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It is estimated that 5 to 8 million individuals with
chest pain or other symptoms suggestive of myocardial
ischemia are seen each year in emergency departments
(ED) in the United States 1,2, which corresponds to 5 to
10% of all visits 3,4. Most of these patients are hospitalized
for evaluation of possible acute coronary syndrome (ACS).
This generates an estimated cost of 3 - 6 thousand dollars
per patient 5,6. From this evaluation process, about 1.2 mil-
lion patients receive the diagnosis of acute myocardial in-
farction (AMI), and just about the same number have uns-
table angina. Therefore, about one half to two thirds of the-
se patients with chest pain do not have a cardiac cause for
their symptoms 2,3. Thus, the emergency physician is faced
with the difficult challenge of identifying those with ACS -
a life-threatening disease - to treat them properly, and to
discharge the others to suitable outpatient investigation
and management.

To establish the correct diagnosis and the appropriate
treatment for patients with chest pain is one of the most im-
portant problems facing not only physicians and hospitals
but also the payers – government, health-insurance compa-
nies, or health  maintenance organizations. Emergency
physicians are traditionally recommended to act on behalf of
patients’ health and safety. Therefore, incapable of establi-
shing with certainty the etiologic diagnosis of chest pain
patients using history, physical examination and electrocar-
diography (ECG) data, physicians are pressured to admit
these patients to the coronary care unit. As most of these
patients do not have cardiovascular disease, this results in
the expenditure of some 5 to 8 billion dollars in cost for un-
necessary hospital admissions in the United States 2,7,8.

However, even with this exaggerated effort to identify
cases of ACS, an average of 2 - 3% of patients with chest

pain who actually have AMI are unintentionally released
from the EDs in the United States, and this rate may go up to
11% at some centers 8-10. This amounts to some 40,000 indi-
viduals each year. In countries where emergency physicians
have less expertise in dealing with chest pain patients or are
less aggressive in admitting them to the hospital, this rate
could reach 20% 11.

At the same time, physicians have been pressured by
health insurance companies and hospital managers to avoid
admitting patients who have an unclear diagnosis 12. Re-
trospective denial of payment by insurers for hospitalized
patients who end up not having ACS makes the admission
of low-risk patients problematic. The release of patients with
AMI represents a significant medico-legal risk for emer-
gency physicians, with 20% of malpractice dollar settle-
ments each year in the United States being associated with
the misdiagnosis of AMI 13,14.

For all the previously mentioned reasons, physicians
are faced with the problem of admitting most patients co-
ming to the ED with chest pain, or releasing those that have
a very low likelihood of a life-threatening disease, yet they
may in fact have ACS with a resulting complication. Thus,
most emergency physicians in the United States admit vir-
tually all patients who have any possibility of ACS due to
knowledge of the following information. First, some 15 to
30% of such patients actually do have ACS 15,16. Second,
just about one half of patients with AMI have the classic
change of ST-segment elevation on the admission ECG 17,18.
Third, less than 50% of patients having AMI without ST-
segment elevation have an abnormal admission serum
creatine kinase-MB (CK-MB) level 19-21.

Therefore, the evolution of Chest Pain Units has been
recognized as a reasonable and viable approach to deal with
these patients in the ED in a cost-effective way 12,22, as we
will discuss in this report.

Chest pain units - Since the early 1960s, coronary care
units have been the ideal setting for managing patients with
a clear-cut diagnosis of AMI. The excellent results obser-
ved in these units, particularly with early recognition and
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treatment of cardiac arrhythmias and cardiac arrest, led phy-
sicians to begin admitting patients with suspected ACS 23,24.
The result of this more liberal approach was more than one
half of admitted patients did not have a final diagnosis of
ACS 24. Consequently, high-cost hospital beds were filled
by emergency physicians with low-risk patients, resulting in
saturation or overflow of the coronary care units, with sub-
optimal use of medical resources, and high costs associated
with this evaluation.

Chest Pain Units or Centers can be defined as a new
area of emergency medical care devoted to improving mana-
gement of patients with acute chest pain or any other
symptom suggestive of ACS. The main objectives of these
units are to provide (1) easy and friendly admission for the
patient presenting to the ED, (2) priority and rapid access to
the medical staff in the ED, and (3) an organized and effici-
ent strategy of medical care within the ED, including diag-
nosis and treatment, aimed at dispensing the best possible
medical care at the lowest possible cost.

Chest Pain Units can be located in or adjacent to the
ED, in a true physical area, or just as a working process wi-
thin the emergency center. What is essential is that a group
of trained and qualified personnel act in synchrony when
receiving a patient with chest pain to achieve the previously
mentioned objectives: rapid and efficient evaluation, early
identification of ACS, high-quality care, and cost-effecti-
veness 2,3,25,26.

 One of the keys to the success of the Chest Pain Units
is the use of systematic diagnostic algorithms and specific
management protocols 3,26. The use of Chest Pain Units has
resulted in improved care of patients with and without ACS,
as depicted in table I and discussed as follows.

Pre-hospital delay (procrastination of patients with
ACS in coming to the ED) is a worldwide problem and res-
ponsible for about 50% of AMI deaths 27,28. Many studies
have demonstrated that the mean time-interval between
symptom onset and hospital arrival in patients with AMI is
2 to 3 hours 2,29. This delay may lead to prehospital death
and may be the reason for ineligibility for thrombolytic
therapy in many patients with AMI 30,31 . Chest Pain Units
can be an instrument for patient education, particularly
for those needing risk factor modification or symptom re-
cognition 2,3.

In-hospital delay, the time interval between hospital
arrival and diagnosis with initiation of specific therapy (also
known as door-to-needle time), is another problem that af-
fects most of the hospitals around the world, even in deve-
loped countries. This time frame is about 1 hour 2,29. One of
the most important reasons for this delay is lack of priority in
the initial assessment of chest pain patients, which are
frequently passed by on behalf of those with trauma, gas-
trointestinal bleeding, etc. Chest Pain Units perform an
important and unique role in reducing this delay through its
action to prioritorize high-risk individuals and to use proto-
cols to evaluate and treat patients 2,3,12,26, as recommended
by the National Heart Attack Alert Program 31.

Inappropriate hospital release of patients with AMI and

unstable angina is a serious problem in emergency medicine
that has been persistent over time 9,10,32,33. As previously
mentioned, diagnostic error in these cases has ranged from
zero to more than 10% in renowned medical institutions 10.
Through the training of its personnel and the use of careful
and systematic diagnostic strategies, Chest Pain Units can
decrease inappropriate AMI release to less than 1%.

Excessive and unnecessary hospitalizations in high-
complexity, high-cost units, such as coronary care units, are
a frequent problem in medical practice, especially when
physicians are in need of a bed for their patients with known
AMI. Chest Pain Units act to buffer the coronary care units
by evaluating patients with an unclear diagnosis, therefore
reducing the rate of low-risk admissions and, consequently,
increasing the availability of beds for those who really need
them 26,34.

The high costs of contemporary medicine have proved
to be an important economic burden for society. Money
used unwisely for the management of low-risk chest pain pa-
tients could be better used in high-risk patients. Cost-con-
tainment measures make Chest Pain Units more attractive
not only to administrators but also to physicians as well,
because low-risk patients can also be thoroughly and ade-
quately evaluated in this setting 10. Chest Pain Units have
been demonstrated to reduce these costs, mainly through
reduction in duration of hospital stay and the number of
diagnostic tests ordered, especially those that have little or
no diagnostic yield 5,7,28,35-38. Diagnostic algorithms or pro-
tocols are important tools to attain such efficiency. As they
also improve the quality of medical care, Chest Pain Units
promote an unquestionable salutary shift in the cost-bene-
fit relationship.

Diagnostic strategies for chest pain patients - Chest
pain is a symptom associated with multiple pathologic en-
tities, some benign 39. However, emergency physicians are
usually concerned primarily with those that are life-threa-
tening, namely ACS, pulmonary embolism, and aortic
dissection. Although none of these are the most frequent
cause of chest pain in the ED, AMI and unstable angina
are quite common in this setting (10 to 30% of cases). Pul-
monary embolism and aortic dissection have an incidence
of less than 1%.

The history is an extremely valuable tool in the diffe-
rential diagnosis of chest pain 39-43. The association of chest
pain characteristics and admission ECG changes, with or
without the information of patient’s age, risk factors profile,
and past history, has enabled investigators to create proba-

Table I - Aims of chest pain

1. Reduce prehospital delay of chest pain patients.
2. Reduce in-hospital delay for identifying and treating ACS patients.
3. Prevent inappropriate release of ACS patients.
4. Reduce unnecessary hospitalization rate for non-ACS patients
5. Reduce medical costs in the assessment of chest pain patients.

ACS- acute coronary syndrome.
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bilistic algorithms or clinical prediction rules to estimate the
chance of ACS or AMI in these patients 16,21,39,44,45. The
diagnostic accuracy of these tools has been confirmed in
several studies 46-49 and recommended in  1 guideline 50.

Determination of pretest probability of ACS is impor-
tant in establishing diagnostic strategies that are most cost-
effective. Thus, patients with a high probability should be
thoroughly investigated, whereas patients with a low proba-
bility of ACS may need less extensive and costly investiga-
tion in the emergency setting. Several strategies have been
proposed and used in different centers 8,21,44,51-53, but they all
have in common the need for a diligent and careful determi-
nation of the pretest probability of disease and the proper
allocation of resources. Figure 1 depicts the diagnostic stra-
tegies used in the Pro-Cardiaco Hospital, establishing dif-
ferent diagnostic pathways according to the pretest proba-
bility of ACS. Characterization and classification of chest
pain type and admission ECG (tabs. II and III) are crucial
steps to correctly stratify the probability of ACS in these

patients. Thus, route 1 is the pathway for high-probability
patients, whereas route 2 is for those with intermediate pro-
bability and route 3 for those with low probability 21,34. A
previously published study from our group validated the
discriminatory property of this model, as depicted by the
observed rates of AMI and unstable angina in those routes
of 74% and 17%, 17% and 43%, and 2% and 7%, respec-
tively 34.

Developing a protocol for the Chest Pain Unit - Any
diagnostic protocol or algorithm for assessing patients who
come to the ED with chest pain must be based on the inter-
pretation of chest pain characteristics and admission ECG,
which can be made by experienced and trained emergency
physicians and nurses. With these data one can make an ac-
curate estimate of the risk (or probability) of ACS 34,39,40,54.
However, diagnostic confirmation most of the time requires
the use of other laboratory examinations.

Serum markers, such as myoglobin, CK-MB, and tro-
ponins I and T are necessary to detect myocardial necrosis
and to risk-stratify these patients 5,19,55. The duration of
myocardial necrosis markers screening should not be less
than 3 hours and generally between 6 and 9 hours after ad-
mission to the Chest Pain Center. Ideally, 3 serial measure-
ments should be obtained until at least 12 hours after pain
onset 19-21,24,51,55.

Patients with a diagnosis of AMI or high-risk unstable
angina confirmed at this point should be admitted to the
hospital, but their antiischemic therapy should be initiated
in the ED.

Remaining patients with a negative series of myocar-
dial necrosis markers still require an evaluation for acute
cardiac ischemia without infarction. ST-segment trend mo-
nitoring, two-dimensional echocardiography, and rest
myocardial perfusion scintigraphy have been systematical-
ly used 42,51,52.

Sensitivity of rest tetrofosmin or sestamibi SPECT for
detecting AMI has ranged from 90 to 100%, with a negative
predictive value of 99% 44,57-60, whereas the rest echocardio-
gram is between 47 - 93% and 86 - 99 %, respectively 34,51,61-63.
The diagnostic accuracy of ST- segment trend monitoring is
still under investigation 64,65.

Graded exercise testing, with or without myocardial ra-
dionuclide scintigraphy or stress echocardiography, can be
performed to further risk-stratify these patients in whom
AMI or rest myocardial ischemia has been ruled out 34,35,51,66.
Although these tests are important tools to assist in the
diagnosis of residual myocardial ischemia and, therefore,
unstable angina, they also contribute to assess prognosis
in acute chest pain patients. A negative exercise test is as-
sociated with minimal (<2%) chance of death or AMI in the
following year 5,44,57,58,63,67-69. Thus, provocative testing be-
comes extremely important in completing the Chest Pain
Unit evaluation in these patients.

Therefore, the Chest Pain Units provide a thorough
evaluation for patients with chest pain presenting to the ED.
This investigation is aimed at detecting not only myocardial

Table II - Classification and definitions of chest pain types used in
the Chest Pain Unit of Pró-Cardíaco Hospital

Chest Pain Types                            Definition

Type A Chest pain that makes the physician certain
(definite angina) of the diagnosis of ACS, independently

of other tests.
Type B Chest pain that makes ACS the main
(probable angina) diagnostic hypothesis, but needing other

tests to confirm it.
Type C Chest pain that does not make
(probable not angina) ACS the main diagnostic hypothesis, but

 needing other tests to rule it out.
Type D Chest pain that does not include ACS as a
(definite not angina) cause  (D1= without diagnosis on

admission; D2= with diagnosis)
AMI-type Chest pain suggestive of AMI by  its

character, location, intensity, duration
(≥30min) and other symptoms and signs.

Non AMI-type Chest pain that does not fit the definition
of AMI-type.

ACS- acute coronary syndrome; AMI- acute myocardial infarction.

Table III - Classification and definitions of the admission
electrocardiogram (ECG) pattern used in the Chest Pain Unit of Pró-

Cardíaco Hospital

ECG Types Definition

ST-segment elevation Positive deviation of J-ST >0.1mV in ≥ 2
leads of the frontal plane or >0.2mV in
leads of the horizontal plane.

ST-segment depression Negative deviation of J- ST ≥0.1mV in ≥ 2
leads, or T-wave inversion in ≥2 leads.

Left bundle branch block In sinus rhythm, QRS duration  ≥ 120 ms
 with QS or rS in V1 and intrinsecoid
deflection  ≥60 ms in L1, V5 or V6 , and absence
of Q-waves in these leads.

Normal/nonspecific Absence of changes, or changes of lesser
intensity of the above-mentioned ones, even
in the presence of old pathologic Q-waves.
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necrosis, but also rest and exercise-induced ischemia. Pa-
tients with a negative evaluation that encompasses these 3
objectives have a very low risk for complications after dis-
charge from the Chest Pain Unit.

Chest Pain Units in Brazil - The first Chest Pain Unit
in our country was developed in 1996 at Pró-Cardíaco Hos-
pital, a private, clinical emergency care institution in the city
of  Rio de Janeiro. Chest pain is responsible for some 20% of
all ED visits in that hospital, a rate remarkably higher than
that seen in general EDs.

The Chest Pain Unit was initially seen with restrictions
and disbelief by attending physicians and health insurers
due to the systematic diagnostic protocol, supposedly more
costly and cumbersome than the traditional ED evaluation.
However, a rapid change of opinion occurred as results and
benefits of the new method of patient assessment were appre-
ciated. A data bank, prospectively obtained, allowed gene-

ration of important scientific information that were was im-
mediately released to the medical community 11,18,20,21,34,69,
confirming reports of other institutions and validating its
own efficacy.

Following this pioneering experience, other institu-
tions established their own Chest Pain Units. In 1998, 4 of
them were functioning in Brazil and in 2001 a total of 30 were
known, located in 13 states, most of them in medium-sized
cities and small hospitals (figs. 2 and 3). It is important to
emphasize that an estimated 1000 Chest Pain Units exist at
the present time in the United States 7, which represents al-
most 20% of all the 4,300 EDs in that country.

Conclusion - The introduction of Chest Pain Units in
the management of patients that come to the ED with
chest pain has permitted the diagnosis of ACS to be made
outside the coronary care unit in a more rapid and accurate
way, thus optimizing assessment and treatment of these

Fig. 1 - Pro-Cardiaco Hospital Diagnostic Algorithm. AMI- acute myocardial infarction; Cath lab- catheterization laboratory (if available and indicated); CCU- coronary care unit;
CP- chest pain (A- definite angina, B- probable angina, C- probable not angina, D- definite not angina); Disch- discharge; ECG- electrocardiogram; Echo- echocardiogram; LBBB-
left bundle-branch block; MNM- myocardial necrosis markers; NL/NS- normal/nonspecific; TST- treadmill stress test.
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Fig. 2 - Development of Chest Pain Units in Brazil (up to July 2001).

Fig. 3 - Distribution of Chest Pain Units in Brazil (up to July 2001).
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Errata

Na Correlação Anatomoclínica, publicada em Arq Bras Cardiol 2002; 78: 600-6, a legenda correta da figura 3 foi
impressa erroneamente. A correta é “Fotomicrografia do pulmão, exibindo granuloma (G) com numerosas células
gigantes multinucleadas (pequenos asteriscos). Hematoxilina-eosina, objetiva 4X.


