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Abstract: Risk stratification and management of patients with chest pain continues to be challenging despite

considerable efforts made in the last decades by many clinicians and researchers. The throutful evaluation

necessitates that the physicians have a high index of suspicion for acute coronary syndrome (ACS) and always keep

in mind the myriad of often subtle and atypical presentations of ischemic heart disease, especially in certain patient

populations such as the elderly ones. In this article we aim to review and discuss the available evidence on the

value of clinical presentation in patients with a suspected ACS, with special emphasis on history, characteristics of

chest pain, associated symptoms, atypical presentations, precipitating and relieving factors, drugs, clinical rules and

significance of clinical Gestalt.
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Introduction

The history of the knowledge of coronary artery disease
and of the research for optimal diagnostic tools are quite
longstanding (1). Probably, the very first description of
ischemic chest pain was formulated around the 1550 BC,
when Egyptians reported a realistic description of heart
ischemia in the Ebers Papyrus, “if thou examinest a man for
illness in his cardia and he has pains in his arms, and in his
breast and in one side of his cardia...it is death threatening
him.” (2). However, it is generally acknowledged that the
first clinically acceptable description of angina pectoris is
due to by William Heberden’s article published in 1772 (3).
More than a century was then needed for physicians to
focus their attention on coronary arteries, and to link
coronary disease with chest pain. In the first issue of the
New England Fournal of Medicine and Surgery, published
in 1812, a thorough description of angina pectoris was
published by John Warren, in which the symptoms were
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linked to the presence of coronary disease (4). This
description still retains a foremost value. Several decades
later, in 1889, Ludwig Hektoen clearly demonstrated that
myocardial infarction (MI) is caused by coronary thrombosis
“secondary to sclerotic changes in the coronaries.” (5).
Notably, the Russian clinicians and pathologists Obrastzov
and Straschesko described in 1910 the cases of five
patients presenting with clinical picture of MI, which was
subsequently confirmed at autopsy (6).

Acute cardiac ischemic events, however, are not simply
the consequence of a single problem (i.e., coronarosclerosis),
but rather the result of a complex cascade of events, that
have been assimilated to a perfect storm. The “perfect storm”
model refers to a convergence of events and processes,
encompassing formation of atherosclerotic plaque, coronary
flow dynamics, hemostatic and fibrinolytic balance,
metabolic and inflammatory processes, neurohormonal
activation, and environmental factors that ultimately
converge and trigger the ACS event (7).
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Table 1 Differential diagnosis of chest pain
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Cardiac Vascular Pulmonary Musculoskeletal Gastrointestinal Miscellany
ACS; variant angina (i.e., Aortic Pneumothorax; Rib fractures; sternal Esophageal reflux; Herpes zoster;
coronary spasm); pericarditis; dissection;  pulmonary embolism fractures; bone esophageal spasm; anxiety;
myocarditis; hypertensive large aortic  (pulmonary infarct); metastases (ribs and/ esophagitis; migraine; severe
crisis; hypertrophic aneurism pneumonia; or sternum); intercostal pancreatitis; peptic anemia (i.e.,
cardiomyopathy; tako- pulmonary abscess; = myalgia; costochondritis;  ulcer; biliary colic; discrepancy
tsubo cardiomyopathy; pleuritic neuralgia (i.e., radicular gastritis; diaphragm  angina)

tachyarrhytmias

pain)

hernias

ACS, acute coronary syndrome.

Overview on chest pain

Since the times of Obrastzov and Straschesko, chest pain
has become a major medical problem since it mirrors an
alarm sign for cardiac ischemia and MI. At present chest
pain represents one of the most common leading complaints
of patients visiting an emergency department (ED) (8). It
was only at the dawn of the new millennium, in the 2000,
that the First Global Task Force for MI published a new
definition of MI, encompassing that “any necrosis in the
setting of myocardial ischemia should be labelled as ML” (9).
This definition is still valid, and has been refined in two
subsequent revisions, culminating in 2012 in the third
universal definition of MI (10).

Chest pain, however, is grounded on a wide spectrum of
causes, ranging from totally harmless to immediately life-
threatening. Amongst the latter, acute coronary syndrome
[ACS, defined as a spectrum of disease ranging from
unstable angina (UA) to MI], pulmonary embolism, aortic
dissection, tension pneumothorax, pericardial tamponade,
and esophageal rupture are the bogeymans of the emergency
physicians (EPs), that have the constant concern and duty
to rule out potentially life-threatening causes and to act a
diagnostic and management strategy allowing a rapid and
safe disposition of patients. ACS, however, only accounts for
20-25% of chest pain patients visited in ED (11), and only
for 45% of patients admitted to a Chest Pain Unit (12).

A myriad of other causes of chest pain have been recognized,
including pneumonia, anxiety, migraine, musculoskeletal, skin
and gastrointestinal ones (see Table I). Notably, in a significant
percentage of patients, the cause of chest pain is never found.
In the last decades several studies showed a worrisome high
rate (between 2-4%) of patients with missed ACS who were
discharged from the ED (13,14). Unfortunately, the patients
incorrectly discharged have a higher short-term mortality,
ranging between 10% and 25% (13,14).
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This evidence has contributed to rise the EPs’ fear
of being sued for missed ACS, thus leading to order a
constantly increasing number of tests and causing many
inappropriate admissions, even for patients with low-
risk chest pain (15). On the other hand, the increasing
overcrowding of the EDs is posing serious threats to
the health care systems around the globe, thus raising
additional concern about the safety and overall efficiency
of the emergency systems (16). ED’s overcrowding has
been clearly linked with increased mortality, medication
errors, pain and length of stay (17), most notably in chest
pain patients (18), thus generating a dog chasing its own tail
vicious circle. As such, a rational approach, balancing risks
and benefits, is urgently needed.

Value of history

The vast majority of physicians still operate with the
robust certainty that the patient with ACS is classically a
white man, older than 60 years, with multiple risk factors,
complaining for left-sided chest pressure radiating to the
arm with some combination of associated dyspnea, nausea,
lightheadedness, or diaphoresis. The analysis of the clinical
characteristics of patients erroneously discharged from EDs
with missed ACS, however, is quite different. It describes
a non-white subject, younger, less likely to have a history
of known coronary artery disease (CAD), and less likely to
identify chest pain as his chief complaint patients (13,14).
Different studies demonstrated that typical symptoms are
useful diagnostic tools in patients with stable coronary
artery disease (19-21), but the same does not hold true in
patients presenting with chest pain in the ED (22-26). One
additional risk factor for missing the diagnosis of ACS has
been recently described, consisting in ED overall volume,
wherein the rate of missed MI is 2-fold higher in low-

atm.amegroups.com Ann Transl Med 2016;4(10):191



Annals of Translational Medicine, Vol 4, No 10 May 2016

Page 3 of 9

Table 2 Performance of some chest pain characteristics in predicting acute coronary syndrome (ACS)

Clinical feature Sensitivity (%)  Specificity (%) LR+ (95% Cl) LR- (95% Cl) PPV NPV
Pain irradiation to both arms 11 96 2.6 (1.8-3.7) 0.93 (0.89-0.96) 28 12
Pain similar to prior ischemia 47 79 2.2 (2.0-2.6) 0.67 (0.60-0.74) 25 9
Change in pain pattern over the prior 24 hours 27 86 2.0 (1.6-2.4) 0.84 (0.79-0.90) 23 11
Typical chest pain 66 66 1.9(0.94-2.9) 0.52(0.35-0.69) 22 7
Systolic blood pressure <100 mmHg 3.1 99 3.9 (0.98-15)  0.98 (0.95-1) 37 13
Lung rales 9 95 2.0 (1.0-4.0) 0.95 (0.89-1.0) 23 12

LR+, positive likelihood ratio; LR—, negative likelihood ratio; PPV, positive predictive value; NPV, negative predictive value. Modified

from (33).

volume facilities (ranging from 0% in the EDs with the
highest volume of patients to a troubling 29% at one low-
volume facility, respectively) (27).

In the past, the gender of the patients was emphasized
as a strong factor associated with differences in clinical
presentation of ACS. Recent data, however, seems to refute
this belief, showing that differences in the sex-specific
diagnostic performance of clinical prediction rules are modest
and not seemingly support the use of women-specific rules in
the early diagnosis of MI (25).

In the US, African Americans visited in the ED with
chest pain tend to be younger, are more likely female, and
are less likely to have had a history of CAD than their white
counterparts. The aforementioned features may somewhat
induce EPs to a lower threshold of suspicion for ACS.
Moreover, their ECGs are more frequently featured by
left ventricular hypertrophy, presumably due to a higher
prevalence of hypertension in this population (28).

Typicality of chest pain

After that said, since the information about age, sex, race
and history of patients can be easily collected, a pivotal
question remains: how should we define atypical symptoms?
It seems better to start from typical symptroms. Many
physicians still rely on the original Heberden’s description
of angina pectoris, describing left sided substernal pain as
a strangling sensation worsened by exertion and relieved by rest,
that radiated to the left arm (3). This description is widely
accepted and cited in articles and textbooks (22,29), as well
as incorporated in several clinical prediction rules (30).
Since a number of studies contributed to a progressive
refinement in the accepted description of ischemic chest
pain, the description is more comprehensive thus far, as
reported in the Guidelines of The National Heart Attack
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Alert Program Coordinating Committee on recognition of
symptoms potentially associated with cardiac ischemia (31).
These Guidelines describe the presentation as follows:
pain, if present, is described as pressure, tightness, or heaviness.
It may radiate to the neck, jaw, shoulders, back, or one or both
arms. The pain may also be described as indigestion or beartburn
with associated nausea and/or vomiting. Additional symptoms
in the absence of pain may include shortness of breath, weakness,
dizziness, lightheadedness, or loss of consciousness (31). It is easy
to understand that the aforementioned description, albeit
capable to warrant constant attention of the EPs to the vast
majority (but not all) of clinical presentations of ACS, also
represents a compelling caveat to perform intensive testing
in a wide subset of the whole ED population. Notably,
the first sentence of the definition stats pain, if present,....
If present represents a sentence opening whole world: the
obscure world of the ACS presentations without chest pain.

Regrettably, a large and thorough review aimed to
analyse the value of chest pain characteristics in predicting
ACS found scarce and flimsy evidence, thus concluding that
although certain elements of the chest pain history are associated
with increased or decreased likeliboods of a diagnosis of ACS or
AMI, none of them alone or in combination identify a group of
patients that can be safely discharged without further diagnostic
testing (22).

Recently a comprehensive review has suggested that the
more predictive characteristics for ischemic pain include
pain radiation to both arms, pain similar to prior ischemia,
and change in pain pattern over the prior 24 hours.
Amongst the physical findings, hypotension (i.e., SBP
<100 mmHg) was the strongest predictor of ACS. Data are
summarized in Tiable 2 (32).

Since up to 80% of patients report more than one symptom,
and some studies describe an average of 7-8 symptoms (33-35),
there has been increasing interest in depicting symptom
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Figure 1 Schematical representation of the so-called “typical” (red) and “atypical” (green) localizations of chest pain.

clusters in ACS, albeit with inconclusive results (36).
Typicality or non-typicality of chest pain characteristics are
summarized in Figure 1.

The uncertainty of the definition of the clinical
presentation has led some Authors to a call for action to
standardize symptom presentation in ACS (37), but this
achievement is still lacking. Some think that, at least in the
last decades, typical chest pain is actually arypical.

Atypical presentations and value of associated
symptoms

Sweating (or diaphoresis) is often cited as one of the most
frequent presentation symptoms of ACS, maybe being a
signal of the activation of the sympathetic nervous system, but
only recently this clinical manifestation has been extensively
evaluated. In a large cohort of more than 12,000 ACS
patients, the presence of sweating, in association with other
ACS symptoms, well predicted the probability of STEMI
[odds ratio (OR): 97.06, 95% confidence interval (CI):
82.16-114.14, P<0.0001]. For diagnosis of STEMI, the
positive likelihood ratio (LR) and positive predictive value
(PPV) were the highest for typical chest pain associated with
sweating (LR: 11.2, 95% CI: 10.3-12.1; PPV: 76.1, 95%
CI: 74.4-77.8) (38). As such, sweating in association with
typical or atypical angina was found to be a good predictor
of ST elevation MI (STEMI), rather than NSTE-ACS,
thus confirming his nature of “red flag” for prompt
evaluation and treatment of chest pain patients.

During the past few decades, a shift has been observed in
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the clinical presentation of ACS to milder forms, with some
evidence that both case severity and mortality may actually
be decreasing (39).

Another confounding factor is represented by the
age of the patients. Although an excess 80% of patients
who die from CAD are aged >65 years (39), the clinical
presentation of ACS in elderly is even more intriguing, due
to an increasing number of vague and atypical symptoms
and the wide spectum of co-morbidities and accompanying
complaints that are usually present in this patient group.
Up to 50% of these patients show atypical presentation,
most commonly dyspnea, nausea, diaphoresis, syncope, or
pain primarily localized to the arm, neck, jaw, or abdomen,
rather than in the chest (40,41). Moreover, it has been
clearly demonstrated that, at least in Europe, elderly ACS
patients are less likely to present with ST-elevation and,
despite their substantial in-hospital mortality, they are
definitely less intensively treated and investigated (42,43).

Effects of drugs and comorbidities

Another concern is represented by those patients who are
already using nitrates. In a large subset of the GRACE
registry it was found that patients chronically using nitrates
are more prone to develop NSTE-ACS than to develop
STEMI, and usually show a less release of markers of
cardiac necrosis (44). These findings suggest that acute
coronary events may develop to a smaller extent in nitrate
users, maybe due to a mechanism similar to the so called
preconditioning phenomenon (i.e., brief episodes of
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ischemia increase the tolerance of the heart to a subsequent
major ischemic insult). Several Authors believe that the
preconditioning phenomenon is linked to the sequence
of events represented by activation of nitric oxide (NO)
synthase, with its attendant production of NO (45), that
could be mimicked by chronic nitrates use.

One relatively new subset of chest pain patients is
represented by human immunodeficiency virus (HIV)-
infected patients. It has recently been demonstrated that
these patients are at higher risk for ACS (46). A recent report
showed that HIV-infected patients were younger, more
frequently men, complained for fewer and milder symptoms,
and had higher prevalence of cardiovascular risk factors
than non-infected patients. Notably, 11% of HIV-infected
patients had a history of recent use of cocaine or other abuse
substances. ST-elevation MI was the most frequent ACS
in HIV-infected patients (59% wvs. 24%) whereas non-ST-
elevation MI (23% wvs. 38%) and UA (18% wvs. 38%) were
more predominant in uninfected patients (P<0.001) (47).

Being married is generally thought to be a good and
healthy condition (48), and even in the field of ACS this
belief seems to be confirmed. In fact, at least in men,
being married was associated with significantly earlier
presentation for care, a benefit that was not observed for
married women. As such, earlier presentation for medical
care appears to be one reason for the observed lower risk of
cardiovascular death among married men, relative to their
single counterparts (49).

Asymptomatic myocardial infarctions (Mls)

In the Framingham study, representing the greater and
most studied group of patients in history, up to 25% of
patients were found to have a Q-wave MI on routine annual
ECGs, in absence of any previous clinical manifestation, so
exhibiting truly silent MIs (50). More recently, a study using
delayed enhancement cardiovascular magnetic resonance
imaging in high-risk patients discovered an incidence
of unrecognized non-Q-wave MIs approaching a 3-fold
higher frequency than unrecognized Q-wave ones (51).
Since we know now that non-Q-wave MIs are much
more common than Q-wave MIs, these data represent an
astonishing number of silent, unrecognized MIs (52,53).
A pivotal study conducted on more than 434,800 patients
included in the National Registry of Myocardial Infarction
2 database (NRMI-2) with a diagnosis of MI reported that
33% of them did not have chest discomfort or arm, neck,
or jaw pain on initial presentation to the hospital. MI
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patients presenting without chest pain were, on average,
seven years older and showed a higher prevalence of women
and diabetics than those presenting with chest pain (54).
A study of the Global Registry of Coronary Events
(GRACE), including more than 20,000 cases of ACS, found
that 8.4% of them did not have chest pain at presentation,
and in almost a quarter of these the diagnosis of ACS was
missed on their initial evaluation. The most common
symptom in the patients presenting without chest pain was
dyspnea, followed by diaphoresis, nausea, and syncope. In
this study the absence of chest pain was also more frequent
in elderly, female, hypertensive, diabetic, or in those with
a history of congestive heart failure. Notably, the mortality
was much higher in all the subgroups of patients presenting
without chest pain, being the highest in patients presenting
with syncope (55). As such, the absence of chest pain seems
to be the greatest pitfall for the EPs, and one of the worst
predictors of mortality.

Precipitating and relieving factors

The EPs usually ask the patients in which circumstances
the chest pain occurred. A meta-analysis of 17 studies
including more than 10,000 MI patients showed that 35%
were engaged in physical activity, 20% were awakened
from sleep, 8.2% were eating and 6.8% reported emotional
stress just before the event (56). Therefore, the take home
message is: do not underrate emotional stress or eating
as precipitating factors, considering them as symptoms of
anxiety or digestive disease.

In parallel, some relieving factors are poor indicators for
cardiac or non-cardiac origin of chest pain. This is especially
true for nitroglycerine and antacids. In particular, chest-pain
relief by nitroglycerine had no value for ruling-in or ruling-
out ACS, showing a higher incidence of relief in patients
without ACS, also relieving chest pain in 66% of patients
with noncardiac chest pain (57,58). Similarly, when using
antacids or the so-called gastrointestinal cocktail (a mix
of antacids and lidocaine), a significant portion of patients
with myocardial ischemia reported total or partial relief (59).
So, nor nitroglycerine and neither gastrointestinal cocktail
should be used to influence diagnostic process in chest pain
patients.

Clinical gestalt versus structured scores

What is the value of the initial clinical impression and
judgement of the EPs? In other words: how much can the
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clinicians rely on their Gestalt perception about clinical
presentation of chest pain patients? It has been shown, in a
group of 840 patients with chest pain and/or dyspnea, that
clinical Gestalt produced higher estimates of likelihood
of ACS (17% versus 4%) and pulmonary embolism (12%
versus 6%) in a relatively low-risk population (2.7% ACS;
1.8% pulmonary embolism) (60). Another well-performed
study analyzed the diagnostic accuracy of overall clinical
impression (i.e., physicians estimated the probability of ACS
before knowing troponin values and ECG results, but after
taking a full history) in the diagnosis of ACS. A choice of
“definite” ACS had a diagnostic LR of 4.0 (95% CI, 2.5-6.6);
“probable” ACS, 1.8 (95% CI, 1.3-2.4); “could be” ACS,
0.66 (95% CI, 0.46-0.96); “probably not” ACS, 0.20 (95%
CI, 0.09-0.44); and “definitely not” ACS, 0.36 (95% CI,
0.05-2.8) (61). A recent and well performed Swedish study
showed that: (I) in patients aged less than 40 years, chest
pain history and overall Gestalt not suspicious of ACS were
of high value in ruling out virtually all ACS; (II) a positive
initial troponin value and an ischemic ECG were strong
predictors of ACS, seemingly superior to pain history
for ruling in ACS; (III) in patients with a normal initial
troponin value and non-ischemic ECG, a chest pain history
typical of MI was not a significant predictor of MI, while
chest pain history typical of UA was a moderate predictor
of UA. Therefore, the Authors concluded that Gestalt
was better than its components both for ruling in (LR 29)
and ruling out (LR 0.01) ACS (62). Moreover, emerging
evidence seems to demonstrate that EPs with greater
experience are less likely to miss ACS, being the average
number of years of ED experience 2.6 for those missing
the diagnosis versus 5.1 for controls, respectively (63).
As such, the younger physicians, although spontaneously
oriented toward an intuitive and heuristic thought, need
to perform an analytical and structured evaluation first,
followed by a Gestalt perception of the whole aspect of the
problem. On the contrary, the skilled, expert physicians,
after incorporating a number of “spontaneous flowcharts”
in their personal toolbox, seem to develop a natural and
spontaneous inclination to Gestalt perception of patient’s
problems first, followed (when needed) by accurate
systematic analysis of the single aspects of the clinical
picture. Probably, it seems reasonable to put forward the
hypothesis that a wise synthesis of Gestalt perception,
Bayesians principles, and technology should be performed
in every field of medicine, in particular in those fields like
emergency medicine in which the time is limited (64).
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Conclusions

Almost a century after the pioneering observations of the
ECG abnormalities associated with experimental coronary
artery ligation in dogs (65), and the pivotal description, by
Harold Pardee of the ECG changes associated with MI in
humans (i.e., the early rise of ST-segment along with the
takeoff of the T-wave from the descending R-wave during
the early phase of myocardial ischemia: the “Pardee’s (or,
sometimes, Smith-Pardee’s) sign) (66), the 12-lead ECG
continues to be the single most important and most rapidly
available diagnostic test used in the management of the
patient with chest pain. However, the revision of initial ECG
recordings of 391,208 patients with documented AMI, in
the NRMI database, showed that 7.8% had a normal ECG
recording and 35.2% had nonspecific ECG findings (67).
As such, every EP should keep in mind that a normal or
nonspecific ECG finding cannot, per se, be used to rule out
cardiac ischemia or MI.

On the other side, the EPs should also keep in mind
that hospital admission of patients with chest pain with
two negative findings for serial biomarkers, nonconcerning
vital signs, and nonischemic ECG findings, can induce
iatrogenic short-term clinically relevant adverse events, thus
suggesting that routine inpatient admission may not be a
beneficial strategy for this group (68).
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