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Introduction

In patients admitted to the Intensive Care Unit
(ICU) for reasons different from cardiac disease,
several clinical events can cause myocardial is-
chemia and/or acute myocardial infarction (AMI)
[1-8]: however, both conditions can be hard to diag-
nose using the criteria indicated by the European So-
ciety of Cardiology and American College of Cardi-
ology, which include the increase of serum markers
of myocardial damage associated with suggestive
symptoms and/or electrocardiographic (ECG)
changes [9]. Actually, in the critically ill patients the
diagnosis can be particularly challenging since
AMI-induced abnormalities, including hemody-
namic instability, a reduced level of consciousness,
ECG changes and elevated blood levels of cardiac
enzymes can be caused also by non-cardiac events
[10, 11]. The relevance of these diagnostic difficul-
ties is underscored by the wide range of AMI re-
ported in non-cardiac critically ill patients, ranging
from 15 to 36% [12, 13].

Taking advantage of the high rate of autopsy
performed in our hospital despite a worldwide ever-
decreasing rate of post-mortem studies [14, 15], we
compared clinical and autopsy records of a popula-
tion of critically ill adult patients admitted to our
ICU for non-cardiac reasons in order (a) to define
the rate of discrepancies concerning the diagnosis of
AMI; and (b) to evaluate the presence of risk factors
that could be helpful in identifying patients at risk of
missed diagnosis.

Methods

We retrospectively reviewed all the autopsies
performed in patients deceased in our ICU since
January 1st, 1996 to December 31st, 2007. As the
study was retrospective and did not imply any in-
tervention and/or privacy violation, the consent of
the local ethics committee was deemed unneces-
sary. In order to limit the study to subjects without
a pre-existing diagnosis of AMI, we excluded pa-
tients with post-cardiac arrest status due to coronary
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Background: in patients admitted to the Intensive Care
Unit (ICU) for non cardiac disease, the diagnosis of acute
coronary syndromes can be challenging. The aim of the
study was to define the rate of discrepancies concerning the
diagnosis of acute myocardial infarction and to evaluate the
presence of risk factors that could be helpful in identifying
patients at higher risk of missed diagnosis. 

Methods: we compared clinical and autopsy records of
600 critically ill patients who died in our ICU in a 10-years
period. We identified patients in whom acute myocardial in-
farction was reported as the cause of death on the clinical
records or was discovered only at post-mortem examination.
These subjects were subsequently divided into two Groups:
patients in Group 1 underwent diagnostic evaluation for

acute myocardial infarction whereas those in Group 2 were
not investigated for. 

Results: In Group 1, a definite clinical diagnosis was
reached in 11 patients (14,7%) but remained undetermined
in 37 patients (48%). The diagnosis was totally missed in 8
patients in Group 1 (10,6%) and in 20 patients of Group 2
(26,6%). The diagnostic discrepancy was higher in septic
patients, in whom the correct diagnosis of acute myocardial
infarction was established at a rate lower than 50% in re-
spect to non-septic patients. 

Conclusions: Our experience strengthens the role of
post-mortem examination as a source of feed-back of the
overall diagnostic and therapeutic approach especially in
septic patients, where the diagnostic error is more frequent.
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artery disease (CAD) or with the diagnosis of AMI-
related complications causing the ICU admission.
Trauma, paediatric and obstetric patients were also
excluded from the study, because, according to the
current Italian law, the results of the autopsies of the
former are not disclosed to the caring physicians
and the two latter categories are treated in another
hospital. 

The study was conducted in two phases. The
first step consisted in the identification of patients in
whom (a) an AMI was reported as the cause of death
on the clinical records; or (b) an AMI was discov-
ered only at post-mortem examination by the gross
examination of the heart and microscopically con-
firmed thereafter. Positive cases were then divided
into three categories on the basis of the histological
findings [16, 17]: 
(a) Hyper acute necrosis, characterized by the pres-

ence of a marked cytoplasmatic eosinophilia,
enlargement of the nucleus and apoptosis with-
out inflammation, indicating a lesion developed
4-10 hours before death (Figure 1 and 2);

(b) Acute necrosis, whose features were a marked
coagulative cell lysis and extensive interstitial
inflammatory infiltration, indicating a lesion oc-
curring > 12 hours but < 2 weeks before death
(Figure 3);

(c) re-infarction if the new lesion occurred upon a pre-
vious one dating more than 6 months (Figure 4). 
The second step consisted in the thorough review

of the medical records of all AMI patients either at the
autopsy or in whom this diagnosis was established
during their ICU stay. These subjects were subse-
quently divided into two Groups: patients in Group 1
had undergone diagnostic evaluation for AMI whereas
those in Group 2 had not been investigated for. The
clinical diagnosis of AMI was based on the above de-
scribed criteria [9]. A definite clinical diagnosis was
established in the presence of both raised blood Tro-
ponin (Tn) levels and suggestive ECG signs, while
when only one of these variables was abnormal the di-
agnosis was considered undetermined. 

The patients’ age and gender, the causes of hos-
pital and ICU admission, the diagnostic interven-
tions, the presence of concomitant disease, of sepsis
and sepsis-related conditions [18, 19] and the use of
cathecolamines were recorded. In case of multiple
admissions, only the last one was considered. 

The data are expressed as means and standard
deviation (SD) for continuous variables and num-
bers and frequencies for nominal variables. Mann-
Whitney test, ANOVA test and Chi-square test were
used, as appropriate. A p value < .05 was considered
statistically significant.

Figure 1. - H & E, x60. Hyperacute myocardial necrosis. Hypere-
osinophilic cytoplasm of myocites. Nuclear picnosis and apoptosis. No
inflammation.
H & E: hematoxylin and eosin

Figure 2. - H & E, x20. Hyperacute myocardial necrosis. Evident
nuclear changes (picnosis, karyolisis); interstitial edema; myocytes
with eosinophilic cytoplasm. No evidence of interstitial inflammation
H & E: hematoxylin and eosin

Figure 3. - H & E, x20. Acute myocardial infarction. Diffuse coagulative
myocytolysis and extensive interstitial inflammatory infiltration
(neutrophils polymorphonuclear, lymphocytes and plasma cells)
H & E: hematoxylin and eosin

Figure 4. - Reinfarction. Scar tissue near myocardial damage (hypere-
osinophilic fibers, foci of coagulative myocytolis) with interstitial gran-
ulocytic inflammation 
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Results

During the study period, 600 autopsies were
performed. Overall, an AMI was found in 75 cases
(12,5%). Fifty-five patients (73%) were included
in Group 1 and the remaining 20 (27%) in Group

Table 1. - Patient population

Population Group 1 Group 2 p

Patients -n (%)- 55 (73,3) 20 (26,7)
Age (median ± SD) 72,7±10,9 68,7±10,8 n.s.
Male 35 (63,6) 14 (70) n.s.
Female 20 (36,3) 6 (30) n.s.

Sepsis and related conditions -n (%)-
SIRS 3 (5,4) 4 (20) n.s.
sepsis 0 0 n.s.
severe sepsis 4 (7,2) 0 n.s.
septic shock 17 (30,9) 9 (45) n.s.
non septic shock 21 (38,1) 6 (30) n.s.

LOS (days (median ± SD)
LOSpreICU 12,3±16,7 22,7±34,6 n.s.
LOSICU 5,3±5,5 8,5±12,3 n.s.

Reason for hospital admission -n (%)-
Cardiac arrest/cardiogenic shock 4 (7,2) 1 (5) n.s.
Medical disease 18 (32,7) 10 (50) n.s.
Planned surgery 6 (10,9) 1 (5) n.s.
Urgent/emergency surgery 25 (45,4) 8 (40) n.s.
Septic shock 2 (3,6) 0 n.s.

Reason for ICU admission -n (%)-
Cardiac arrest/cardiogenic shock 8 (14,5) 1(5) n.s.
Medical disease 18 (32,7) 9 (45) n.s.
Planned surgery 3 (5,4) 0 n.s.
Urgent/emergency surgery 16 (29) 5 (25) n.s.
Sepsis and related conditions 10 (18,1) 5 (25) n.s.

Risk factors -n (%)-
Diabetes 18 (32,7 ) 4 (20) n.s.
Hypertension 31 (56,3) 6 (30) .043
Heart disease 28 (50,9) 9 (45) n.s.
COPD 15 (27,2) 3 (15) n.s.
Obesity 2 (3,6) 0 n.s.
Dislipidemia 7 (12,7) 0 n.s.
Renal failure 9 (16,3) 1 (5) n.s.
Smoking 5 (9) 2 (10) n.s.
Others 16 (29) 7 (35) n.s.
Cardiac failure 6 (10,9) 1 (5) n.s.
CAD 21 (38) 4 (20) n.s.
Non-ischemic cardiopathy/no cardiopathy 34 (62) 16 (80) n.s.

RRT -n (%)- 6 (10,9) 1 (5) n.s.

Cardiovascular agents -n (%)-
Dobutamine 23(41,8) 2(10) .010
Dopamine 29(52,7) 12(60) n.s.
Norepinephrine 29(52,7) 10(50) n.s.

CAD: coronary artery disease; COPD: Chronic obstructive pulmonary Disease; LOS: length of stay; RRT: renal replacement therapy;
SIRS: Systemic Inflammatory Response Syndrome

2. The characteristics of patients were comparable
in the two Groups, which differed only for signif-
icant higher prevalence of hypertension and dobu-
tamine use in Group 1 (Table 1). A CAD was pre-
sent in 33,3% of patients while the remaining pre-
sented either non-ischemic cardiomyopathies (e.g.
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toxic-metabolic, dilatative etc) or no lesions at all.
Comparing the two groups, the prevalence of CAD
was slightly higher in Group 1 than in Group 2 (re-
spectively 38% vs. 20%). Microscopic findings
confirmed an AMI in 87% of cases in Group 1 and
in 95% in Group 2. Acute necrosis was the major
histological finding in Group 1, while hyperacute
necrosis was more frequently found in Group 2
(Table 2).

In Group 1, a definite clinical diagnosis was
reached in 11 patients (14,7%) but remained unde-
termined in 37 patients (48%). The diagnosis was
totally missed in 8 patients in Group 1 (10,6%) and
in 20 patients of Group 2 (26,6%).

The whole study population was then subdivided
according to the presence of sepsis (Table 3). The di-
agnosis of sepsis and sepsis-related conditions was
made on the basis of the commonly used criteria [18,
19]. Septic patients had a significantly lower mean
age, were more frequently admitted to ICU for a

medical reason, had a lower prevalence of cardiovas-
cular risk factors, had a lower mean serum Tn level
and showed less frequently ischemic ECG changes.
No difference was found in the prevalence of CAD
or non-ischemic cardiomyopathy /no cardiomyopa-
thy between septic and non septic patients. More-
over, AMI-addressed investigations were performed
less frequently in septic than in non septic patients
(65,4% and 78,7%, respectively; p < 0,05). Septic
patients had higher prevalence of hyperacute necro-
sis while acute necrosis was more frequent in non
septic patients (Figure 5). In both Groups the patho-
logical findings were subsequently correlated with
the presence of sepsis and related condition. Both
acute necrosis and re-infarctions were uniformly dis-
tributed between the two groups (Table 4). 

In Group 1, the ECG revealed the presence of
acute ischemic changes in 30,9% of patients. Up to
70% of patients in Group 2 did not have an ECG,
while in the remaining 30% the ECG was not in-
dicative. Echocardiographic evaluation was per-
formed in 32,8% and 15% of patients in Group 1 and
Group 2, respectively (Table 5). 

Discussion

In the clinical practice, the use of 12-lead ECG in
combination with the repeated measurements of
blood Tn levels constitute the standard approach for
the diagnosis of AMI in patients with suggestive
symptoms [20]. However, whereas this diagnosis can
be relatively straightforward in the absence of con-

Table 2. - Histological findings

Findings Group 1 Group 2 p

Hyperacute necrosis 16 (29%) 8 (40%) n.s.

Acute necrosis 24 (44%) (25%) n.s.

Reinfarction 8 (14%) 6 (30%) n.s.

None 7 (13%) 1 (5%) n.s.

Table 3. - Characteristics of septic and non septic patients

Variable Septic patients Non septic patients p

n° (%) 26 (34,7%) 49 (65,3%)

Age (mean ± SD) 67±12 74 ±10 0.009

LOS (days) (mean ± SD)

Pre ICU 23±33 11±13,4 ns

ICU 8±10,5 5±6 ns

Risk factors (%)

Diabetes 23 32 ns

hypertension 61,5 44,6 ns

Heart disease 34,6 57,4 0.05

COPD 7,6 34 0.012

cardiac failure 3,8 12,7 ns

renal failure 11,5 12,7 ns

CAD 35 33 ns

Non-ischemic cardiopathy/no cardiopathy 65 67 ns

RRT (%) 19 4 0.037

AMI-Targeted investigations

Troponin (mcg/ml) (mean ± SD) 9,4±16,5 17,6±42,5 ns

ECG acute ischemic changes (%) 15,4 27,6 ns

Echocardiography (%) 19,23 63,8 ns

SIRS: Systemic Inflammatory Response Syndrome; LOS: length of stay; COPD: Chronic Obstructive Pulmonary Disease;
RRT: renal replacement therapy; CAD: coronary artery disease
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Table 4. - Histologic findings in shocked patients

Hyperacute necrosis Acute necrosis Reinfarction

Non septic Septic Non septic Septic Non septic Septic

Group 1 8(21) 8(47) 19(50) 5(29,4) 6(15,8) 2(11,8)

Group 2 5(45,4) 3(33) 3(27,3) 2(23) 3(27,3) 3(33)

Table 5. - AMI-directed investigations

Investigation Group 1 Group 2

Enzymes (mean ± SD)

Troponin (mcg/ml) 15,8±37,1 Not measured

CPK-MB (u/L) 96,8±225 0

ECG Findings -n(%)-

– not recorded 9 (16,3) 14 (70)

– not interpreted 15 (27,2) 6 (30)

– normal 1 (1,8) 0

– former ischemic changes 2 (3,6) 0

– non ischemic changes 11 (20) 0

– acute ischemic changes 17 (30,9) 0

US findings -n(%)-

– not performed 37 (67,2) 17 (85)

– normal/mild alterations as left ventricular hypertrophy 6 (10,9) 3 (15)

– moderate alteration of ventricular kinetics; normal EF 6 (10,9) 0

– severe alteration of left ventricular kinetics/reduction EF 6 (10,9) 0

US= echocardiography; EF= ejection fraction

Figure 5. - Histologic findings in septic and non septic patients

Legend: black bars: hyperacute necrosis; white bars: acute necrosis; dashed bars; reinfarction; p: n.s. for all groups.

histological examination did not show any compati-
ble lesion in 8 patients diagnosed AMI-positive on
the basis of the ECG and the cardiac enzymes. Dif-
ferent factors account for these discrepancies. First,
the AMI-related hemodynamic derangements can be
easily ascribed to causes different from myocardial
ischemia, including hypovolemia, mechanical venti-
lation etc [21]. Second, the conventional 12-lead

founding factors, in critically ill patients admitted to
the ICU for non-cardiac reasons it can become elu-
sive. In our patients found positive to AMI at the
post-mortem examination, a definite clinical diagno-
sis could be established in a minority of them
(roughly 15%), whereas in the remaining patients the
diagnosis remained doubt or was totally missed.
False negative cases were present as well, since the
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ECG can be misleading as it can be influenced by
non-ischemic conditions, such as certain therapies
and the presence of acid-base and electrolytes disor-
ders [10]. Third, the blood levels of cardiac enzymes
can be elevated also in the absence of cardiac is-
chemia in 15-70% of critically ill patients without
CAD [1, 22, 23]. Actually, other investigators [24],
demonstrated that histological examination revealed
contraction band necrosis in only half of patients
with a elevated pre-mortem Tn levels, suggesting
that its release does not necessarily indicate myocar-
dial cell necrosis. Indeed, elevated serum Tn levels in
septic patients can be seen even with increased coro-
nary blood flow, a decreased extraction of oxygen
across the coronary circulation and maintenance of
normal high-energy phosphate levels [25-27]. Fi-
nally, most ICU patients are unable to report symp-
toms of cardiac ischemia. Independently from all
these circumstances, the implementation in se and
per se of AMI-directed investigations can be hard to
decide on the basis of the clinical characteristics: in
our patients, no significant differences were demon-
strated between the two groups, including gender,
age, prevalence of shock, acid-base abnormalities
and PaO2/FIO2 ratio; only a higher prevalence of hy-
pertension and the administration of dobutamine
were more frequent in our patients fully investigated
for AMI. Moreover, it appears that concomitant con-
ditions do not influence the incidence of false posi-
tive cases, as the rate of patients with a clinical diag-
nosis of AMI, but without corresponding autopsy
findings, was the same in septic and non septic pa-
tients. We believe that the lesser number of AMI-di-
rected investigations performed in septic patients can
be ascribed to a reduced index of suspicion toward its
presence, as the hemodynamic derangements were
ascribed to sepsis. Although not statistically differ-
ent, there was a greater prevalence of acute necrosis
in Group 1 (44%), whereas hyper acute necrosis
(40%) and reinfarctions (30%) predominated in
Group 2. A more in-detail analysis of the character-
istics of the patients with acute necrosis shows that
cardiovascular risk factors and non-septic shock
were more frequent in Group 1 than in Group 2,
where septic shock is more prevalent. The same sit-
uation is found in patients with reinfarctions, where
the prevalence of septic shock is higher in Group 2
than in Group 1. Actually, a large part of septic pa-
tients had an undetermined diagnosis (46%), while
the AMI was totally missed in other 46% of cases; it
is worthwhile to remind that this rate is higher than
that reported in the overall population (37%). My-
ocardial dysfunction frequently accompanies septic
shock, evidenced by biventricular dilatation and re-
duced ejection fraction [28]. Nevertheless, patients
with myocardial dysfunction have significant higher
mortality (70%) compared with septic patients with-
out cardiovascular impairment (20%) [29, 30]. There
is currently no evidence supporting global ischemia
as an underling cause of this condition [31]. Actually,
many investigations suggest that circulating factors,
such as cytokines (TNF-α, IL-1β) and nitric oxide
[28, 31, 32], and other mechanisms, such as mito-
chondrial dysfunction or the down regulation of the
expression of heat-shock protein 20 (Hsp20) [33] can
account for this phenomenon. Anyway, in patients

with CAD, regional myocardial ischemia can cer-
tainly occur, further aggravated by the pro-coagulant
actions exerted by many sepsis mediators and the
prolonged exposition to high levels of either endoge-
nous or exogenous cathecholamines [31, 34]. In our
study, despite lower levels of blood Tn and lower
rate of ischemic ECG signs, septic shock patients
presented an incidence of hyper acute lesions involv-
ing almost the entire left ventricle in close to 50% of
cases. Indeed it has been demonstrated that elevated
Tn levels in septic patient reflect higher disease
severity, myocardial dysfunction and worse progno-
sis [31]. It appears that the missed or undetermined
diagnosis can be at least partially explained by this
kind of lesion, as hyperacute necrosis occurred
within 4-10 hours from death, while the first eleva-
tion of serum Tn occurs after 3-4 hours from the
acute event [35] and is preceded by ECG changes
[36], thus leaving a timeframe in which no alter-
ations could be detected. 

This study highlighted the importance of post-
mortem examination as an important tool in auditing
clinical practice and diagnostic performance. Actu-
ally, despite all the advances in the diagnostic pro-
cedures, the rate of discrepancies between clinical
and autopsy diagnoses remains constant [37, 38],
ranging from 6% to 40% [37, 39, 40]. Critically ill
patients are particularly at risk, due to the intrinsic
difficulty in achieving a complete history, the rapid
evolution of the disease(s) and the high incidence of
confounding factors [41]. Not surprisingly, some au-
thors indicated the failure to recognize AMI as the
main missed diagnosis [42]. 

In conclusion, in patients admitted to the ICU
for non-cardiac reasons, the identification of those at
risk for AMI is difficult, mainly due to the concomi-
tant conditions that can prevent an appropriate
screening. In our study, the diagnostic discrepancy
was higher in septic patients, in whom the correct
diagnosis of AMI was established at a rate lower
than 50% of cases as compared with non-septic pa-
tients. This can be at least partially explained either
by the greater occurrence of hyperacute lesions
which prevented the caring physician to implement
an AMI-directed diagnostic workup or by the attri-
bution of cardiovascular symptoms, including arter-
ial hypotension, tachycardia etc, to the action of sep-
sis-associated vasodilatation and myocardial depres-
sant factors. Our experience also strengthens the
role of post-mortem examination especially in criti-
cally ill patients as a source of feed-back of the over-
all diagnostic and therapeutic approach [14, 15, 39,
40]. The identification of this high-risk, under-diag-
nosed class of patients should rises the attention to-
wards a more accurate monitoring, diagnosis and
possibly treatment of these patients, thus improving
their prognosis.

Riassunto

Background: nei pazienti ammessi presso l’U-
nità di Terapia Intensiva per malattie non cardia-
che la diagnosi di sindrome coronarica acuta può
risultare difficoltosa. Lo scopo dello studio è defi-
nire il tasso di discrepanza riguardante la dia-
gnosi di infarto miocardio acuto e valutare la pre-
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senza di fattori di rischio potenzialmente utili nel-
l’identificare i pazienti a maggior rischio di
omessa diagnosi.

Metodi: abbiamo comparato le cartelle cliniche
e i rilievi autoptici di 600 pazienti critici morti
presso la nostra Terapia Intensiva in un periodo di
dieci anni. Abbiamo identificato i pazienti in cui un
infarto miocardico acuto veniva riportato come
causa del decesso nella cartella clinica oppure ve-
niva scoperto soltanto all’analisi autoptica. Questi
soggetti sono stati poi suddivisi in due gruppi: al
gruppo 1 sono stati assegnati i pazienti sottoposti a
valutazione diagnostica per infarto acuto del mio-
cardio, mentre al gruppo 2 i pazienti non sottoposti
ad alcun accertamento. 

Risultati: nel gruppo 1 una diagnosi definitiva
veniva raggiunta in 11 pazienti (14,7%) mentre ri-
maneva indeterminata in 37 pazienti (48%). La dia-
gnosi veniva completamente omessa in 8 pazienti
del gruppo 1 (10,6%) e in 20 pazienti del Gruppo 2
(26,6%). La discrepanza diagnostica era maggiore
nei pazienti settici, dove la diagnosi corretta di in-
farto acuto del miocardio era stabilita ad un tasso
inferiore al 50% rispetto ai pazienti non settici.

Conclusioni: la nostra esperienza rafforza il
ruolo dell’esame autoptico dei pazienti come feed-
back del complesso approccio diagnostico e tera-
peutico soprattutto nei pazienti settici, dove l’errore
diagnostico è più frequente.

LIST OF ABBREVIATIONS/ ACRONYMS
(in order of appearance in the text)

ICU: Intensive Care Unit
AMI: acute myocardial infarction
ECG: electrocardiographic
CAD: coronary artery disease
Tn: troponin
SD: standard deviation
PaO2/FIO2 ratio: ratio of partial pressure of arterial O2 to the
fraction of inspired O2
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