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ejection fraction (EF) of  50%, tight aortic valve stenosis, 
peak systolic gradient across the aortic valve of  45 mm Hg, 
trivial aortic regurgitation, no detected wall motions 
abnormalities, and normal right ventricular (RV) diameters. 
Cardiac catheterization showed two‑vessel disease 
and fair left ventricular  (LV) function. She was treated 
with clopidogrel, aspirin, captopril, bisoprolol, and 
intravenous infusions of  heparin and nitroglycerin. 
She underwent an urgent bypass grafting for the 
left‑anterior descending (LAD), diagonal and right coronary 
arteries (RCA), and prosthetic replacement of  the aortic 
valve under the standardized target‑controlled  (TCI) 
propofol‑sufentanil anesthesia and cisatracurium infusion.[4] 
After heparinization, aortic cannulation was performed. 
It resulted in an abrupt decreases of  RE and SE values 
from 49 and 46, respectively, to isoelectric silence. 
Transoesophageal echocardiogram (TOE) failed to detect 
aortic intraluminal thrombi and plaques. Target effect 
site concentrations (Ce) of  propofol and sufentanil were 
lowered to 1 and 0.1 µg/mL, respectively, and continued 
till the end of  surgery. Mild hypothermic cardiopulmonary 
bypass (CPB) was used. The cross‑clamp time was 148 min 
and the CPB time was 289 min.

Isoelectric silence persisted till the end of  reperfusion time. 
Then, gradual increases in RE and SE toward the low 30 s 
levels were noted and they persisted till the transfer of  the 
patient to the intensive care unit (ICU).

The patient was subsequently successfully separated 
from CPB with intravenous epinephrine  (7  µg/min). 

INTRODUCTION

Cardiac‑surgery‑associated neurological complications are 
common, multifactorial, and often preventable if  they are 
detected early. Entropy monitoring permits more controllable 
and predictable anesthesia to be achieved and reduces 
anesthetic dosages in patients undergoing cardiac surgery.[1,2]

Response entropy (RE) and state entropy (SE) may predict 
the patients with good neurologic outcomes during the 
first 24  h after out‑of‑hospital cardiac arrest  (P=0.011 
and P=0.008, respectively).[3] Hence, this advantage may 
be extended to predict the patients with worse neurologic 
sequels during cardiac surgery.

CASE REPORTS

Case 1
A 59‑year‑old, 74  kg, 165  cm, female was presented 
with a non‑ST segment elevation myocardial infarction. 
Preoperative echocardiography findings included an 
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A bstract     

Electroencephalography can detect both cerebral ischemia/hypoxia and seizures and 
can measure hypnotic effects. The author reported two patients with left main coronary 
artery disease and myocardial infarction scheduled for urgent coronary artery bypass 
grafting surgery; they developed abrupt decreases in response entropy (RE) and state 
entropy (SE) values to isoelectric silence during target-controlled propofol-sufentanil 
anesthesia. After that, low RE and SE values persisted throughout the intraoperative 
period. Both patients showed delayed awakening after surgery and brain CT revealed 
nonhemorrhagic tempro-parietal cerebral infarctions. Intraoperative entropy-based 
monitoring could predict poor neurological outcome after cardiac surgery during target-
controlled propofol and sufentanil anesthesia.
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The cisatracurium, sufentanil, and propofol infusions were 
discontinued after surgical homeostasis, sternal closure, and 
skin closure, respectively.[4]

Mean arterial and central venous blood pressures (MAP 
and CVP, respectively), arterial oxygen saturation (SaO2), 
normocapnia, and euglycemia were well maintained 
throughout the perioperative period. Rectal temperature 
>36°C was maintained before and after the CPB.

Postoperative ventilation was performed with synchronized 
intermittent mandatory  (SIMV). Mediastinal bleeding 
of  750 mL during the first three postoperative hours 
was treated with transfusion of  two U‑packed red 
blood cells, five U platelets, and three U fresh frozen 
plasma. Unfortunately, the lady did not wake up even 
8 h after the discontinuation of  anesthetics. After that, 
she showed agitation and left‑sided paresis. Brain CT 
showed a nonhemorrhagic right tempro‑parietal infarction. 
Dexmedetomidine infusion was used to alleviate her 
agitation. Her consciousness was recovered and her trachea 
was extubated on the second postoperative day.

Case 2
A 65‑year‑old, 85 kg, 152 cm, male was presented with a 
ST segment elevation myocardial infarction. Preoperative 
echocardiography showed an EF of  25%, and LV akinetic 
apex and anterolateral wall and dyskinetic of  the inferior 
wall. Cardiac catheterization showed 95% occlusions of  both 
RCA and left main coronary artery with severely impaired LV 
function. Circulatory support was achieved with intra‑aortic 
balloon pump counter‑pulsations (IABP), dobutamine, and 
nitroglycerin. Heparin infusion was going on.

He underwent an emergent bypass grafting for the LAD, 
diagonal and RCA under the standardized TCI propofol-
sufentanil anesthesia, and cisatracurium infusion. After 
heparinization, mild hypothermic CPB was established. 
An abrupt decreases of  RE and SE values from 52 and 
48, respectively, to isoelectric silence was noted. Propofol 
Ce and sufentanil Ce were lowered to 1 and 0.1 µg/mL, 
respectively, till the end of  surgery. This was followed with 
gradual increases in RE and SE toward the low 10 s that 
persisted till the end of  surgery.

The cross‑clamp time was 120  min and the CPB time 
was 240 min. The patient was subsequently successfully 
separated from CPB with IABP and intravenous infusions 
of  epinephrine (18 µg/min), dobutamine (5 µg/kg/min), 
and nitroglycerin  (1  µg/kg/min). The cisatracurium, 
sufentanil, and propofol infusions were discontinued.

Stable MAP, CVP, and SaO2, normocapnia, and euglycemia 
were maintained throughout the perioperative period. 

Normothermia (rectal temperature >36°C) was maintained 
before and after bypass.

The patient was shifted to the ICU ventilated with SIMV. 
He did not wake up even seven days after surgery. His 
Glasgow Coma Scale (GCS) was 4/15. Brain CT showed an 
extensive nonhemorrhagic left tempro‑parietal infarction. 
His postoperative course was complicated with vasodilatory 
shock, renal failure, and sepsis. The patient passed away on 
the seventh postoperative day.

DISCUSSION

Neurologic injury after CPB remains a devastating 
complication of  cardiac surgery. Possible causative factors 
include hypoperfusion, lack of  pulsatile flow, and cerebral 
embolization of  gaseous or particulate.[5]

Bispectral index  (BIS), a monitor for the depth of  
anesthesia, is a very early predictor to identify patients with 
a good chance of  recovery during therapeutic hypothermia 
after cardiac arrest.[6]

Unfortunately, monitoring of  brain electrical activity, blood 
flow velocity, and oxygenation during cardiac surgery is not 
standardized yet among the worldwide centers.[7]

RE and SE are comparable with the BIS but showed 
superior resistance against artifacts. Thus, SE is more 
suitable than the BIS during propofol‑remifentanil 
anesthesia in cardiac surgery patients.[8]

We documented isoelectric entropy silences in two cases 
with left main coronary artery diseases during emergent 
CABG surgery. After bypass, RE and SE values increased 
gradually to the 10 to 30 s levels and persisted till the end 
of  surgery. These changes were correlated to postoperative 
delayed awakening and documented cerebral ischemic 
infarctions.

Similarly, others reported remarkable reduction in BIS 
value from 45 to 5 after injection of  air to confirm a 
resected tumor lesion during video‑assisted thoracoscopic 
segmentectomy under TCI propofol anesthesia. Brain CT 
and MRI confirmed cerebral air embolism.[9]

In the present case series, the noted abrupt decreases in 
RE and SE values during CABG surgery may be attributed 
to the confounding effects of  anesthetics, hypothermia, 
hypotension, changes in arterial carbon dioxide 
tension (PaCO2) and roller‑pump artifacts.[10] Fortunately, 
these problems are less likely to be the causative for the 
reductions in entropy variables as a fast‑track cardiac 
anesthesia protocol was adopted,[4] mild hypothermic bypass 
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was used, and stable hemodynamics and normocapnia 
were maintained throughout the intraoperative period. 
To show the evidence of  cerebral injury, we documented 
postoperative cerebral infarctions in the brain CT scanning.

It is unlikely that either of  the patients had neurological 
injury secondary to hypoglycaemia, hyperglycaemia, or 
cerebral hypoperfusion, hyperthermia or deoxygenation, 
as these variables were well maintained throughout the 
intraoperative course. Unfortunately, cerebral oxygenation 
was not monitored during the perioperative management 
of  the presented two patients.

Further studies are needed to test the sensitivity and 
specificity of  entropy, especially if  it is combined with 
near infrared cerebral oximetry to predict the neurological 
outcome after cardiac surgery.

In conclusion, intraoperative entropy‑based monitoring 
could predict poor neurological outcome after cardiac 
surgery during target‑controlled propofol and sufentanil 
anesthesia.
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