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Myocardial injury in patients after an elective abdominal

aortic aneurysm repair
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Abstract: Background: The aim of the study was to study the frequency of cTnl release in patients undergoing
an elective abdominal aortic aneurysm repair (AAA) and examine the relationship between an early periopera-
tive myocardial injury, as detected by an increased serum levels of cTnl, and a clinical outcome (postoperative
cardiac and non-cardiac complications, mortality).

Methods: A prospective observational study of 90 patients undergoing an elective AAA repair. Setting: University
hospital. Blood samples were obtained from 90 patients for cTnl assays, 8 and 24 hours after surgery.
Results: 74.5 % of patients faced a high and medium perioperative risk (ASA lll-1V). Peak postoperative cTnl
concentrations above the lower detection limit of the immunoassay occurred in 22 patients. 15 of these patients
(cTnl levels: 0.2-10.2 ng/ml) displayed symptoms of clinically significant complications. 9 patients (cTnl levels:
0.48-10.2 ng/ml) had serious complications (3x MI, 3x heart failure, 2x bronchopneumonia — respiratory failure,
1x sepsis), one patient died. Only 5.8 % of patients without cTnl increase had postoperative complications. A
Chi-square analysis revealed a significant association between cTi elevation and postoperative complications
(chi-square 38.737, p<0.0001).

Conclusions: A quarter of the patients who underwent an elective aortic surgery suffered from myocardial ne-
crosis. A cTnl rise was associated with clinically significant events in 68 %; patients with cTnl release were
at a significantly higher risk of cardiac and non-cardiac complications. These data confirm that patients with a
postoperative rise in cTnl levels would be classified as patients at a higher risk of complications and a specific
cardioprotective treatment, invasive monitoring and a longer ICU stay could be required in these cases (Tab. 6,

Ref. 24). Full Text in PDF www.elis.sk.
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An elective abdominal aortic aneurysm (AAA) repair is asso-
ciated with a higher rate of perioperative and postoperative mor-
tality and morbidity. The most frequent postoperative complica-
tions, which can lead to an increased postoperative mortality, are
cardiac complications (15.1 %): myocardial infarction (MI) and
heart failure (1, 2). The current mortality rate after the repair of
the elective AAA remains about 1-7 % (1). Perioperative myo-
cardial infarction (MI) accounts for more than 50 % of all deaths
occurring after the elective aortic surgery (3).

It has been shown that cardiac troponins are highly sensitive
and specific markers of myocardial injury (4—10). Studies have been
already published showing the relationship between cTnl elevation
and postoperative cardiac complications and mortality (3,4,7,9, 10).
However, there is no study including only patients after an elective
aortic abdominal aneurysm repair and investigating the association
of ¢Tnl increase with both cardiac and non-cardiac complications.
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Abdominal aortic surgery is often performed in elderly patients
who suffer from multiple comorbidities. During the operation, it is
necessary to take into account haemodynamic changes, caused by
aortic cross-clamping and declamping, and larger blood loss. We
can probably assume that an increase in troponin I and frequency
of postoperative complications would be higher or more evident
in this patient population due to more severe trauma and ischemia-
reperfusion injury associated with this surgical intervention. In the
view of the above-mentioned facts, the question is how frequent
is myocardial injury in patients with the elective AAA, whether
an increase in ¢Tnl in the elective AAA surgery has a prognostic
value and patients with cTnl increase have a significantly higher
risk of postoperative complications.

The aim of this study was to investigate the frequency of
cTnl release in patients undergoing the elective AAA repair and
examine the relationship between an early perioperative myocar-
dial injury, as detected by an increased serum levels of cTnl, and
a clinical outcome (postoperative cardiac and non-cardiac com-
plications, mortality).

Patients and methods

Ninety consentient patients undergoing elective abdominal
aortic aneurysm repair were included into a prospective observa-
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tional study. Data were collected on the patient’s age, sex, history
of diseases and risk factors. Local research ethics committee’s
approval was obtained for this study.

All operations were performed under a general anaesthesia
using opioids, benzodiazepines, muscle relaxants and volatile
anaesthetics. Standard monitoring of heart rate, invasive arterial
pressure, central venous pressure and urine output was used. All
patients had an enhanced haemodynamic monitoring in the peri-
operative period, echo-oesophageal Doppler or pulmonary artery
thermodilution. As a method of blood care, an acute normovole-
mic haemodilution or cell saver was used. All elective patients
received an intravenous bolus of heparin before aortic clamping.
No patients required suprarenal clamping.

Blood samples were obtained from all 90 patients for cTnl assays
(immunoassay MAYO), 8 and 24 hours after surgery. The lower de-
tection limit of this immunoassay was 0.1 ng/ml and a value equal to or
higher than this level was considered positive for myocardial injury.

During perioperative period, the frequency of hypotension
(MAP<70) and hypertension (BP>180/95, MAP>125) was moni-
tored, the same as the rate of serious haemodynamic complica-
tions: acute heart failure, ST changes >1 mm, new ventricular and
supraventricular arrhythmias. The medians of length of operation
and perioperative blood loss were calculated.

Symptoms and signs of postoperative complications were
actively sought and recorded ten days after operation. These in-
cluded cardiovascular complications: ECG and clinical evidence
of MI, new or worsened angina pectoris, heart failure, cardiac
rhythm changes, hypertension; and non-cardiac complications:
pulmonary, renal, infectious and cerebrovascular complications,
postoperative bleeding, coagulopathy and surgical complications.
All in-hospital deaths and 30 days mortality were recorded, too.

The relationship between c¢Tnl release and the frequency of
serious complications was examined in the group of 90 patients.
The Chi-square test was used for a statistical analysis.

Results

In a group of ninety patients, who were admitted with abdomi-
nal aortic aneurysm and underwent the open AAA repair, there
were 71 men and 19 women of median age 72 (range 53—88 years).
74.5 % of patients were at high or medium perioperative risk: ASA
II-1V; the most frequent diseases in patient histories were MI
(30 %), coronary artery disease (53%) chronic heart failure (5.5 %),
chronic valvular disease (7.7 %), chronic obstructive pulmonary
disease — COPD (24 %)), chronic renal insufficiency — CHRI (32 %),
diabetes mellitus (18%), and hypertension (61 %). Only 25.5 %
of patients were at a lower perioperative risk: ASA I-II (Tab. 1).

Perioperative hypotension or hypertension was displayed in 57
patients, perioperative heart failure in 5.6 %, ST changes >1 mm in
3.3 %, and serious haemodynamic complications (heart failure, ST
changes, new haemodynamic importantarrhythmias)in 8.9 % (Tab. 2).

Cardiac postoperative complications developed in 13 patients,
3 of them had an acute MI, three congestive heart failure, one non
stable angina pectoris, and 6 new arrhythmias. Pulmonary com-
plications occurred in four patients, impairment of chronic renal
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Tab. 1. Patients demographics, risk factors.

AGE n (90)
Age (median) 72
Age > 70 years 48
GENDER

Male 71
Female 19
RISK FACTORS

Myocardial infarction (MI) 27
Angina pectoris 1I- III degree 18
Coronary artery disease 48
Chronic Heart Failure 5
Ejection fraction (EF) <35% 14
Serious valvular disease 7
Pulmonary emboli 2
Supraventricular arrhythmias, AV block 12
Ventricular arrhythmias 2
Diabetes mellitus 16
Hypertension 55
Chronic renal insufficiency (CHRI), creatinine>110 umol/l 29

Smoking. >20 cigarette/ Chronic obstructive pulmonary disease 22
(COPD). FEV/FVC 0.6-0.45

Stroke 14
Obesity 12
CARDIOVASCULAR RISK

High and medium cardiovascular (CV) risk, ASA III-IV 67
Low CV risk, ASA I-1I 23
Size of abdominal aneurysm mm (average) 69

Tab. 2. Perioperative complications, length of operations, periopera-
tive blood loss.

Perioperative complications n=90 n
Hypotension (MAP<70) 42
Hypertension (TK>180/95, MAP>125) 17
Acute heart failure 5
Ventricular arrhythmias 7
ST- changes > 1 mm 3
Serious hemodynamic complications 8
Length of operations (median) 200 min
Perioperative blood loss (median) 971 ml

failure in 9 patients and none of them had an acute renal failure
requiring dialysis. Mortality in the group of 90 patients was 1.1%,
median of lengths of ICU stay were 4 days, and the median of
overall hospital stay was 10 days. All postoperative complications
are shown in Table 3.

Peak postoperative cTnl concentrations above the lower de-
tection limit of the immunoassay (0.1 ng/ml) occurred in 22 pa-
tients. In the group of patients with cTnl increase, sixteen patients
(73 %) were ASA III-1V and six patients (27 %) were ASA II; by
comparison, 51 patients (75 %) without ¢Tnl increase were ASA
HI-1V and 17 patients (25 %) were ASA II (Tab. 4). These figures
show that both groups of patients at lower and higher periopera-
tive risk had an increase in ¢cTnl. When the frequency of COPD
and CHRI in the patients’ histories was compared, chronic renal
insufficiency (creatinine >110 umol/l) was more frequent in pa-
tients with positive cTnl levels than in patients without positive
cTnllevels (50 % vs 26 %); a similar result was gained for chronic
obstructive disease (FEV/FVC 0.6-0.45), which was more fre-
quent in patients with increased cTnl levels (32 % vs 22 %) too.
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Tab. 3. Postoperative complications.

Tab. 5. Levels of ¢cTnl.

Cardiac complications cTnl levels ng/ml

Postoperative complications n=90 n %
Haemodynamic complications

Acute myocardial infarction (AMI) 3 3.30%
Chest pain - non stabile angina pectoris (NAP) 1 1.10%
Congestive heart failure (CHF) 3 3.30%
New arrhythmias (atrial fibrillation) 4 4.40%
Pulmonary complications

Bronchopneumonia with respiratory failure 2 2.20%
Bronchopneumonia 2 2.20%
Pulmonary embolism 0 0%
Renal complications

Acute renal failure (ARF) 0 0%
Infection, Sepsis, multi organ failure 1 1.10%
Haemorrhagic shock 0 0%
Disseminated Intravascular Coagulopathy — DIC 1 1.10%
Transient ischemic attack - TIA 2 2.20%
Surgical complications

Paralytic ileus 4 4.40%
Dehiscention 2 2.20%
Reoperation 1 1.10%
Limb ischemia - graft thrombosis 2 2.20%
Paraplegia 1 1.10%
Mortality 1 1.10%

Tab. 4. Comparison of groups with cTnl increase (¢cTnl+) and without
c¢Tnl increase (¢Tnl-).

cInl+ % cTnl—- %
n=22 n=68
ASA TI-IV 16 73% 51 75%
ASAI-1I 6 27% 17 25%
Chronic obstructive pulmonary disease 7 32% 15 22%
Chronic renal insufficiency 11 50% 18 26%
Perioperative depression of the ST 2 9% 6 9%
segment, heart failure
Postoperative complications 15 68% 4 5.80%
Postoperative cardiac complications 8 36% 3 4.40%
Postoperative non-cardiac complications 7 32% 1 1.40%
Mortality 1 450% 0 0%

If the incidence of serious perioperative complications was
compared, the frequency of perioperative heart failure and ST
depression was the same in the group with cTnl increase as in the
group without cTnl increase (9 % vs 9 %).

In the terms of postoperative complications (Tab. 4), 68 % of
patients with cTnl increase developed postoperative complications
in contrast to 5.8 % of patients without cTnl increase, similarly
cardiac and non-cardiac complications occurred more frequently
in patients with cTnl increase (cardiac: 36 % vs 4.4 %; non-cardiac
32 % vs 1.4 %). One predisposed patient (COPD) died of postop-
erative bronchopneumonia with respiratory failure in a group of
patients with positive cTnl levels in contrast to no death in a group
with negative cTnl levels (mortality: 4.5 % vs 0 %).

From twenty two patients (24.4 %), who had a detectable lev-
el of cTnl at least once during the first 48 h after operation, fif-
teen patients (cTnl levels: 0.2-10.2 ng/ml) displayed symptoms
of clinically significant complications (Tab. 5). Eight patients
had cardiac complications: MI, heart failure, new arrhythmias;
median c¢Tnl levels: 1.99 (range 0.4—10.2) ng/ml and seven pa-
tients had non cardiac complication: bronchopneumonia, sep-

Atrial fibrillation 0.7
Acute myocardial infarction 10.2
Acute heart failure 4.9
Acute heart failure 0.48
Acute myocardial infarction 32
Acute myocardial infarction 5.5
Chest pain, NAP 0.78
Acute heart failure 0.4
median 1.99
Non-cardiac complications
TIA 1.8
Sepsis with multi organ dysfunction 0.4
Bronchopneumonia with respiratory failure 0.3
TIA 0.3
Bronchopneumonia with respiratory failure 4.6
Bronchopneumonia 0.2
DIC 0.4
median 0.4

Tab. 6. Chi-square analysis between cTnl elevations and postopera-
tive complications.

Postoperative complications

yes no total
cTnl elevation yes 15 7 22
no 4 64 68
total 19 71 90

(¢ (1,=90) =38.737; p<0.0001)

sis, transitory ischemic attack (TIA), disseminated intravascu-
lar coagulopathy; median cTnl levels: 0.4 (range 0.2—4.6) ng/ml.
Patients with cardiac complications had higher cTnl levels than
those with non-cardiac complications (Tab. 5). Nine of the 15 pa-
tients with cTnl increase had serious complications (cTnl levels:
0.4-10.2 ng/ml). Six complications were cardiac (MI, heart fail-
ure), three patients had myocardial infarction with clinical and
electrocardiographic evidence. Heart failure with the evidence
of an acute cardiac dysfunction, revealed by echocardiography,
appeared in three of these patients. Three patients had non-cardi-
ac complications — two of them bronchopneumonia with respira-
tory failure and one had sepsis with multiple organ dysfunction.

The remaining seven patients with a raised cTnl level did not
have any clinically apparent cardiac or non-cardiac events. These
patients did not have significantly lower median ¢Tnl levels than
those with clinically evident complications: 0.5 (range: 0.2-3.8)
versus 0.7 (0.2-10.2) ng/ml.

Out of nineteen patients who developed postoperative com-
plications, fifteen patients had elevated levels of troponin I, which
predated the appearance of clinical symptoms. Only four patients
had postoperative complications without increased in cTnl lev-
els, new arrhythmias (atrial fibrillation) were recorded in three of
these patients and one patient developed bronchopneumonia. All
clinically significant complications (myocardial infarction, heart
failure, sepsis, transient ischemic attack and bronchopneumonia)
were associated with raised cTnl levels.

When the relationship between postoperative complications
and cTnl increase was investigated, a Chi square analysis revealed
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a significant association between cTi elevation and postoperative
complications. Patients with cTnl release were at a significantly
higher risk of postoperative complications with p<0.0001 (Tab. 6).

Discussion

The main finding of the study is that 24.4 % of patients had
myocardial damage detected by an increased serum levels of cTnl
after the elective abdominal aortic aneurysm surgery. Patients with
cTnl increase had a significantly higher risk of postoperative com-
plications and 15 (68 %) of the 22 patients with cTnl increase de-
veloped postoperative complications, both cardiac and non-cardiac.

By comparison, the incidence of cTnl elevation in Tambyraja’s
study (9) was twice as high as in our study. Tambyraja et al inves-
tigated 62 patients who underwent operative repair of a ruptured
AAA. 81 % of these patients survived for more than 24 hours,
twenty-three patients (46 %) had a detectable cTnl level during the
first 48 hour. Of'these, 11 patients (48 %) had clinical or ECG evi-
dence of an acute cardiac eventand 12 (52 %) did not. Ten patients
with ¢Tnl increased and three without cTnl increased died within
30 days after operation. In our group of patients after the elective
AAA operations, only one patient died and the frequency of cardiac
injury was approximately a half lower (24.4 %). We can assume
that patients with a ruptured AAA are subject to a greater risk of
perioperative cardiac injury. This is likely due to the impact of mas-
sive haemorrhage and transfusion. In the group of patients with the
ruptured AAA in Tambyraja’s study, the median of blood loss was
3000 (1325-8500) ml (cTnl negative) and 4600 ml (1070-21000)
ml (cTnl positive) in contrast to patients after the elective operative
repair of AAA in our study, where the median of blood loss was only
971 (300-3500) ml. In case of critically ill patients in the intensive
care, the frequency of myocardial injury was reported between 15
to 40 (474+395/2591) % (11-13). If we compare the incidence of
myocardial injury in patients who undergo major vascular operation
(aortic and carotid surgery), our findings are in agreement with the
results of Landesberg's and Haggart's studies (3, 14). Landesberg et
al (14) described that 23.9 % of vascular surgery patients developed
perioperative myocardial injury determined by raised levels of car-
diac troponins. Haggart etal (3) published that more than a quarter of
patients having the elective aortic surgery had myocardial damage.

The elevations of troponin, which we observed, were mostly
small to modest. In our group of 90 patients, only six patients had
cTnl levels above 2 ng/ml, the rest of patients had troponin I 0.2—
2.0 ng/ml; median 0.55 ng/ml. Although majority of our patients
had moderate or minor cTnl levels, it was published in previous
studies that moderate elevations of serum troponin I, which are
below the threshold required to diagnose overt myocardial infarc-
tion, may reflect ongoing myocardial injury and are associated with
longer ICU and hospital stay (9, 12). It has been demonstrated
that a slight, clinically silent increase in the cTnl level within the
first 48 h after operation meant an increased risk of postoperative
death (12). According to the study carried out by Relos et al (12)
patients with moderate and minor elevations of serum troponin I
(0.4-2.0 ug/1) had a significantly higher mortality rate (chi-square
32.57, p<0.0001) and longer stays in the intensive care unit and

272

hospital (p<0.0005) when compared to patients without similar
clevations. Similar results were obtained in Tambyraja’s study (9).

In our study, increased levels of cTnl predated both cardiologic
events (MI, heart failure, new arrhythmias) and non-cardiologic
postoperative complications (infection, disseminated intravascu-
lar coagulopathy, sepsis, TIA). The contribution of our study is
that the incidence of all kind of postoperative complications, not
only cardiac events, was recorded, contrary to other studies (3, 4,
10, 14) in vascular surgery, which investigated only association
between postoperative cardiac complications and cTnl release.
In published studies, the increase in ¢Tnl was linked to ischemic
myocardial damage and due to this; the incidence of postoperative
MI or postoperative cardiac complications was studied.

As shown in our study, the increase in cTnl can predict be-
sides cardiac complications also non-cardiac complications, be-
cause several mechanisms can lead to raised troponins. The best-
known reason for the increase in ¢cTnl is myocardial ischemia in
the setting of acute coronary syndromes (MI) (7). However, other
mechanisms may be relevant, too (15). For example, toxic sub-
stances can directly produce cardiac injury (16). Cardiac damage
can be ischemic but not due to overt epicardial coronary artery
disease (8). Possible etiologies for cardiac injury in the absence
of coronary artery disease include subendocardial injury caused
by increased wall stress as occurs in congestive heart failure (17);
hypertension with left ventricular hypertrophy leading to supply-
demand imbalances; increased myocardial oxygen consumption
or increments in right ventricular afterload in patients with acute
pulmonary embolism (18). In our study, cTnl elevation predated
sepsis and disseminated intravascular coagulopathy. Toxic insult in
sepsis may exacerbate underlying ischemic heart disease or could
function to damage the heart directly (8). Elevation can be due
to the effects of cytokines such as heat shock protein and tumor
necrosis factor (7-9). Tumour necrosis factor has been shown to
increase the permeability of endothelial monolayers, leading to
leakage of cardiac troponins (19). A further mechanism for a rise
in troponins in sepsis may be related to the coagulation in the cap-
illary bed, leading to reversible myocardial hypoxia and apoptosis
associated with a leakage of cardiac troponins into the serum (7). A
relation has been found to exist between increased troponin levels
and mortality in patients with sepsis (13, 20). Additional cardiac
damage can be secondary to inflammation (myocarditis) or an in-
filtrative process that involves the myocardium (8). Four patients
in our study had increased level in cTnl before the development
of bronchopneumonia with or without acute respiratory failure,
and another two patients before TIA. The elevation of troponin in
patients with acute respiratory failure could be due to concomitant
coronary artery disease, heart failure or acute pulmonary process
that can increase the left or right ventricular wall stress (15). Tro-
ponin elevations in patients with acute ischemic stroke have been
reported too, clinical trial data have incessantly indicated that
neurologically induced myocardial injury exists. Because various
electrocardiographic alterations have also been found in these pa-
tients, it has been suggested that elevated troponin levels are some-
how neurologically mediated, thus not caused by direct cardiac
release (21). No patients in our study had pulmonary embolism as
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a postoperative complication but we can assume that cTnl eleva-
tion would predate this complication too. Acute right ventricular
strain secondary to increases in pulmonary arterial resistance can
be the cause of troponin elevations in pulmonary embolism. More-
over, serum troponin levels can help stratify patients with submas-
sive acute pulmonary embolism into a group in which aggressive
medical or surgical intervention would be considered (22, 23).

Patients with cTnl release in our study had a significantly higher
risk of postoperative complications (p<0.0001) which were recorded
in 68 % of patients with cTnl elevation. Of additional importance is
that if elevations of troponin can identify patients with the risk of post-
operative complications, there may be an opportunity to intervene
in these patients. The finding of a cTnl rise should lead us to put the
patient with increased cTnl in a higher risk category. This knowledge
could prompt changes in invasive monitoring and the commence-
ment of protective therapy. A variety of potential therapies exists,
including beta blockers, low molecular weight heparins, antiplatelet
receptor antagonists and even early coronary revascularization (3,
24). These treatments may have a similar important role in reducing
morbidity and mortality rates from perioperative microinfarction.

In conclusion, almost a quarter of patients in our study un-
dergoing the elective aortic surgery suffered from myocardial
necrosis as determined by detectable ¢Tnl levels. The cTnl rise
was associated with clinically significant events in 68 % and all
serious postoperative complications were predated by an increase
in ¢Tnl concentration (0.4—10.2 ng/ml). In the group of patients
without c¢Tnl increase only 5.8 % of patients had postoperative
complications. Patients with positive cTnl levels were at a higher
risk of postoperative cardiac and non-cardiac complications, and
the Chi square analysis revealed a significant association between
cTi elevation and occurrence of postoperative complications. These
data suggest that patients with a postoperative rise in ¢cTnl levels
would be classified as patients at a higher risk for postoperative
complications. Invasive monitoring, longer ICU stays and a spe-
cific cardioprotective treatment could be required in these cases.
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