heartbeat moves blood to make contact with sensory nerve 

endings variously known as baroreceptors, mechanoreceptors, or stretch receptors. 

These detect changes in the pressure caused by rate and speed of blood flow and send 

afferent pulses to the brain, which responds with increased or decreased cardiac output. 

The details of how this signaling system works at genetic, molecular, cellular, and 



 24 

physiological levels are relatively well established. But modeling the relationship of the 

reasonably robust models of the biology involved with the enigmatic cognitive, 

phenomenological, and behavioral levels of description remains a problem. The 

fascinating but difficult issues involved in understanding how afferent signals from the 

viscera are filtered by neurocognitive processes to produce the phenomenology of 

symptom reporting warrant closer investigation in the next section. 

AFFERENT PATHWAYS, THE INTERNAL STATE OF THE BODY, AND COGNITION 

 
One of the major researchers analyzing the relationship between cardiac symptom 

reports and physiology is Arthur Barsky (2000), who asks:  

Where do sensations of cardiac contraction and awareness or cardiac 
activity originate and how are they processed in the central nervous 
system? What is needed here is more exploration and understanding of the 
neurophysiology and psychophysiology of cardiac interoception. (p. 347) 
 

The answers to these questions span different levels of analysis. At a basic level of 

description, the vagus nerve, containing mostly afferent projections toward the central 

nervous system, is conventionally said to send signals that convey information about the 

cardiac physiochemical milieu or homeostatic state to the brain. Critchley et al. (2004) 

posit that through additional specialized nerve pathways “the internal state of the body is 

conveyed through a dedicated lamina-1 spinothalamocortical pathway that converges 

with vagal afferents” (p. 189), an important concept for present purposes.   

The heart rate is regulated by the brain through the autonomic or visceral nervous 

system, traditionally thought to operate mostly without conscious control. The 

sympathetic projections of the autonomic system can increase heart rate in stressful 
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situations, while parasympathetic fibers slow the heart down when appropriate. The 

brain-cardiac regulatory system features spinal nerves that possess dorsal roots containing 

afferent sensory projections, and ventral roots with efferent fibers sending signals from 

the central nervous system. Brain-to-viscera efferent fibers project from the medulla 

oblongata in the brainstem and can rapidly increase or decrease heart rate as needed via 

innervation of the cardiac muscle. Broadly speaking, the two branches of the autonomic 

nervous system that regulate involuntary body function are in a dynamic balance: signals 

from the sympathetic nervous system stimulate the blood pressure and heart rate, while 

the parasympathetic system acts to lower these. 

Symptom reporting about the interior of the body is based on complex neurochemical 

and hormonal pathways involved in the brain-to-heart and heart-to-brain regulation 

underlying interoception. Bud Craig (2002) proposes a revised understanding of this 

term: 

Interoception should be redefined as the sense of the physiological 
condition of the whole body (including pain and temperature, and not just 
of the viscera. (p. 655) 
 

     How much is definitively known about the interoceptive system that enables symptom 

reporting about visceral state? This can be analyzed at varying scales: interoception at the 

smallest level involves signal transduction pathways in nerves, made up of gene 

activation, RNA transcriptions (some of which play potentially important regulatory 

functions even if not transcribed into proteins), neurotransmitter and hormone secretion, 

and receptor binding. The modern view, characteristic of multiple fields of science, is to 

understand physical processes as information processes: thus the notion of a signal is 
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used to make sense out of what are otherwise a series of complex chemical reactions, 

allosteric shifts (molecular shape changes), and electron transfers. Domschke et al. 

(2010) list a series of possible gene and protein-signaling pathways that may be involved 

in the processes by which visceral interoceptive afferent activity produces threatening or 

anxiety inducing feelings in patients: serotonin transporter (5-HTT), serotonin receptor 

1A (5-HT1A), serotonin receptor 2A (5-HT2A), and dopamine D2 receptor (DRD2) (p. 

9). The authors also mention other potential mechanisms involved in the predisposition to 

negatively interpret visceral stimuli: variations or polymorphisms in the serotonin 

transporter gene, and differential receptor binding processes in receptors expressed in 

insula, including serotonin receptor 1A, the serotonin receptor 2A, and the dopamine D2 

receptor (p. 9).  

Activation and deactivation of heart and other viscera trigger afferent nerves 

projecting to evolutionarily/phylogenetically ancient structures in the brainstem. While 

these systems are traditionally physiologically basic and not typically associated with 

cognition, Damasio (2010) states, “I believe that the mind is not made by the cerebral 

cortex alone. Its first manifestations arise in the brain stem.” (p. 75). While this may 

seem radical, he cites experimental evidence that perception of the heart’s physiological 

and chemo-dynamic state is mediated by the brainstem’s nucleus of the solitary tract and 

the pons. These transform the incoming afferent signal originating from viscera such as 

the heart, and they in turn project to the gateway of the cortex or thalamus. From there, 

thalamo-cortical fibers make synapses with cells in the insula, cingulum, and 

somatosensory and orbitofrontal cortices, regions implicated in interoceptive activity and 
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cognitive processes handling internal body information.   

Building on generations of basic research on the neurophysiology of visceral 

perception, Damasio (2010) describes interoception as a “complex mapping of the 

interior sense” (p. 97). He emphasizes the role of an interoceptive network involving 

significant processing by the brainstem, which, unlike a mere relay, receives, processes 

and dynamically integrates afferents from the state of the visceral organs, and in turn 

projects to the thalamus. Thalamic relay nuclei, activated by the interoceptive inputs, 

engage in further processing, and subsequently synapse onto interoceptive centers in the 

insula and orbitofrontal, sensory, and cingulated cortical regions. Both accurate and 

inaccurate perception of heartbeat involves complex coordination dynamics of these 

regions, but the mechanisms are not well understood. 

Some researchers (Pollatos & Schandry, 2004; Gray et al., 2007) have identified a 

heartbeat-evoked potential that can be extracted from EEG recordings: an increase in 

amplitude of neuroactivity or neuronal firing after a heartbeat, detectable after averaging 

many instances together, and after subtracting background activity as noise. It is 

intriguing, and possibly of great significance for models of body knowledge and 

interoceptive information access, that these authors find higher amplitudes in the 

heartbeat-evoked potential correlating with better heartbeat perception. Complementary 

data coming from fMRI and other imaging technologies such as magnetic 

electroencephalography (MEG), and cerebral blood flow (CBF), should shed additional 

light on the relative activity levels of cortical and subcortical structures that enable 

conscious perception of heartbeats. Data about the unconscious central nervous system 
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response to cardiac processes would be of great interest as well. However, models of how 

people are able to access physiological state information should take into account a long-

running debate in cognitive neuroscience: the question of to what extent explanations, 

models, and purported mechanisms privilege local, reductionistic, and/or modular 

theories, as opposed to global and holistic theories that emphasize connectedness with 

and interdependence of particular systems to the entire brain. The debate is described and 

analyzed by the neurodynamicist Walter Freeman (Freeman & Holmes, 2005): 

In one view, cortex is a collection of modules like a piano keyboard, each 
with its structure, signal, and contribution to behavior. In the other view, 
the neocortex is a continuous sheet of neuropil in each cerebral 
hemisphere, which embeds specialized architectures that were induced by 
axon tips arriving from extracortical sources during embryological 
development. (p. 497) 

The perennial debate in psychology and cognitive neuroscience between explanations 

emphasizing specific brain regions or holistic mechanisms (Gardner, 1985) has been 

recapitulated as activation of special-purpose neural or cognitive modules versus global 

pattern dynamics with multiple parallel regions communicating. This long-running 

tension should be kept in mind when reviewing the evidence that specific regions are 

crucial to biological models of the sensation of perception. Nonetheless, researchers 

investigating the neurophysiological basis of access to interoceptive information or body 

knowledge focus on a number of cortical areas of interest, particularly somatosensory 

cortex, orbitofrontal cortex, insular cortex, and cingular cortex/cingulate gyrus. 

Reviewing previous studies, Domschke et al. (2010) describe the following as part of an 

“interoceptive neural network”: the right insula, the anterior region of the cingulated 

cortex, prefrontal cortex, and the left secondary somatosensory cortex.   
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The somatosensory cortex or (S1) is conceived as containing maps of body surface 

areas. A standard interpretation would explain the perception of touch, temperature, and 

pain as occurring through afferent sensory nerves, which are joined into the spinal cord, 

and which eventually route through the thalamus, and then the cortical region known as 

the postcentral gyrus, shown in Figure 5. 

 

 

Figure 5: The postcentral gyrus, a cortical region that processes visceral inputs. From 
Wikimedia Foundation (2010). Retrieved October 24, 2011 from http://en.wikipedia.org/ 
wiki/ File:Postcentral_gyrus.png 

In Figure 6 below, derived from magnetic resonance imaging (MRI), three separate 

populations of cells in the postcentral gyrus, known as Brodmann areas, are shown.  

Brodmann area 1 is in green, area 2 is in yellow, and area 3 is in red: 
 
 



 30 

 

Figure 6: fMRI of S1 and S2, cortical regions that process visceral inputs. From 
Wikimedia Foundation (2010). Retrieved October 24, 2011 from http://en.wikipedia.org/ 
wiki/ File:Ba1_2_3.png 

Primary somatosensory cortex/S1 is conventionally modeled as having four complete 

maps or representations of the body surface, a refinement gives the label “primary 

somatosensory cortex” only to the area shown in red, Brodmann area 3 (Kaas, 1983). 

Because of the penetrating critique offered by Winograd and Flores (1986), Varela, 

Thompson, and Rosch (1991), and Freeman (1995), that representationalism in 

explanations of cognition is biologically and epistemologically unwarranted, I generally 

advocate that scrutiny be applied to representationalist concepts in cognitive 

neuroscience. However, the conventional idea that somatosensory cortex/SI contains 

multiple representations of the sensory surface of the body seems a fair use of the term. 

In any event, over time, a picture has emerged of sensation occurring on the outer surface 
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of the body, and then activating S1; neurons in these regions fire (generating electrical 

discharges and secreting signaling molecules across synapses) at higher amplitudes. The 

neighboring region of S2 is also implicated in sensory activity, particularly pain. Any 

model that accounts for how perception and awareness of the interior body is possible 

will likely need to reference the role of somatosensory cortex.  

Another cortical region implicated in interoception, or internal perception, is that part 

of the prefrontal cortex known as the orbitofrontal cortex, seen in Figure 7 below in 

green: 

 

Figure 7: fMRI of the orbitofrontal cortex, a cortical region that processes visceral inputs. 
From Wikimedia Foundation (2010). Retrieved October 24, 2011 from 
http://en.wikipedia.org/wiki/File:OFC.JPG 

Orbitofrontal cortex can be defined as that part of the prefrontal cortex that receives 

certain key afferent projections from the thalamus, which acts as a gateway to the cortex, 
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and which receives and integrates afferent projections from the body, including the 

visceral organs. 

Anatomists described the pair of structures known as the insula as a fifth lobe of the 

brain. This cortical structure is tucked away in folds underneath the more familiar 

exterior cortical surface. The anterior portion in particular (see Figure 8) seems to be 

implicated in interoception and perception of the visceral organs. 

 
 
Figure 8: The insula of the cortex, a region that processes visceral inputs. From 
Wikimedia Foundation (2009). Retrieved October 24, 2011 from http://en.wikipedia.org/ 
wiki/File:Human_brain_view_on_transverse_temporal_and_insular_gyri_description.JP
G 
 

An alternative view, as seen in Figure 9, shows one of the two insula as a slice: 
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Figure 9: Representation of the insula, a cortical region that processes visceral inputs. 
From Wikimedia Foundation (2010). Retrieved October 24, 2011 from 
http://commons.wikimedia.org/wiki/File:Gray717-emphasizing-insula.png 

Yet another specialized brain area becomes more active in those psychophysiological 

processes involving internal body state dynamics: a collection of white-matter fibers 

known as the cingulate gyrus of the cortex. Damasio (2010) states that this region 

receives projections from the insular cortex (p. 220). In particular, the anterior section of 

the cingulated cortex, shown in Figure 10 in red, is of interest for symptom perception 

and interoception: 
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Figure 10: The anterior cingulated cortex. From Wikimedia Foundation (2011). Retrieved 
October 25, 2011 from http://commons.wikimedia.org/wiki/ 
File:Anterior_cingulate_gyrus_animation.gif 

 
Again, it should be stressed that neuroscientists may debate the extent to which any 

one region’s activity should be emphasized relative to the contribution of multiple 

additional cortical and subcortical processes. Certainly S1 and S2, orbitofrontal cortices, 

anterior insula and anterior cingulate gyrus are only one of a series of interoceptive 

regions receiving visceroafferent projections that play a part in allowing us to gain 

information about the inside of the body. Arguably, a pre-understanding of cognition as 

accomplished via processing by local modules, as opposed to spatially extended, 

distributed coupling between local and global areas of activity, influences the very means 

of EEG data collection used to model interoception (Freeman & Holmes, 2005).    
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A genuinely realistic and robust explanation of the brain activity involved in accurate 

or inaccurate symptom reporting must be developed with reference to the specific 

existential and ecological contexts that are meaningful to the life of a person. A physician 

may sense that broader life problems and emotional disturbances are key in producing a 

patient’s distressed report while measurements reveal normal heart rate. A disorder of 

over-vigilance about internal sensations due to emotional reasons is labeled a somatoform 

disorder (Barsky, 2000). But cognitive neuroscience, with its foundational ontology and 

abstracted primitive descriptors derived from formal logic, cybernetics, and artificial 

intelligence, is better suited to modeling people as systems or bio-machines. Nonetheless, 

the broad view of symptom-report accuracy should recognize that experiential, embodied, 

existential, meaningful factors (however hard to operationalize, measure, or reduce to 

processes previously accounted for) are crucial to understanding disease. Damasio (2010) 

emphasizes that the body’s visceral and internal homeostatic processes are mapped into 

the central nervous system so as to promote the organism’s life goals via effective 

cognition, perception, experience, and sensorimotor behavior. Accurate symptom 

reporting would seem to reflect this principle, or something similar. As for the inaccurate 

perception of visceral state characteristic of somatoform disorders, Barsky (2000) 

suggests that over-attention to or inaccurate interpretation of internal sensations, such as 

heartbeats, as dangerous can lead to existentially significant “secondary gains” for the 

patient, such as receiving attention and care, or a lessening of expected responsibilities (p. 

341). 

Taking the broad view, the relationship of body knowledge to the neurophysiological 
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mechanisms underlying visceral perception and internal body awareness is of great 

interest to science. What is really needed are models of the means by which we gain 

information about the inside of our bodies, how accurate we are at perceiving 

physiological state information, the effect on accuracy of meaning and existential 

contexts, and the extent to which verbalized reports or representations of physiological 

states are accurate enough to be considered knowledge.  Such models should not only  

clarify the fundamental mechanisms by which interoception occurs, potentially 

significantly adding to our understanding of the accuracy of introspective reports or 

verbal representational fidelity, but also, and perhaps most importantly, help shed light on 

the nature of symptom reports. 

The ever-tighter integration of science into medicine allows clinicians and researchers 

to probe more deeply the relationship between patients’ bodily experience and what can 

be measured via technology, tests, and instrumentation. Medical professionals want to 

systematically relate symptoms, which are verbal descriptions from patient 

phenomenology derived from introspection, to clinical observables, or signs. The 

relationship between verbal reports and measurements, such as ECG data, can be 

theoretically murky and a puzzle for the clinician. But to the extent that systematic, or at 

least probabilistic, relationships between patient symptom reports and measurements can 

be established, a model of the knowledge represented can take the form of a map that 

specifies the probabilities that patient phenomenology corresponds to measurable heart 

rhythm abnormalities. My project specifically aims to model the data involved in this 

mapping. 
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Clinicians and scientists may ask, What interoceptive mechanisms support the 

instances of accurate symptom reporting about the internal body? How are otherwise 

benign visceral processes cognized as threatening or dangerous, leading to the false-

positive reports that drive up costs in the health care system? Explanations of symptom 

report accuracy often use information concepts to explain how people experience 

internal-body sensations. Information-language is common in both the biological and 

cognitive sciences, but the meaning of the terms must be scrutinized, especially when 

terms of art are imported from one domain into another. Is the price of metaphor eternal 

vigilance on the part of scientists? If so, we should heed the words of Freeman (1995), 

who notes the slippery meanings of terms used by artificial intelligence researchers 

compared to when they are used by neuroscientists “who appear to signify the same 

things with the words ‘information,’ ‘memory,’ ‘sign,’ ‘symbol,’ ‘computation,’ 

‘representation,’ ‘code,’ and so forth, but in fact are doing so with confusingly different 

meanings.” (p. 17). Indeed, it is examining how the term “information” is used in 

explanations of symptom report and interoceptive accuracy that I will turn to in the next 

section. 

THE MEANING OF “INFORMATION” IN MODELS OF SYMPTOM PERCEPTION AND 
COGNITIVE NEUROSCIENCE 
 

The meaning of “information” language in theories of visceral sensation and/or 

symptom perception is mostly implicit, in the sense that terms are used but not 

necessarily defined. References to physiological signaling, computation, and cognitive or 

neuronal information processing abound, but the meanings of “signaling” and 
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“information processing” are not often probed. For instance, consider the deployment of 

information terminology from the experimental social psychologist James Pennebaker 

(1982), who seeks to explain how and when people attend to internal states compared to 

external phenomena: 

It was predicted that during the interesting portions of the movie subjects 
would process proportionately more information from the movie and less 
information from their irritated throats. Boring parts of the movie, on the 
other hand, offer less potential external information for the viewer, which 
should increase the probability of each person’s attending to his or her 
throat and subsequently emitting a cough. (p. 29) 
 

The behavioral psychophysiologist Gyӧrgy Ádám (1998), in Visceral Perception: 

Understanding Internal Cognition, also uses the concept of information to explain how 

interoception works, but makes a more careful formulation: 

This book deals with the fate of the information originating from the 
various internal organs of humans and other animals, reaching the brain 
via specific nervous pathways and resulting in several more-or-less well-
defined physiological and psychological phenomena. The term 
information is used here in its less restricted sense, as a synonym for 
message, communication, or novelty of signals. (pp. 3-4) 

Oliver Cameron (2002), in Visceral Sensory Neuroscience: Interoception, also 

characterizes the relationship between internal neurophysiological processes and 

psychological phenomena in informational terms: 
 

…it is possible-even likely-that sensory information from the body feeds 
into the central nervous system, either intermittently or continuously, and 
influences brain function, behavior, and conscious experience, especially 
the so-called sense of self. (p. 7) 
 

Similarly, Coghill, McHaffie, and Yen (2003) frame sensation as a relationship 

between afferent information coming to the brain from the body and cognitive 

information: 
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The conscious experience of a sensory event is derived from a complex 
convolution of afferent information arising from peripheral sensory 
transducers with cognitive information about the present context, past 
history, and future implications of the stimulus. (p. 8538) 
 

Yet another use of information processing in the context of sensing the inside of the 

body comes from Hugo Critchley and colleagues (Critchley et al., 2004): 

Neuroanatomical insights suggest that information concerning the internal 
state of the body is conveyed through a dedicated lamina-1 
spinothalamocortical pathway that converges with vagal afferents, to 
“interoceptive centers” in insular and orbitofrontal cortices. (p. 189) 
 

The psychologist Raymond Gibbs (2006), in Embodiment and Cognitive Science, 

asks, “What underlies people’s abilities to move as they do and have any awareness of 

their bodies?” (p. 28). The answer is physiological and cognitive systems using 

information processing. Gibbs (2006) cites the work of Bermudez, Marcel, and Eilan 

(1995), who list a series of multiple internal physiological information sources that 

enable motor activity and somatic perception: 

(a) Information about pressure, temperature, and friction from receptors 
on the skin and beneath the surface. 
(b) Information about the relative state of body signals from receptors in 
the joints, some sensitive to static position, some to dynamic information. 
(c) Information about balance and posture from the vestibular system in 
the inner ear and the head/trunk dispositional system and information 
from pressure on any parts of the body that might be in contact with 
gravity-resisting surfaces. 
(d) Information from skin stretch and bodily disposition and volume. 
(e) Information from receptors in the internal organs about nutritional and 
other states relevant to homeostasis and well-being. 
(f) Information about effort and muscular fatigue from muscles. 
(g) Information about general fatigue from cerebral systems sensitive to 
blood composition. (p. 13) 
 

These formulations follow the post-WWII trend of explaining systems, processes, 
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entities, and relationships in terms of computation and information. The notion of neural 

information processing was first introduced by physiologist Edgar Adrian (1928) as 

“what sort of information a sense organ can transmit to the brain and in what form the 

message must be sent” (p. 14). Information language in science came into general use 

after the interdisciplinary cybernetics movement of the 1940s and 1950s and the 

introduction of computers (Gardner, 1985). Francis Crick (1958) explained the ordering 

of a sequence of amino acids in a protein in terms of  “the flow of information” (p. 144) 

in his highly influential early papers on molecular biology and genetics, followed by 

generations of biologists adopting information terminology. In somewhat more recent 

times, Pennebaker (1982) offers the following formulation as a way of modeling the 

accuracy of verbal reports about physiological states: 

 
 
Equation 1. Pennebaker’s equation for relation of awareness of internal 
information to awareness of external information. From The psychology of 
physical symptoms by J.W. Pennebaker, 1982, p. 21 
 

From my reading, it is relatively rare in such contexts to encounter authors worrying 

overmuch about the meaning of the term “information” as does Ádám  in Visceral 

Perception: Understanding Internal Cognition, though there are attempts to effectively 

operationally define it via metrics, i.e., to quantify the information content of a system via 

Shannon-style metrics or other measurements (Gardner, 1985). Yet whatever 

neurobiological and cognitive information “really” are, the key question for present 

purposes is whether and how cardiac rhythm information can be consciously accessed 
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and reported upon by patients. The accuracy or lack thereof possessed by symptom 

reporters about visceral states will be the focus of the next section. 

EXPERIENTIAL DISCREPANCY, NEUROPHENOMENOLOGY, AND INTEGRATIVE MODELS OF 
HEALTH 

 
Overall, how accurate are people at reporting on physiological states of the body? 

Presumably, to the extent patient symptom reports strongly correlate with physiological 

states in some circumstances, the underlying mechanism consists of nerve activation 

stimulated from visceral processes, and then a projection to the spinal cord, brainstem, 

and eventually thalamus and cortical regions. Yet symptom reports seemingly based on 

interoception, such as the feeling of an impending heart attack, may not be originating 

from the viscera per se. Physicians confront situations in which a patient’s verbal 

reporting about symptoms is medically unexplained, and must be understood to be of 

psychosomatic etiology. Traditionally, the clinician interpreted measurements, clinical 

observables such as weight and pallor, and patient phenomenological reports, and used 

his or her judgment and intuition to weigh the likelihood of a principally physiological or 

mainly psychosomatic etiology. In the twenty-first-century world of systematic reviews 

of evidence, adoption of consensus standards based on ostensibly scientific medicine, and 

integration of laboratory research into the clinic, what concepts can clinicians and 

scientists use to interpret the gap between symptom report and physiological state?  

One is experiential discrepancy (Laughlin, McManus, & D’Aquili, 1990), which can 

help categorize medically unexplained, puzzling findings, such as when people with 

normal heart rhythms report palpitations. This concept points to the often-implicit role 
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that medicine assigns to cognitive and phenomenological processes such as beliefs, 

expectations, experiences, life goals, emotional responses, and attitudes. Unless a 

principled and thorough reductionism is assumed at the outset, these existential and 

psychological concepts are not themselves ontologically biological processes. Since they 

are also not overt clinical measurables in the same sense that blood pressure is, an 

understanding of how these personally experienced, psychologically lived processes 

nonetheless seem to affect health is a challenge. In a typically all-too-short period of 

time, the clinician must glean information about the broader scope of the patient’s 

emotional health, their life goals, and their being-in-the-world that might produce the 

discrepancy between the experiential body and medical measurement. A person who is 

experiencing loss, lack of love, stress, depression, anxiety, or trauma can give the 

attending clinician clues that indicate a psychosomatic etiology. Yet our lack of 

foundational understanding of the mechanisms involved in accurate and inaccurate 

symptom reporting, and how unconsciously processed as well as phenomenologically 

experienced body states are handled by the nervous system more generally, highlights the 

need for mapping of cognitive neuroscience data onto phenomenological reports. The 

work of neurologists Sacks (1986) and Damasio (2010) treat patient existential context, 

embodied cognition, and phenomenological reports as of much greater importance than 

reductionistic cognitive science does (Varela, Thompson, & Rosch, 1991), pointing 

science toward a neurophenomenology that attempts to relate neural measurables and 

cognitive models to experiential reports, including reportable body sensations. Varela 

(1996) characterized the working hypothesis of neurophenomenology this way: 
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Phenomenological accounts of the structure of experience and their counterparts in 
cognitive science relate to each other through reciprocal constraints. 
 

The key point here is that by emphasizing a co-determination of both accounts 
one can explore the bridges, challenges, insights and contradictions between them. 
This means that both domains of phenomena have equal status in demanding a full 
attention and respect for their specificity. It is quite easy to see how scientific 
accounts illuminate mental experience, but the reciprocal direction, from experience 
towards science, is what is typically ignored. (p. 343) 

 
Neurophenomenology requires cognitive neuroscience to no longer take short cuts or 

“steal bases” when proposing explanations of the conscious aspects of cognition, but 

instead to systematically address the relationship between traditional scientific 

measurements and experiential descriptions, in all their embodied depth and sometimes 

byzantine complexity. Neurophenomenology arguably provides a better theoretical 

foundation than does traditional externalist/system-centric/computationalist cognitive 

science for clinical efforts to relate introspective reports about heartbeats to measurable 

cardiac rhythm data.  This attitude can help address the series of studies by Pennebaker 

(1982) that indicate that most people are not very accurate at reporting aspects of body 

state, such as heartbeat or blood pressure. However, a minority of people in these studies 

have notably higher accuracy ratings. Indeed, this finding is consistent with data from 

numerous experiments that are interpreted as demonstrating that some people are 

relatively accurate perceivers of symptoms or physiological state (Jones & 

Hollandsworth, 1981; Ádám, 1998), and that subjects can be ranked into good or poor 

estimators of internal state, for instance, with perceivers of heart rate (Schandry, 1981; 

(Pollatos & Schandry, 2004; Gray et al., 2007). Currently, there are only the most 

provisional neural models of interoceptive accuracy, much less a systematic mapping of 
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phenomenology onto brain activity. Neurophenomenology in the formulation offered by 

Varela (1996) implies careful investigations into the experiential and neurophysiological 

aspects of symptom report accuracy, looking for bridging relationships but not insisting 

on them, and with data from the two domains mutually constraining the propositions in 

theories and models. 

In this light, it is worth mentioning briefly that the embodiment and 

neurophenomenological approaches to cognition and the brain challenge the overarching 

computational and information-processing models. In recent years, the idea of cognition 

being unemotional, rational, abstracted from the lived-in phenomenological body, 

asocial, unconscious, automatic, computer-like, and dry has been critiqued by proponents 

of embodied cognitive neuroscience (Varela, Thompson, & Rosch, 1991). Enactive 

cognitive neuroscience and neurophenomenology emphasize that data and theories about 

the central nervous system should recognize the situated coupling of the experiencing 

organism with its ecologically meaningful environment, where mental processes emerge 

out of the broader embodied life goals of the animal. A related gloss on embodied 

cognition comes from the neurologist Antonio Damasio (1999, 2010), who in particular 

has stressed the centrality of visceral afferents to understanding how emotion affects 

cognition. Damasio (1999) developed the somatic maker hypothesis: afferent nerves 

carry signals from body states that influence or bias decision-making. Damasio noted 

patients affected by neurological damage that evidently interferes with how afferent 

bodily signals are integrated by the brain, resulting in compromised ability to make 

decisions based on and affecting other people’s emotional state, while other cognitive 
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abilities are unaffected. Such selectively impaired patients were rational, with largely 

intact thinking, memory, planning, language, and perception, yet existentially and 

socially dysfunctional, due to an inability to anticipate how decisions might affect the 

emotional states of others. Damasio (2010) has more recently developed a general theory 

of visceral and homeostatic processes as the foundations of behavior, perception, 

cognition, and experiential phenomenology, and he emphasizes the role of afferents from 

interior bodily states that are processed and integrated by the brainstem, thalamus, and 

insular cortex as enabling the organism’s effective action and goals.  

 As these increasingly sophisticated theories of embodied cognition and/or 

neurophenomenology evolve, they offer the potential for augmenting the differential 

diagnosis of cardiac rhythm disorders by mapping patient descriptions of unpleasant and 

worrisome heart feelings to physiological state. Bodily sensations and phenomenological 

reports are all integral to this style of explanation, an emphasis not characteristic of 

traditional cognitive science. Domschke et al. (2010) note an idea that is crucial for 

present purposes—normal heart activity seems to be cognitively filtered in a way that 

produces symptom reports in some patients:  

Perception of somatic sensations and subsequent catastrophizing 
interpretations of these sensations in anxiety disorders seem to particularly 
relate to interoceptive stimuli arising from the cardiac system. (p.1). 

 
Barsky (2000) posits a similar filtering and processing of afferent signals by cortical 

and subcortical neurons that produces feelings of distress and worry in patients 

suffering from somatoform disorders. While much of the anatomical basis of normal 

and abnormal visceral perception is known, there is still a need for scientists to 
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establish mechanisms explaining how normal visceral states, processed by the 

peripheral nervous system, afferent pathways, and cortical regions, are filtered and 

interpreted by patients as dangerous or life threatening.   

The proponents of embodied approaches to cognition emphasize the roots of mental, 

emotional, and behavioral activity in everyday experience, which is phenomenologically 

complex, and always rooted in the existentially meaningful, environmentally situated 

context of being-in-the-world. This view of cognition points the way toward 

understanding accurate or inaccurate symptom reporting in the broader context of life 

goals, the existential meaning of disease, perception of visceral states, coupling of 

homeostatic processes to the nervous system, and the benefits to symptom reporters who 

receive attention, nurturing, and care, are freed from responsibilities, and so forth. While 

explanations of symptom-report accuracy that incorporate theories of embodied and 

enactive cognition and/or neurophenomenology may be difficult to reconcile with the 

mind-as-logical-symbol-machine or connectionist paradigms of traditional cognitive 

science, they are congruent with integrative bio-psycho-social and psycho-neuro-

immunological models of health that emphasize existential concerns. For instance, the 

effect of emotions on health has been emphasized in recent years. Gray et al. (2007) 

theorize that emotions and stress can trigger heart arrhythmia, a potentially fatal upsetting 

of the homeostatic processes enabling heart activity. A full model of the phenomena in 

question requires establishing relationships among the experience of emotions, conscious 

and unconscious aspects of cognition, brain activity, and cardiodynamics. 

Such a wide-ranging perspective on health invokes concepts from science, medicine, 
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philosophy, and beyond.  For present purposes, it is necessary to focus on the particulars 

of the palpitations-reporting domain relative to what is known about cardiac rhythm 

disorders, the subject of the next section. 

EPIDEMIOLOGY AND NOSOLOGY OF PALPITATIONS AND ARRHYTHMIAS 

Palpitations and arrhythmias are commonly encountered in medical contexts and in 

everyday life. One estimate by Rosamond and cohort (2007) claims 800,000 people per 

year are hospitalized due to heart rhythm disorders (p.122). Summerton et al. (2001) state 

that palpitations are reported by “as many as 16% of patients” in general medical settings 

(p.383). However, many palpitation reports likely have psychogenic or psychosomatic 

etiologies. According to Abbott (2005), the prevalence of panic disorder in patients with 

palpitations is 15% to 31% (p. 745). Hoefman et al. (2007) note the extent of 

psychosomatic etiologies for the palpitations domain: 
 

About 8/1000 patients per year visit their GP with symptoms suggestive of 
a cardiac arrhythmia, such as palpitations, rapid heart rate, and feelings of 
light-headedness or fainting. Mostly the underlying condition is benign, 
but it can be a manifestation of a clinically significant arrhythmia. (p. 636) 
 

A very useful characterization of the accuracy of patient’s body knowledge in this domain 

comes from Barsky (2000), who presents data that can represent baseline metrics for 

palpitations reporting: 

When patients complaining of palpitations undergo 24-hour, ambulatory, 
electrocardiographic monitoring, 39% to 85% manifest some rhythm 
disturbance… (the vast majority of these arrhythmias are benign, clinically 
insignificant, and do not merit treatment). Although as many as 75% of 
these patients with arrhythmias report their presenting symptom during 
monitoring… in only about 15% of cases do these symptom reports 
coincide with their arrhythmias. (p. 346) 
 

Robust data about the epidemiology of cardiac rhythm symptomology come from 
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Kadish and cohort (2010), who analyzed cardiac monitor records of 26,438 patients 

presenting for ambulatory cardiac telemetry. They note that “5,459 (21%) had arrhythmic 

events” (p. 1313), defined as those requiring physician notification and that were 

potentially life-threatening. 

 Most fortuitously for researchers interested in arrhythmias, a large sample size 

survey (n=63,402) was conducted by the National Health Interview Survey (National 

Center for Health Statistics, 1996). This estimated the prevalence of heart rhythm 

disorders in the American population at 33/1000, or 3.3%. This information is 

particularly useful for Bayesian modeling of disease probability in individual patients. If 

there is no other information known about the patient’s risk factors, the pre-test 

probability that any patient has a cardiac rhythm disorder is equivalent to the disease 

incidence percentage in the population. Given this robust estimate, derived from a study 

with a large sample size, we have an initial probability, 3.3%, which can then be 

conditionally modified by other clinical findings, observables, signs of disease, test 

results such as presence or absence of biomarkers, other epidemiological data, and patient 

reports of symptoms. Any of these forms of data can be analyzed for changing the 

likelihood of disease presence. 

Probably the most comprehensive review of the relationship between reports of 

palpitation symptoms and arrhythmias is that of Thavendiranathan et al. (2009). This 

team reviewed 227 studies for its review paper “Does This Patient with Palpitations Have 

a Cardiac Arrhythmia?” A total of seven of these studies were deemed to be of sufficient 

quality to be analyzed more intensively for changes to the likelihood of a cardiac 

etiology. The meta-analysis found that other than age in years, “most demographic and 



 49 

historical features do not significantly influence the likelihood of clinically significant 

arrhythmias” (p. 2136), a potentially important clue. Of particular importance to the 

present work are these results: 

1) An arrhythmia was more probable if that patient had a history of 
cardiac disease (Likelihood ratio of 2.03), palpitations affected by sleeping 
(Likelihood ratio of 2.29), or palpitations while at work (likelihood ratio of 
2.17). 

 
2) An arrhythmia was less probable if that patient had a known history of 
panic disorder (Likelihood ratio of 0.26) or palpitations lasting less than 
five minutes (Likelihood ratio of 0.38). (p. 2138) 
 

Modern models of epidemiology stress the interaction of genes, physiology, behavior, 

environments, socioeconomics, and other factors as influencing health outcomes. While 

the full story of which variables affect patient palpitation symptom reports has yet to be 

told, data analyzed by Barsky (2000) suggest that a core metric, the probability that 

palpitation symptoms coincide with an arrhythmia, is unrelated to socio-demographic 

factors. This observation is consistent with the aforementioned claim of 

Thavendiranathan et al. (2009) that besides age in years, “most demographic and 

historical features do not significantly influence the likelihood of clinically significant 

arrhythmias” (p. 2136). The latter paper constitutes what is likely the most 

comprehensive review of the literature, so one may, therefore, take this claim as 

provisional permission to focus on other explanations and variables. Ultimately, the role 

that gender, ethnicity, income, educational achievements, and other variables actually 

play in the epidemiology of palpitations bears closer investigating. 

A key theme that must be stressed is the complexity associated with modeling how 
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well patient symptom reports predict disease presence when different medical systems 

and practices use multiple definitions and criterion for defining arrhythmias. Clinicians in 

individual practices have more leeway about adhering to proposed standard definitions or 

ignoring them. Hospitals and larger medical organizations have incentives to harmonize 

technologies and definitions for consensus-based guidelines. Some arrhythmias are 

benign, others serious. How do medical systems and institutions operationalize the 

concept of “clinically significant” arrhythmias, relative to palpitations? This situation is 

made all the more complicated by the lack of agreement on defining what palpitations 

are, an observation made by Barsky (2000): 

In part, confusion occurs because physicians and patients alike use the 
term palpitations imprecisely to refer to changes in rate, rhythm, or force 
of contraction and to a number of different sensations, including 
acceleration, irregular rhythm, increased force of contraction, or missing a 
beat. (p. 347) 
 

Despite these observations, there are ongoing efforts to rectify the situation, drawing 

from epidemiology, knowledge representation techniques, taxonomy building, and 

categorization theory, known as nosology. We can compare the current situation with 

palpitations and arrhythmias lacking clear consensus definitions with the better-

developed operationalized criterion prevailing in the Fourth Edition of the Diagnostic and 

Statistical Manual of Mental Disorders (American Psychiatric Association, 2010) for the 

autism spectrum disorders. The term autism dates from 1910, when psychiatrist Eugene 

Bleuler was attempting to classify schizophrenic symptoms (Kuhn & Cahn, 2004), and 

referred to patients who withdraw to themselves as autistic. Over decades, autism was 

recognized to be in a separate category from the schizoaffective disorders. The current 
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DSM-IV groups autism as part of autism spectrum disorders, along with Asperger’s 

syndrome, which is defined in terms of significant problems with social interaction and 

repetitive patterns of behavior, as well as Pervasive Developmental Disorder-Not 

Otherwise Specified. Part of the standard DSM-IV criteria from the American Psychiatric 

Association (1994) is listed below: 

(A)   qualitative impairment in social interaction, as manifested by at least 
two of the following: 

1. marked impairments in the use of multiple nonverbal behaviors 
such as eye-to-eye gaze, facial expression, body posture, and 
gestures to regulate social interaction 

2. failures to develop peer relationships appropriate to 
developmental level 

3. a lack of spontaneous seeking to share enjoyment, interests, or 
achievements with other people, (e.g., by a lack of showing, 
bringing, or pointing out objects of interest to other people) 

4. lack of social or emotional reciprocity (note: in the description, 
it gives the following as examples: not actively participating in 
simple social play or games, preferring solitary activities, or 
involving others in activities only as tools or "mechanical" 
aids)  
 

(B)  qualitative impairments in communication as manifested by at least 
one of the following: 

1. delays in, or total lack of, the development of spoken language 
(not accompanied by an attempt to compensate through 
alternative modes of communication such as gesture or mime) 

2. in individuals with adequate speech, marked impairment in the 
ability to initiate or sustain a conversation with others 

3. stereotyped and repetitive use of language or idiosyncratic 
language 

4. lack of varied, spontaneous make-believe play or social 
imitative play appropriate to developmental level. (p. 75) 
 

Proposed changes to the forthcoming DSM-V are reported to include dropping 

Asperger’s syndrome as a separate category and incorporating it within a scale of 

autistic symptoms and behaviors defined by relative severity/dysfunctionality 
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(American Psychological Association, 2010). Few would be surprised that still more 

taxonomic revisions will be debated, approved, revised, or withdrawn in the future. 

Such recategorization has ready scientific precedent: the relatedness of animals now is 

determined more by shared genomics than similarity of appearance, and the re- 

classification of diseases is similarly being transformed by scientific categorizations. It 

is reasonable to expect the heterogeneity of definitions of what constitutes significant 

arrhythmias to be tamed, but it is also possible that palpitations and arrhythmias will be 

redefined, reclassified, taxonomized into new subtypes, and renamed. 

TRACKING OPERATIONALIZED DEFINITIONS OF CARDIAC ARRHYTHMIAS IN MEDICAL 
KNOWLEDGE REPRESENTATION SYSTEMS AND IN PUBLISHED STUDIES 

 
Diseases, disorders, syndromes, and symptoms can be classified and categorized with 

controlled vocabularies, taxonomies, ontologies, and knowledge-representation systems. 

The particular domain of medical knowledge about cardiac arrhythmias can be explored 

by inputting search terms into medical search engines. For instance, Medical Subject 

Headings, known as MeSH (National Library of Medicine, 2011) structures the domain 

of knowledge about cardiac arrhythmias as terms defined by a controlled vocabulary 

within a tree or branching structure: 

All MeSH Categories  
Diseases Category  

Cardiovascular Diseases  
Heart Diseases  

Arrhythmias, Cardiac  
Arrhythmia, Sinus  
Atrial Fibrillation  
Atrial Flutter  
Bradycardia  



 53 

Brugada Syndrome  
Cardiac Complexes, Premature   
Commotio Cordis  
Heart Block   
Long QT Syndrome   
Parasystole Pre-Excitation Syndromes   
Tachycardia   
Ventricular Fibrillation  
Ventricular Flutter 
 

A different structured formalism, known as an ontology, comes from the OpenCyc 

(2001) system, which attempts to build as comprehensive a collection as resources permit 

of knowledge of the world. Arrhythmias are represented in this fashion: 

OpenCyc Collection: cardiac arrhythmia 
 

A Type of: heart disease, nonvalvular heart disease  
 
Instance of:  type of ailment, type of atemporal collection in which 
membership is necessarily essential 
 
Subtypes: 3rd degree AV block, acute arrhythmia, atrial arrhythmia, AV 
block, cardiac fibrillation, cardiac flutter, chronic arrhythmia, complete 
heart block, fibrillation flutter tachycardia or heart block, fibrillation or 
flutter, gallop rhythm, genetic arrhythmia, history of cardiac arrest, 
incomplete heart block, intermittent atrial flutter, junctional cardiac 
arrhythmia, other arrhythmia, paced rhythm, pacemaker insertion, 
Arrhythmia or heart block, permanent cardiac arrhythmia, premature 
ventricular contraction, sinus heart rhythm, third degree atrioventricular 
block, ventricular arrhythmia  
 

Search engines and browsers provide another window into a very different way for 

medical knowledge to be organized. A system called SNOMED-CT (Systemized 

Nomenclature of Medicine Clinical Terms) (International Health Terminology Standard 

Development Organization, 2011) enables different systems using Electronic Health 

Records to interoperate via the SNOMED standardized terminology/controlled 

vocabulary. The SNOMED CT search engine returns 54 results for the string 
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“arrhythmia” in the following categories: procedures, situations, disorders, findings, and 

regimes/therapies. One result, “Ventricular arrhythmia,” is nested within the following 

structure: 

Conduction disorder of the heart 

 -Ventricular arrhythmia (disorder) 
-Idioventricular rhythm (disorder)  
-Slow ventricular response (disorder)  
-Ventricular fibrillation (disorder)  
-Ventricular premature beats (disorder)  
-Ventricular tachycardia (disorder)  
 

As of early 2011, Google Scholar, PubMed.gov, and Medline Plus search tools show 

relatively few entries for the following search queries. As seen in Table 1, these queries 

contained question marks around the terms so the search algorithms would produce a 

result set that matches the input terms as closely as possible.   

Search Term Number of 
Results via 
Google 
Scholar 

Mean date of 
citation 

Number of 
Results via 
PubMed.gov 

Number of Results 
via 
Medline Plus 

"definition of 
significant 
arrhythmias" 

2 1981 0 0 

"define 
significant 
arrhythmias" 

0 n/a 0 0 

"criteria for 
significant 
arrhythmias" 

4 1981 0 0 

"significant 
arrhythmias 
criteria" 

0 n/a 0 0 
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"standards for 
significant 
arrhythmias" 

0 n/a 0 0 

"define serious 
arrhythmias " 

1 1994 0 0 

"definition of 
serious 
arrhythmias" 

1 1988 0 0 

“criteria for 
serious 
arrhythmias”  

1 1982 0 0 

     
"standards for 
serious 
arrhythmias" 

0 0 0 0 

Table 1: Frequency of standardized definitions for serious and significant arrhythmias in 
published studies.  

However, combining the references from this list with earlier lists of studies that deal 

with “serious,” “relevant,” or “significant” arrhythmias produces the results seen in Table 

2 below. 

Year Study concerning 
serious, relevant, or 
significant 
arrhythmias 

1980 Zeldis et al. 

1982 Abdon et al. 

1983 Taylor and Stout 

1984 Abdon 
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1988 Shimokawa et al. 

1994 Barsky et al. 

1996 Kinlay et al. 

1998 Zimetbaum et al. 
Zwietering et al. 

2001 Summerton et al. 

2002 Barrionuevo et al. 

2004 Martins et al. 

  
2005 Hoefman et al., Joshi et 

al. 

2007 Hoefman et al., Giada et 
al. 

2009 Thavendiranathan et al. 

Table 2: Years in which studies for serious and significant arrhythmias were published.   

That search engines show few references to the particular quoted terms “significant 

arrhythmias,” “serious arrhythmias,” and similar variants is consistent with an 

interpretation that as of 2011, to the extent a standard exists, it is only gradually being 

promoted. Other medical search resources, such as those provided by the National 

Institutes of Health National Library of Medicine Gateway, produce result sets that do not 

appear to contain the quoted terms. It is possible that what standards exist are not 

detected by general-purpose commercial search engines because they are specific to 

internal and/or private documents. None of this is evidence that standards for defining the 

seriousness of cardiac arrhythmias are not being adopted, only that the above phrases as 

such are apparently not widespread in published literature. Evidently, over time, there is 
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a gradual increase in citations for published research referring to “significant” or 

“serious” arrhythmias, but these result sets show only a relative handful of documents 

available dealing with this issue of definitions or criteria. 

As new data about disorders are reported, results may prompt research into nosology 

and classification criteria. More fine-grained distinctions for categorizing the relationship 

between syndromes and symptoms are proposed and may become accepted, leading to 

standardization of sub-types, as well as renaming, such as from schizophrenia to 

schizoaffective disorder. Individual clinicians are expected to adopt new terminology and 

concepts reflecting evolving nosological and subtype criteria, and to make diagnoses 

according to the criteria of major medical organizations. These changes are not always 

without resistance and controversy, and different institutions approve or disapprove 

proposed nosological groupings as part of ongoing, iterative change management, and 

over time medical professionals adapt. Private practitioners who might prefer older 

categories will eventually confront new taxonomies and definitions of which symptoms 

are focal to syndromes, which are peripheral, and which metrics predict presence and 

severity of disorder. 

It is worth exploring further how the medical establishment deals with nosological 

and taxonomical challenges. Currently, some of the world’s medical systems use the 

Ninth Edition of the International Statistical Classifications of Diseases and Related 

Health Problems, ICD-9 (World Health Organization, 2011), while some medical 

systems have adopted a newer framework, ICD-10 (World Health Organization, 2011). 

ICD-9 lists “Palpitations” under section 785, for “Symptoms involving cardiovascular 



 58 

systems”: 

 
785.1   
Palpitations 
An unpleasant sensation of irregular and/or forceful beating of the heart. 
 
Cardiac rhythm disorders are handled in a different section: 

(427) Cardiac dysrhythmias   
(427.0) Tachycardia, paroxysmal supraventricular  
(427.3) Atrial fibrillation and flutter   

(427.31) Atrial fibrillation  
(427.32) Atrial flutter  

(427.4) Ventricular fibrillation and flutter   
(427.41) Ventricular fibrillation  

(427.5) Cardiac arrest  
(427.6) Premature beats, unspecified 
(427.8) Other specified cardiac dysrhythmias   

(427.81) Sick sinus syndrome  
(427.89) Sinus bradycardia, NOS  

(427.9) Cardiac dysrhythmia unspecified Gallop rhythm 
 

This structured format readily shows classes, super-classes, and sub-classes. It is not 

apparent that it also handles the distinction between significant and nonsignificant 

arrhythmias, or represents a gradient of seriousness. Such distinctions pose an additional 

challenge to medical knowledge representation systems. 

 Over time, it has become apparent that medical records and information systems 

must incorporate change management practices to handle the relationship of older to 

newer clinical codes and definitions for reporting, billing, and database storage purposes. 

Changes in nosological taxonomies and terminologies, the emergence of new 

subcategories, and old terms being deprecated, all create the need for version 

management or equivalency mappings between old and new disease classifications and 

codes. An attempt is being made to transition the global health system to newer and more 
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accurate classifications: the forthcoming ICD-10 codes. The older ICD-9 listing under 

section 427 of “cardiac dysrhythmia, unspecified” can be compared to the newer ICD-10 

entry for “cardiac arrhythmia, unspecified,” under section I49, but how to capture their 

relationship? In this case, the ICD system lists an “equivalency mapping” from the older 

to the newer: 

ICD-9-CM 427.9 converts directly to: 
2011 ICD-10-CM I49.9 Cardiac arrhythmia, unspecified 

This can be expressed succinctly as: 

ICD-9-CM 427.9      ICD-10-CM I49.9 

Such an equivalency correspondence represents the simplest possible mapping 

scenario. Cases where definitions or inclusion criteria have changed over time constitute 

more of a challenge for harmonization, requiring the mapping of knowledge elements 

from one representation to another. Other taxonomic challenges loom: while the ICD-10 

classification for Palpitations (R00.2) is classified as part of Cardiac Arrhythmia and 

Conduction Disorders, a more subtle coding of class memberships of the sort expressed 

in a Venn diagram is called for, as evidence is accumulating that many sufferers of 

palpitations have normal cardiac rhythms, and their condition results from abnormal 

cognition and psychosomatic filtering of visceral state (Barsky, 2000; Domschke et al., 

2010).  

Yet however seemingly complex, comprehensive, and expressively flexible these and 

other systems of medical classification and knowledge representation may be, 

categorizing the seriousness of the cardiac rhythm disorder compared to a benign 

arrhythmic state is yet another problem, one as far as I can tell not handled in SNOMED 
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or ICD-10. But are consensus definitions available in published research for what 

constitutes a “significant” or “serious” arrhythmia? Determining this would provide a 

representation of how clinicians or researchers in small teams operationalize and thereby 

effectively formalize the concept for knowledge representation and medical coding 

purposes. I extracted definitions or partial definitions from eleven studies that measured  

the percentage of reporters that had “significant,” “relevant,” or “serious” arrhythmias, 

listed below in Table 3.  

 

Study Operationalized or effective definition of “significant,” 
“relevant,” or “serious” arrhythmia 

Zeldis et al.,1980 1) Atrial premature depolarizations occurring with a mean hourly 
frequency of 200/hr or greater during the 24-hour period; 2) 
paroxysmal atrial tachycardias, including atrial fibrillation and 
flutter; 3) “supraventricular” reentrant tachycardias e.g., 
atrioventricular nodal tachycardias; 4) “junctional” rhythms; 5) 
ventricular premature depolarizations occurring with a mean 
hourly frequency of more than 10/hr; 6) multiform ventricular 
premature depolarizations; 7) ventricular premature 
depolarizations in couplets or ventricular tachycardia triplets or 
more; or 8) tachycardia, bradycardia or sick sinus syndrome 
defined as three or more beats of any supraventricular 
tachyarrhythmia plus two or more seconds of asystole. 

Kinlay et al., 1996 Symptomatic sustained supraventricular tachycardia 
supraventricular rate, >15 beats/min, atrial fibrillation or flutter, 
sustained ventricular tachycardia ventricular rate, >10 beats/min, 
sinus pause longer than 3 seconds, non-Wenckebach second-
degree heart block, or third degree heart block. 

Zimetbaum et al., 
1998 

Atrial fibrillation or atrial flutter of any duration, any sustained 
supraventricular tachycardia, symptomatic sustained or 
nonsustained ventricular tachycardia, junctional rhythm, sinus 
bradycardia <50 beats/min, and complete or high-grade heart 
block. 



 61 

Zwietering et al., 
1998 

Needing further diagnostic explanation or medical treatment. 
Atrial fibrillation, flutter, supraventricular tachycardia not 
specified, chaotic atrial rhythm, AV-nodal tachycardia, 
idioventricular rhythm/sinus arrest, ventricular tachycardia, 
circulus movement tachycardia. 

Summerton et al., 
2001 

Ventricular tachycardia including torsade de pointes, paroxysmal 
supraventricular tachycardia, atrial fibrillation including 
paroxysmal atrial fibrillation, atrial flutter, atrial tachycardia, 
junctional tachycardia or ventricular ectopics occurring in salvoes, 
in couplets or having a multifocal origin. Such diagnoses 
warranted further investigation. 

Barrionuevo et 
al., 2002 

Significant self-limited arrhythmias were detected: paroxysmal 
supraventricular tachycardia, atrial fibrillation, atrial flutter, 
triplets of ventricular extrasystoles, and ventricular tachycardia of 
the right ventricular outflow tract. 

Martins et al., 
2004 

Atrial fibrillation. 

Hoefman et al., 
2005 

A relevant arrhythmia was one for which treatment and/or further 
investigation was needed. This constituted one of the following: 
paroxysmal atrial fibrillation AF, atrial flutter, atrial tachycardia, 
other supraventricular tachycardia SVT, and ventricular 
tachycardia. 

Joshi et al., 2005 According to criteria for urgent notification specified by the 
physician. 

Hoefman et al., 
2007 

Rhythms for which medical intervention and/or further 
investigation was advisable, including atrial fibrillation AF, atrial 
flutter, atrial tachycardia, supraventricular tachycardia not 
otherwise specified SVT, and ventricular tachycardia. 

Giada et al., 
2007 

Supraventricular tachycardia, atrial fibrillation/atrial flutter, sinus 
tachycardia, sinus bradycardia, paroxysmal AV block. 

 

Table 3: Definitions of significant arrhythmias in published studies. 

 These definitions overlap, yet there is a high variability among listed criteria. The 

basis for the inclusion criteria is not generally justified or explored, but simply listed.  For 

purposes of making sense of clinical data in the context of publications, this perhaps 
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makes sense or is at least an understandable omission, given limitations on space and the 

need to focus attentional resources of the reader. However, clinicians may be making 

decisions about what constitutes serious or significant cardiac rhythm disorders based on 

clinical standards promoted by medical systems and institutions, an issue that I will 

examine in more depth next. 

THE ONGOING DEVELOPMENT OF STANDARD CRITERIA FOR DEFINING CLINICALLY 
SIGNIFICANT ARRHYTHMIAS WITHIN ORGANIZATIONS AND INSTITUTIONS 

 
To what extent is there a trend toward organizations and institutions using 

standardized criteria to define the clinical significance of cardiac arrhythmias?  The web 

presence of medical organizations can be searched for indications that standards are being 

promoted for this domain. I indexed definitions proposed by major medical organizations 

in the table below. By sampling from this social or collective dimension, we can generate 

a provisional representation of the degree of standardization of criteria, as seen in Table 4 

below.  

Medical Organization/System Criteria for determining 
“significant arrhythmia” 

American College of Cardiology 
(Fleisher et al., 2007) 
 

High-grade or atrioventricular block, third-degree 
atrioventricular heart, symptomatic ventricular 
arrhythmias, supraventricular arrhythmias with 
uncontrolled ventricular rate, symptomatic 
bradycardia, and newly recognized ventricular 
tachycardia “Class I, Level B endorsement” 



 63 

American Heart Association  
(Fleisher et al., 2007) 
 
 
 

High-grade or atrioventricular block, third-degree 
atrioventricular heart, symptomatic ventricular 
arrhythmias, supraventricular arrhythmias with 
uncontrolled ventricular rate, symptomatic 
bradycardia, and newly recognized ventricular 
tachycardia “Class I, Level B endorsement” 

American Medical Association: 
Journal of the American Medical 
Association Rational Clinical 
Examination series 
(Thavendiranathan et al., 2009) 

Arrhythmias that likely require specific 
management including ventricular 
tachycardia, atrioventricular node reentry 
tachycardia, atrioventricular reentry 
tachycardia, atrial fibrillation, atrial flutter, 
atrial tachycardia, junctional tachycardia, or 
ventricular ectopic beats occurring in salvos. 
 

   
 

Cigna Healthcare System-Medical 
Coverage Policy 

Ventricular tachyarrhythmias that are “life 
threatening.”  

Cleveland Clinic 
 
 
 

Ventricular tachycardia “can be a more serious 
arrhythmia, especially in people with heart 
disease.” Ventricular fibrillation is listed as a 
“medical emergency.” 

Memorial Hermann 
Hospital 

1-In general, ventricular arrhythmias 
caused by heart disease are the most 
serious. 2- Atrial fibrillation is the most 
common type of serious arrhythmia. 

Montreal Heart Institute study 
(Miller et al., 1982) 

Ventricular tachycardia, ventricular fibrillation 
and second or third atrioventricular block, 
ventricular couplets, bigeminy and asystole. 

National Heart Lung and Blood 
Institute, Diseases and 
Conditions Index 

Atrial fibrillation is the most common type of 
serious arrhythmia. 

National Institutes of Health 
ClinicalTrials.gov  
Study Exclusion Criteria 

Multifocal premature ventricular contraction 
[PVC], bigeminy, trigeminy, ventricular 
tachycardia, bradycardia that is symptomatic or 
requires treatment CTCAE grade 3, or 
asymptomatic sustained ventricular tachycardia. 

National Library of Medicine-
Medline Plus 

None available 
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US News Health 1. About 2.2 million Americans experience atrial 
fibrillation, making it the most common 
medically significant arrhythmia. 
2. Some types of VT impair the heart's ability to 
pump blood. VT may cause such symptoms as 
palpitations, chest tightness, dizziness, shortness 
of breath, or loss of consciousness. In those  
cases, it may be life threatening and requires 
aggressive emergency  medical care. 

Veteran’s Administration Office of 
Patient Care Services, Technology 
Assessment Program 

Episodes of ventricular fibrillation or ventricular 
tachycardia 

World Health Organization None available 

Table 4: Criteria for determining “significant arrhythmia.” 

The tables above sample the state of publicly available descriptions of formalization 

or adoption of consensus guidelines among major institutions. It appears that while there 

is some overlap in definitions for what constitutes “significant” arrhythmias among 

various institutions and organizations, there is evidently no one prevailing standard as of 

2011, such as the one proposed by the American College of Cardiology and the American 

Heart Association in 2007. Taken as a whole, the particular elements in the various 

available definitions seem somewhat heuristic, or perhaps specific to the judgment of the 

supervising clinicians or researchers in each institution or organization. 

Published studies seem to indicate a gradual increase in interest over time for the 

particular issue of definitions for serious or significant arrhythmias, but there are only a 

handful of studies that deal with this issue. As of 2011 there does not appear to be a 

common operationalized or effective criterion for defining clinically significant 
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arrhythmias within published research. However, the most commonly used element in 

proposed definitions seems to be tachycardias, especially atrial, ventricular, and 

supraventricular tachycardias. Overall, this brief review of published documents suggests 

that consensus standards for the definition of “significant” or “relevant” arrhythmias are 

in development, but differing standards apply. Indeed, a number of important institutions 

are developing such standards, but these differ from each other. 

Another angle on understanding the palpitations-arrhythmia relationship comes from 

psychologists and cognitive scientists scrutinizing the very method by which doctors 

learn from the presenting complaint from patients: introspection and phenomenological 

reports. While doctors employed this method long before modern science arose, there are 

claims that human subjects, including patients, are not reliable reporters on their own 

mental states. A series of controversies has arisen about whether use of such methods is 

justified, and I shall examine the evidence for and against this time-honored way of 

collecting data in the next chapter. 
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Chapter Three: Review of the cognitive science literature 

KNOWLEDGE REPRESENTATION, VERBAL REPORTS, AND SYMPTOM RELIABILITY 

 
Modeling the accuracy and predictive utility of symptom reports about heart rhythms 

is a challenge for medical cognitive science, medical informatics, psychophysiology, 

epidemiology, and neuroscience. There are multiple interesting questions about whether 

patients who report symptoms such as “heart racing” or “fluttering” should be believed, 

and why or why not. Models of symptom-report reliability and internal body knowledge 

need to account for the self-assessments of people verbally reporting on their body state. 

While doctors traditionally ask patients to report on symptoms, introspective data have 

been critiqued as epistemologically unreliable (Dennett, 1991). The issue of the reliability 

of verbal reports has been dealt with in perceptual psychology and psychophysics 

experiments, in cognitive studies of human problem solving, in clinical trials of drug 

efficacy and safety, and in phenomenological-psychological investigations into the 

thematics of body experience. In these types of studies, researchers routinely ask subjects 

or patients to answer questions. This method is so commonly employed that its 

epistemological significance is perhaps underappreciated. Science, in the modern, narrow 

sense, is typically understood as being based on objectively observable facts, not 

subjective opinions. But certain experiential phenomena by definition cannot be directly 

observed from the outside; they must either be reported by a person as perceived 

phenomena, or speculated upon from an epistemological distance, e.g., trying to 

determine the experience of the sensory and perceptual environments of other animals 

(Nagel, 1974). 
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While psychologists have long asked subjects questions requiring them to introspect 

in experiments, and clinicians have traditionally used patient assessments to gain insight 

(Nahmias, 2002), models of patient symptom-report accuracy are influenced to a greater 

or lesser degree by cognitive science, which has a marked tendency to regard 

introspective data with skepticism or even disdain (Nisbett & Wilson, 1977). Yet it is 

standard in cognitive science and psychology to collect data produced by asking subjects 

to report on their perceptions or thoughts by thinking aloud (Ericsson, Chase, & Simon, 

1979; Erickson & Simon, 1991). A complementary tradition of studying usability of 

software, information retrieval systems, and libraries has tended to emphasize the 

conscious aspects of cognition (Ballesteros, 1995) manifested as questions about resource 

acquisition from users. The underlying theoretical problem of the epistemological status 

of introspection and verbal reports re-appeared in the 1990s with the heightened interest 

of researchers in methodological issues in phenomenological psychology (Churchill et 

al., 1998), “heterophenomenological” methods that treat the reported beliefs of subjects 

as data (Dennett, 1991), and comparing phenomenological reports to neuroscientific 

measurements (Varela, 1996). Nonetheless, the results of widely cited experiments 

(Nisbett & Wilson, 1977) have been interpreted as validating the tradition of skepticism 

or disdain toward introspective data. This attitude can be summarized in this way: 

subjects in situations with variables controlled by scientists are asked to make 

introspective judgments about why they acted in a particular manner, or thought a certain 

way. They state this explanation verbally to the experimenter, who, unknown to the 

subject, had previously manipulated a variable the subject is introspecting about, such as 
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why they chose to put on one particular pair of socks rather than another. The 

experimenter can show the subject’s introspection-based explanation to be false, the 

result of the subject reconstructing a plausible explanation for a remembered decision. 

The influence of this research has had the practical effect of reinforcing suspicions 

among psychologists and other researchers about introspective data, even if such methods 

continue to be widely used under the label of verbal reports (Jack & Roepstorff, 2003). 

Clinicians often regard introspective data with a certain caution, but they have an 

ancient tradition of paying focused attention to subject’s presenting complaints. In any 

event, medicine must proceed pragmatically in this epistemologically complex area. For 

instance, the neuropsychology text Clinical Neuropsychology (Heilman & Valenstein, 

2003) states “at times, patients’ observations of their own mental state may not only be 

helpful but necessary.” (p. 5). This implies that using patient introspection is a standard 

clinical methodology, and that patients have some useful, nontrivial ability to report on 

their own phenomenology. The data-collection method of asking subjects and patients for 

self-reports, according to psychologist Arthur Stone (2000), is a standard clinical 

practice: 

 
In both clinical practice and in research, the primary method of obtaining 
information about physical symptomology is through self-reports. Every 
day, thousands upon thousands of health care providers ask their patients 
to describe how they are generally feeling and to discuss specific 
symptoms. Patients present their doctors with panoply of global states (“I 
feel lousy,” “I am fatigued,” “I don’t feel right”) to very concrete 
descriptions (“I have a sharp pain in my right knee that is worse on 
awakening”). Information from these interviews, along with various 
medical tests, provides the basis for treatment and for the evaluation of its 
efficacy. In medical research, information of the same sort is obtained 
with questionnaires and structured interviews. These data-collection 
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methods may provide a more systematic way of gathering physical 
symptom information, but regardless of the mode of data collection, the 
information is self-reported. Thus, reports of physical symptoms may be 
considered the mainstay of medical practice and research. (p. 297) 
 

Stone, psychologist Saul Shiffman, and other researchers needing a methodology 

by which to take advantage of first-person based self-reports have developed a 

framework known as ecological momentary assessment (Stone, Shiffman, Atienza, & 

Nebeling, 2007). This data-collection technique emphasizes a pragmatic openness 

toward leveraging insights from patients’ phenomenological reports, while at the 

same time attempting to carefully avoid problems associated with this methodology, 

such as retrospective recall bias, and other threats to validity identified by the 

introspective data challengers (Wilson & Nisbett, 1977). This attitude among 

clinicians complements the nuanced, balanced approach becoming more evident in 

recent years by cognitive researchers such as Medin, Markman, and Ross (2004), who 

in their textbook Cognitive Psychology probably summarize as well as any the early 

twenty-first century conventional wisdom on the subject: 

Although introspection is not an infallible window to the mind, 
psychological research is leading to principles that suggest when verbal 
reports are likely to accurately reflect thinking. (p. 20)  

 
Relative to the behaviorist era’s attempt to use as little introspection as possible, this 

certainly is a nuanced formulation about the validity of verbal reports in cognitive research, 

and is consistent with the pragmatic attitude of clinicians, who routinely collect data by 

asking subjects or patients for their observations and feelings. Cognitive neuroscientists 

also seem quite willing to use symptom reports as a data source that can be compared and 

contrasted with other forms of data, via tools such as fMRI, EEG, and MEG. To the 
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extent that data from brain measurements can be mapped onto the experiential states that 

are represented through verbal reports about symptoms, there is a de facto 

operationalization of neurophenomenology. For instance, a trio of researchers interested 

in assessing whether introspective data about pain has measurable neural correlates 

measured the brain while a subject experienced pain Coghill, McHaffie, & Yen): 

Using psychophysical ratings to define pain sensitivity and functional 
magnetic resonance imaging to assess brain activity, we found that highly 
sensitive individuals exhibited more frequent and more robust pain-
induced activation of the primary somatosensory cortex, anterior cingulate 
cortex, and prefrontal cortex than did insensitive individuals. By 
identifying objective neural correlates of subjective differences, these 
findings validate the utility of introspection and subjective reporting as a 
means of communicating a first person experience. (p. 8538) 
 

Such mapping of pain verbalization onto physiological data indicates the pragmatic 

convergence of experimental science with phenomenological reporting. Similarly, 

doctors have long compared ECG readings to the introspection-based reports from 

patients describing heartbeat fluttering, racing, pounding, or abrupt changes in rhythm 

and intensity. Such clinicians examine closely the recorded cardiac rhythms immediately 

preceding the irregularities felt by the patient. Cardiologists and other internal medicine 

specialists have developed a robust taxonomy of cardiac rhythm abnormalities, and over 

time they have progressively refined efforts to systematically map these measurements 

onto patient phenomenology. In particular, Barsky et al. (1994) have performed such a 

mapping by calculating the predictive value for cardiac rhythm abnormalities in patient 

statements about their experience of heart fluttering or racing. Whatever reservations 

laboratory cognitive scientists, experimental psychologists, or philosophers may have 

about introspection, to the extent that clinicians can use phenomenological reports to 
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predict medically important outcomes, the method is warranted. 

Other traditions can illuminate these complex issues. The work of experimental 

physiology researchers such as Gyӧrgy Ádám (1998) and Oliver Cameron (2002), as well 

as the psychologist James Pennebaker (1982), has opened up our understanding of how 

our cognition, brain, and peripheral nervous system allow us to know about our internal 

states. Their studies probe the ability of people to sense and perceive processes and 

events interoceptively or visceroceptively (i.e., sensing via the visceral organs, typically 

the gastrointestinal tract or cardiovascular system). In a series of experiments lasting 

decades, described in Visceral Perception: Understanding Internal Cognition, Ádám  

(1998) painstakingly measured the ability of human subjects to perceive visceral changes. 

While much of their work is primarily of interest to neurophysiologists and behavioral 

psychophysiologists, for present purposes it suffices to emphasize these claims: 

• The classical conception of the viscera, emphasizing their autonomic and 

homeostatic activities, has not generally taken into account the sensory nerves 

that innervate these organs. 

• People and animals may dimly sense these organs’ states.  

• Conscious perception of visceral or interoceptive changes will tend to 

coincide with skin- or surface-based perception, making the visceral aspect of 

the perception difficult to isolate. 

• While cognitive neuroscience has fixated on the central nervous system, 

humans unconsciously and experientially are affected by various peripheral 

nervous system activities inside their bodies, and can report some accurate 
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information about activity in these viscera, an ability that can be labeled 

internal cognition or visceral cognition.  

Ádám stresses the provisional, rather than the definitive, state of scientific knowledge 

of such concepts. Cameron (2002), in Visceral Sensory Neuroscience: Interoception, 

addresses fundamental questions about how to taxonomize personal knowledge and 

perception of the body: 

Rather than considering interoceptive processes, perhaps defining an 
overall bodily sense (or more than one bodily sense) might be more 
appropriate. In other words, does it truly make psychobiological sense to 
limit the range of sensory inputs of importance to the bodily area from the 
neck down to the tops of the thighs, omitting the upper extremities? 
Would it not be more appropriate to define (as has been done by others) a 
bodily sense, including interoception, proprioception, labyrinthine 
function (i.e., the experience of the body in space), and other afferent 
information from the body? (pp. 274-275) 

 
     Ádám, Pennebaker, and Cameron emphasize the complex and partially-understood 

nature of symptom reporting, visceral perception, interoception, and the extent of 

reportable knowledge of one’s internal body. The experimental science of assessing how 

accurate people are at knowing their internal states is incomplete. The truth of verbal 

reports about objectively measurable phenomena such as heart rate or blood pressure is a 

subject of debate. A review by Pennebaker (1982) in The Psychology of Physical 

Symptoms of numerous results of studies measuring the abilities of people to report on 

physiological state found some limited evidence for accuracy in a minority of subjects, 

but overall the data suggested that most people are not notably accurate at such tasks. 

Other authors (Fisher, 1966; Ádám, 1998; Pollatos & Schandry, 2004), emphasize data 

indicating relatively accurate interoception or perception of internal organ state, or the 
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practical necessity in clinical and medical contexts of asking patients to introspect and 

report on body state (Heilman & Valenstein, 2003). It is worth noting the established 

tradition in psychophysics that claims well-measured correspondences between human 

perception and changes in external stimuli such as light or sound intensity, such that 

increases in the magnitude of the phenomenology or experience of a stimulus is 

proportional to a power of the stimulus (Stevens, 1975). Is a psychophysics of the interior 

body possible, such that visceral symptom intensity could be measured with comparable 

rigor? According to Ádám (1998), decade by decade, interest waxes and wanes in such a 

daunting project. The science of visceral perception advances haltingly. Overall, the jury 

about the nature of interoceptive perception is undecided, but over time more becomes 

known about some of the intervening variables, as we shall see in the next chapter. 

FACTORS AFFECTING INTEROCEPTION AND SYMPTOM-REPORT ACCURACY ABOUT 
THE INTERNAL BODY 

Pennebaker’s (1982) monograph on symptom perception states that most people are 

not particularly good at accurately assessing their own physiological state information, as 

measured in tasks such as heartbeat or blood-pressure evaluation. This is consistent with, 

and arguably reinforces, the cognitivist principle that humans have limited conscious 

access to the information processing undergirding mental activities (Nisbett & Wilson, 

1977; Dennett, 1991). The upshot for many researchers is that psychologists, 

neuroscientists, and physicians should regard introspection as a typically unreliable 

source of data. Yet it is my contention that while this principle explains some results and 

can be useful, additional evidence from other studies outstrips anti-introspectionist 

theorizing. There are data from a number of studies indicating that some people are quite 
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able to verbally represent knowledge about their internal physiological states.  Consider 

the following: 

 
• Novice parachutists preparing to jump have displayed higher (more accurate) 

heart rate detection abilities than experienced jumpers (Fenz & Epstein, 1967). 

• Highly anxious and emotional subjects were better than a control cohort at 

heartbeat detection tasks (Schandry, 1981; Schandry & Weitkunat, 1990). 

• Ehlers et al. (2000) published results showing increased heartbeat perception 

accuracy in panic disorder patients compared to control subjects who were 

healthy, and showed that patients presenting heart arrhythmias and benign 

palpitations had worse heartbeat perception ability compared to controls. 

• Some evidence indicates that accurate perception of heart activity worsens with 

higher body-fat percentage, and increases after exercise (Jones, 1994). 

• Certain studies show that better heartbeat perception in subjects correlates with a 

stronger heartbeat-evoked potential, an EEG signal detectable over frontal and 

central electrodes, relative to worse heartbeat perceivers (Pollatos & Schandry, 

2004). 

• The accuracy of heartbeat perception correlates strongly with heightened activity 

in a brain region known as the insula in functional imaging fMRI studies 

(Critchley et al., 2004) 

The story of who is more or less accurate in this area, and with what intervening 

factors, is being painstakingly teased out. There are potentially a great number of internal 
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and external variables affecting visceral perception, symptom reporting, and body-

information access, including gender, health, and context. Pennebaker (1982) 

emphasizes that social, ecological, and environmental factors can influence 

psychophysical perception accuracy, a concept consistent with classical clinical case 

studies of Beecher (1959) indicating that existential context and expectations of patients 

can greatly alter subjective appraisals of pain. These concepts can be expanded to 

emphasize the situatedness of interoceptive cognition and symptom report accuracy 

relative to the bodily needs and broader life-project of the embodied person, a theme 

emphasized by Damasio (2010) and congruent with the existential-phenomenology of 

health developed by Laing (1960). A diagnosis of a psychosomatic condition 

traditionally reflects physician intuition about how existential issues affect symptom 

reporting. However poorly understood the mechanisms might be by scientific 

perspectives fractured by mind-body dualism, healers confront their patients’ intertwined 

embodiment, emotions, feelings of stress, beliefs about medicine, struggle for meaning, 

dignity, and meeting life goals. The methods of the healer dealing with this complexity 

may not be fully measurable or operationalizable. The practical use of symptom reports 

should be understood in that light. 

Nonetheless, the experimental psychology and laboratory psychophysiology 

traditions have important insights into methods for modeling the accuracy of 

introspective reports, especially in terms of establishing lawlike correspondences 

between controlled stimulus intensity and perceived changes (Stevens, 1975). However, 

laboratory settings can control or at least minimize extraneous variables, whereas clinics 
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and hospitals involve more ecologically and existentially complex contexts, which might 

seem to limit the applicability of psychophysiological modeling for understanding the 

introspective reporting ability of patients. A robustly predictive and explanatorily 

powerful model of the relationship of palpitations to arrhythmias may very well 

highlight expectations, beliefs, situatedness, attitudes about health and disease, placebo 

effects, and other factors as affecting interoceptive awareness, body-information access, 

or body-knowledge accuracy.  

Pennebaker (1982), after reviewing studies from experiments indicating most people 

are not particularly accurate reporters about internal physiology, asks a key question that 

puts the above evidence into perspective: 

Does all of this mean that people are not accurate about internal state? 
Logically, the answer has to be no. When we are hungry, we eat; when 
tired, we go to bed; when we have a headache, we may take an aspirin or 
visit a physician. The mere fact that we can successfully regulate the 
body’s needs suggests that we behave in an accurate fashion. Obviously, if 
we were completely inaccurate about body states we could easily starve to 
death, or collapse at any time as a result of fatigue, illness, or other 
physiological imbalance. (p. 75) 

 
Pennebaker mentions that one important reason for this seeming discrepancy is that 

people are ill-equipped to verbalize their sensory states. This concept is consistent with a 

standard interpretation in cognitive psychology, which emphasizes that subjects in 

experiments generate verbal reports that are inconsistent with the “objective” knowledge 

or manipulations of the experimenters (Nisbett & Wilson, 1977). What is the upshot for 

the clinician, and for the scientist, of these various claims and counterclaims? Probably to 

reinforce a prudential stance: patients are not necessarily authoritative assessors or 

interpreters of their physiological state in the laboratory or in medical settings. Claims 
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based on patient or subject introspection should be taken seriously, but not necessarily 

taken at face value.  

As seen above, there is evidence to support the claims of both pro- and anti-

introspectionists. However, complex and possibly unresolvable issues of the nature of 

human body knowledge or visceral cognition aside, there are other ways to measure the 

phenomena in question beyond laboratory psychophysics and psychophysiology. This 

requires collecting and analyzing data that validate or invalidate the reports patients make 

about their heart rhythms, a project that occupies most of the rest of this volume.  
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Chapter Four, study one: Using Bayesian inference to model the clinical 
predictivity of patient descriptions of cardiac rhythm problems 

Previous sections have described some of what is known about the epidemiology and 

biological basis of arrhythmias and palpitations, and they have drawn attention to the 

debates about introspective data and the problem of how much people can really know 

and report about their internal physiology. To what extent are reported palpitations 

verifiably based in cardiac rhythm fluctuations? This theoretically interesting question 

overlaps with these questions: Do introspective reports based on the personal 

phenomenology of palpitations predict clinically important cardiodynamic states, and if 

so, do they do so as well as other methods used by clinicians? If medicine and science 

can harvest the data in phenomenological reports from patients to better distinguish 

palpitations that are of psychosomatic origin from those based on arrhythmias, costly 

tests and treatments can be more properly directed. 

Support for the view that symptoms of palpitations often represent arrhythmias, and 

that patients can report real knowledge of cardiac state (consistent with what I referred to 

as the Reportable Visceral Cognition Hypothesis in the introduction) is offered in a 

review paper by Yalamanchili, Khurana, and Smaha (2003):  

For example, a feeling of “flip-flopping” in the chest is usually secondary 
to a premature atrial or ventricular contraction. Similarly, the sensation 
that the heart has stopped is secondary to the pause (compensatory or 
noncompensatory) that follows a premature beat, whereas pounding is 
often the manifestation of a forceful beat caused by postextrasystolic 
potentiation after a premature beat. A feeling of rapid fluttering in the 
chest is usually secondary to supraventricular or ventricular 
tachyanhythmias, whereas patients with neck palpitations may have 
atrioventricular nodal tachycardia caused by simultaneous contraction of 
the atria and ventricles, which causes reflux of blood in the superior vena 
cava. Premature ventricular contractions also cause atrioventricular 
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dissociation, resulting in pounding sensations in the neck and often a 
physical finding of cannon waves. (p. 53) 

 
By way of contrast, consider this characterization of the palpitation-arrhythmia 

relationship from Barsky et al. (1994), which is consistent with the stance challenging 

introspection in cognitive science and psychology, such as developed by psychologists 

(Nisbett & Wilson, 1977), or in the philosophy of cognition (Dennett, 1991): 

Although as many as 75% of these patients with arrhythmias report their 
presenting symptom during monitoring, for only about 15% of them do 
their symptom reports coincide with their arrhythmia. Thus, accurate 
symptom reports occur in less than 10% of all patients being monitored. 
There also appears to be little correspondence between the specific nature 
of the patient’s symptoms and the type of arrhythmia that generated it. (p. 
214) 
 

It is probably most helpful to view the above accounts as making claims along either 

end of a continuum, where patients’ reporting is generally authoritative and predictively 

useful at one end, but generally lacking these at the other. While there are a host of 

palpitation-related and arrhythmia-related clinical signs that can be observed 

independently by a clinician, such as visible pulsing in the neck or difficulty breathing, 

palpitations are by definition based on the internal and otherwise private sensations of 

the patient. An arrhythmia detected by a clinician might or might not be the basis of a 

palpitation, but a feeling of one’s heart racing that is not accompanied by or based on 

an arrhythmia is still a palpitation. Much critical data for this domain are thus 

necessarily derived from first-person or introspective descriptions about sensations from 

subjects and patients, a method routinely employed in medicine, psychology, and 

cognitive neuroscience, but which is nonetheless sometimes viewed with suspicion. 

Palpitation reports are part of a potentially long list of factors that can be used to 
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modify the baseline probability for a cardiac rhythm disorder, such as the patient’s 

systolic blood pressure, family history of disease, age or weight, inheriting a gene 

variant, history of drug and alcohol use, and appearing confused or non compos mentis. 

Relative to signs, findings, or test results that do not depend on patient introspection, 

how do symptom reports about palpitations compare in terms of their predictive utility 

and accuracy? We should delineate three possibilities at the outset: 

1) Symptom reports based on patient introspection and personal body knowledge 

could be less predictively useful than externally available signs, tests, and clinical 

findings. 

2) Both categories might be more or less equally as useful to clinicians. 

3) Patient reports based on their personal beliefs or knowledge of their body 

could be, on average, more predictive of disease and thus be more useful than 

clinical findings and tests generated through non-introspective, “public” sources. 

To determine which of these holds for the palpitations-reporting domain, the clinical 

predictivity of the symptoms must be assessed and compared to clinical findings 

produced through clinical observation and test results or sources otherwise not dependent 

on personal knowledge. This question that is at the heart of my project can be formulated 

another way: How do the probabilities for having a medically serious arrhythmia change 

with a patient’s description of what they feel their heart doing, relative to what a doctor 

can simply observe or determine without asking the patient? 

Bayesian inference can be used to model how the probabilities of having an 

arrhythmia change with the patient’s description of their particular internal sensations.  In 
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essence, this approach uses an initial probability of a patient having or not having a 

disease, and modifies this with probabilities conditional on the results of a clinical 

finding, such as a test being positive, of a clinical observation such as a patient not being 

in a state of alertness, or of a reported symptom such as feeling lightheaded. A Bayesian 

model of the clinical utility of a symptom report should start with a pre-test probability, 

also called a Bayesian prior. This expresses an initial probability that the patient either 

has or does not have a disease. Modern epidemiological models can feature many 

demographic, clinical, biologic, behavioral, bio-psycho-social, or psycho-neuro-

immunological variables that could plausibly impact this initial probability. The 

physician may revise the initial value based on additional pre-test information, or, 

according to Petrie and Sabin (2009) “if nothing else is known about the patient, this is 

simply the prevalence” (p. 124). The National Center for Health Statistics (1996)  

National Health Interview Survey lists arrhythmia prevalence as 33/1000, or 3.3%. The 

robust sample size (n=63,402) makes the estimate of 3.3% a reasonable value to use as 

the initial pretest probability that a patient has a cardiac rhythm disorder.  

  A Bayesian approach to probabilities can be used to model the value of symptom 

reports for predicting cardiac arrhythmias (Cutler, 1998, p. 70). Disease-state presence 

can be represented as D, and the non-disease-state can be represented as –D. At the outset 

then, taking the aforementioned 3.3% as a starting value, D=3.3% probable and –

D=96.7% probable. The Bayesian prior or pretest probability of the disease state is 

expressed as p[D]. The result of a test, a clinical finding, or a report of a symptom can be 

expressed as R. Then the probability of a disease given a test result or symptom report (or 
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other conditional-probability modifying clinical finding) is written p[D|R]. Table 5 

represents components of the Bayesian approach to disease probability:  
 
Expression Meaning 
D Presence of the disease 
-D Absence of the disease 
p[D] Pretest probability of the disease 
R Result of a test or other clinical finding 
p[D|R] Probability of disease presence, given a test result or clinical finding 

Table 5. Components of the Bayesian approach to disease probability. 

A Bayesian approach to the predictive utility of a symptom report can be determined 

through this formalism: The pretest probability of disease is multiplied by the likelihood 

of a clinical finding, symptom report, test result, or other data that predict presence or 

absence of a disease. This is expressed as a Likelihood ratio or odds ratio. Likelihood 

ratios close to 1.0 are not of clinical interest ordinarily, as the pretest probability of 

disease is modified little.  The Bayesian approach to the probability of the presence of a 

disease first takes a pretest probability, and converts this into odds form, as expressed in 

Equation 2: 

 

Equation 2. Formula for converting pre-test probability into pre-test odds for a disease. 
From Evidence Based Medicine Toolkit (2nd ed.) by Carl Heneghan and Douglas 
Badenoch, 2006, p. 73 
 
 Next, as seen in Equation 3, this can be multiplied by the Likelihood ratio (LR) to 
produce post-test odds: 
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Equation 3. Formula for converting pre-test probability into pre-test odds for a disease. 
From Evidence Based Medicine Toolkit (2nd ed.) by Carl Heneghan and Douglas 
Badenoch, 2006, p. 73 
 

Finally, with Equation 4, the post-test odds can be rendered as a post-test probability: 
 

 
 
Equation 4. Formula for converting post-test odds into a post-test probability. From 
Evidence Based Medicine Toolkit (2nd ed.) by Carl Heneghan and Douglas Badenoch, 
2006, p. 73 
 

These post-test probabilities will be essential to modeling how well patient 

introspection compares to clinician observation and testing for predicting cardiac rhythm 

disorders. The Likelihood ratios can be acquired from epidemiological studies. Of 277 

studies with data about the palpitations-arrhythmia relationship in the comprehensive 

review paper by Thavendiranathan et al. (2009), six are of particular use for present 

purposes. These studies have data relating numerous clinical variables to ECG 

measurements of cardiac rhythm that the team deemed of high enough quality to serve as 

a reference or comparison set. From these, Thavendiranathan and colleagues extracted a 

series of Likelihood ratios that particular test results, clinical signs, and symptoms predict 

a diagnosis of a significant arrhythmia. These ratios support an analysis of how well body 

knowledge-based symptom reporting, demographic and behavioral variables, and clinical 

measurements predict significant cardiac rhythm problems. Twelve of these ratios in 

particular are explicitly based on patient personal knowledge or beliefs about events and 

processes inside their body, which can be compared to other ratios originating from 
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observations made by clinicians and other public/non-introspection-based measures. 

In particular, the Thavendiranathan review paper used data from a study by 

Summerton et al. (2001) of patients who presented palpitation reports in the previous 

four months and who were provided with a cardiac event recorder for two weeks. 

This data contained patient reporting of symptoms that predict arrhythmias 

considered “significant,” defined below: 
 

Ventricular tachycardia including torsade de pointes, paroxysmal 
supraventricular tachycardia, atrial fibrillation including paroxysmal atrial 
fibrillation, atrial flutter, atrial tachycardia, junctional tachycardia or 
ventricular ectopics occurring in salvoes, in couplets or having a 
multifocal origin. Such diagnoses warranted further investigation.  
“Insignificant cardiac arrhythmias” encompassed patients with non-
pathological ventricular ectopics (e.g. sporadic, occasional, unifocal 
ectopics) sinus tachycardia and atrial ectopics. (pp. 384-385) 
 

The patients in the Summerton study cohort experienced symptoms, and at that time 

activated a portable ECG recorder. The ratio of symptoms experienced to measured 

arrhythmatic events produced a Likelihood ratio for each patient having significant 

arrhythmias. Overall, of the 139 subjects, 26, or 18.7%, were found to have significant 

arrhythmias. 

Neither the study by Summerton and colleagues nor the systematic review of 

palpitations and arrhythmia research by Thavendiranathan et al. take advantage of a 

Bayesian approach to estimating disease probability, which can use the estimated 

prevalence rates of 3.3% for heart rhythm disorders by the Centers for Disease Control 

and Prevention’s large-sample-size National Health Interview Survey. Using the estimate 

of 3.3% as a baseline, I can convert the Likelihood ratios that Thavendiranathan et al. 
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analyzed from various published studies to probabilities using the formulas listed in 

Equations 2, 3, and 4 (or done by an online evidence-based medicine calculator such as at 

http://www.hutchon.net/Diagnostic-test.htm) and generate post-test probabilities. 

Likelihood ratios produced from the various studies with descriptions of palpitations-

related sensations by patients are shown below as Tables 6, 7, and 8 (all Likelihood ratios 

together, Likelihood ratios greater than 1.0, and less than 1.0): 

Description of 
palpitations-related 
sensations by 
patient 

Likelihood ratio for 
significant 
arrhythmia 

Post-test probability 
for 
significant 
arrhythmia 

Having palpitations 
affected by 
sleeping 

2.44 7.6 

Affected by caffeine 2.06 6.5 

    
Affected by alcohol 1.94 6.2 

As regular 1.38 4.1 

Dizzy spells 1.34 4.3 

For a duration less than 
60 seconds 

1.17 3.8 

While lying in bed 1.02 3.3 

With continuous 
symptoms 

0.93 3.0 

Chest pain 0.92 3.0 

Affected by exercise 0.78 2.5 

Affected by breathing 0.52 1.7 

Dyspnea 0.27 0.9 
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Mean for 12 categories 1.23 4.0 

Table 6: Twelve symptom report categories with Likelihood ratios for significant 
arrhythmias. 

     As seen in Figure 11, these can be represented with a PowerPoint graph: 
 

 

Figure 11: A graph for Bayesian probabilities of palpitation symptom predictivity. 

The data can be then broken down according to whether the Likelihood ratios are 

greater or lesser than 1.0: 
 
Description of 
palpitations-related 
sensations by patient 
 

Likelihood ratio 
greater than 1.0 for 
significant 
arrhythmia 

Post-test probability 
for significant 
arrhythmia 

Having palpitations 
affected by sleeping 

2.44 7.6 
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Affected by caffeine 2.06 6.5 
Affected by alcohol 1.94 6.2 
As regular 1.38 4.1 
Dizzy spells 1.34 4.3 
For a duration less than 
60 seconds 

1.17 3.8 

While lying in bed 1.02 3.3 
Mean for 7 categories 1.6 5.1 

Table 7: Seven symptom report categories with Likelihood ratios for significant 
arrhythmias greater than 1.0. 

Description of 
palpitations-related 
sensations by patient 

Likelihood ratio less 
than 1.0 for 
significant 
arrhythmia 

Post-test probability 
for significant 
arrhythmia 

With continuous 
symptoms 

0.93 3.0 

Chest pain 0.92 3.0 

Affected by exercise 0.78 2.5 

Affected by breathing 0.52 1.7 

Dyspnea 0.27 0.9 

Mean for 5 categories 0.6 2.0 

Table 8:  Five symptom report categories with Likelihood ratios for significant 
arrhythmias less than 1.0. 

These results can be compared to those from other clinical findings derived from the 

same study by Summerton and colleagues that do not depend on only data derived from 

introspection on personal body state. These involve “public” variables or measures from 
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additional methods, such as physician-noted signs, behavioral observation or family-

reported activity, demographic calculations, and more.  Again, a post-test probability can 

be generated by multiplying the probability form of a Likelihood ratio by the 3.3 

prevalence value from the Centers for Disease Control and Prevention National Health 

Interview Survey, shown in Tables 9, 10, and 11: 
 
Clinical Finding Likelihood ratio 

for significant 
arrhythmia 

Post-test 
probability 
for 
significant 
arrhythmia 

Age greater than 60 years 1.89 6.0 

Occurring at work 1.54 4.9 

Male sex 1.20 3.9 

Family history 
of palpitations 

1.07 3.5 

Alcohol use of more than 
10 drinks per week 

1.02 3.3 

Anxiety disorder 0.92 3.0 

Occurring during holiday 0.79 2.6 

Smoking more than 
11 cigarettes per day 

0.77 2.5 

Occurring 
during weekend 

0.72 2.3 

Mean for 9 categories 1.1 3.5 

Table 9: Nine clinical findings with Likelihood ratios for significant arrhythmias. 
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Clinical Finding 

 
Likelihood ratio 
greater than 1.0 
for significant 
arrhythmia 
  

Post-test 
probability 
for significant 
arrhythmia 

Age greater than 60 years 1.89 6.0 

Occurring at work 1.54 4.9 

Male sex 1.20 3.9 

Family history of 
palpitations 

1.07 3.5 

Alcohol use of more than 
10 drinks per week 

1.02 3.3 

Table 10. Five clinical findings with Likelihood ratios for significant arrhythmias greater 
than 1.0. 

 
Clinical Finding Likelihood ratio less 

than 1.0 for significant 
arrhythmia 

Post-test 
probability for 
significant 
arrhythmia 

Anxiety disorder 0.92 3.0 

Occurring during holiday 0.79 2.6 

Smoking more than 
11 cigarettes per day 

0.77 2.5 

Occurring 
during weekend 

0.72 2.3 

Mean for 9 categories 1.1 3.5 

Table 11: Four clinical findings with Likelihood ratios for significant arrhythmias less 
than 1.0. 
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For purposes of additional comparison, it is worth examining Likelihood ratios 

extracted from a handful of other studies by Thavendiranathan et al. (2009) for 

significant, serious, or relevant arrhythmias: 

An arrhythmia was defined as any rhythm with a heart rate of 60/min or 
less, or 100/min or greater, and/or that was not normal sinus rhythm. 
Clinically significant arrhythmias were those that likely require specific 
management including ventricular tachycardia, atrioventricular node 
reentry tachycardia, atrioventricular reentry tachycardia, atrial fibrillation, 
atrial flutter, atrial tachycardia, junctional tachycardia, or ventricular 
ectopic beats occurring in salvos. (p. 2138) 

 

     Again, the probabilistic form of the Likelihood ratio from each study deemed to be of 

sufficiently high quality in the systematic review by Thavendiranathan and colleagues 

can be multiplied by the pretest probability to produce a post-test probability for a 

significant arrhythmia, seen in Table 12:  

 
Study Clinical 

Finding 
Likelihood 
ratio for 
significant 
arrhythmia 

Post-test 
probability for 
significant 
arrhythmia 

Sakhuja et al. 
(2009) 

Visible 
neck 
pulsations 

2.68 8.3 

Hoefman et al. 
(2005) 

Vasovagal 
symptoms 
(pale 
and/or sweaty) 

1.72 5.5 

Hoefman et al. 
  (2005) 

Presyncope 1.04 3.4 

Hoefman et al. 
(2005) 

Duration less 
than 60 seconds 

1.02 3.3 
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Hoefman et al. 
(2005) 

While resting 1.02 3.3 

Sakhuja et al. 
(2009) 

Neck fullness 0.85 2.8 

Hoefman et al. 
(2005) 

Duration less 
than 5 
minutes 

0.79 2.6 

Barsky et al. 
(1994) 

Any 
psychiatric 
disorder 

0.67 2.2 

Table 12: Clinical findings and Likelihood ratios for three additional studies. 

 

RESULTS, STUDY ONE 

 
The foregoing data are consistent with an interpretation that phenomenological 

reports about palpitations symptoms significantly change the probability of disease 

presence from an initial pre-test estimate. For 12 categories of body-knowledge-based 

symptom reports from Summerton and colleagues, the information gained by the 

clinician can be operationalized as the average change in probability from the initial pre-

test probability to the post-test probability. The mean of the 12 is 4.0, a 21% increase 

from 3.3. However, these changes can be broken down into two categories for whether 

the diagnosis of a significant arrhythmia becomes more likely or less likely. The average 

probability was 5.1 for the former, and the mean probability was 2.0 for the latter. Broken 

down by whether the Likelihood ratios are greater than or less than 1.0, a change from 

3.3 to 5.1 for symptom reports with Likelihood ratios greater than 1.0 is seen, meaning 

the probability of that symptom reporter having a serious disease has gone up 55%. The 
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mean change to 2.0 for Likelihood ratios less than 1.0 means the patient is 39% less 

likely to have serious cardiac arrhythmias. 

Because of the low initial pretest probability estimate based on epidemiological 

prevalence data, these only marginally alter the diagnostic outcomes, but a physician 

would typically revise the post-test probability as other findings become known. For 

present purposes, what is most important is that isolating the change in post-test 

probabilities based on introspection about heartbeat and related sensations generates data 

that align well with the following interpretation: patient introspection on internal states 

changes the likelihood for having a significant arrhythmia at least as well as do other 

sources, such as using demographic variables, test results, or other clinical findings. 

Thus, this lends some modest support to the idea that humans commonly and routinely 

report verifiable, nontrivial knowledge about their internal physiological states. 

Overall, the 12 categories requiring introspection on internal states have Likelihood 

ratios that mostly are of modestly significant clinical predictive utility, ceteris paribus. 

The few in which the pretest probability of 3.3 is changed most noticeably include a 

report that palpitations are “affected by sleeping,” which has a post-test probability of 

7.6, about twice as much risk for significant arrhythmias. Palpitations affected by 

caffeine or alcohol use almost double the pretest probability for significant arrhythmias. 

Other symptoms indicate a pronounced lowered risk of a significant arrhythmia: a patient 

with dyspnea (the feeling of breathlessness or of needing air), with a Likelihood ratio of 

.027, has a post-test probability of 0.9. A report that palpitations are affected by breathing 

lowers the probability to about half of the 3.3 initial probability. These are the most 
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informative of the 12; at the other end of the continuum of clinical utility, symptoms such 

as palpitations with continuous symptoms or chest pain show virtually unchanged post-

test probabilities of 3.0 each. 

However, for nine additional categories of clinical findings by Summerton and 

colleagues not requiring phenomenological report data, the clinical utility, represented as 

the average change in probability from the initial pre-test probability to the post-test 

probability, is even more modest. The finding that patient age greater than 60 years 

increases the probabilities from 3.3 to 6.0 pulls the overall mean upwards, but only to a 

3.5. None of the findings lowered the probability by a comparable amount. Palpitations 

occurring at work were slightly informative to the clinician. The overall mean of 3.5 

shows this set of symptom report categories is only very marginally useful for the 

clinician, and when compared to the exclusively body-knowledge-oriented symptom 

report categories mean of 4.0, there would appear to be marginally greater predictive 

utility for body-knowledge-based symptoms. 

While the diagnosis is still at this point very unlikely, clinicians will often treat any 

given post-test probability as a new pretest probability that can be modified further via 

subsequent information. However, for the purposes of isolating how informative patient 

introspection on internal body state is, doctors have an effective measure and 

operationalization. The 4.0 mean of the 12 studies can indeed be thought of as a 

preliminary measure of the average predictive information the clinician gains from an 

otherwise private and inaccessible data source: the patient’s introspection on their bodily 

state. 
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The remaining studies cited here with odds ratios extracted by the Thavendiranathan 

et al. review paper do not alter this basic framework appreciably. The study by Sakhuja et 

al. yielded a Likelihood ratio of 2.68 for visible neck pulsations, which raises the post-

test probability to 8.3. This symptom report category depends on a clinician’s 

observation, though arguably a patient would likely be feeling the strong pulsations as 

well. The study by Hoefman et al. (2005) found that patients reporting vasovagal 

symptoms (pale and/or sweaty) had an increased post-test probability of 5.5, while 

Barsky et al. (1994) found that a patient with any psychiatric disorder lowered the post-

test probability to 2.2. None of the other Likelihood ratios produced notable changes 

from the 3.3 initial pretest probability. 

It seems as if using this clinical Bayesian algorithm in conjunction with patient 

phenomenological reports should be useful for diagnostic purposes. The changes in 

probability represent what physicians can expect to learn from patient introspection 

compared to other methods. Yet learning the truth about human ability to introspect on 

cardiac rhythm state will require a number of approaches. Another way to analyze the 

clinical utility of phenomenological reports about cardiac rhythms from patients is 

positive predictive value, or PPV, which represents how well a particular term or phrase 

predicts the probability of a disorder being present. The next section will explore using 

this complementary metric to measure the predictivity for disease states contained in 

symptom language.    
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Chapter Five: Methods, study two: Using positive predictive value to 
measure the clinical predictive utility in a corpus of symptom reports 

Another potentially useful metric for determining the clinical utility of symptom 

reports from patients is positive predictive value, or PPV. If particular terms in symptom 

reports predict the probability of a disorder being present, language becomes a useful tool 

for clinicians and researchers. Arguably, to the extent that symptom reports about the 

internal body encode predictively important information, they act as an operationalization 

of the patient’s knowledge of their physiological state, or body knowledge.  

During the clinical examination, a patient with a presenting complaint will typically 

use specific terms to describe feelings of their heart speeding up, powerful beats, broken 

rhythms, and so forth. Physicians weigh such patient phenomenological descriptions 

relative to other clinical observables, demographic and behavioral data, or the test results 

for disease-specific biomarkers, the presence or absence of which can also modify the 

determination of whether a disease is probable. Barsky and cohort (1994, p. 216) have 

established metrics for how predictive are particular terms in symptom reports for cardiac 

arrhythmias, seen in Table 13 below:  

Symptom-report language 
about palpitation or heart 
sensations 
 

Positive Predictive 
Value/ 
PPV 
 Stopping .950 

Fluttering .811 

Irregular heartbeat .782 

Jumping .620 
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Pounding/vigorous 
heartbeat 

.392 

Racing .210 

Faintness .158 

Chest pain .143 

Shortness of breath .137 

 
Table 13: Nine established symptom report categories and positive predictive value. 
From Arthur Barsky, Paul Cleary, Maria Barnett, Cindy Christiansen, and Jeremy 
Ruskin. The accuracy of symptom reporting by patients complaining of palpitations, 
1994, p.216. 

 

What is the average predictivity for a cardiac arrhythmia being present in people 

describing palpitation symptoms? This can be determined by applying these positive 

predictive values to a corpus of reports, generating statistics for this sample that estimate 

a predictive parameter in a larger population. For instance, consider if a patient reported 

the following: “I feel when I am at work and on my feet for awhile that my heart is going 

a million miles a minute, which just makes me too stressed to fully concentrate for more 

than a few moments at a time. And then I also feel like I am going to pass out.” Applying 

estimates of the PPV associated with the specific phrases in this report, the fainting-

language report has a positive predictive value of .210 for racing heart, plus .158 for 

fainting /2, which equals .184 for predicting an arrhythmia.  

I applied the formulas for how phrases predict arrhythmias to examine a corpus of 

symptom reports mentioning palpitations publicly available on the Internet forum 

Medhelp.com and computed a mean predictive value overall. Applying the above PPV 
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values to 100 symptom reports, I computed an overall positive predictive value for the 

corpus of .491. Terms were tokenized; i.e., a report of heart rate skyrocketing was given 

the same PPV as racing.  As noted in Table 14, the numerical breakdown of which 

symptoms were reported consists of the following: 

Symptom language Frequency/number of 
times terms appear 

Irregular 32 

Flutter 20 

Hurt/pain 14 

Strong/pounding/vigorous/hard 13 

Short of breath 12 

Racing 10 

Faint/lightheaded 13 

Jumping 4 

Stopping 3 

Table 14: Nine symptom report categories and frequency of term appearance. 

RESULTS, STUDY TWO 

An overall or mean positive predictive value, or PPV, of .491 for the corpus measures 

the extent to which symptom reports from patients predict cardiac arrhythmias, on 

average. This mean PPV can be understood as an estimate of actual knowledge 

represented in palpitation symptom-report language.  
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Fifteen percent of the reports had language without any associated PPV. It should be 

noted that, strictly speaking, the mean PPV of .491 does not represent the population of 

palpitation reporters in general, but the population of palpitation reporters who post 

symptom reports online. However, this latter subset can likely serve as a reasonably good 

proxy for the larger cohort, insofar as the claim by Thavendiranathan et al. (2009) is 

correct; they found that other than age measured in years, “most demographic and 

historical features do not significantly influence the likelihood of clinically significant 

arrhythmias.” (p. 2136). The idea that age is the most important demographic variable for 

predicting cardiac rhythm disorders is consistent with the claim of Barsky and cohort 

(1994) that “patients whose symptoms were more likely to coincide with 

electrocardiographic abnormalities were significantly older” (p. 216). 

To reiterate: applying the formula from Barsky et al. (1994) for the probability that 

particular language predicts arrhythmias to a corpus of 100 symptom reports results in a 

mean positive predictive value of .491. This mean represents the average of patient’s 

palpitation-symptom report’s probability for cardiac arrhythmias. Arguably, the 

significance of using PPV is found not only in its predictive clinical utility; the metric 

produced also represents a quantification of “body knowledge” as an operationalized 

construct, insofar as the introspection of patients on internal physiological states produces 

a verbal report with verifiable predictive validity. As such, it can be used to estimate what 

might be called the “cash value” of the symptoms of patients for predicting important 

medical information. Positive predictive value applied to a sample of symptom reports 

operationalizes patient experience in a way that is useful for clinical and epidemiological 
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algorithms, but is also of interest to cognitive scientists, psychologists, and 

neuroscientists who seek to explain cognitive phenomena in terms of biological 

mechanisms. 

Besides symptom-language analysis, a complementary method for assessing the 

accuracy of palpitation reports relative to measurements of cardiac rhythm disorders 

involves extracting data showing the percentage of palpitation reporters who have 

“serious,” “relevant,” or “significant” arrhythmias. It is to this effort that I will now turn. 
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Chapter Six: Methods, study three: Calculating proportions of patients 
reporting palpitations who were found to have significant arrhythmias 

The previous two chapters analyzed characteristics of symptom reports for 

probabilities that a disease or disorder is present. Here I will describe another approach to 

estimating the extent to which reports from the population of palpitation reporters does in 

fact indicate the presence of arrhythmias that are a source of concern to clinicians. I have 

extracted values from 11 studies showing the percentage of palpitation reporters who are 

found to have “serious,” “relevant,” or “significant” arrhythmias after ECG 

measurements, shown in Table 15: 

 
Study Percentage with “serious,” 

“relevant,” or 
“significant” arrhythmias 
(and ratio) 

Zeldis et al. (1980) 53% (274 of 516) 

Kinlay et al. (1996) 19% (8 of 42) 

Zimetbaum et al. (1998) 36% (38 out of 105) 

Zwietering et al. (1998) 8.8% (67 of 762) 

Summerton et al. (2001) 18.7% (26 of 139) 

Barrionuevo et al. (2002) 15.4% (35 of 227) 

Martins et al. (2004) 40% (393 of 984) 

Hoefman et al. (2005) 26% (22 of 83) 

Joshi et al. (2005) 51% (51 of 100) 

Hoefman et al. (2007) 19% (24 of 127) 

Giada et al. (2007) 73% (22 of 30) 

Table 15: Studies with percentage of palpitation reporters who are found to have 
“serious,” “relevant,” or “significant” arrhythmias. 
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Is there a relation between the sample size n and the percentage of patients whose 

symptoms correlate to significant arrhythmias? Determining this should make outliers 

due to low sample size easier to spot. Using software to plot the sample size n on the y-

axis against the accuracy percentages from 11 studies on the x-axis gives us this  

scatterplot (Figure 12): 

 

Figure 12: Accuracy vs. n in studies with significant arrhythmias. 

 

No obvious relation between n and accuracy seems apparent. There is a cluster of 
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data points from five studies showing between 15% and 26% accuracy. These are, 

however, somewhat different study populations, and there are differences in the criteria 

the studies use for what constitutes significant arrhythmias, as outlined in Tables 16 and 

17. 

 
 

Study 
 

Study Population 
 

Zeldis et al. (1980) Patients with various cardiovascular complaints, including 
palpitations, dyspnea, discomfort in the chest, dizziness, 
and syncope 

 

Kinlay et al. (1996) Patients with previously uninvestigated palpitations who were 
referred for Holter monitoring 

 

Zimetbaum et al. 
 

(1998) 

Outpatients referred for the placement of a continuous-loop 
event recorder for the evaluation of palpitations 

 

Zwietering et al. 
 

(1998) 

Patients with new complaints possibly related to an arrhythmia 

 

Summerton et al. 
 

(2001) 

Patients presenting palpitation reports in past four months 

 

Barrionuevo et al. 
 

(2002) 

Patients reporting palpitations at least once in the previous 
15 days, in whom heart disease had been ruled out by 
medical history, physical examination, ECG, and 
transthoracic echocardiography 

 

Martins et al. (2004) Patients referred by their general practitioner or the 
emergency department with symptoms suggestive of a new 
cardiac arrhythmia 

 

Hoefman et al. 
 

(2005) 

Consecutive patients with complaints of palpitations or 
light-headedness 
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Joshi et al. (2005) Patients referred by cardiologists 
 

Hoefman et al. 
 

(2007) 

Patients presenting history of palpitations and/or light-
headedness 

 

Giada et al. (2007) Fifty patients with unexplained palpitations 

Table 16: Studies of palpitations and arrhythmias with inclusion criteria. 

 
Study Operationalized or effective definition of “significant,” or 

“relevant,” or “serious” arrhythmia 

Zeldis et al. 
(1980) 

1) Atrial premature depolarizations occurring with a mean hourly 
frequency of 200/hr or greater during the 24-hour period; 2) 
paroxysmal atrial tachycardias, including atrial fibrillation and 
flutter; 3) “supraventricular” reentrant tachycardias, e.g., 
atrioventricular nodal tachycardias; 4)  “junctional” rhythms; 5) 
ventricular premature depolarizations occurring with a mean hourly 
frequency of more than 10/hr; 6) multiform ventricular premature 
depolarizations; 7) ventricular premature depolarizations in couplets 
or ventricular tachycardia triplets or more; or 8) tachycardia- 
bradycardia or sick sinus syndrome defined as three or more beats 
of any supraventricular tachyarrhythmia plus two or more seconds 
of asystole. 

Kinlay et al. 
(1996) 

Symptomatic sustained supraventricular tachycardia 
supraventricular rate, >15 beats/min, atrial fibrillation or flutter, 
sustained ventricular tachycardia ventricular rate, >10 beats/min, 
sinus pause longer than 3 seconds, non-Wenckebach second-degree 
heart block, or third-degree heart block. 

Zimetbaum et 
al. (1998) 

Atrial fibrillation or atrial flutter of any duration, any sustained 
supraventricular tachycardia, symptomatic sustained or 
nonsustained ventricular tachycardia, junctional rhythm, sinus 
bradycardia <50 beats/ min, and complete or high-grade heart block. 

Zwietering 
et al. (1998) 

Needing further diagnostic explanation or medical treatment. 
Atrial fibrillation, flutter, supraventricular tachycardia not 
specified, chaotic atrial rhythm, AV-nodal tachycardia, 
idioventricular rhythm/sinus arrest, ventricular tachycardia, 
circulus movement tachycardia. 
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Summerton 
et al. (2001) 

Ventricular tachycardia including torsade de pointes, paroxysmal 
supraventricular tachycardia, atrial fibrillation including 
paroxysmal atrial fibrillation, atrial flutter, atrial tachycardia, 
junctional tachycardia or ventricular ectopics occurring in salvoes, 
in couplets, or having a multifocal origin. Such diagnoses 
warranted further investigation. 

Barrionuevo 
et al. (2002) 

Significant self-limited arrhythmias were detected: paroxysmal 
supraventricular tachycardia, atrial fibrillation, atrial flutter, triplets 
of ventricular extrasystoles, and ventricular tachycardia of the right 
ventricular outflow tract. 

Martins et al. 
(2004) 

Atrial fibrillation. 

Hoefman et al. 
(2005) 

A relevant arrhythmia was one for which treatment and/or further 
investigation was needed. This constituted one of the following: 
paroxysmal atrial fibrillation AF, atrial flutter, atrial tachycardia, 
other supraventricular tachycardia SVT, and ventricular tachycardia. 

Joshi et al. 
(2005) 

According to criteria for urgent notification specified by 
the physician. 

Hoefman et al. 
(2007) 

Rhythms for which medical intervention and/or further 
investigation was advisable, including atrial fibrillation AF, atrial 
flutter, atrial tachycardia, supraventricular tachycardia not 
otherwise specified SVT, and ventricular tachycardia. 

Giada et al. 
(2007) 

Supraventricular tachycardia, atrial fibrillation/atrial flutter, sinus 
tachycardia, sinus bradycardia, paroxysmal AV block. 

Table 17: Criteria for significant arrhythmias in 12 studies. 

 

The frequency of the major and some minor terms in the above wording can be 

represented via an infographic (Figure 13): 
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 Figure 13: Representation of frequency of terms appearing in criteria for significant 
arrhythmias. 

Reviewing various definitions used in these studies suggests there does not appear to 

be a common operationalized or effective criterion for defining clinically significant 

arrhythmias. However, the most commonly used definition or inclusion criterion is 

tachycardias, especially atrial, ventricular, and supraventricular tachycardias.  

RESULTS, STUDY THREE 

Data extracted from five of 11 published studies with differing methodologies and 

sample sizes show between 15% and 26% of patients who report symptoms have 

significant arrhythmias, variously defined, which is consistent with Barsky’s (2000) 

estimate that in only about 15% of cases do palpitation reports coincide with arrhythmias. 

Probably the most that can be said is that while five studies with differing methodologies 

and sample sizes have between 15% and 26% of patients reporting symptoms that 

correlate with significant arrhythmias, differences in study design and inclusion criteria 

make generalizations problematic. 
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Chapter Seven: Conclusion 

I can briefly recapitulate the research presented in this document by stating the 

following: despite some psychologists’ and cognitive scientists’ cautious or skeptical 

attitude about using introspective data, clinicians routinely use symptom reports to 

diagnose palpitations as of primarily psychosomatic or cardiac origin, and the 

trustworthiness and utility of these reports can be measured by how well they predict 

arrhythmias. The latter claim relies on the main data collection and analysis efforts 

previously detailed:  

1) Compared to probabilities I derived from results of clinician observations, test 

results, demographic analyses, and other public means of data acquisition, the 

method of having patients describe their symptoms generates probabilities that are 

on average at least as informative to clinicians about whether the patient has or 

does not have a significant cardiac rhythm disorder. For 12 categories of body-

knowledge-based symptom-report data from Summerton and colleagues (2001), 

the information gained by the clinician about whether a palpitation-reporting 

patient has a cardiac rhythm disorder can be operationalized as the average 

change in probability from the initial pre-test probability to the post-test 

probability. Broken down by whether the Likelihood ratios are greater than or less 

than 1.0, there is a change from 3.3 to 5.1; for symptom reports with Likelihood 

ratios greater than 1.0, there is an increase of 55%. For Likelihood ratios of less 

than 1.0, the mean went down to 2.0 from 3.3, indicating these patients are 39% 

less likely to have serious arrhythmias. This is consistent with what I label the 
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Reportable Visceral Cognition Hypothesis: people often and routinely report 

about their own internal visceral states accurately enough for their experience to 

be considered nontrivial and predictively useful. Overall, the finding that 

probabilities derived from patient introspection on body state are at least as 

informative or are slightly more informative to a clinician as those from other 

methods lends credence to an interpretation that regards introspective data from 

patients as clinically useful, compared to methods not requiring patients to report 

symptoms or introspect on their internal cardiac phenomenology. 

2) Using the formula developed by Barsky and colleagues (1994) for the 

probability that particular language predicts arrhythmias, I calculated a mean 

positive predictive value of .491 for a corpus of 100 symptom reports. This 

sample mean represents an estimation of the average predictivity for heart rhythm 

abnormalities derived from nine categories of patient description of body 

sensations. While this formula yields no indication of the seriousness of the 

arrhythmias, clinicians could possibly revise probabilities for patient outcomes 

using this metric. The estimate also serves to operationalize the concept of body 

knowledge for this domain, and for exploratory data analysis of this area. 

3) Data extracted from five of 10 published studies with differing methodologies 

and sample sizes show that between 15% and 26% of patients who report 

palpitations symptoms predict significant arrhythmias.  

4) Various medical systems and research teams use a series of overlapping 

operationalized or working definitions of “significant” or “relevant” or “serious” 
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arrhythmias. There are some proposed uniform standards, but these have not been 

widely adopted. 

Data and analysis in hand, I will now revisit the three categories proposed about how 

phenomenological report data compares to other sources for clinical utility: 

1)  Palpitation reports based on patient introspection and personal body 

knowledge could be less predictively useful than externally available signs, tests, 

and clinical findings. 

2) Both categories might be more or less equally as useful to clinicians. 

3) Patient reports based on their personal beliefs or knowledge of their body 

could be, on average, more predictive of disease, and thus be more useful than 

clinical findings and tests generated through non-introspective, public sources. 

By using the National Health Interview Survey estimate of 3.3% arrhythmia 

prevalence as a baseline to generate conditional probabilities, data collected thus far is 

consistent with both categories two and three above. The probabilities calculated here 

that are derived from patient phenomenology about their heartbeats are on average 

slightly more predictive of the disease state as data derived from publicly available 

sources not dependent on the patient’s reporting. To better resolve which of these 

categories best fits the data, more Likelihood ratios from more studies measuring the 

palpitations report-arrhythmia relationship are needed. Over a number of studies, a 

pattern should emerge that resolves the issue. Provisionally, I can say there is evidence 

that patient phenomenological reports predict an important disease slightly more 

effectively, or at least as well as, other variables reported in the literature seem to. 
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While the lack of standard definition of what constitutes a significant arrhythmia 

makes comparisons across studies problematic, in a number of studies, symptom 

reporting by patients introspecting on their heartbeats appears to be a clinically useful 

methodology. The language in symptom reports about phenomenological particularities 

has a useful predictive function for diagnosis. For the domain of the palpitation-

arrhythmia relationship, patient introspection evidently yields impressive and non-trivial 

clinical utility, both on its own terms and compared to clinical signs and other public data 

sources that do not depend on what the patient knows. Thus, while introspective data 

methods remain controversial within experimental psychology, the routine use of patient 

introspection to aid physician diagnosis seems justified as a methodology, at least for this 

particular domain. 

To characterize the significance of this overall project, three themes predominate: 

1) The medical system has an interest in distinguishing symptoms of 

psychosomatic etiologies from those of physiological origin; doing so makes it 

possible to develop appropriate tests and treatment plans for each. The estimates 

of how well symptoms of palpitations predict cardiac arrhythmias also demarcate 

patients with a likely psychosomatic explanation for their symptoms. The 

following findings are particularly relevant: for 12 categories of body-knowledge-

based symptom reports, the information gained by the clinician can be 

operationalized as the average change in probability from the initial pre-test 

probability to the post-test probability. The mean of the 12 is 4.0, a 21% increase 

from 3.3. I can also estimate the average predictivity for cardiac rhythm disorders 
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contained in palpitation symptom reports at .491. Data suggest that probabilities 

for significant arrhythmias derived from patients reporting on their bodily state 

are comparable to or are slightly better than what can be gleaned from non-

introspective findings. In a review of studies with varying methods, of patients 

complaining of palpitations, half showed between 15% and 26% had significant 

or serious arrhythmias, variously defined.  

2)  The above evidence suggests that the non-trivially predictive quality of 

symptom reports for arrhythmias indicates an area of human cognition in which 

introspection is useful. This interpretation is in tension with a standard skepticism 

about introspective data in psychology and cognitive science. It may be that the 

palpitations-reporting domain is unusual, or perhaps the skeptical stance needs to 

be revised. Further investigations can shed more light on the extent to which 

human cognition supports accurate reporting on internal visceral states. 

3) Studies show multiple and heterogeneous definitions for what constitute 

“significant” or “serious” arrhythmias. There is no one standard, only provisional 

definitions. This poses a challenge for the emerging evidence-based medicine, as 

resources should be focused on ordering different tests and procedures for people 

diagnosed with benign cardiac rhythms and/or somatization. The widely 

acknowledged need for austerity and cost-saving measures makes efficient 

allocation of medical resources very important, but currently the consensus 

criteria for differentiating these two categories is lacking. There are indications 

that major healthcare systems are developing consensus criteria for distinguishing 



 111 

benign heart rhythm changes from medically serious cardiac arrhythmias, which 

is a challenge for change-management. 

 

FUTURE RESEARCH ON INTEROCEPTION AND CARDIAC SYMPTOM REPORTING: 
NEUROPHENOMENOLOGY, CORTICAL MECHANISMS, THERAPEUTICS, AND 
BIOINFORMATICS  

 
To explain why people can sometimes accurately use introspection to report on 

cardiac rhythm abnormalities, but are often wrong, cognitive scientists, psychologists, 

and neuroscientists will need to develop what I label the internal body-knowledge 

representation model. This model will carefully evaluate the claims and counterclaims 

about whether people can accurately report on their internal states, and would need to 

account for the following: 

1) A determination of the neurophysiological basis of how the body knowledge 

represented in symptom reports from patients predicts disease probabilities. 

Human cognition is such that some people can report a degree of predictively 

useful knowledge of this visceral system, via phenomenological descriptions. 

What variables determine this predictivity? What are the respective contributions 

of brainstem, thalamic nuclei, insular cortex, anterior cingulum, orbitofrontal 

cortex, and other brain regions in enabling people to have or not have this 

knowledge? 

2) The gap between the beliefs of patients and the signals recorded by ECG 

systems. People claim that they are feeling specific rhythmic sensations in their 

heart, but often the physiological readings show otherwise. Why do people 
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experience unwelcome psychosomatic or “somaticized” palpitations that are not 

obviously cardiac in origin? There is also a more fundamental problem that the 

internal body-knowledge representation model may be able to address: 

3) How interaction between parallel cortical regions produces visceral 

cognition. Current data is consistent with an interpretation that features cortical 

regions S1, S2, cingulum, insula, orbitofrontal, and prefrontal cortex activated 

when attention is focused on visceral states. What is the nature of the neural code 

for handling visceral perception? Does awareness of heartbeats get processed in a 

way similar to feature binding in visual perception? What role does 

synchronization of firing across discreet regions, reverberating neural circuits, and 

firing at different frequencies and rhythms have in allowing some people, but not 

others, to better detect heartbeats? 

Multiple disciplines can play a part in establishing and refining measurements of the 

predictive value of symptom reports, as well as identifying the mechanisms that make 

some people more accurate than others. Cognitive neuroscience can take the problem of 

variable body knowledge accuracy as a challenge. One branch of perceptual psychology 

known as psychophysics has long endeavored to develop an “inner psychophysics” to 

measure perceptual accuracy of internal stimuli. While there has been impressive 

laboratory work on psychophysiological perceptive accuracy, human symptom 

experience has a different existential context, and because it is salient in a different way, 

to a meaningful extent it is a different domain. Yet foundational work needs to be done 
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on the similarities and differences between laboratory and clinical modes of visceral 

perception and cognition about the internal body. 

The work of researchers such as Ádám (1998), Craig (2002), and Damasio (2010) has 

raised the profile of interoception as phenomena closer to the central concerns of the 

sciences of mind and brain. The increasing sophistication of neurodynamical 

interpretations of EEG (Freeman & Holmes, 2005; beim Graben, Saddy, & Schlesewsky, 

2000) may provide an explanation of the fine spatiotemporal structure underlying what is 

labeled the heartbeat-evoked potential. Evidence suggests that repeated trials of heartbeat 

discrimination tasks show some better and some poorer perceivers, and when these data 

are compared to amplitudes recorded via EEG electrodes, better perceivers show higher 

amplitudes (Schandry & Weitkunat, 1990; Montoya, Schandry, & Mueller, 1993; Yuan et 

al., 2007). This intriguing correlation is quite possibly of great significance for models of 

body knowledge and also presents an explanatory challenge for cognitive neuroscience. 

In theory, the explanation of how and why stronger heartbeat-evoked potential 

amplitudes correlate well with increased cardiac perception involves coordination of 

insular, orbitofrontal, and cingulated cortices that handle incoming afferent signals from 

the thalamus and visceral-processing brainstem nuclei. The extraction of the heartbeat-

evoked potential suggests that cortical regions that are last in the chain of processing 

visceroafferent signals are active in allowing otherwise unconscious cardiac information 

to be phenomenologically accessible to subjects, and that unconscious information 

processing is being transformed into a form of reportable knowledge. However, 
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specifying the actual mechanisms underlying the spatiotemporal coordination very likely 

will require neurodynamical modeling of cortical and subcortical signal coordination.   

Additional problems beckon. Constructing a neurophenomenology of cardiac 

symptom-report accuracy should also aid in the development of therapeutic interventions 

for healthy people who report skipped heartbeats, distressingly abnormal rhythms, and 

other worrisome sensations. As seen in previous sections, evidence suggests that there are 

particularities in phenomenological reports that correspond non-trivially with the 

presence of cardiac arrhythmias, some defined as serious or significant. To the extent that 

further investigations reinforce the validity of these findings, physicians or other 

specialists can use the predictivity in symptom report language to modify the 

probabilities that their patient does or does not have an arrhythmia (or significant 

arrhythmia). Medical algorithms for differential diagnosis could incorporate the changes 

in probabilities for disease presence associated with specific symptom phrases and could 

help identify palpitation-reporting patients who are misinterpreting normal rhythmic 

variations in heartbeat, those who are phenomenologically aware of abnormal but benign 

heart rhythm fluctuations, and those who are actually at risk. To the extent such 

diagnostic algorithms can more readily distinguish those patients who are 

psychosomatically over-monitoring normal heartbeat sensations from those with 

medically significant arrhythmias, costly tests and treatment plans can be better allocated.  

 Bioinformatics tools may help develop therapeutics that modulate cognitive 

processes so as to reduce over-attention toward and misinterpretation of what are actually 

normal heartbeats. There are a series of signaling pathways involved that might be 
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suitable for pharmacological targeting.  Domschke et al. (2010) list systems involved in 

the cognitive processing and misinterpretation of interoceptive afferent input: the 

serotonin transporter (5-HTT), serotonin receptor 1A (5-HT1A), serotonin receptor 2A 

(5-HT2A), and dopamine D2 receptor (DRD2) (p. 9). These well-studied but still only 

partially understood protein complexes can be targeted with a series of chemical 

structures with varying binding affinity. In theory, knowing the linear sequence of amino 

acids in these receptor proteins derived from gene sequencing, combined with 

information about conformational shape structure of the receptor macromolecules, and 

dynamic metastability relative to surrounding solvent and membrane, should afford 

development of high-binding affinity drugs that can interact with the receptor. X-ray 

diffraction revealed after crystallization of receptor structures also holds promise for 

building drugs that interact with particular targets (Blois & Bowie, 2009). Domschke et 

al. (2010) state that the insular cortex expresses the well-known serotonin receptor 1A, 

the serotonin receptor 2A, and the dopamine D2 receptor (p. 9). Modulating insular 

activation levels through receptor activation or blocking might be clinically useful. There 

are a series of chemical structures in combinatorial libraries that can be predicted to act as 

effectors on these receptors, which could very well act to decrease activation of those 

insular cortical neurons. Since dopamine can act as a modulator of neuronal response to 

signals, a molecule with selective affinity for the D2 receptor could very well modulate 

afferent signals coming into and being processed by insular cortex, perhaps dampening a 

person’s awareness of normal or abnormal cardiac rhythms in a helpful way. 
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However, as a practical matter, using computational modeling to predict binding 

affinity of a candidate ligand to a receptor, and modulation of cellular signaling, is a very 

difficult business. While there are increases in the speed and power of bioinformatics and 

computational chemistry algorithms designed to help identify the most promising subset 

out of a space of candidate structures contained within combinatorial libraries, the sheer 

number of variables involved is daunting. The cognitive load on researchers interpreting 

statistical data representing coupled systems at multiple scales can be formidable. 

Nonetheless, the tremendous financial overhead associated with patients presenting with 

anxiety disorders and somaticizing normal heartbeats incentivizes identification of 

potentially useful chemical structures, simulation of how these interact with target 

proteins, and in a few cases, promotion as suitable therapeutics for clinical trial testing. 

If a propensity to experience palpitations when cardiac rhythms are normal is to a 

significant extent heritable, other therapeutic strategies involve using bioinformatics tools 

for genomic sequencing to identify gene variants in those who have psychosomatic 

disorders versus those with cardiac rhythm disorders (Benoit, 2004). Considerable 

expense in recent years has gone to high-throughput screening and gene chips, pointing to 

the possibility of using recognition of specific variations in DNA in individual patients 

for therapeutic products (Bergeron, 2003, p.6). These technologies have been especially 

applied to understanding common inherited diseases. Since Summerton et al. (2001) 

report that palpitations are “reported by as many as 16% of patients” in “general medical 

settings” (p. 383), finding the presence of gene variants that enhance risk for arrhythmias 

or psychosomatic disorders would help the differential diagnosis for palpitation reporters.  
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However, the hopes that common diseases would be readily ameliorated by genomics 

and bioinformatics have been dampened by the failure of inherited variants to account for 

disease inheritance: “Most variants identified so far confer relatively small increments in 

risk, and explain only a small proportion of familial clustering, leading many to question 

how the remaining, ‘missing’ heritability can be explained.” (Manolio et al., 2009, 

p.747). Arrhythmias, palpitations, and psychosomatic filtering of cardiac state may 

involve the activity of many, rather than a few, genes. The ability to sequence genomes 

should one day lead to improved health outcomes for many diseases, including cardiac 

rhythm problems, and psychosomatic-based misinterpretation of normal cardiac rhythms, 

but this may be more of a mid-twenty-first century rather than early twenty-first century 

development. 

Such problems notwithstanding, therapeutics should eventually benefit from science 

learning the true story of how much knowledge about cardiac state is afforded by human 

cognition and introspection. That effort, to which this document aspires to make a 

contribution, requires collecting data and estimating interoceptive accuracy for other 

symptom reporting categories. Eventually a pattern should emerge about the extent to 

which human cognition truly enables accurate reporting of interoception, leading to a 

more general formulation of an internal body-knowledge representation model. This 

effort, which would combine neuroscience, laboratory “inner psychophysics,” and 

symptom-report accuracy measurements, points to future directions for the nascent fields 

of neurophenomenology and medical cognitive science. It may be the case that symptom 

reports are not as predictively useful for most other diseases, in which case traditional use 
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of patient verbalizations of body sensations may be of less use than traditionally believed. 

Or, it may be that the use of patient introspection by clinicians is largely justified, 

regardless of persistent skepticism about the validity of introspective data in the fields of 

psychology and cognitive science. Either way, the need for theories that effectively map 

patient bodily feelings onto physiological measurements will occupy 

neurophenomenology, psychophysiology, and medical cognitive science for the 

foreseeable future. For those many who struggle with worrisome heart sensations, there is 

hope science will give our healers a deeper understanding of how heart, brain, and mind 

work together. 
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