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Aortic Arch Replacement Using Selective Cerebral Perfusion: 

Three Years’ Experience 
 

Saeid  Hosseini MD, Mehdi Hadadzadeh MD, Mohammad Baqer Tabatabaee MS, and 
Alireza Alizadeh Ghavidel MD 

 
Abstract 

 
Background- The present study was conducted to report our clinical experience with aortic arch 

replacement using selective cerebral perfusion (SCP) to evaluate the safety and usefulness of 
this technique. 

Methods- From October 2003 to April 2007, 10 patients (mean age 51.2 years) underwent arch 
replacement for acute type A dissection involving the aortic arch. Operations were performed 
with hypothermic cardiopulmonary bypass using antegrade selective cerebral perfusion 
during the arch surgery. Seven patients (70%) have a history of hypertension. Six patients 
(60%) underwent total arch replacement and the other four (40%) had semiarch replacement. 
Associated coronary artery bypass graft surgery (CABG) was performed in 2 patients (20%). 
The mean follow-up period was 10.39 months (ranging from 1 to 42 months). 

Results- Mean aortic cross-clamp time, CPB time and partial circulatory arrest time with antegrade 
cerebral perfusion were 121.4 (95-165), 257.7 (230-290) and 16.5 (13-22) minutes, 
respectively. There were two hospital mortalities and one cerebral complication. All in-
hospital mortalities were in our five first cases, indicating perhaps a learning curve for this 
operation. During the follow-up period, no patient underwent reoperation because of 
recurrence of dissection. All surviving patients are still alive and free from any serious events 
at the time of this writing. 

Conclusions- Selective cerebral perfusion is a reliable technique for cerebral protection and it 
facilitates the complex and time-consuming total arch replacement (Iranian Heart Journal 
2008; 9 (2):6-9).  
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Cerebral protection is one of the most 
important concerns during aortic arch repair, 
and various methods to accomplish it have 

been introduced. Deep hypothermia with 
circulatory arrest (DHCA) is a well-
established technique; it provides both good 
cerebral protection, even though time-limited, 
and a dry operative field.1-5 However, it 
requires prolonged cardiopulmonary bypass 
(CPB) time and is often associated with 
coagulopathy and pulmonary complications.  
 
 
 

Retrograde cerebral perfusion has been 
introduced to improve cerebral protection and 
to prolong the "safe" time of circulatory 
arrest, though the mechanisms of the 
protective effect are not entirely understood.6-9 

Moreover, the complications resulting from 
deep hypothermia remain largely unchanged 
with this method.  
In 2003, we began using antegrade selective 
cerebral perfusion (SCP) with moderate 
hypothermia during aortic arch operations. 
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Here we present our experience with this 
method in 10 consecutive patients. 

 
Methods 

 
From October 2003 to April 2007, 10 
consecutive patients underwent surgical 
treatment of type A aortic dissection  
involving the aortic arch with the intimal tear 
extending into the transverse aortic arch. 
There were eight men (80%) and two women 
(20%) with a mean age of 51.2 ± 10.02 years 
(± SD, range 36 to 66 years). All patients had 
emergency operation. Associated disease 
included hupertension in seven patients 
(70%), coronary artery disease in two (20%) 
and chronic renal dysfunction (defined as a 
serum creatinine level exceeding 2 mg/dL) in 
one (10%).  
 
Operative techniques 
Median sternotomy incision was used. The 
aorta, the epiaortic vessels and the innominate 
vein (wich was always preserved) were 
exposed. After systemic heparinization, the 
arterial cannula was inserted into one of the 
femoral arteries (selection based on 
preoperative CT scan or angiography), and a 
single two-stage venous cannula was placed 
in the right atrium. After the innominate 
artery (IA) was exposed from its origin to the 
biforcation, IA was directly cannulated using 
a 16F side-holes cannula and connected by Y 
connector to the femoral artery cannula line 
and CPB was established. After cross 
clamping of the aorta, the left side of the heart 
was vented through the right superior 

pulmonary vein. Myocardial protection was 
provided with cold crystalloid cardioplegia 
and topical cooling. As the patients were 
cooled to a nasopharyngeal temperature of 22° 
to 25°C, the IA was gently clamped, the 

systemic circulation was arrested and pump 
flow to IA was started with 5ml/(kg min) and 
adjusted to maintain a right radial artery 
pressure of 40-70 mmHg. Brain perfusate was 
maintained at the temprature of 20°c. Left 
common carotid and left subclavian arteries 

were occluded with a foley catheter. Graft 
replacement was used for aortic 
reconstruction in all patients. With respect to 
the extent of dissection, six patients (60%) 
underwent total arch replacement and the 
other four (40%) received semiarch 
replacement. Composite graft implantation 
(modified Bentall procedure) was performed 
in three patients (30%) and coronary artery 
bypass grafting in two patients (20%).  
 
Cardiopulmonary bypass data 
The mean CPB time was 257.7±19.4 minutes 
(range: 230 to 290 minutes), and the mean 
aortic cross-clamp time was 121.4 ± 20.6 
minutes (range: 95 to 165 minutes).  The 
mean SCP time was 16.5 ± 2 minutes (range: 
13 to 22 minutes) 
 

Results 
 
There were two in- hospital mortalities. All in 
hospital mortalities were in our first five cases 
which could be a reflection of the learning 
curve for this operation. Causes of death were 
low cardiac output in both cases. No 
permanent neurologic dysfunction (PND 
stroke, coma) occurred in our series, and only 
one patient presented transient neurologic 
dysfunction (TND) with complete resolution 
before discharge. Mean postoperative 
bleeding in the first 48 h was 620±210cc. No 
resternotomy for bleeding was required. Mean 
postoperative hospital stay was 8±4 days. The 
mean follow-up period was 10.39 months 
(ranging from 1 to 42 months). During the 
follow-up period, no patient underwent  
reoperation because of the recurrence of a 
dissection . All patients are still alive and free 
from any serious events at this writing. 
 

Discussion 
 

In the last decades, technical improvements in 
CPB, myocardial protection, and intensive 
care have reduced the mortality and the 
morbidity associated with operations on the  
aortic arch. Neurologic injuries are the most 



 

feared complications resulting from decreased 
cerebral circulation. To prevent these 
complications, various methods have been 
widely used. Cerebral protection methods 
currently used are DHCA with or without 
RCP, and antegrade SCP. Several 
experimental and clinical studies indicate that 
antegrade SCP presents several advantages 

compared with DHCA with or without RCP. 
Antegrade SCP can extend the safe duration 
of circulatory arrest up to 90 minutes5, 
allowing meticulous aortic arch repair and 
facilitating the complex and time-consuming 
TAR. SCP obviates the need for deep 

hypothermia, thus reducing pump time and 
the risk of hypothermia-related complications 
such as pulmonary insufficiency and 
coagulopathy. SCP is more effective in 
supplying oxygenated blood to the brain, thus 
ensuring a more physiologic brain energy 
metabolism. SCP is therefore considered to be 
the most reliable method of preventing 

ischemic injury to the brain. Selective cerebral 
perfusion has considerably prolonged the 

"safe" time of circulatory arrest, thereby 
allowing more complex and time-consuming 
aortic arch reconstructions. In a series of 100 
patients, Kazui and colleagues11 reported only 
one postoperative stroke, which occurred in a 
patient with a duration of cerebral perfusion 

longer than 90 minutes. In other reports12-14, 
the incidence of stroke ranged from 3.7% to 
10.5%. In the present study, transient 
neurologic dysfunction occurred in just 1 
patients (10%).  In the literature, the hospital 
mortality rate ranged from 0% in the series of 
Veeragandham and associates13 to 25.2% in 
that of Hayashi and co-workers.14 In a 1995 
study, Kazui and colleagues11 reported a 
hospital mortality rate of 16.1%. Similar 
results have been reported using DHCA with 

or without retrograde cerebral perfusion.2-8 In 
our series, we have two mortalities, both of 
which were in our five first cases, reflecting 
the effect of learning curve for this operation. 
In our series, the site of arch vessel 
cannulation for SCP was the innominate 
artery because IA cannulation, better than 

RAA cannulation, allows the surgeon to 
perform the entire procedure through the 
standard sternotomy incision without the need 
for adjunctive incisions which may be 
complicated by infections, brachial plexus 
injuries or vascular compromise. IA 
cannulation site is always within the surgeon's 
field of view, with reduced risk of annoying 
complications such as blood loss in the 
operative field and/or kinking of the 
cannules.10 
In conclusion, the results of this study are 
very encouraging. The mortality rate was 
similar to that obtained with other techniques, 
and no permanent neurologic deficits 
occurred. We believe SCP with innominate 
artery cannulation is an optimal technique of 
cerebral protection. It extends the "safe" 
period of circulatory arrest and obviates the 
problems caused by deep hypothermia. Also 
the IA cannulation can be performed with a 
simple, fast and safe technique.  
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Predictors of Postoperative Atrial Fibrillation after Heart 
Valve Surgery 

 
Hossein Ali Bassiri MD, Khadijeh Ghanbarian MD  

and Majid Haghjoo MD* 
 

Abstract 
 
Background- Atrial fibrillation (AF) is the most common complication after cardiac surgery and a 

major cause of morbidity and increased cost of care. Suitable treatment and prevention of 
postoperative AF are important for patients’ improved health and rehabilitation. This study 
evaluates the risk factors of paroxysmal AF in patients who underwent valvular heart surgery. 

Method- Between April and October 2006, 392 patients who underwent heart valve surgery at our 
center were included in this prospective study. All relevant clinical, echocardiographic, and 
laboratory data were gathered in all the patients. 

Results- Postoperative AF occurred in 52 (13.3%) patients. In the univariate analysis, the presence 
of aortic valve disease, mitral valve disease, dyslipidemia, preoperative digoxin consumption, 
postoperative adrenergic use, intra-aortic balloon pump (IABP) insertion in post-surgery 
intensive care unit, and large left atrium were significantly associated with the occurrence of 
postoperative AF (all P<0.05). However, in the stepwise logistic regression model, 
dyslipidemia (OR: 2.39, 95% CI: 1.12-5.09, P=0.020), left atrium dimension (OR: 0.12, 95% 
CI: 0.76-0.28, P<0.001), IABP (OR: 7.10, 95% CI: 1.98-25.47, P=0.001), preoperative 
digoxin use (OR: 2.55, 95% CI: 1.38-4.71, P=0.002), postoperative adrenergic use (OR:3.70, 
95% CI: 1.77-7.73, P<0.001), aortic valve replacement (OR:0.38, 95% CI: 0.20-0.69, 
P=0.0001), and mitral valve replacement (OR:3.53, 95% CI: 1.75-7.10, P<0.001) remained 
independently predictive of postoperative AF.  

Conclusions- The result of this study showed that dyslipidemia, left atrium dimension, mitral valve 
replacement, aortic valve replacement, IABP, and adrenergic use in ICU and digoxin use 
preoperatively were the independent predictors of AF after valvular surgery. Therefore, clinical 
data and echocardiography may be useful in preoperative risk stratification of high-risk patients 
for the occurrence of postoperative AF(Iranian Heart Journal 2008; 9 (2):10-17). 

 
Key words: atrial fibrillation ■ postoperative arrhythmia ■ heart valve surger 

 
Atrial fibrillation (AF) is one of the most 
common complications after cardiac 
surgery.1,2 The incidence of arrhythmia has 
not changed despite improvements in 
anesthetic and surgical techniques, and 
evidence suggests its incidence may be 
increasing.3  
 
 
 
 

According to previous publications, it occurs 
in 10 to 65% of patients after cardiac 
surgery.1-8  
The rate of AF after cardiac surgery in 1970 
was about 10% and is now consistently at 
least 30% and much higher in that undergoing 
heart valve surgery.  
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Although AF is considered a serious problem, 
acknowledgement of AF as a potentially 
serious arrhythmia has recently increased.  
AF usually occurs 2-4 days after surgery1,3 
and often returns during the first 30 days of 
the postoperative period.1  
In a minority of cases, it may result in 
inappropriate tachycardia, hypotension, heart 
failure, and a possible increase in the risk of 
cerebrovascular accidents.3 
 
Methods 
 
Between April 2006 and October 2006, 392 
consecutive patients who were scheduled to 
undergo valvular heart surgery were included 
in our study. The study was approved by the 
local ethics committee, and written informed 
consent was obtained from all the patients. 
Previous history of AF or atrial flutter 
rhythm, use of antiarrhythmic drugs other 
than beta-blockers, uncontrolled heart failure, 
end-stage renal disease, and presence of an 
implanted pacemaker were the exclusion 
criteria. Patients were also excluded if they 
underwent any operation other than heart 
valve surgery or if sustained ventricular 
tachyarrhythmia, or cardiogenic shock, or 
death in the operating room occurred. For 
each patient, a form including data related to 
the preoperative and postoperative periods 
was completed. A standard 12-lead ECG, 
transthoracic echocardiography, laboratory 
tests, and blood pressure measurement were 
performed in all the patients.  
A careful medical history including sex, age, 
risk factors (hypertension, diabetes, 
dyslipidemia, and cigarette smoking), drug 
history (antiarrhythmics, anticoagulants, and 
antiplatelet agents), history of previous 
cardiac surgery (valvular or non-valvular) was 
taken, and echocardiographic data including 
left ventricular end-diastolic diameter 
(LVEDD), left ventricular end-systolic 
diameter (LVESD), and left atrial diameter 
(LAD) were registered. In the postoperative 
state, the patients were followed first in the 
ICU for at least 3 days and then in the 

surgical wards. The type of surgery (AVR, 
MVR, TVR, PVR, and multivalvular), 
duration of ICU admission, use of IABP and 
adrenergic drugs, and BUN/Cr status were 
registered. 
 
Postoperative care 
After the operation, the patients were 
followed-up in the ICU and were weaned off 
the ventilator when they fulfilled the 
following criteria: hemodynamic stability, 
peripheral temperature >32°C, cooperativity, 
and no major bleeding. Chest drains were 
removed on the first postoperative day, and 
the patients were moved to the surgical ward.  
All the patients were continuously monitored 
postoperatively during the ICU stay. After 
transfer to the ward, all the patients were 
connected to monitors for continuous ECG 
monitoring up to the fifth postoperative day. 
The ward monitor stored the ECG recordings 
for subsequent analyses. The recordings were 
analyzed off-line. A 12-lead ECG recording 
was done, if necessary, to confirm AF 
episodes. One electrophysiologist and one 
cardiology fellow who were blinded to other 
data reviewed these data on a daily basis. 
Preoperative beta-blockers, calcium channel 
blockers, and digoxin were continued for the 
entire hospital stay.  
The endpoint of the study was the occurrence 
of the new-onset AF during the first five days 
following valvular surgery. AF was defined as 
absent P waves before the QRS complex, 
together with irregular ventricular rhythm on 
the rhythm strips. Only AF episodes lasting 
longer than 5 minutes were counted. 
Abnormal P-wave morphology is defined as 
P-wave duration of more than 110 ms with 
inter-peak notch of more than 40 ms and 
duration of terminal negative P-wave 
deflection in lead V1 of more than 40 ms.  
 
Statistical analysis 
All the continuous variables are presented as 
mean±SD. The other variables are presented 
in the percentage of population having a 
specific value. We tested the association of 



  

 

pre-, intra-, and postoperative variables with 
the occurrence of postoperative AF by using 
the student t-test for the normally distributed 
continuous variables and Mann-Whitney U-
test for those without a normal distribution. 
Chi-square tests and Fisher's exact probability 
test (when appropriate) were used for the 
categorical variables. We included all the 
parameters, which showed a P < 0.1 during 
bivariable correlation to our model of binary 
logistic regression analysis to determine the 
independent characteristics associated with 
postoperative AF. A P-value <0.05 was 
considered statistically significant. The 
software SPSS version 13.0 (SPSS Inc., 
Chicago, IL, USA) was used for statistical 
analysis. 
 
Results 
 
Three hundred and ninety-two patients who 
underwent heart valve surgery were included 
in the analysis. The baseline characteristics 
are shown in Table I. All the patients had 
normal sinus rhythm. Of these patients, 188 
(48%) were male and 204 (52%) were female. 
The mean age was 44±15 yrs (range 16 to 78 
yrs) at the time of study. 
 

 
Table I: Baseline characteristic of AF and non-AF  

groups 
 

Characteristics AF  
(n=52) 

No AF 
(n=340) 

P 
value 

Age (yr); mean±SD 48 44±15.19 0.016 

Male/ Female 32.7 / 67.3 50.1 / 49.9 0.019 
MVD n (%) 75 51.9 0.002 
AVD n (%) 40.4 62.2 0.003 
TVD n (%) 3.8 5.9 0.547 
PVD n (%) 1.9 5.9 0.236 
HTN n (%) 15.4 18.3 0.611 
DM n (%) 15.4 8.3 0.098 
DLP n (%) 21.2 10.1 0.020 
C/S n (%) 9.6 16.8 0.186 
History of surgery n 
(%) 

34.6 24.2 0.109 

MVD=mitral valve disease; AVD=aortic valve disease; TVD= 
tricuspid valve disease; PVD= pulmonary valve disease; HTN= 
hypertension; DM= diabetes mellitus; DLP=dyslipidemia; C/S= 
cigarette smoker   
 

Seventy (17.9%) patients had HTN, 45 
(11.5%) had dyslipidemia, 36 (9.2%) had 
diabetes, and 61 (15.6%) were smokers. One 
hundred and one (25.8%) patients had a 
history of prior cardiac surgery, including 76 
(19.4%) valve surgery and 25 (6.4%) non-
valvular heart surgery. Thirty-three (8.4%) 
patients had abnormal BUN and creatinine 
levels, 23 (5.9%) had received preoperative 
calcium channel blockers, 148 (37.8%) beta-
blockers, 62 (15.8%) anticoagulants, 92 
(23.5%) digoxin, and 101 (25.8%) antiplatelet 
agents preoperatively. In the postoperative 
period, 41 (10.5%) patients received 
adrenergic drugs and 10 (2.6%) patients had 
IABP inserted. The mean ICU admission time 
was 3.77 days. The mean LVEDD, LVESD, 
and LA diameter were 52±10.2, 37±9.7, and 
41±8.4 mm, respectively (Table II). 
 
Table II: Preoperative echocardiography findings of 

AF and non-AF groups 
 

Characteristics AF 
(n=52) 

No AF 
(n=340) P value 

Left Ventricular End 
Diastolic Diameter 

(mm) ±SD 
50±11 52±10 0.355 

Left Ventricular End 
Systolic Diameter 

(mm) ±SD 
35±9.4 37±9.8 0.257 

Left Atrial Diameter 
(mm) ±SD 46±0.79 41±0.83 0.000 

 
 
Aortic valve replacement (AVR) was done in 
146 (37.2%) patients, mitral valve 
replacement (MVR) in 136 (34.7%), 
pulmonary valve replacement (PVR) in 18 
(4.6%), tricuspid valve replacement (TVR) in 
6 (1.5%), MVR+AVR in 62 (15.8%), 
TVR+PVR in 2 (0.6%), MVR+PVR in 1 
(0.3%), MVR+TVR in 4 (1.1%), and 
MVR+AVR+TVR in 1 (0.3%). 
Overall, 52 (13.3%) patients developed AF 
during the postoperative period. The mean 
age was similar in the AF and Non-AF 
groups.  
 
 



  

 

History of HTN, diabetes mellitus (DM) and 
cigarette smoking did not differ significantly 
between the two groups. HTN was detected in 
15.4 percent of the AF group and 18.3% of 
the non-AF group (P=0.61). History of DM 
was present in 15.4% of the AF group and 
8.3% of the non-AF group (P=0.09). 
Additionally, 9.6% of the AF group were 
smokers, while 16.8% of the non-AF group 
smoked (P=0.18). Dyslipidemia was detected 
in a higher percentage of the patients with AF 
compared with those without AF (21.2% vs. 
10.1, P=0.02). LVEDD (50±11mm in AF and 
52±10mm in the non-AF group, P=0.35) and 
LVESD (35±9mm in the AF and 37±9mm in 
the non-AF group, P=0.25) did not 
significantly differ between the two groups. 
However, the left atrium was significantly 
larger in patients with AF than that of the 
non-AF group (46±7.9mm vs. 41±8.3mm, 
P<0.0001). Pre- and postoperative levels of 
BUN and creatinine did not show any 
significant difference between the two groups. 
IABP was inserted in 9.6% of the patients 
with AF and 1.5% of those without AF 
(P<0.001). Duration of ICU stay in the AF 
group was significantly greater than that in 
the non-AF group (4.7±2.6 vs. 3.6±1.8, 
P=0.001). Antiplatelet and anticoagulant 
therapy had no relation with AF occurrence 
(P=0.88 and P=0.053, respectively). AF was 
significantly more common in patients with a 
history of digoxin consumption (40.4% vs. 
20.9%, P=0.002, Table III). 
 

Table III: Postoperative characteristic of AF and 
Non-AF groups 

 

Characteristics AF 
(n=52) 

No AF 
(n=340) P value 

IABP n (%) 9.6 1.5 0.001 
MVR n (%) 78.8 51.3 0.000 
AVR n (%) 36.5 60.2 0.001 
TVR n (%) 1.9 3.5 0.545 
PVR n (%) 1.9 5.3 0.290 

Adrenergic drugs use      
n (%) 

25 8.3 0.000 

ICU admission Duration 
(day) n (%)±SD 

4.7 ±2.6 3.6 ±1.8 0.001 

 

 Antiarrhythmic drugs use did not show any 
difference between the two groups (50% vs. 
41%, P=0.22). Adrenergic use in the 
postoperative state remained independently 
predictive of postoperative AF (P=0.0001, 
Table IV). 
 

Table IV: Predictors of postoperative AF 
 

Characteristics Odds 
Ratio 

95% 
Confidence 

Interval 
P value 

IABP  7.10 1.98-25.47 0.001 
Adrenergic drugs 3.70 1.77-7.73 0.000 
LAD 0.12 -0.76 -  -0.28 0.000 
DLP 2.39 1.12-5.09 0.020 
AVR 0.38 0.20-0.69 0.001 
MVR 3.53 1.75-7.10 0.000 
AVD 0.41 0.22-0.74 0.003 
MVD 2.77 1.43-5.39 0.002 
Digoxin 2.55 1.38-4.71 0.002 

IABP=intra-aortic balloon pump; LAD=left atrial diameter; 
DLP=dyslipidemia; AVR=aortic valve replacement; MVR=mitral 
valve replacement; AVD=aortic  valve disease; MVD=mitral valve 
disease   

 
Discussion 

 
Postoperative AF after cardiac surgery is a 
growing problem.4 Nearly 800,000 cardiac 
surgical procedures are performed annually in 
the United States. Despite the continued 
trends for patients undergoing these 
procedures to be of higher-risk and older than 
in the past, operative mortality remains low 
and has declined in some series on a risk-
adjusted basis. In this setting, increased 
attention is being paid to perioperative 
complications as an important source of 
patient morbidity and health-care resource 
utilization. Postoperative AF is one of the 
most frequent complications of cardiac 
surgery, and this arrhythmia is the focus of 
intense investigative efforts as a means for 
improving patient outcomes.9 
The rate of AF after cardiac surgery in the 
1970s was about 10%, and now is 
consistently at least 30% (between 5-65%), 
being much higher in older patients or those 
undergoing valve surgery.10-23 Although AF is 
always considered a problem, 



  

 

acknowledgement of AF as a potentially 
serious arrhythmia has increased; there have 
been more than 100 trials, multiple 
metaanalyses, and three sets of practice 
guidelines for the prevention of postoperative 
AF in cardiac surgery.4,5 
Although reports5,14 indicate that AF occurs 
within four days1,2,5 postoperatively, it can 
occur at any point in the recovery period. 
According to Steven et al.,6 AF is a common 
complication after MVR surgery, occurring in 
one of four patients without a prior history of 
AF and in sinus rhythm at surgery. In 
addition, early AF (within the first 2 weeks 
after operation) occurs more frequently after 
MVR than repair, and is associated with a 
high late recurrence rate.5 

Although outpatient monitoring with cardiac 
event recording is useful in detecting 
asymptomatic episodes of AF, monitoring all 
patients after discharge may not be cost 
effective.2 Other investigators13-21,22-35 have 
evaluated risk factors for postoperative AF. 
Age over 65 yrs, history of intermittent AF, 
use of atrial pacing in the postoperative 
period, male sex,10 white race, IABP, 9 and 
not having hyperlipidemia were independent 
predictors of AF.2 However, others have 
found that HTN,3 left atrial dimension,2,6,9 
creatinine clearance,1,36 postoperative 
withdrawal of beta-blockers, chronic 
obstructive pulmonary disease, history of 
myocardial infarction, history of 
cardiopulmonary bypass, cross-clamp times, 
postoperative respiratory compromise,2,9 
mechanical ventilation more than 24 hours,9 
and intraoperative and postoperative 
application of adrenergics1 are significantly 
associated with postoperative AF. 
We excluded patients with a history of AF in 
our study. In previous investigations,27-29 
patients with a history of AF were excluded 
because they were expected to be at greater 
risk. Other researchers13,33,37 have also found 
that patients with a history of AF are at an 
increased risk for postoperative AF. Mathew 
et al.29 found that a history of AF increased 
the risk of AF in the postoperative state 

approximately 2-fold, and Margorine et al.2 
showed this risk to be about 6-fold. In 
contrast, Deliargyris et al.4 reported that 
postoperative AF was 19 times more likely in 
patients with a history of AF than in those 
without such a history. 
Male sex has inconsistently been associated 
with postoperative AF. Some researchers50, 54, 

56 have found that being male is associated 
with AF, whereas others14, 25 have not. Our 
study chimed in with the latter. Creswell et 
al.12 reported a significant relationship 
between real ethnicity and postoperative AF. 
Our study showed that dyslipidemia is an 
independent risk factor. Marjorie et al.2 
suggested that not having hyperlipidemia was 
an independent predictor of postoperative AF. 
No previous investigators have examined the 
presence or absence of hyperlipidemia as a 
predictor of AF. In addition, a double-blind 
study showed that prophylactic treatment with 
atorvastatin significantly lowered the 
incidence of AF after open heart surgery. 
The development of AF after cardiac surgery 
results in a longer stay in the ICU and in the 
hospital, together with a significantly higher 
(two-to three-fold) risk of postoperative 
stroke.38-40 Postoperative AF has also been 
shown to predict postoperative delirium and 
neuro-cognitive decline.4,41,42 Increasing age 
is the most consistent predictor of 
postoperative AF.2,4,21,23-35 Age-related 
changes in the atria such as dilation, muscle 
atrophy, and decreased conduction may 
explain the strong association. Some authors 
have reported an increasing incidence of AF 
in recent years,12 which may be attributed, at 
least in part, to the frequent use of continuous 
postoperative rhythm monitoring, the rapid 
improvement of anesthesia and surgical 
technology, and major advances in the 
practice of percutaneous coronary 
revascularization procedures, resulting in the 
referral of significantly older and sicker 
patients to cardiac surgery compared to 
patients referred for open-heart surgical 
procedures 10 years ago. 



  

 

Since increasing age has been a consistent 
independent predictor for AF after cardiac 
surgical procedures2,12 referral of older 
patients for open-heart surgery results in a 
higher incidence of AF postoperatively.2 
Twenty-nine trials have evaluated the length 
of stay,4 and three trials5 have tested multiple 
interventions. Only amiodarone and pacing 
had a significant effect on the length of 
stay.4,43 Also, amiodarone was the only single 
intervention that showed a significantly 
reduced stroke rate, Ninety-four trials of 
prevention of postoperative AF have been 
identified by standard search methods and 
analyzed by standard meta-analysis 
techniques. All five commonly tested 
interventions, beta-blockers, sotalol, 
amiodarone, magnesium, and atrial pacing 
were effective in preventing AF.4 Despite the 
existence of unique guidelines from the 
American Heart Association, European 
Society of Cardiology, and American College 
of Cardiology, there are still doubts as to the 
selection of the best antiarrhythmic drugs, 
timing of therapy, duration of treatment, and 
prevention of renewed occurrence.1 Similar to 
prior reports, we found a significant relation 
between postoperative AF and postoperative 
adrenergic use. Salaria et al.36,44 investigated 
the influence of postoperative adrenergic use 
in 199 patients after cardiac surgery. These 
investigators showed that adrenergic use was 
an independent predictor of postoperative AF 
(OR 3.35, 95% CI: 1.38-8.12, P=0.016). Our 
study showed dyslipidemia as an independent 
predictor of postoperative AF (OR 2.39, 95% 
CI: 1.12-5.09). Recent studies in widely 
varied populations emphasize the role of left 
atrial size as a major marker of adverse 
cardiovascular events.6,44 Left atrial 
dimension was a predictor of postoperative 
AF in our study. Ascher et al. attributed the 
greater susceptibility to AF after valve 
surgery to structural and hemodynamic 
abnormalities, such as left atrial enlargement 
and pathologic changes in the atria.3,9 

 
 

Conclusions 
 

The results of the present study demonstrated 
that IABP, postoperative adrenergic use, left 
atrial dimension, dyslipidemia, AVR, MVR, 
mitral valve disease, aortic valve disease, and 
digoxin use preoperatively were independent 
predictors of AF after valvular surgery. 
Therefore, clinical data, discontinuation of 
digoxin, and treatment of dyslipidemia may 
be useful in the preoperative risk stratification 
of high-risk patients for the occurrence of AF. 
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Effect of Preoperative Aspirin Use on Postoperative 
Bleeding and Perioperative Myocardial Infarction in 

Patients Undergoing Coronary Artery Bypass Surgery 
 

Mohammad Hassan Ghaffarinejad MD, Amir Farjam Fazelifar MD,*  
Shahram Mohajer Shirvani MD,* Esmaeel Asdaghpoor MD,  

Farzad Fazeli MD and Freidoun Noohi MD* 
 

Abstract 
 
Background- Continuation or discontinuation of aspirin use in the preoperative period for patients 

scheduled for elective cardiac surgery has continued to be controversial. In this study, we tried 
to evaluate clinical outcomes (mortality, postoperative bleeding and perioperative myocardial 
infarction) in patients who underwent first elective coronary artery bypass grafting and 
received aspirin during the preoperative period. 

Methods- The study was a prospective, randomized and single-blinded clinical trial. Two-hundred 
patients were included in the study and divided into two groups. One group received aspirin 
80-160 mg and in the other group, aspirin was stopped at least for seven days before 
operation. The primary end points of the study were in-hospital mortality rate and 
hemorrhage-related complications (postoperative blood loss in the intensive care unit, 
reexploration for bleeding and red blood cell and non-red blood cell transfusion requirements). 
The secondary end point was perioperative myocardial infarction. 

Results- There were no differences in patients’ characteristics among aspirin users and non-aspirin 
users.  We found a significant difference between postoperative blood loss (608±359.7 ml vs. 
483±251.5 ml; P=0.005) and red blood cell product requirements (1.32±0.97 units packed 
cells vs. 0.94±1.02 units packed cells; P=0.008) in the two groups. There was no significant 
difference between the two groups regarding platelet requirements and the rate of in-hospital 
mortality and reexploration for bleeding. Similarly, we found no significant difference in the 
incidence of definite and probable perioperative myocardial infarction (P=0.24 and P=0.56, 
respectively) and in-hospital mortality between the two groups. 

Conclusion- Preoperative aspirin administration increased postoperative bleeding and red blood cell 
requirements with no effect on mortality, reexploration rate and perioperative myocardial 
infarction (Iranian Heart Journal 2008; 9 (2):18-22). 

 
Key words: aspirin ■ postoperative bleeding ■ perioperative myocardial infarction 

 
We designed a prospective, randomized and 
single-blinded study for evaluation of 
preoperative aspirin use on in-hospital 
mortality, postoperative bleeding and 
perioperative myocardial infarction.  
 

 
We found that preoperative aspirin use 
increases postoperative bleeding, red blood 
cell and fresh frozen plasma requirements, 
without a beneficial effect on perioperative 
myocardial infarction. 
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Aspirin is an effective therapy in the 
management of stable and unstable coronary 
artery diseases.1 Early initiation of aspirin 
after coronary artery bypass graft (CABG) 
surgery reduces risk of graft occlusion.2 
Aspirin has been implicated in platelet 
dysfunction and prolongation of bleeding time 
but its effect on postoperative bleeding, 
reexploration and blood products 
requirements is controversial.3-12 In this study 
we tried to determine effect of preoperative 
aspirin use on in-hospital mortality, 
postoperative bleeding, blood transfusion 
requirements and perioperative myocardial 
infarction (MI).   
 

Methods 
 
We conducted a prospective study on two-
hundred patients (67 male aspirin users vs. 70 
male non-aspirin users, P=0.761, mean age 
56.9±9.14 years in aspirin users vs. 56.9±9.59 
years in non-aspirin users, P=0.83), who 
underwent CABG surgery in our department 
between November 2003 and December 
2004. We received ethical approval for the 
study and the patients were enrolled in the 
study with informed written consent. We 
included patients who underwent elective 
CABG for the first time. Our exclusion 
criteria were: 1) need for concomitant 
valvular, aortic or aneurysmectomy surgery, 
2) concomitant antiplatelet drug consumption 
(clopidogrel, ticlopidine, glucocorticoids, 
non-steroidal anti-inflammatory drugs, etc). 
We routinely used the left internal mammary 
artery as a conduit, total grafts were less than 
five and all operations were done by one 
surgical team. The patients’ characteristics are 
summarized in Table I. 
The patients were randomly assigned into one 
of the two groups: group 1 received aspirin 
preoperatively and in group 2, aspirin was 
stopped at least seven days before CABG. All 
patients received a single dose of aprotinin 
(2,000,000 units kallikrein inhibitor) once 
during surgery. Aspirin was started post-

operatively within 6 hours after CABG in the 
two groups. 
 

Table I. Patients’ characteristics 
 

Variable 
Aspiri

n 
group 

Non 
aspirin 
group 

P-
valu

e 

LV ejection 
Fraction 

41.7±1
1.6 

  
42.6±11.
3 

0.69 

Cigarette smoking    
Yes 36 36 
No 64 64 1.0 

Dyslipidemia    
Yes 53 44 
No 47 56 0.26 

Hypertension    
Yes 40 36 
No 60 64 0.66 

Left ventricular 
hypertrophy    

Yes 11 15 
No 89 85 0.53 

Diabetes mellitus    
Yes 34 23 
No 66 77 0.12 

 
 
Immediate postoperative care of the patients 
was provided by the cardiac surgery intensive 
care unit (ICU) staff. Pericardial and pleural 
chest tube output was monitored frequently 
within the first few days after surgery and 
recorded in the patient’s file. Extubated stable 
patients were transferred to the cardiac 
surgery step-down unit, usually on the second 
postoperative day. 
The date of all transfusions was entered into 
the hospital central computer from the 
respective laboratories and this data was 
available by using the patients’ hospital 
identification number. The use of red blood 
products or  non-red  blood  products  like  
fresh  frozen  plasma  (FFP)  and  platelets  
was  left  to the surgical team’s discretion. 



 

 

Electrocardiograms (ECG) were recorded 
preoperatively and on the first to fifth days 
after surgery. Appearance of any new Qs 
wave in ECGs was recorded in the patient’s 
file. 
Cardiac enzyme marker (CK-MB) samples 
were collected preoperatively and at least five 
times during the first and second day after 
CABG. Cardiac enzyme marker more than 30 
IU/L was considered for probable myocardial 
injury during CABG. 
In all patients two-dimensional 
echocardiography was performed on the 
second and fifth day after CABG for detection 
of new regional wall motion abnormality 
(RWMA) in patients with new Qs wave on 
ECG or cardiac enzyme markers more than 30 
IU/L. The primary study end points were in- 
hospital mortality, re-exploration rate, 
excessive pericardial and pleural tube 
bleeding and excessive requirements for red 
blood cells and non-red blood cell product 
requirements. 
The study was also extended to evaluate 
preoperative aspirin use on perioperative 
myocardial infarction rate.  
 
Definitions 
Definite perioperative myocardial infarction is 
defined as: new Qs wave on ECG and new 
RWMA on echo with or without CK-MB >30 
IU/L and the definition of probable 
perioperative myocardial infarction is CK-
MB>30 IU/L with new Qs on ECG or new 
RWMA on echo.13 

 
Statistical analysis 
Statistical analysis was performed using 
SPSS® 11.5 (SPSS Inc., Chicago, IL, USA) 
for data storage and analysis. Continuous data 
were expressed as mean values ±SD. 
Comparison of baseline categorical data was 
done by chi-square and continuous data by 
standard t-test. In all analyses with a 95% 
confidence interval (CI), P<0.05 was 
considered statistically significant. 
 

 

Results 
 

One hundred (50%) individuals received 
aspirin and it was discontinued in the other 
group at least seven days before CABG. 
Neither the mean age nor sex was 
significantly different between the two 
groups. Patient's characteristics are 
summarized in Table I.  
Aspirin users had more postoperative 
bleeding (608±359.7 ml vs. 483±251.5 ml; 
P=0.005) and were transfused more red blood 
cell products (1.32±0.97 units packed cells vs. 
0.94±1.02 units packed cells; P=0.008) and 
fresh frozen plasma (2±1.84 vs. 1.46±1.64; 
P=0.03) early after surgery, although platelet 
transfusion was not significantly different 
between groups (0.45±1.32 vs. 0.28±0.84 
units platelets, P=0.25). No in-hospital 
mortality was observed in the groups.  
Regarding the secondary end points of the 
study, aspirin users had a significantly lower 
incidence of new Qs pattern on ECG after 
CABG (1% vs. 10%, P=0.013), but cardiac 
enzyme markers (CK-MB) and new regional 
wall motion abnormality (RWMA) were not 
different significantly between the two 
groups. (Table II). 
There was no significant difference in the 
incidence of definite or probable perioperative 
myocardial infarction. Definite MI occurred 
in 0% of aspirin users vs. 3% of non-aspirin 
users (P=0.24) and probable MI occurred in 
5% in group 1 vs. 8% in group 2, (P=0.56). 
 

Discussion 
 
This study indicated that use of aspirin before 
CABG is associated with a higher risk of 
postoperative bleeding, with increased 
requirements for red blood cell products and 
fresh frozen plasma (FFP) transfusion. This 
finding was contradictory to other studies that 
showed patients receiving aspirin were no 
more likely to receive blood products.7-12 

Tuman and coworkers showed preoperative 
aspirin consumption dose not increase 
allogeneic blood transfusion in reoperative 



 

 

coronary artery surgery.7 In another study, 
Vuylsteke et al. evaluated the effect of aspirin 
in coronary artery bypass grafting and they 
showed that aspirin therapy did not appear to 
increase blood loss, re-sternotomy for 
bleeding or blood products usage 
requirements during the hospital stay.8 On the 
other hand, there are studies that confirm our 
finding.3-6 Ferraris et al. evaluated aspirin and 
postoperative bleeding after CABG. Their 
findings supported the hypothesis that aspirin 
is associated with a greater likelihood of 
postoperative bleeding.6 

In our study, re-exploration rate for bleeding 
was 3% in each group, without significant 
difference (P=NS). Decey et al. found no 
significant difference in the rate of re-
exploration for hemorrhage between patients 
who did and did not receive aspirin.10 Another 
study confirmed that preoperative aspirin use 
had no effect on reexploration rate due to 
increased bleeding,8 although Bashein et al. 
concluded that aspirin exposure within seven 
days before coronary bypass surgery is 
associated with an increased rate of 
reoperation for bleeding and that reoperation 
is associated with large increases in 
transfusion requirements and intensive care 
unit and hospital stays.5 In the most recent 
study, Babee et al. showed aspirin usage 
within the five days preceding coronary artery 
bypass surgery is associated with a lower risk 
of postoperative in-hospital mortality and 
appears to be safe without an associated 
increased risk of reoperation for bleeding or 
need for blood product transfusions.14     
Reductions in the rate of perioperative MI 
have been reported in aspirin users 
undergoing CABG. Klein et al. showed a 
reduction in the rate of perioperative 
myocardial infarction in patients receiving 
preoperative aspirin.11 We evaluated the 
occurrence of definite perioperative MI and 
probable perioperative MI in the two groups. 
New Qs wave in ECG traces was significantly 
lower in aspirin users (P=0.013) but no 
significant difference was found for CK-MB 
rise or appearance of new RWMA (Table II). 

Risk of definite or probable perioperative MI 
was reduced with aspirin use before CABG, 
but did not achieve statistical significance. 
 

 
Table II. Perioperative myocardial 

infarction markers evaluation. 
 

Variable Aspirin 
user 

Non aspirin 
user P-value 

New QS pattern    
Yes 1 10 
No 99 90 0.013 

Rise in CK-MB    
Yes 11 18 
No 89 82 0.23 

New RWMA    
Yes 5 8 
No 95 92 

0.57 

 
 
Limitations 
This study was designed to evaluate aspirin’s 
effect on postoperative bleeding. With   
respect to the fact that our study involves a 
small number of patients, therefore we might 
achieve statistical significance in the rate 
reduction of perioperative MI in larger 
groups. 

 
Conclusion 

 
We found that aspirin use in patients 
undergoing elective CABG is associated with 
marked elevation in postoperative bleeding 
and requirements for red blood cells and FFP 
transfusion. We also found no significant 
reduction in the rate of definite or probable 
perioperative MI. Therefore we prefer to 
discontinue aspirin consumption for at least 
seven days before elective CABG surgery. 
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Anomalous Origin of Left Anterior Descending Coronary 
Artery from Right Coronary Artery Associated with 

Hypertrophic Cardiomyopathy 
 

M. Ebrahimi,  M. Dargahy  and S. Bajouri  
  

Abstract 
 
The anomalous origin of the left anterior descending (LAD) coronary artery from the right coronary 
artery (RCA) is a rare congenital anomaly. Herein we report an adult male referred to our hospital 
for an evaluation of his chest pain. Echocardiography revealed hypertrophic cardiomyopathy. 
Coronary angiography revealed an anomalous origin of the LAD from the RCA. Such an 
association constitutes an extremely rare congenital condition (Iranian Heart Journal 2008; 9 
(2):59-61). 
 

Key words: anomalous coronary artery ■ hypertrophic cardiomyopathy 

 
Case report 
 
A 35-year-old male was referred for an 
evaluation of his chest pain to the cardiology 
ward. His chest pain was atypical for 
ischemia, and he had no history of 
hypertension, diabetes mellitus or smoking, 
but he had hypercholesterolemia. Cardiac 
auscultation revealed an S4 sound. A twelve-
lead-electrocardiogram showed sinus rhythm 
and T-wave inversion in the precordial leads. 
Two-dimensional echocardiography showed 
hypertrophy of both ventricles with no 
gradient in the left ventricular outflow tract. 
No regional wall motion abnormality was 
found (Fig. 1).  
The patient underwent angiography for 
diagnostic clarification. Contrast injection in 
the left coronary artery showed a normal left 
circumflex coronary artery, but the left 
anterior descending (LAD) coronary artery 
was not visualized in its normal course (Fig. 
2). 
 
 
 
 

 
 

 
 
Fig. 1. Apical four-chamber view echocardiography 
revealing biventricular hypertrophy. 
 
 
Right coronary artery (RCA) angiography revealed a 
normal RCA as well as an LAD which originated from 
the ostial part of the RCA (Fig. 3).  
 

Received Jan. 2, 2007; Accepted for publication Oct . 24,  2007.  
From the Department of Interventional Cardiology, Faculty of Medicine, Mashhad University of Medical Sciences, Mashhad, Iran  
* Address for correspondence: Mahmood Ebrahimi, MD, Cardiology Ward, Imam Reza (AS) Hospital,  www.erh.ir, Mashhad, Iran Tel: +98-915-111-8714 
Email: mahmoud_ebrahimi@hotmail.com 
 

http://www.erh.ir
mailto:mahmoud_ebrahimi@hotmail.com


  

 

 
 
Fig. 2. Left coronary angiography in the cranial left 
anterior oblique view revealing left circumflex 
coronary artery and absent left anterior descending 
coronary artery. 
 
 

 
 
Fig. 3. Right coronary angiography in the left anterior 
oblique view revealing a left anterior descending 
coronary artery arising from the right coronary artery. 
 
There was no angiographic evidence of 
atherosclerosis, myocardial bridge or 
compression of the LAD. The patient was 
discharged on β-blockers. On one year’s 
follow-up, he was asymptomatic and in good 
general status.  

Discussion 
 
The anomalous origin of the LAD from the 
RCA is a rare coronary anomaly but is 
occasionally seen in the tetralogy of Fallot. 
This anomaly has been reported to occur in 
0.01-0.07% of patients undergoing cardiac 
catheterization and 1.2-6.1% of those with an 
isolated coronary anomaly.1,2 There are three 
variations in the initial course of the LAD:3 
      1-anterior to the right ventricular 
infundibulum (anterior type), 
      2-between the aorta and the pulmonary 
trunk (intra-arterial type), and 
      3-in the ventricular septum beneath the 
right ventricular infudibulum (septal type). 
 

Rigatelli proposed a classification based on 
clinical relevance and including four classes 
as described in Table II.5  

 
Table II. Clinical relevance-based classification of 

coronary artery anomalies in the adult 
 

 
AO=ascending aorta; CAD=coronary artery disease; LAD=left anterior 
descending coronary artery; LCA=left coronary artery; LCx=left circumflex 
coronary artery; LS=left sinus; PA=pulmonary artery; RCA=right coronary 
artery; RS=right sinus. *according to the classification of Spindola-Franco et 
al.4; ** according to Angelini et al.8;  § according to the classification of Lipton 
et al.9 

 

 

This case was considered class I according to 
Rigatelli’s classification. It is not associated 

Class Coronary Artery Anomalies 

I-benign 
Ectopic origin of the LCx from the RS 
Separate origin of the LCx and LAD 

Ectopic origin of the LCx from the RCA 
Ectopic Coronary origin from AO 

Dual LAD type I-IV* 
Myocardial bridge (score ≤ 5)** 

Inter-coronary circulation 
II-Relevant Coronary artery fistula 

Single coronary artery R-L, I-II-III, A-P§ 

Ectopic origin of LCA from the PA 
Atretic coronary artery 

Hypoplastic coronary artery 
III-Severe Ectopic origin of the LCA from the RS 

Ectopic origin of the RCA from LS 
Ectopic origin of the RCA from the PA 
Single coronary artery R-L, I-II-III B§ 

Myocardial bridge (score 5) 
IV-Critical Class II and superimposed CAD 

Class III and superimposed CAD 



  

 

with invariable events in the absence of 
coronary atherosclerosis.6,7  
In the present report, we found a rare 
anomalous coronary artery in association with 
hypertrophic cardiomyopathy. To our 
knowledge, this combination has not been 
previously reported.  In the present case, there 
was no angiographic evidence of myocardial 
bridge, compression on the LAD or any 
atherosclerotic lesion. 
The mechanism proposed by the authors to 
explain the chest pain in this patient is that 
responsible for hypertrophic cardiomyopathy.  
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Prediction of Left Ventricular Dysfunction on Basis of 
Ventricular Depolarization Time and Electrical Axis in 

Patients with Left Bundle Branch Block 
 

Farzad Jalali MD,a Seyyed Mohammad Miri MDb and Pegah Karimi Elizei c 
 

Abstract 
 
Background- Prolongation of ventricular depolarization time (QRS duration), particularly in left 

bundle branch block (LBBB), is commonly associated with many cardiac diseases. We 
propose that the QRS duration and degree of left-axis deviation (LAD) identify significant left 
ventricular (LV) systolic dysfunction in patients with LBBB. 

Methods- In this prospective study conducted in the cardiac ward, CCU and out-patient clinic of our 
department in Babol from 2000 to 2003, 150 patients with a diagnosis of LBBB were divided 
into two groups (QRS ≥160 and QRS<160 milliseconds). Then the relationship between QRS 
duration, left axis deviation (LAD; axis between –30° and –90°) and echocardiographic LV 
ejection fraction (EF) were derived by T-test, chi-square and linear regression analysis in step-
wise method. 

Results- There was no significant difference in age and sex among the patients with or without 
LAD and QRS duration less or greater than 160 milliseconds (p>0.05). The EF of patients 
with LAD (n=64) and without LAD (n=86) was 48.64±14.63% and 52.10±13.98%, 
respectively (p=0.143). The mean±SD EF (54.5±10.545%) of the patients with a QRS 
duration of ≥160 milliseconds (n=19) was significantly more than the mean±SD EF 
(23.89±5.466%) of the patients with a QRS duration of <160 milliseconds (n=131, p<0.001). 
The QRS duration also had a significant (p<0.001) inverse correlation with EF (R = 0.926, 
adjusted R2 = 0.857, SE of estimate = 5.42). However, the QRS axis was not significantly 
correlated with EF and did not have added predictive value. 

Conclusion- The QRS duration has a significant inverse relationship with EF and prolongation of 
QRS duration (≥160 milliseconds) in the presence of LBBB is a marker of significant left 
ventricular systolic dysfunction. The presence of LAD in LBBB does not signify a further 
decrease in EF (Iranian Heart Journal 2008; 9 (2):29-36). 

 
Key words: QRS duration ■ electrical axis ■ LV dysfunction ■ ejection fraction ■ left bundle branch block 
 

 
eft bundle branch block (LBBB) is 
commonly associated with coronary 

artery disease (CAD), cardiomyopathy, and 
hypertension.1-2 

 

 
Echocardiographic studies have revealed that 
patients with even mildly prolonged QRS 
duration (≥120 milliseconds) resulting from 
intraventricular      conduction      delay     is 
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 Associated with left ventricular (LV) 
dysfunction.3-9 LBBB is responsible for a 
greater degree of asynchrony in LV 
contraction as a result of alteration in the 
sequence of LV depolarization.1,2,5,10-16 
Therefore LBBB may be a marker of both LV 
systolic and diastolic dysfunction because of 
alteration in LV depolarization and 
prolongation of the QRS duration. LBBB is 
also associated with increased mortality in 
patients with congestive heart failure 
(CHF).3,4,17-27 Overall, LBBB is associated 
with a poor prognosis.1,2,10 
It has also been suggested that left axis 
deviation (LAD) in the presence of LBBB 
may be associated with either left anterior 
fascicular block (LAFB) or loss of inferiorly 
directed forces from myocardial scarring.5,12 It 
has also been shown to have a higher 
incidence of cardiomegaly, CHF, diffuse 
conduction system disease, and sudden 
cardiac death.18,28-30 Therefore it is the 
impression among clinical cardiologists that 
LAD with LBBB identifies patients with 
severe LV systolic dysfunction. This study 
was designated to prove or refute this clinical 
observation, and we postulated that LAD 
and/or prolonged QRS duration (QRS ≥160 
milliseconds) in the presence of LBBB is 
associated with poor LV function. 
 

Methods 
 
In this prospective, cross-sectional research 
we studied 150 patients with LBBB in the 
cardiac ward, CCU and out-patient clinic of 
Shaheed Beheshti Hospital, Babol Medical 
Sciences University from September 2000 to 
December 2003. Patient demographics 
including age and sex were collected. The 
criterion for LBBB was a QRS duration of 
≥120 milliseconds.3-5,23 An RSR´ pattern in 
leads I, V5, and V6 with secondary ST-T 
wave changes were supportive findings for 
LBBB. Acute prolongation of QRS duration 
was a strong indicator of LBBB. 
LAD was defined as a QRS axis between –30 
and –90 degrees.1,5,14,16 Heart rates >100 

beats/min were excluded from the study 
because of the possibility of tachycardia-
related disorders. The patients with 
intraventricular conduction defects, right 
bundle branch block, or pacemaker rhythm 
were also excluded. The ejection fraction (EF) 
was determined by Simpson’s method on a 
Hewlett-Packard model Sonus 1500 
echocardiography machine.  
 
Statistical analysis 
The demographic parameters among the 
patients with a QRS duration ≥160 
milliseconds and the patients with a QRS 
duration <160 milliseconds were analyzed by 
2 methods and their EFs were compared by 
the 2-tailed type II Student t test. Descriptive 
statistics were also calculated for each 
variable (QRS duration and LAD). Medians, 
quartiles, and ranges were derived for the 
QRS duration, QRS axis, and EF in these 
patients. Simple linear and multiple 
regression analysis were used to compare 
relationships among variables (QRS duration 
and LAD). Raw data were input into a case-
wise multiple regression model. 

 
Results 

 
One hundred fifty patients were found to have 
LBBB, of which most of them were male 
(56.7% vs. 43.3%). The mean (±SD) age of 
patients was 53.39±8.29 years, of which there 
was no significant difference between males 
and females (p>0.05). 
Of the 150 patients included in the analysis, 
prolonged QRS duration (≥160 milliseconds) 
was found in 19 patients (12.7%) and short 
QRS duration (<160 milliseconds) was found 
in 131 (87.3%). There was no significant 
difference in age and sex among the patients 
with or without prolonged QRS duration 
(respectively: p=0.908; p=0.964, OR (95% 
CI) = 0.944 (0.356-2.501). The mean (±SD) 
EF of the patients with QRS duration of ≥160 
milliseconds was significantly lower than that 
of the patients with a QRS duration of <160 
milliseconds (54.5%±10.54% vs. 23.89% ± 



  

 

5.46%, p<0.001). Also, this difference had 
been reported between males and females (p< 
0.001). 
The mean (±SD) EF (48.64%±14.63%) of the 
patients with LBBB and LAD (n= 64) was not 
significantly different compared with the 
mean (±SD) EF (52.1%±13.97%) of the 
patients with LBBB and without LAD (n= 86, 
p=0.143). There was no significant difference 
in age and sex among the patients with or 
without LAD (p>0.05). 
Relationships uncovered among the variables 
(QRS duration, QRS axis, and EF) are 
illustrated in Table III. According to first 
model [EF= 182.059- 936.759 QRS duration 
+ .046 LAD] and final model [EF= 185.279-  
966.87 QRS duration], we found that the QRS 
duration had a significant (p<0.001) inverse 
correlation with the EF (R = 0.926, adjusted 
R2= 0.857, SE of estimate = 5.42). However, 
the axis was not significantly correlated with 
EF and added no predictive value to the 
model. 
 
 

 
Fig. 1. Multivariate analysis showing negative 
correlation of prolonged QRS duration in 
presence of LBBB with EF. EF= 185.279- 
966.87*QRS duration Pearson correlation: r 
(EF, QRS dur.)= 0.926; sig. = 0.000. 

 
 
Fig. 2. Correlation of QRS axis in presence of 
LAD with EF derived by multivariate 
regression analysis. EF= 54.73+ 0.194*QRS 
duration Pearson correlation: r (EF, 
LAD)=0.378 ; sig. = 0.006.  

 
 

Discussion 
 
Heart failure is often misdiagnosed or 
underdiagnosed in primary care. Assessment 
of left ventricular function in patients with 
suspected heart failure leads to more effective 
diagnosis and treatment of this disorder.20-

22,25,26,31 Intraventricular conduction 
disturbance is common in congestive heart 
failure, which is characterized by a wide QRS 
complex.23,24,27,32 Up to one-half of advanced 
CHF patients have prolonged QRS duration, 
which has been identified as an independent 
prognostic factor.4 Left ventricular 
dysfunction predicted by standard 12-lead 
electrocardiography would be clinically 
useful. Left bundle branch block is commonly 
associated with structural heart disease and 
LV dysfunction.5,10,12 
In our study, we found that the role of age and 
sex is not correlated to QRS duration and 
LAD (p>0.05), but there is a significant 
difference between left ventricular ejection 
fraction and prolonged QRS duration. Our 
findings in similar roles of age and sex 
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between patients with and without prolonged 
QRS duration are consistent with the findings 
of Nastasiou et al.30, Pastore et al.2, and Recke 
et al.15 
In our study, we divided QRS duration into 
two groups (≥160 or <160 milliseconds), but 
Sandhu et al.32 divided this duration on the 
basis of 120 milliseconds, and Bode-
Schnurbus et al.,18 on the basis of 150 
milliseconds. The probable cause of this 
difference is due to different sample size and 
measurement methods.  
Tabuchi et al. estimated LV systolic function 
based on the ECG in cases with LBBB and 
reported that patients with underlying mild 
hypertensive heart disease may have a 
favorable LV systolic function. Thus, LV 
systolic function in patients with LBBB may 
be suspected by observing these 
electrocardiographic findings.33 
The usefulness of spatial dispersion of QRS 
duration in predicting mortality in patients 
with mild to moderate chronic heart failure 
was studied by Yamada et al.27 They studied 
114 consecutive stable outpatients with 
radionuclide left ventricular ejection fraction 
<40% and concluded that spatial dispersion of 
QRS duration is a powerful prognostic marker 
of the mortality in patients with mild to 
moderate CHF.27 Our results in LAD and 
LVEF do not agree with the findings of 
Yamada and coworkers. It is mentioned that 
they divided QRS duration according to a 
scale of 120 milliseconds.  
Furthermore, several studies of QRS duration 
have shown that a prolonged QRS (>170 
milliseconds) is associated with LV 
dysfunction.3-5,7-9,18,21,23,24,27,29 Our data 
indicate that the presence of complete LBBB 
is related to LV dysfunction and prolonged 
QRS duration is correlated with poor systolic 
function. Das and coworkers5 analyzed the 
data of 300 patients to determine the 
relationship between prolonged QRS duration 
(QRS ≥170 ms) and left axis deviation (LAD) 
in the presence of LBBB. They concluded 
that there was no significant difference in age, 
sex, presence of valvular heart disease, and 

EF among the patients with or without LAD.5 
As in our study, Das et al. concluded that the 
QRS duration has a significant inverse 
relationship with EF and prolongation of QRS 
duration (≥170 milliseconds) in the presence 
of LBBB. The presence of LAD in LBBB 
does not signify a further decrease in EF.5  
Murkofsky  et  al.8   studied   270   
consecutive 
patients referred for radionuclide 
ventriculography, and concluded that 
prolonged QRS duration (>0.10 s) obtained 
from a standard resting 12-lead ECG is a 
specific, but relatively insensitive indicator of 
decreased LV systolic function. Further 
prolongation of the QRS had a higher 
specificity for decreased LVEF and a higher 
positive likelihood ratio for predicting 
abnormal LVEF.  
In our study, LAD in the presence of LBBB 
was not associated with further deterioration 
of LV function. With complete LBBB, the 
right ventricle is activated by the right bundle 
branch in its usual fashion. The impulse to the 
LV crosses the interventricular septum at one 
or more sites and then appears to enter the LV 
distal Purkinje system and is distributed 
throughout.13,33 The mean frontal QRS axis in 
LBBB presumably reflects the site or sites of 
impulse crossing the septum and the 
distribution of the impulse within the left 
ventricle.14  
LAD in patients with LBBB presumably 
reflects the abnormality in the activation of 
the LV, which could reflect septal, distal 
Purkinje system, or LV tissue abnormalities. 
The thinner left anterior fascicle could be 
more prone to injury because of ventricular 
stretch, which might be more severe in the 
group with LAD.1,5  
Thus the proposed mechanism of LAD in the 
presence of LBBB is partial LAFB or loss of 
inferiorly directed forces from myocardial 
scarring that interfere in some way with 
distribution of the impulse.14,16 
However, our study confirms that there is no 
significant difference in the severity of LV 
dysfunction in patients with LBBB in 



  

 

association with either LAD or a normal QRS axis. We speculate that it simply signifies the
anisotropy of impulse propagation in a 
myopathic ventricle or the presence of 
decreased inferoposterior depolarization 
leading to left superior orientation of the main 
vector force.34 Similarly to this conclusion, 
Spurrell et al.16 performed a study of 
intraventricular conduction times in patients 
with left bundle-branch block and LAD using 
His bundle electrograms. Our conclusion is 
similar to Parharidis’s findings.14 The aim of 
their study was to elucidate the diagnostic 
significance of LAD in patients with LBBB.  
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

They concluded that the presence of LAD had 
a low sensitivity for the presence of organic 
heart disease.1 

Conclusion 
 
In the presence of LBBB, the QRS duration 
has a significant inverse relationship with EF 
and prolongation of the QRS duration (≥160 
milliseconds) is a marker of significant LV 
systolic dysfunction. However, the degree of 
LAD in LBBB does not correlate with EF and 
also does not signify a further decrease in EF. 
 
 

 
 

  QRS duration (millisecond)   

  < 160 
(n= 131) 

≥ 160 
(n= 19) 

Total 
(n= 150) p-value OR (95% CI) 

Age (year)*   53.38±8.43 53.47±7.538 53.39±8.299 0.964 **  

Gender Male 74 (56.5%) 11 (57.9%) 85 (56.7%) 0.908 *** 0.944 (0.356-2.501) † 
 Female 57 (43.5%) 8 (42.1%) 65 (43.3%)   
Ejection 
Fraction 
(%)* 

Male 54.77±9.947 23.91±4.949 50.78±14.053 0.000 **  

 Female 54.16±11.35
6 23.88±6.468 50.43±14.763 0.000 **  

 Total 54.5±10.545 23.89±5.466 50.63±14.317 0.000 **   

* (Mean±Std. deviation); **Estimate from independent sample T-test and p-value less than 0.05 is significant 
***Estimate from Pearson Chi-square Test and p-value less than 0.05 is significant; † OR (95% CI) estimate from Mantel-Henszel for QRS 
duration< 160 millisec/ QRS duration ≥ 160 millisec.) 

 

 



 

 

 
 
Table II. Comparison among LAD with age, gender, and EF in presence of complete LBBB 

 

  Left Axis Deviation (degree) *   

  No 
(n= 86) 

Yes 
(n= 64) 

Total 
(n= 150) p-value OR (95% CI) 

Age (year) **  53.58±7.974 53.14±8.774 53.39±8.299 0.749 ***  
Gender Male 49 (57%) 36 (56.2%) 85 (56.7%) 0.929 † 1.03 (0.536-1.979) †* 
 Female 37 (43%) 28 (43.8%) 65 (43.3%)   
Ejection Fraction (%) ** Male 51.94±13.874 49.14±14.336 50.78±14.053 0.377 ***  
 Female 52.32±14.304 47.93±15.244 50.43±14.763 0.237 ***  
 Total 52.10±13.978 48.64±14.635 50.63±14.317 0.143 ***  

*LAD = (axis between -30 degrees and -90 degrees); **(Mean±Std. deviation); *** Estimate from independent sample T-test and p-value less than 
0.05 is significant; †Estimate from Pearson Chi-square test and p-value less than 0.05 is significant; †*OR (95% CI) estimate from Mantel-Henszel 

for: (LAD-/ LAD+). 

 
Table III. Multivariate analysis showing correlations of prolonged QRS duration and LAD in presence of LBBB 

with EF 
 

Models * First Model ** Final Model *** 
 (Constant) QRS duration LAD (Constant) QRS duration 
Coefficients      

Unstandardized      
B 182.059 -936.759 .046 185.279 -966.870 
Std. Error 4.576 33.430 .016 4.531 32.379 

Standardized      
Beta  -.897 .090  -.926 
T-test† 39.782 -28.021 2.801 40.892 -29.861 

Sig. † .000 .000 .006 .000 .000 
Pearson Correlation r (EF, LAD)= 0.378 ; sig. = 0.006 r (EF, QRS dur.)= 0.926; sig. = 0.000 
(N=150) r (EF, QRS dur.)= 0.926; sig. = 0.000  
ANOVA ††   

Mean Square 13206.927 26193.553 
F 470.392 891.687 
Sig. .000(b) .000(a) 

Model Summary †* EF= 182.059- 936.759 QRS dur.+.046 LAD EF= 185.279- 966.87 QRS dur. 
R .930 .926 
R Square .865 .858 
Adjusted R Square .863 .857 
Std. Error of the Estimate 5.299 5.420 

*Estimate from linear regression analysis with stepwise method; **Predictors in linear regression model are (constant), LBBB, LAD; ***Predictors in linear regression 
model are (constant), LBBB; †Estimate from t-test among correlation coefficients and p-value less than 0.05 is significant; ††The ANOVA table tests the acceptability 
of the model from a statistical perspective. The significance value of the F statistic is less than 0.05, which means that the variation explained by the model 
is not due to chance. Dependent variable in linear regression models is: EF  †*The model summary table reports the strength of the relationship between the 
model and the dependent variable. R, the multiple correlation coefficient, is the linear correlation between the observed and model-predicted values of the 
dependent variable. Its large value indicates a strong relationship. R Square, the coefficient of determination, is the squared value of the multiple correlation 
coefficient. It shows what proportion of the variation in time is explained by the model. Dependent variable in linear regression models is: EF 
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Risk Factors for Silent Myocardial Ischemia in Type II 
Diabetic Patients 

 
Afsaneh Forood MD* and Mohammad Masomi MD 

 
Abstract 

 
Background- Silent myocardial ischemia is more common in diabetic patients than others. Early 

detection plays an important role in the prevention of acute myocardial infarction and sudden 
cardiac death. Routine screening of all diabetics is costly. The aim of this study was to 
estimate the prevalence of silent myocardial ischemia in type 2 diabetes and define these high-
risk patients by routine screening tests.  

Methods- Between May 2004 and May 2006, this cross-sectional study was performed on 500 type 
2 diabetic patients referred to Kerman internal medicine and cardiovascular clinics. Inclusion 
criteria were age between 35 and 70 years, absence of symptoms and resting 
electrocardiographic signs of ischemia, evidence of retinopathy or peripheral vascular disease, 
or at least one major atherogenic risk factor (except diabetes). All the patients underwent 
treadmill exercise test or thallium scintigraphy with exercise or dipyridamole injection. Data 
were analyzed with chi-square, t-test, and Mann-Whitney U tests.  

Results- Five hundred patients, comprised of 232 men and 268 women, were evaluated. Screening 
tests were positive in 86 (17.2%) patients. There was a significant statistical relation between 
the duration of diabetes, low density lipoprotein cholesterol, family history of coronary artery 
disease (CAD), retinopathy, and peripheral vascular disease with silent myocardial ischemia 
(P<0.05). The prevalence of silent ischemia was not significantly different between the males 
and females (P>0.05). Among the patients with silent ischemia, body mass index was higher 
in the females and cigarette smoking was more common in the males (P<0.05).  

Conclusion- With regard to the high frequency of silent myocardial ischemia in type 2 diabetes 
mellitus, routine silent ischemia screening by exercise stress test should be recommended in 
type 2 diabetes if any of these conditions are present: duration of diabetes more than ten years, 
family history of CAD, LDL cholesterol higher than 160 mg/dL, retinopathy, or peripheral 
vascular disease (Iranian Heart Journal 2008; 9 (2):37-42). 

 
Key words: type 2 diabetes ■ silent myocardial ischemia ■ coronary artery disease 

 
Coronary artery disease (CAD) is the major 
cause of morbidity and mortality in patients 
with diabetes.1  
More than half of all diabetic patients die from 
CAD.2,3  
 

Diabetics have at least a two- to four-fold 
increased risk in cardiovascular events 
compared with age-matched controls.4,5  
One of the late diagnostic signs of CAD        
is     silent     myocardial    ischemia,    where 
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asymptomatic subjects show ischemia in 
resting electrocardiogram or exercise stress 
test.6 For this reason and others, the 
occurrence of major cardiac events such as 
acute myocardial infarction, unstable angina, 
ischemic cardiomyopathy, and sudden death 
are often the first manifestations of CAD in 
diabetic patients.4  
Silent myocardial ischemia is more frequent 
in diabetic patients than non-diabetics 
probably because of diabetic neuropathy.6 
Silent myocardial ischemia with ST-segment 
depression in treadmill exercise stress test is 
associated with an increase of five times in  
cardiovascular mortality risk.7 Early diagnosis 
of myocardial ischemia can reduce morbidity 
and mortality in diabetes and improve quality 
of life.8 
Different studies show conflicting data about 
the prevalence of silent myocardial ischemia 
in type II diabetes.4,6,9 The role of major 
cardiovascular risk factors, micro- and 
macroangiopathy in the presentation of silent 
myocardial ischemia is also different.10-13 On 
the other hand, routine screening tests for the 
detection of silent myocardial ischemia in all 
diabetics is costly. We sought to investigate 
the frequency of silent myocardial ischemia in 
type 2 diabetes in the city of Kerman. 
Furthermore, by determining the role of major 
atherogenic risk factors in silent myocardial 
ischemia, we tried to define the high-risk 
group of diabetic patients for whom screening 
tests would be helpful.  

 

Methods 
 
The present cross-sectional study included 
500 patients with type 2 diabetes who were 
referred to the cardiovascular clinics between 
May 2004 and May 2006 in Kerman.   

The inclusion criteria were a normal 12-lead 
resting electrocardiography, no history of 
CAD or congestive heart failure, and presence 
of at least one of the major atherogenic risk 
factors in addition to diabetes such as 

hypertension (blood pressure >140/90mmHg 
or antihypertensive treatment), dyslipidemia 
(serum total cholesterol >200mg/dL, 
triglycerides >150 mg/dL, LDL* >160mg/dL, 
HDL**<35mg/dL or lipid lowering treatment), 
cigarette smoking, obesity, family history of 
premature CAD (before 60 years in first-
degree relatives), retinopathy, and peripheral 
artery disease.  

The diagnosis of type 2 diabetes was based on 
the American Diabetes Association (ADA) 
criteria. Peripheral artery disease was 
diagnosed when peripheral pulses were 
abolished or weak and/or when previous 
history of vascular surgery and/or intermittent 
claudication was present.  
Diabetic retinopathy was diagnosed if at least 
one microaneurysm or hemorrhage or exudate 
in one eye was found on fundoscopy.  

All the blood samples were taken in the 
morning after at least 12 hours of fasting and 
measured by an automatic analyzer (Alcyon 
300, Abbott, USA).  

Written consent was obtained from each 
patient in accordance with the guidelines set 
by the ethical committee of Kerman 
University of Medical Sciences.  

Each patient underwent a treadmill exercise 
test.  

Before the exercise test, the patients were 
informed about the test and any drugs 
affecting the test results were discontinued 
before 48 hours. A maximal symptom-limited 
exercise protocol was used with a treadmill 
(Esaoate, DST 1000, Italy) according to the 
Bruce protocol. A twelve-lead 
electrocardiogram was recorded every minute, 
and blood pressure was measured at rest and 
at the end of each step during exercise.  

The test was stopped when one of the 
following end-points was reached: target heart 
rate 85% of the predicted heart rate (220 

                                                        
* LDL: low density lipoprotein, ** HDL: high density lipoprotein 

 



 

 

beats/min minus age in years), severe fatigue, 
systolic blood pressure reduction more than 
20mmHg from control-values, hypertensive 
response (BP>220/120 mmHg), severe chest 
pain, or serious cardiac arrhythmia.  

The exercise test was defined as maximal if 
the patient reached 85% of the predicted heart 
rate for the age. This test was positive for 
myocardial ischemia if horizontal or down 
sloping ST-segment depression of 1 mm or 
more calculated at 0.08 s after the J-point was 
present and was negative if the patient 
reached 85% of the predicted heart rate for 
age without change in the ST-segment. The 
test was considered not diagnostic or 
incomplete if the patient did not reach 85% of 
the predicted heart rate for age or the test was 
interrupted for any of the above-mentioned 
reasons.  

If the patient had conditions that prohibited 
maximal exercise test (such as amputation, 
foot wound, severe obesity, intermittent 
claudication, serious cardiac arrhythmia, left 
bundle branch block at resting ECG, 
progressive valvular heart disease, and 
uncontrolled hypertension) or maximal 
exercise test was incomplete, we performed 
thallium myocardial scintigraphy in 
association with exercise testing and/or 
dipyridamole injection.  
One mCi thallium 201 was injected for each 
25kg body weight. Early imaging was 
performed at 5 to 10 minutes, and late 
imaging was carried out 4 hours after 
injection.  

This test was positive if fixed or transient 
uptake defects were observed between stress 
and rest imaging (4 hours after the end of the 
dipyridamole test). Silent myocardial 
ischemia was defined as positive exercise test 
or positive thallium myocardial scintigraphy. 

The presence of left ventricular ejection 
fraction more than 50% in echocardiography 
ruled out heart failure.  

 

Statistical analysis 
The results are expressed as mean ± SD. The 
means of the two groups were compared 
using the student’s t-test or Mann-Whitney U 
test. The rate of proportion was compared 
using the χ2 test. P value < 0.05 was 
considered significant.  

 

Results 
 
Five hundred cases, comprised of 232 men 
and 268 women aged between 40 and 70 
years, were studied. In total, 357 patients 
were able to perform the maximal exercise 
test, 312 of whom reached 85% of the 
predicted heart rate for age. Results were 
positive in 64 patients and negative in 248 
patients. Thallium myocardial scintigraphy 
was carried out in 45 patients who could not 
complete the exercise test. Among them, six 
had positive and 39 had negative results. One 
hundred forty-three cases who were unable to 
perform exercise test had thallium myocardial 
scintigraphy carried out as a primary 
procedure. Results were positive in 16 
patients and negative in 127 patients. All the 
patients were subdivided into those having 
ischemia and those having no ischemia. Of 
the 500 patients, 86 (17.2%) had silent 
myocardial ischemia and 414 (82.8%) 
patients did not have silent myocardial 
ischemia. The characteristics of the two 
groups are shown in Table I.  

 

 

 

 

 



 

 

Table I. General characteristics of the patients with 
and without silent myocardial ischemia 
 

 NO SMI** SMI P 

N 414 86  

Age (yrs)* 51±10.1 52±10.6 NS 

Male/Female 191/222 40/46 NS 

Diabetes duration (yrs)* 8±5.2 15±7.2 <0.05 

Systolic BP* (mmHg) 134±15 137±15 NS 

Diastolic BP* (mmHg) 80±6 80±8 NS 

Anti-HTN tx (%) 65 69 NS 

Total chol* (mg/dl) 216±40 220±35 NS 

HDL chol* (mmHg) 54±16 50±14 NS 

LDL chol* (mg/dl) 124±35 138±33 <0.05 

 TG > 150 mg/dl (%) 38 37 NS 

Lipid lowering drugs (%) 36 40 NS 

BMI* (kg/m2) 25.1±4.4 26.4±4.6 NS 

Smokers (%) 73 68 NS 

Retinopathy (%) 25 37 <0.05 

PAD (%) 20 32 <0.05 

Family hx of CAD (%) 12 26 <0.05 

No. of CV risk factors (%):    

1 24 23 NS 

2 55 50 NS 

≥ 3 21 27 NS 

Antidiabetic medications (no,%)    

Diet 18 20 NS 

OHA 50 44 NS 

Insulin/insulin + OHA 32 36 NS 

* = Data are means ±SD; ** = SMI, silent myocardial ischemia; PAD = 
peripheral artery disease; HDL = high density lipoprotein; LDL = low density 
lipoprotein; BMI = body mass index; OHA = oral hypoglycemic agents 

 

A significant association was found between 
silent myocardial ischemia and duration of 
diabetes, serum low density lipoprotein, 
retinopathy, peripheral vascular disease, and 
family history of CAD (P<0.05), but such a 
correlation was not found with age, gender, 
and other major atherogenic risk factors 
(Table I). Antidiabetic treatment between the 
two groups was not shown to have a 
significant difference (P>0.05). When 
correlation between the gender of the patients 
and occurrence of silent ischemia was 
considered, exercise test results were found 

positive in 41 (17.6%) males and 46 (17.1%) 
females (P> 0.05, Table II).  
Significant differences were found between 
the female and male patients with respect to 
BMI and cigarette smoking. BMI was higher 
in the females (28.5±4.1 vs. 23.8±3.3 kg/m2) 
and cigarette smoking was higher in the males 
(88.8% vs. 46.6%, P<0.05, Table II).  
 

 

Table II. Distribution of the cases with silent 
myocardial ischemia according to gender 

 

 Female Male P 

N 46 40  

Age (years)* 52.5±8.8 52.3±9.6  

Duration of diabetes (years)* 14.7±6.9 15±7.2  

BMI (kg/m2)* 28.5±4.1 23.8±3.3  

Patients with HTN (%) 72.1 70.4  

Total cholesterol* (mg/dl) 225±36 223±35  

TG > 150 mg/dl (%) 38 36.8  

LDL* (mg/dl) 140±30 136±32  

HDL* (mg/dl) 53±10 56±9  

Smokers (%) 46.6 88.8  

Retinopathy (%) 66.6 63.8  

PAD (%) 45 43.1  

Family history of CAD (%) 53.3 50.8  

* = Data are means ± SD; BMI = body mass index; LDL = low 
density lipoprotein; HDL = high density lipoprotein; PAD = 
peripheral artery disease; CAD = coronary artery disease   
 

 

Discussion 
 
In the 500 diabetic patients recruited during 
two years according to the inclusion criteria, 
the results of exercise tests were positive in 
86 (17.2%) patients.  
In some reports, the prevalence of silent 
myocardial ischemia in type 2 diabetes was 
similar to ours: 15.7% according to Janand-
Delenne 6 and 18.4% according to Bacci et 
al.14  



 

 

Although male sex and BMI are risk factors 
for CAD,8 in our study this association was 
not observed. Perhaps this is because diabetes 
leads to the loss of female protection from 
cardiovascular disease and severe obesity was 
not seen in our population. These data were 
similar to some other reports in the 
literature.11,12  
In our study, the correlation of diabetes 
duration, serum LDL cholesterol, family 
history of CAD, retinopathy, and peripheral 
artery disease with silent myocardial ischemia 
was stronger than the other risk factors.  

In the Wackers et al. study, major atherogenic 
risk factors did not emerge as significantly 
predictive of silent myocardial ischemia; this 
may be due to the generally increased levels 
of these risk factors in their study population 
or might reflect the impact of treatment with 
statins, ACE inhibitors, and aggressive blood 
pressure and glucose control.15  

A significant association between diabetes 
duration with silent myocardial ischemia has 
been seen in many studies,15-17 which chimes 
in with our results. Various mechanisms have 
been explained for the premature onset of 
CAD in type 2 diabetes. Among them, the 
loss of normal endothelial function is an early 
warning sign of the atherogenic process. This 
event occurs concomitantly with 
hyperglycemia, hypertension, dyslipidemia, 
and hyperinsulinemia.18 Endothelial 
dysfunction might thus be an explanation of 
the elevated proportion of patients with silent 
myocardial ischemia, as assessed by exercise 
test, but with non-significant coronary artery 
stenosis on coronary angiography.17 
Microangiopathy such as retinopathy is a 
sensitive marker of generalized endothelial 
dysfunction, which is common in diabetes.17  
The association of macroangiopathy and 
microangiopathy with silent myocardial 
ischemia was significant in the Janand-
Delenne study,6 which is in agreement with 
our findings.  In another study, however, this 
correlation was not seen probably because 

severe retinopathy was considered to be an 
exclusion factor.13  
BMI in the women with silent myocardial 
ischemia was higher than that in the men, 
because our women did not perform adequate 
regular exercise. Cigarette smoking in the 
male gender with this ischemia was 
significantly higher than that in the women, 
because smoking was an uncommon habit in 
our women. These results were similar to 
those in the Sargin study.16 Antidiabetic 
treatment among our studied population did 
not reveal a significant difference, but in the 
Sargin study,16 insulin usage was significantly 
higher in the silent myocardial ischemia 
group, probably because our patients did not 
like to take insulin injections. 

 

Conclusion 
 
In light of our results, we would advise 
routine screening for silent myocardial 
ischemia in type 2 diabetes in the following 
cases:  

• retinopathy,  
• family history of CAD (<60 years 

in first-degree relatives)  
• peripheral vascular disease,  
• LDL >160 mg/dl,  
• diabetes duration ≥10 yrs (>5 yrs 

if additional risk factors are 
present).  

Further studies with larger sample sizes are 
needed to investigate the role of new 
atherogenic risk factors such as high-
sensitivity CRP, fibrinogen, lipoprotein (a), 
and homocysteine in silent myocardial 
ischemia in diabetes.  
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Applying the Logistic Regression Model to Predict the 
Stenosis in Carotid Artery Using the Sequential Color 

Doppler Ultrasound Image Processing 
 

M. Mokhtari-Dizaji PhD, P. Abdolmaleki2 PhD, H. Saberi3 MD,  
and T. Rahmani1 MSc  

 
Abstract 

 
Background- Early detection of stenosis in carotid artery is essential because it directly affects the 

patients' clinical management and is of prognostic value. Therefore, estimating mechanical 
properties of this artery in normal and atherosclerosis cases is important as far as medical 
treatment is concerned. We applied a logistic regression model to predict carotid artery 
stenosis in a group of patients based on the quantitative features extracted from the processing 
of the conventional color Doppler ultrasound images. 

Methods- Our database includes 128 patient records consisting 10 quantitative features. The 
database is then randomly divided into the training and validation samples including 98 and 
30 patient records respectively. The training and validation samples are used to construct the 
logistic regression model and to validate its performance. Finally, important criteria such as 
sensitivity, specificity, accuracy and receiver operating characteristic curve (ROC) analysis 
for this method are evaluated.  

Results- Our results show that the logistic regression model is able to classify correctly 28 out of 30 
cases presented in the validation sample. The output of this method showed a high positive 
predictive value of 94%. 

Conclusion- We have established a logistic discriminator approach which is able to predict the 
probability of stenosis in the carotid artery using features extracted from ultrasonic 
measurements on ultrasound imaging (Iranian Heart Journal 2008; 9 (2):43-50). 

 
Key words: color Doppler ultrasound ■ carotid artery stenosis ■ mechanical properties ■ logistic regression analysis  

 
 

troke is one of the most common causes 
of death and disability in industrialized 

nations. Approximately 80% of ischemic 
strokes are due to athero-thromboembolic 
infarction, which is caused by atherosclerotic 
lesions at the carotid bifurcation.1, 2  
Currently, the Doppler ultrasound technique 
is widely recognized as the best non-invasive 
screening test for carotid artery stenosis.  
 
 
 
 
 

 
Ultrasound does not calculate the degree of 
arterial narrowing directly, but relies on 
extrapolating changes in flow parameters to 
an anatomical stenosis. 
Despite the availability of several qualitative 
and quantitative methods for the assessment 
of carotid artery stenosis, accurate diagnosis 
of stenosis remains a clinically difficult task.  
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Conventional   catheter   angiography  is 
therefore often performed for clinical   
confirmation. Although specific, catheter 
angiography is an invasive, costly, and 
psychologically stressful procedure. 
Estimation of arterial diameter throughout the 
carotid cycle has been conducted increasingly 
to study the mechanical properties of the 
arterial wall and changes associated with 
disease.  
Arterial diameter, wall thickness, cross 
section changes, and blood pressure 
measurements can be used to calculate the 
stiffness indices of the common carotid artery. 
Several indices are used to evaluate the elastic 
properties of the common carotid artery 
including: distensibility, compliance, Young’s 
modulus, and pressure-strain elastic modulus 
and stiffness indices.3-5 Recently, there has 
been much interest on the relationship 
between arterial stiffness and cardiovascular 
diseases.3, 6-14 
Consequently a computerized second opinion 
in the form of a logistic regression model 
could be useful for the differentiation of 
atherosclerosis from normal.           
In this study we intended to establish a 
logistic regression model to work as a tool for 
radiologist to predict atherosclerotic disease 
in carotid artery using physical and 
mechanical parameters extracted by 
processing the sequential color Doppler 
ultrasound images.  
The performance of the established model 
was then evaluated using the common 
statistical index positive predictive value and 
ROC analysis.16, 17  
 

Methods 
 
Our goal was to apply the logistic 
discriminant analysis to the data collected in a 
study designed to predict the carotid artery 
stenosis on the basis of features that had been 
extracted from measuring the ultrasonic tissue 
characteristics consisted of diastolic diameter, 
systolic diameter, pulse pressure, arterial 
strain, static pressure change on wall, peak 

systolic velocity, end diastolic velocity, 
pressure-strain elastic modulus, static 
pressure-strain elastic modulus17 and stiffness. 
Our study group consisted of 128 men with 
mean age 66±11 years. These patients were 
studied from Nov 2000 to April 2004. 
Patients were categorized into two groups 
based on the results of angiography as well as 
clinical diagnosis. These two groups were; 
normal subjects (n=55) with no history of 
cardiovascular disease, cerebrovascular 
disease, hypertension and diabetes, and the 
patients of mild (<40%) or severe stenosis 
(>40%) with angiographically documented 
(n=73). All subjects underwent B-mode and 
color Doppler ultrasonography.  
For each patient in our database we performed 
a complete examination including common, 
external and internal carotids. The ultrasonic 
examination of right common carotid artery 
was performed after at least 15 minutes rest in 
the supine position when the heart rate and 
blood pressure had reached a steady state. 
High-resolution B-mode ultrasound and color 
Doppler images from right common carotid 
artery were obtained with a 7.5 MHz linear 
array transducer attached to ultrasound 
machine (GE-logic-500 MD version 4, USA). 
A data acquisition system consisting of 
personal computer and multimedia board 
(Video-blaster SE Creative Technology) were 
used for monitoring and grabbing the changes 
in cross sectional area. For each ultrasound 
examination, matching longitudinal views of 
the common carotid artery were located. The 
frames which represent a minimum of two 
cardiac cycles were then grabbed. The cross 
sectional area of right common carotid artery 
was measured by color Doppler imaging 
throughout cardiac cycle. The computerized 
multi-frame image processing method was 
then applied to all of the obtained frames. 
This generated a sequence of cross sectional 
area of carotid artery measurement over two 
cardiac cycles. The maximum and minimum 
cross sectional area and wall thickness at the 
point of minimum cross sectional area of right 
common carotid artery were determined over 



 

 

each cardiac cycle. The carotid diameter was 
defined as the mean value of the maximum 
systolic diameter (Ds) and the minimum 
diastolic diameter (Dd). The diameters were 
calculated at a point approximately 2 cm 
proximal to the bifurcation based on the 
cross-section images of the right common 
carotid artery (Fig. 1) with Image Tool 
software (UTHSCSA Image Tool for 
Windows, version 3, USA).  

 

 
 

Fig. 1. B-mode image from cross section of common 
carotid artery throughout cardiac cycle. 
 
 
These data was then used to calculate the 
arterial characteristics according to the 
papers.5,18 Indeed, since the static pressure 
changes in arteries is associated with variation 
in blood flow velocities through cardiac 
cycle; we estimated the detailed static 
pressure changes (ΔPs) by measuring the peak 
systolic velocity (PSV) (Vs) and end diastolic 
velocity (EDV) (Vd). From the strain and the 
pulse pressure measurements, pressure-strain 
elastic modulus (Ep) were defined as 
described by Peterson,18 and from the strain 
and the static pressure changes, static 
pressure-strain elastic modulus (Eps) were 
estimated. 
The value of the stiffness (β) was therefore 
established as an estimate of vascular 
compliance,19 using arterial relative diameter 
changes data. The details of measurement 
have been previously reported elsewhere.17 

Table I shows all the parameters in our 
database, which represented ultrasound 
measurements.  
 
Table I. The extracted quantitative parameters the 
sequential color Doppler ultrasound image 
processing which used as input into the logistic 
regression model.   

 

 
 
We used logistic regression model as a 
classifier to predict the carotid artery stenosis. 
The training and validation samples were 
used to build and validate the logistic 
regression model, respectively. Briefly, the 
logistic regression analysis is a statistical 
technique through which one examines the 
relationship between a dependent variable 
(result of angiography represented by Y) and 
a set of independent variables (10 ultrasonic 
features represented by X1 to X10).                                     

 
 
Then the independent variables, which could 
provide the best prediction, will be selected. 

Range Mean ± S.D. Indexes (unit) 

6.0 7.5± 0.9 Minimum diastolic diameter (mm) 

1.2 0.9±0.2 Maximum systolic diameter (mm) 

13436.0 6708.7±2122.2 Pulse pressure (Pa) 

16.9 7.9±3.5 Arterial strain percent 

671 244.0±121.1 Static pressure change (N/m2) 

103.7 70.3±19.3 Peak systolic velocity (cm/s) 

94.5 22.74±14.3 End diastolic velocity (cm/s) 

735676.1 
117678.7±996

35.4 

Pressure-strain elastic modulus 

(N/m2) 

10473.1 3668.1±2295.7 
Static pressure-strain elastic 

modulus (N/m2) 

21.8 6.8±3.6 Stiffness 
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This approach is commonly applied to predict 
membership  in  two  groups  using  a set of  
predictors (n=10).  Suppose we have two 
populations with different prior probabilities. 
Using the cases presented in the training 
samples (n=98) as well as the prior 
probability the posterior probabilities for each 
group was obtained. Then, the cases presented 
in the validation samples (n=30) are separated 
based on the obtained posterior probability 
associated with variables. The simplest 
optimizing method of discrimination is to 
maximize the posterior probability of correct 
allocation. To obtain the posterior probability 
the logit coefficients could be estimated using 
the Maximum Likelihood Estimation.20 
Allocation of new cases can be performed 
using logit function, which could be obtained 
using the natural logarithm of the ratio of the 
calculated posterior probabilities [21]:                             

( ) 10X14...1X1)p(LogitP1
PLn β++β+α==−

 

If the outcome of the logit function is positive 
(with the assumption of equal prior 
probabilities) the individual is allocated to 
class one (group which have the stenosis). On 
the other hand, if the outcome is negative, the 
case is allocated to class two (normal group). 
The features that entered into the allocation 
rule were selected by Wald statistics.  It is the 
square of the ratio of the unstandardized logit 
coefficients to its standard error, which has a 
chi-square distribution.21 We addressed a 
brief detail of logistic regression theory 
elsewhere.22   
We initially used logistic regression analysis 
to predict the outcome of stenosis using a data 
base consisted of 128 patients' characteristics. 
We randomly selected 76% (n=98) of 
patient's records (including 56 from the initial 
stenosis group and 42 from normal group) to 
compose the estimation samples. To prepare 
the validation samples, the rest of data 24% 
(n=30) of patient's records (including 16 from 
the initial stenosis group and 14 from normal 
group) were selected. The dependent 

(criterion) variable was the dichotomized 
result of catheter angiography defined as 
normal (0) or stenosis.1 The independent 
variables entered into the logistic regression 
equation were all evaluated parameters which 
represented in Table I. We computed a 
covariance matrix containing all continuous 
variables to fulfill the established guideline 
for feature selection.  The analysis generated 
Wald statistics, regression coefficients, 
standard errors, confidence intervals, 
Nagelkerke R2, Hosmer-Lemeshow goodness-
of-fit chi square, and predicted group 
membership. The Nagelkerke R2 attempts to 
quantify the proportion of explained variance 
in the logistic regression model, similar to the 
R2 in linear regression, although the variation 
in a logistic regression model must be defined 
differently. Nagelkerke23 proposed a 
modification to the Cox and Snell R2 so that 
the value of 1 could be achieved. Ultimately, 
we built logistic regression models using 
forward stepwise procedure in SPSS 
statistical package (Version 10) based on 
MLE method.  
Receiver Operating Characteristic (ROC) 
analysis is widely used to evaluate diagnostic 
performance of logistic discriminant. An 
ROC curve provides a concise description of 
trade-offs available between sensitivity and 
specificity. The area under an ROC curve, 
denoted ZA  when the ROC curve is fitted 
with the conventional binomial model is often 
used to summarize the diagnostic 
performance described by entire ROC 
curve.15,16,24                                                 
After logistic discriminator approach had 
been established perfectly the validation 
samples was presented to the model giving 
two posterior probabilities. Taking into 
consideration the posterior probability of 
presence of stenosis, the diagnostic 
performance of the logistic discriminator ap-
proach was estimated. In this regard, the true 
positive and the false-positive fractions were 
determined. These data were then used to plot 
the ROC curves. Ultimately, the area under 
the ROC curve (Az) was used to compare the 



 

 

performance of the logistic discriminator ap-
proach on validation samples (n=30) during 
the testing procedure. To evaluate the 
performance of the logistic discriminator ap-
proach, the obtained posterior probability of 
stenosis was classified into the five 
categories: output in the range of               
(0.0-0.2)=normal, (0.2-0.4)=slightly stenosis, 
(0.4-0.6)=mild stenosis, (0.6-0.8)=marked 
stenosis, (0.8-1) = severe stenosis.                                            
                                              

Results 
 

We ran a logistic regression model using a 
forward stepwise procedure. We used the 
likelihood-ratio (LR) test to enter variables 
into the model. Ten variables were entered 
into the training model before the forward 
stepwise procedure was terminated. Variables 
included in the logistic regression model were 
presented in Table I. The Nagelkerke R2 for 
the logistic regression model was 0.909 at 
step 2 suggesting that 91% of the variance 
associated with result of angiography was 
accounted for in the model. The Hosmer-
Lemeshow chi-square was 0.467 (df= 8, 
P=0.998). Table II shows the maximum 
likelihood estimates of the parameters, 
standard errors, Wald statistic and 
corresponding p-values of  the logistic 
regression models fitted to the estimation 
samples (n=98) for the significant features at 
last step (step 2). The logistic regression 
equation for the statistically significant 
predictors was:   
                                            
Logit(p) =  -24.504+0.631×Strain percent +  
0.007×  the Static pressure-strain elastic 
modulus (N/m2) 
Based on the established logit function an 
individual case presented in the validation 
samples is allocated to the stenosis group if 
the logit (p)>0; otherwise to normal group. 
The output of the logistic discriminant 
analysis on validation samples (Table II) 
showed a high positive predictive value 
(TP/TP+FP) of 94%.  

Table II. Indicating the maximum likelihood 
estimates, standard errors, Wald statistic and 
corresponding p-values of  the logistic regression 
model fitted to the estimation samples (n=98)  for 
the significant  parameters. 

 

 
 
 
A receiver operating characteristic (ROC) 
curve was computed using the predicted 
probabilities for group membership from the 
logistic regression model. Each point on the 
curve represents the true-positive rate 
(sensitivity) and the false-positive rate 
(1_specificity) for a single value. The area 
under the ROC curve (Fig. 2) based on the 
logistic regression model is 0.9471 (SE= 
0.0276). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Resulting ROC curve for the logistic regression 
discriminant model (LDM) on validation samples 
(n=30) demonstrating the diagnostic performance. 

Variable Estimate Standard 

Error 

Wald 

Chi-

Square 

Pr > 

Chi-

Square 

Intercept -24.504 8.196 8.939 .003 

Strain percent .631 .278 5.153 .023 

Static pressure-

strain elastic 

modulus 

.007 .002 9.944 .002 
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Discussion 
 
There is an ongoing effort in field of radiology to 
establish non-invasive method for evaluation the 
risk of stenosis in order to avoid the 
disadvantages associated with the invasive 
methods such as the conventional catheter 
angiography. The emergence of new imaging 
techniques such as Doppler ultrasound technique 
that result in the production of large amounts of 
quantitative data justify more attention to be 
spent in this field. Currently, Doppler ultrasound 
technique is well-recognized as the best non-
invasive screening test for carotid artery stenosis. 
Ultrasound calculates the degree of arterial 
narrowing indirectly by measuring the changes 
happened in flow parameters. It is currently the 
only modality to image arterial walls in real time 
with reasonable resolution. This will allow better 
observation of morphological, hemodynamic and 
elastic properties of tissue.25 In addition, high- 
resolution B-mode imaging prepares better 
measure for the observation of carotid arterial 
structures including wall thickness, arterial 
diameter and stenosis. Numerous articles exist 
regarding the Doppler criteria for diagnosing 
stenosis/ occlusion. Furthermore, since the 
Doppler waveforms are affected by 
pathophysiological properties of the arterial 
system, they could therefore produce more 
useful information for cardiovascular 
assessment.3, 26 Many reports support this 
hypothesis that many of these systematic risk 
factors predispose to atherosclerosis 
development and progression. This suggests that 
biomechanical factors, such as static pressure, 
wall shear stress, blood viscosity and flow 
velocity, may be responsible for the localization 
and progression of atherosclerosis. Arterial 
diameter changes and blood pressure 
measurements can be used to calculate elastic 
properties of common carotid artery. Several 
features mentioned in the literature which have 
some importance to evaluate elastic properties of 
the common carotid artery. These features were 
distensibility, compliance, Young’s modulus, 
pressure-strain elastic modulus and stiffness 
indices.25, 27, 28                    
In the present study we assumed that applying 
the objective features extracted from ultrasonic 
measurement on ultrasound imaging and 
analyzed by a logistic discriminator approach 
can possibly help radiologist to predict the risk 

of stenosis. This assumption is justified because 
of the previous reports suggested the potential 
usefulness of the logistic discriminant analysis in 
making association between many independent 
continuous and qualitative features.29 This 
happened by establishing similarities among 
evaluated features in the estimation samples 
during the estimation process by addressing them 
as proportional parameters. The estimated 
parameters were then used during the validation 
process to evaluate the probability of stenosis for 
the cases that have not been previously presented 
to the model.  The best positive predictive value 
of the LRM on validation samples (n=30) was 
94%.               
In conclusion, we have established a logistic 
discriminantor approach which is able to predict 
the probability of stenosis in carotid artery using 
features extracted from ultrasonic measurement 
on ultrasound imaging. Four of the chief 
attractions of logistic discrimination are: (i) The 
model is simple and few distributional 
assumption are made. (ii) It is applicable with 
either continuous or discrete predictor variables, 
or both. (iii) It is very easy to use with fewer 
computation demands. (iv) Once the parameters 
have been estimated, the allocation of fresh 
individuals requires only the calculation of a 
linear function.                 
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