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INTRODUCTION 
 

Coronary artery disease (CAD) is the biggest cause of mortality in the developed 

countries and is one of the leading causes of morbidity in developing countries. In 

2001, coronary artery disease caused 7.3 million deaths worldwide. [1]  

 

In India, coronary heart diseases caused 1.17 million deaths in 1990 and by 2000 the 

mortality rose to 1.59 million. In India presently it is estimated that there are 31.8 

million people living with coronary heart disease. [2] 

 

Coronary artery disease is chiefly managed medically worldwide. Patients are sent for 

coronary artery bypass grafting (CABG) when the lesion is severe and the symptoms 

are unresponsive to medical management. 

 

Since its inception in 1962 when Dr. Sabiston performed the first CABG, using a 

saphenous venous graft as a conduit from ascending aorta to distal right coronary 

artery, this modality of treatment has developed by leaps and bounds. Multiple 

variations of the grafting technique have been attempted and use of internal mammary 

artery (IMA) as a conduit for revascularization of left anterior descending (LAD) 

branch of left coronary artery (LCA) is now a firmly established benchmark. Multiple 

studies have suggested that the use of the left internal mammary artery (LIMA) graft 

to the left anterior descending coronary artery is the most important factor for survival 

and reduction of late cardiac events after CABG [3], [4], [5]. The CABG operation has 

become the most completely studied operation in the history of surgery and has been 

shown to be highly effective for the relief of severe angina. [6] 

 

Sarabu MR et al. first reported spasm of left internal mammary artery (LIMA), when 

they cited two incidences of early post-operative vasospasm, which could be relieved 

only by re-exploration, and local application of vasodilators. Though the cause of 

LIMA spasm was only speculative, they had raised concern about the profound 

hemodynamic repercussions of the eventuality. [7] 

 

Over the years, multiple case reports of early LIMA spasm emerged, and surgeons 

started using pharmacological vasodilators to tackle the problem. Various vasodilators 
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that have been tried included various organic nitrates, calcium channel blockers, 

sodium nitroprusside (SNP) and papaverine. [8] 

 

In last few years, there have been some studies, which investigated the effect of 

regional anesthesia techniques such as thoracic epidural anesthesia (TEA) [9] and 

stellate ganglion block (SGB) [10] for sympatholysis and studied its effects on internal 

mammary artery diameter. These studies demonstrated vasodilation in the internal 

mammary artery via angiography and extrapolated an increase in blood flow through 

it.  

 

Invasive blood pressure monitoring via preoperative radial artery cannulation is 

routinely performed in cardiac surgery. Baba T et al. [11] demonstrated that there is a 

significant femoral to radial arterial pressure gradient in patients undergoing surgery 

with cardiopulmonary bypass (CPB), which is especially evident during rewarming 

and weaning patients from bypass, and it persisted from 10 to 60 minutes post bypass. 
[12] Gravlee GP et al. [13] observed gradual increase in central to peripheral pressure 

gradient during rewarming post CPB. 

 

The sympathetic nervous system plays an important role in ventricular 

arrhythmogenesis. Post cardiac surgery patients are especially vulnerable to this 

condition due to handling of cardiac structures, tissue oedema, post CPB systemic 

inflammatory response and inotropic infusions for supporting cardiac function. Left 

cardiac sympathetic denervation (LCSD) has shown to decrease the incidence of 

ventricular arrhythmias and sudden cardiac death in patients with recurrent and 

intractable ventricular arrhythmias. [14]  

In our study, we have compared the internal mammary artery blood flow, by 

measuring it directly during LIMA harvesting, in two groups of patients (those who 

have received SGB and those who have not). We also noted whether upper limb 

sympatholysis has any effect on radio-femoral pressure difference during various 

stages of the surgery. We noted whether stellate ganglion block had any effect on 

incidence arrhythmias in the intraoperative and post-operative period 
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AIMS AND OBJECTIVES 
 

1) To compare the effect of left stellate ganglion block versus topically applied 

papaverine on left internal mammary artery blood flow in patients undergoing 

coronary artery bypass grafting. 

 

2) To compare the post cardiopulmonary bypass Radio – Femoral blood pressure 

difference in the group receiving the block versus the group not receiving it. 

 

3) To compare hemodynamic parameters (heart rate, systolic, diastolic and mean 

blood pressure) and incidence of arrhythmias in the two groups. 

 

4) To assess success rate of SGB, when administered under ultrasound guidance. 

 

5) To assess the safety of SGB in patients anticoagulated with large doses of 

heparin. 

 

6) To evaluate the effect of SGB on the incidence of ventricular arrhythmias and 

atrial fibrillation 
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REVIEW OF LITERATURE: 
 

Stellate ganglion anatomy:  

 
The stellate ganglion, named after its star-shaped appearance, results from the union 

of the inferior cervical ganglion with the first and second thoracic ganglion. [15] 

  

Anatomically, the stellate ganglion is bordered laterally by the scalene muscles, 

medially by the longus colli muscle, posteriorly by the transverse processes and pre-

vertebral fascia, anteriorly by the subclavian artery, and inferiorly by the posterior 

aspect of the pleura. The vertebral artery originates from the subclavian artery in the 

proximity of the stellate ganglion and commonly is found anterior to it. Though there 

is considerable variation in the size of the ganglion, it usually measures 2.5 cm in 

length (cranio-caudal), 1.0 cm in width (medial to lateral) and 0.5 cm in height 

(antero-posterior). 

 

Sympathetic innervation to the upper extremity is provided by the stellate ganglion 

through gray communicating rami of C7, C8, T1 and occasionally C5 and C6. Some 

efferent fibers from the stellate ganglion travel with the major vascular structures, 

predominately the subclavian and common carotid arteries.  

 

Block of the stellate ganglion should successfully denervate the sympathetic 

component to the head and neck because all pre-ganglionic nerves either synapse here 

or pass through on their way to more cephalad ganglia. Horner’s syndrome may be 

produced by the block of the middle or superior cervical ganglia but there is a 

likelihood that it can miss the lower distribution of sympathetic fibers traveling from 

the stellate ganglion to the vertebral plexus and subclavian plexus. [16], [17]  

 

Postganglionic sympathetic nerves destined for the upper extremity leave the stellate 

ganglion as gray communicating rami to join the anterior divisions of C5 through T1. 

Some postganglionic nerves pass directly from the sympathetic chain to form a 

subclavian perivascular plexus and innervate the subclavian, axillary, and upper part 

of the brachial arteries. [18]  
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The stellate ganglion is present in only 80% of the population, [19], [20] so a more 

correct term for stellate ganglion block should be either lower cervical sympathetic 

block or upper thoracic sympathetic block (cervico-thoracic sympathetic trunk block)  

 

Methods of delivering stellate ganglion block: 

 
a) Landmark guided/Surface anatomy/Blind 

  Anterior:  C6 level or the classical method 

    C7 level 

  Posterior: T1 level 

  Interpleural technique 

b) Radiologically (CT) guided 

c) MRI guided 

d) Ultrasound guided 

 

Classical (Landmark guided) technique of SGB: 

 
The classical para-tracheal method of delivering stellate ganglion block relied on 

anatomical landmarks such as cricoid cartilage to identify the level of C6 vertebra and 

palpating Chassaignac's tubercle (C6 tubercle). The carotid artery pulsation is felt and 

the artery is retracted laterally followed by vertical placement and advancement of the 

needle till it hits the bony prominence. The needle is then retracted 2-4 mm and drug 

is delivered after confirming negative aspiration of blood or CSF. 

 

Hogan QH et al. [21] performed stellate ganglion block in 8 healthy volunteers by the 

blind para-tracheal method and studied the spread of the drug using MRI. They noted 

that the drug spread anterior to the ganglion. 

 

Guntmukkala M et al. [22] performed stellate ganglion block with methylene blue in 

20 cadavers to study the distribution of the injectate. They noted that the solution 

spread into the posterior mediastinum and along the apical pleura. There was no 

spread onto the thoracic sympathetic chain. Both these studies demonstrate the 

unreliability of the blind technique of stellate ganglion block. 
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Stellate ganglion block under radiological guidance: 

 
Janik JE et al. [23] acquired computed tomography (CT) images to study the cervical 

spine of 70 adult patients and observed that there was large variability observed in the 

location and size of the landmarks used for guiding needle placement during stellate 

ganglion block. Fluoroscopy guided techniques help localizing the transverse process 

of the C6 and C7 vertebrae and use them as surrogate markers for the cervical 

sympathetic trunk. Though visualization of the spread of the drug, by mixing radio-

opaque dye with the injectate helps improve the accuracy of drug delivery, it cannot 

guarantee blockade of the ganglia. Fluoroscopy cannot identify soft tissue or vascular 

structures along the path of the needle. Exposure to high amount of radiation is 

another drawback of the procedure. 

 

Tip of the needle should ideally be placed anterolateral to the Longus colli muscle, 

deep to the pre-vertebral fascia (to avoid spread along the carotid sheath) but 

superficial to the fascia covering the longus colli muscle (to avoid injecting into the 

muscle substance). 

  

Ultrasound guided Stellate ganglion block: 

 
Kapral et al. [24] in 1995, published the first case series on ultrasound technique for 

SGB, but this technique has only recently gained popularity. 

 

Ultrasound guidance helps to identify the correct fascial plane, thus facilitating caudal 

spread of the injectate to reach the stellate ganglion at C7-T1 level, even with the 

needle placement at the level of C6. Thus more effective and precise sympathetic 

block can be achieved with even small injectate volume. Ultrasound-guided SGB may 

also improve the safety of the procedure by direct visualization of vascular structures 

(inferior thyroidal, vertebral, and carotid arteries) and soft tissue structures 

(esophagus, thyroid and nerve roots). The risk of vascular and soft tissue injury may 

thus be minimized. 

 

Shibata Y et al. [25] performed stellate ganglion block under USG guidance and noted 

that the method helps deposit the drug deep to the pre-vertebral fascia more 
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consistently. It was associated with more reliable caudal spread of the drug and thus 

higher efficacy. Injectate deposited anterior to the pre-vertebral fascia, tends to spread 

around the carotid sheath, blocking the RLN (Recurrent laryngeal nerve) causing 

increased risk of hoarseness of voice. 

The esophagus is deviated to the left of the trachea in about 50–70 % of the 

population, as shown by different imaging modalities. [26] This is particularly 

important when left sided stellate ganglion block is intended.  Mediastinitis can be 

caused due to esophageal injury, particularly if the patient has an unrecognized 

diverticulum. Narouze S et al. [27] reported a case where ultrasound guided stellate 

ganglion block helped avoid an injection into an esophageal diverticulum.  

Siegenthaler A et al. [28] performed USG of the neck to delineate the sono-anatomy of 

the stellate ganglion. They noted that esophagus and inferior thyroidal, vertebral and 

carotid arteries were in the needle path in most of the patients. They performed 

routine retraction maneuvers customary to performance of the block and noted that 

these maneuvers had only partial impact on moving these structures away from the 

target and in some cases may increase left-sided esophageal puncture risk in certain 

individuals. They concluded that direct ultrasound imaging will improve the safety of 

SGB. 

The inferior thyroid vessels in some patients can be large and can run a tortuous and 

variable course, and thus can cause retropharyngeal hematoma after SGB. In some 

variants, it can cross the carotid artery from lateral to medial at C6-C7 level and can 

thus be vulnerable to injury during the procedure. [29] 

Precise administration of the SGB, using ultrasound allows the use of a small volume 

of injectate while maintaining the same degree of efficacy and thus improves patient 

safety. Wulf et al. [30] reported toxic plasma levels in 30 % of patients undergoing 

SGB using 10 ml of 0.5 % bupivacaine, by the blind technique. Two studies have 

recently been conducted on investigating the optimal volume of local anesthetic 

necessary for successful ultrasound-guided SGB as compared to the traditional 

approach. Lee MH et al. showed that 2 ml of 0.5 % Mepivacaine was sufficient for a 

successful block, [31] while Jung G et al. showed the optimal volume was 4 ml of 0.2 

% Ropivacaine [32].  
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In his pilot study, Kapral et al. [24] found that ultrasound-guided SGB, required a 

lower volume of local anesthetics (5 ml rather than 8 ml) and there was a more rapid 

onset of Horner's syndrome, as compared with the blind technique.  

Success of stellate ganglion block: 

 
Successful sympathetic blockade to the head and neck structures is easy to recognize 

clinically and is documented by the presence of Horner’s syndrome, which includes 

miosis, ptosis, enophthalmos; also associated with that are conjunctival congestion, 

nasal stuffiness and facial anhydrosis. Presence of Horner’s syndrome however, does 

not indicate complete blockade of the sympathetic flow to the upper extremity. [33] 

The most commonly used test is measurement of the temperature of the skin. 

Elevation of the temperature by 1 to 3°C typically indicates sympathetic blockade [34], 

[35] and is usually measured by thermography or contact thermometry. [36]  

 

Malmqvist et al. [37] recommended that successful sympathetic blockade should 

satisfy five criteria,  

1. Horner’s syndrome within 300 seconds 

2. Final skin temperature of more than 34° C, assuming a pre-block temperature 

of 32° C or lower (1 to 3° C temperature increase)  

3. Increase in blood flow by 50% or more from the pre-block status 

4. Abolition of skin-resistant response (sympatho-galvanic response) on the 

radial and ulnar side following the block 

5. Increase in the skin-resistant response of up to 13% or more of the pre-block 

value on the radial and ulnar side of the extremity where block has been 

delivered [34], [37], [38]  

Other methods used to predict success of sympathectomy include pulse-amplitude 

changes, which are is subject to variations. [39] Lindberg and Wallin [40] used 

microneurography, which is a direct but invasive test requiring expensive equipment 

and extensive experience. [34], [36] The sweat test (ninhydrin, cobalt blue and iodine-

starch test) [36] is cumbersome and time consuming and not well accepted by a fair 

amount of patients and therefore not widely used. Other methods used to measure 

blood flow include plethysmography (muscle and skin), xenon-133 and sodium-24 
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clearance (by the skin and muscle). [36] Electromagnetic flow meters have been used 

for whole limb blood flow. [36] 

Temperature measurement is probably the most widely used technique, among the 

above mentioned tests, to assess complete sympathectomy of the affected site.  

Left internal mammary artery spasm post CABG: 

Sarabu MR et al. in 1987 described 2 cases of early post operative IMA spasm which 

could be relieved only by re exploration and local application of vasodilators. Though 

the reason for the same was unknown, they had raised concern about the profound 

hemodynamic repercussions of the eventuality. [7] 

One year later, Kong et al. [41] described the angiographic presentation of IMA spasm 

in a patient who underwent CABG 

 

Ziadinov, E. et al. [42] noted that vaso-reactivity was a complex process, where in a 

homeostatic equilibrium between constriction and dilation is established, which is 

modulated by a number of different neurotransmitters, cascades and receptors. 

Internal mammary artery is histo-anatomical similar to a somatic artery and is capable 

of undergoing severe spasm. They also noted that the actual incidence of this entity 

remains unknown and under reported; as any post operative myocardial ischemia gets 

empirically treated with NTG (Nitroglycerine) and tapering of vasopressors. Also 

timely angiographic data is unavailable as patients undergo aggressive medical 

management and with the risk of hemodynamic instability, are not shifted to a 

catheterization laboratory.  

Endothelial dysfunction and increased sensitivity for endogenous vasoconstrictors is 

commonly noted in patients with comorbidities such as hypertension, diabetes, and 

dyslipidemia. [43], [44] Turoni et al. demonstrated that hypertension increases the basal 

arterial tone, reducing the response to passive stretching of the IMA and impairs nitric 

oxide release. [45] 

Metabolic factors like hypokalemia, hypercalcemia, hypomagnesemia, hypoglycemia 

and increased serum lactates have all been implicated for contributing to IMA spasm 

as noted by G.W. He et al. [46] 
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Pharmacological methods for treating LIMA spasm: 

In view of serious complications occuring due to IMA spasm, surgeons have 

traditionally been using pharmacological measures to prevent it. Commonly used 

drugs include SNP, organic nitrates like NTG, papaverine and calcium channel 

blockers. 

Multiple agents have been compared with each other over the years for their potency 

and safety. Several authors reported that sodium nitroprusside is more potent than 

nicardipine, nicorandil, fenoldopam, hydralazine, adenosine, and labetalol. [47], [48] 

Some authors have also tried using combination therapy of dilators to investigate if 

the effect is super-additive. Harskamp R.E. et al. [49] compared various combination 

regimen and noted that they were nearly as effective as sodium nitroprusside alone. 

Multiple authors have tried comparing various routes of administration of these drugs 

to identify the most effective method. Intraluminal route gives maximum vasodilation 

followed by topical or in-pedicle injection. Intraluminal injection carries the risk of 

dissection of the vessel. Intraluminal papaverine adversely affects the endothelium 

because of low pH and thus is not recommended.   

Yildiz O et al. noted that the distal segment of IMA is usually more involved in spasm 

as vasoconstrictive receptors are more expressed in a distal direction. [43] They 

suggested that of the length of IMA allows, it should be shortened to note if flow 

improves.  

Tarhan A et al. [50] conducted a study comparing warm saline to topical papaverine as 

a method to prevent IMA spasm. They noted no difference in the blood flow in IMA 

between both the groups. This study demonstrated the importance of maintaining the 

temperature of the administered fluids at 37°C.  

Choi et al. [51] compared the response of skeletonized graft versus pedicled IMA graft 

to sympathetic stimulus and to local application of nor-adrenaline. They noted that 

skeletonization of the IMA completely abolishes sympathetic nervous system 

influence; causing arterial dilation and increased blood flow through it. This was 

proven by measuring flow before and after skeletonization, as well as demonstrating 
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insensitivity of free IMA grafts to nor-adrenaline. [52] 

Gaudiani V.A. [53], Jeanmart H. [54], and Abad C. [55] have all reported using various 

atraumatic mechanical devices like angiography balloon catheter and Fogarty catheter 

for routine dilation of the IMA. Presently, they are not widely used due to the high 

risk of injury to the endothelium and thereby reducing the long-term graft patency. 

Introduction of coronary steel probe into IMA is a rough procedure and its use is not 

recommended. 

Sivalingam S et al. [8] conducted a meta-analysis of 200 articles indexed in Pubmed to 

identify the optimal vasodilator for preventing spasm of the internal mammary artery 

in coronary artery bypass surgery. They concluded that mammary arteries often have 

low flow initially due to handling, but in around 15-20 minutes, the flow invariably 

doubles even with no treatment. They noted that strongest evidence for safe 

prevention of spasm was for papaverine administered topically and peri-arterially. 

Many studies have also shown no benefit with vasodilator therapy and thus no 

treatment at all can also be an entirely acceptable strategy.  

Regional anesthesia for preventing LIMA spasm: 

 

Use of regional anesthesia techniques in CABG began with thoracic epidural as a 

supplement for general anesthesia and has progressed over the years to CABG being 

performed under thoracic epidural anesthesia alone. The use of thoracic epidural 

anesthesia has proven benefits in patients undergoing cardiac surgery as shown by 

multiple large trials and meta analysis. [56], [57], [58], [59], [60] 

 

Donmez A et al. [61] administered stellate ganglion block in patients undergoing 

CABG and demonstrated increased diameter of the proximal and distal radial arteries 

as well as the internal mammary artery by transthoracic echocardiography. They also 

demonstrated the effect in vitro, though the cause for the same remains unknown. 

 

Gopal D et al. [10] administered stellate ganglion block in 30 patients undergoing 

coronary angiography. The IMA diameter before and 20 minutes after the block was 

noted via angiography. They demonstrated significant increase in the vessel diameter 

without any hemodynamic compromise. 
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Yildrim Y et al. [62] administered stellate ganglion block in 50 patients undergoing 

CABG with radial arterial grafts and compared the flow through the arterial graft 

against patients not undergoing stellate ganglion block. They demonstrated 

vasodilation and increased flow across the arterial conduit using Doppler ultrasound 

techniques. 

 

Onan IS et al. [9] investigated the effects of thoracic epidural in patients undergoing 

CABG on IMA blood flow. They randomized 30 patients into 2 groups, one that 

received thoracic epidural and the other being given general anesthesia for the 

surgery. They found that IMA blood flow in patients of the group, which received 

thoracic epidural, was significantly more as compared to the patients who received 

general anesthesia. They biopsied a sample of the vessel and demonstrated increased 

adenosine A2B receptors, VEGF (Vascular	 Endothelial	 Growth	 Factor) and iNOS 

(Inducible	 nitric	 oxide	 synthase) on the endothelium and smooth muscle cells of the 

IMA wall by immunocytochemistry. All these secondary mediators are produced by 

IMA and are known to mediate vasodilation by inducing endothelial nitric oxide 

release. The authors thus suggested that TEA might be useful to prevent perioperative 

ischemia and associated major cardiac events because of graft failure. 

Radio-femoral pressure difference after institution of CPB: 

  
Stern et al. [63] first reported the phenomenon of pressure differences between the 

aorta and the radial artery which appeared after cardiopulmonary bypass (CPB). Over 

the years many investigators have reported an aortic and/or femoral-to-radial artery 

pressure gradient after CPB.  

 

Many authors have attempted to postulate the reason for this radio-femoral pressure 

difference. Pauca AL et al. [12] suggested a decrease in vascular resistance of the 

upper extremity or the hand while Maruyama et al. suggested that vasodilators may 

be responsible for the pressure gradient.  

 

In contrast, Baba et al. [11] and Nakayama et al. [64] reported that peripheral 

vasoconstriction or vasospasm was responsible for the pressure gradient. Gravlee et 
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al. [13] cannulated multiple sites (aorta or femoral artery and radial artery), measured 

the pressure gradient between them under limited clinical conditions, and postulated 

that peripheral vasoconstriction was responsible for the gradient. 

 

Although Rich et al. [65] and De Hert et al. [66] demonstrated that appearance of the 

pressure gradient was associated with the initiation of CPB, the etiology of the 

pressure gradient remains controversial.  

 

Kanazawa et al. [67] introduced a miniature pressure transducer tipped catheter via the 

radial artery and studied the pulse wave velocity from the aorta to the peripheries. 

They noticed that there is a linear decrease in the pulse wave velocity along the 

vascular tree which implies a decrease in arterial elasticity. They postulated that 

decrease in arterial elastance at onset of CPB was responsible for the radio-femoral 

pressure difference. 

 
Treatment of arrhythmias using Stellate ganglion block: 

 

The sympathetic nervous system plays an important role in ventricular 

arrhythmogenesis. Various factors including acute myocardial ischaemia, heart 

failure, electrolyte imbalance (potassium and magnesium), inotropic drug infusions, 

hyperthyroidism, infection and fever are all known to precipitate arrhythmias. [68] 

 

Han S et al. [14] demonstrated that post myocardial infarction, there is increase in 

synaptic density as well as electrical activity in the stellate ganglion. This indicated 

significant electro-anatomical and extra-cardiac autonomical nerve activity 

remodeling occurring post myocardial infarction. 

 

Nademanee et al. [69] conducted a study in 49 patients suffering from electrical storm 

post myocardial infarction. They separated the patients into two comparable groups. 

One group was administered sympathectomy (pharmacological and regional) while 

the other was treated with anti-arrhythmic medications alone. They maintained a 

follow up of the patients for 1 year and noted lower mortality in the group in whom 

sympathetic block was administered. 
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Bourke et al. [70] administered sympathetic block in the form of thoracic epidural 

anesthesia and left cardiac sympathetic denervation via video-assisted thoracoscopic 

surgery (VATS) to select group of retrospectively identified patients with recurrent 

ventricular arrhythmias and noted a significant reduction in the number of ventricular 

arrhythmias. 

 

There have been multiple case reports of use of SGB for treatment of electrical 

storms. [71], [72] Various mechanisms of action of SGB against arrhythmias have been 

proposed. Reduction in adrenergic outflow has been proposed as the most important 

factor reducing the arrhythmia potential. [72] LSGB also been shown to be effective in 

controlling arrhythmias by shortening the QTc interval. [73]  
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MATERIALS AND METHODS 

 
A. Institutional ethics committee and technical advisory committee approval was 

obtained before this study was initiated. 

 

B. Design:  

Prospective, interventional, randomized controlled trial 

 

C. Subject/participant selection: 

 

1. Number: 100 Consecutive patients who underwent elective coronary artery 

bypass grafting under cardiopulmonary bypass were enrolled into the 

study, if they fulfilled inclusion criteria and gave written consent for the 

study, after study details were explained to them.  

This was in conjunction with a study conducted by Yildrim et al [62] who 

administered stellate ganglion block in 50 patients and compared them to a 

similarly sized control group to study the effect of the block on the radial 

artery diameter. 

 

2. Inclusion criteria: 

a. Age – 18 to 80 years 

b. Patients who were slated to undergo elective coronary artery 

bypass graft surgery under Cardiopulmonary bypass in The 

Department of Cardiothoracic Surgery, SCTIMST 

 

3. Exclusion criteria: 

a. Patient not willing to participate in the study 

b. Age more than 80 years 

c. Ejection fraction < 45% 

d. History of strokes / Transient ischaemic attacks in past 

e. History of Glaucoma. 

f. History of allergy to local anesthetic drugs 

g. Emergency coronary artery bypass graft or reoperations. 
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h. Presence of Chronic obstructive pulmonary disease (COPD)  

i. Patients with renal dysfunction (Serum Creatinine > 1.5) 

 

4. Recruitment: The investigators recruited the patients during the pre-

anesthetic checkup on the day prior to the slated surgery. Patients were 

provided complete details of the study in the presence of a witness. All 

procedure related questions were addressed and written informed consent 

obtained from them. 

 

D. Informed consent: in English and Malayalam 

 

E. Duration of study: 18 months 

 

F. Funding: Nil 

 

G. Study protocol: 

 

Study groups: The patients were randomized into 2 groups by computerized 

randomized table as follows 

I. Group S – Patients receiving stellate ganglion block 

II. Group C – Patients in the control group 

 

Patients underwent anesthesia induction with Inj Midazolam 0.1mg/kg IV, Inj 

Fentanyl 10mcg/kg IV and Inj Pancuronium 0.1mg/kg IV after securing an IV access 

and a left radial arterial access. Anesthesia was maintained with Sevoflurane or 

Isoflurane at 1 MAC, infusion Morphine 40 mcg/kg/hour and intermittent 

Pancuronium doses, titrating it to a BIS value of 40. Supplemental doses of 

midazolam and fentanyl were administered as per requirement. After anesthesia was 

induced, the internal jugular vein and femoral artery were cannulated.  

 

After internal jugular vein cannulation, patients were positioned with head in midline 

position and mild extension of the neck. Cricoid cartilage was identified by midline 

palpation of the neck. Esaote MyLab One (Esaote Europe, Maastricht, The 

Netherlands) with 12Mhz ultrasound probe was used to identify the structures of the 
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neck. The airway was identified by the shadow of the cricoid cartilage at the level of 

C6 vertebrae. With the probe being moved laterally, internal jugular vein, carotid 

artery and thyroid was identified. Depth of ultrasound field was adjusted to include 

transverse process of the C6 vertebra, which is identified by its typical bright echo-

luminance. Color Doppler was used to make sure that there are no vascular structures 

along intended the needle track. Following complete aseptic precautions, a 22 G, 10 

cm long needle was inserted under ultrasound guidance and directed towards the 

transverse process of the C6 vertebra, passing between the medial border of carotid 

artery and the lateral margins of the thyroid gland. After the needle tip makes contact 

with the transverse process, it is withdrawn 2 mm and 8 ml of 0.25% Bupivacaine was 

injected, visualizing the drug deposition into the longus colli compartment. 

 

  
Picture 1: Sono-Anatomy of the stellate ganglion block 

 

Labels:	
	
IJV:	Internal	Jugular	Vein	
	
CA:	Carotid	artery	
	
TP:	Transverse	process	of	
vertebrae	
	
SCM:	Sternocleidomastoid	
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Block was considered a success if the skin temperature on the index finger of the left 

upper limb increased by more than 1.5 degree Celsius as compared to the baseline 

values. 

 

Vitals of the patient (Heart rate, blood pressure) were intensively monitored 

throughout the duration of surgery as well as in the post-operative period in the 

Cardiac Surgery ICU. 

 

After dissection of LIMA, administration of adequate dose (400 IU/kg body weight) 

of heparin and confirmation of adequate anticoagulation, the blood flow through the 

vessel was noted for 15 seconds, keeping mean pressures in the narrow range between 

70-75 mmHg. The vessel was allowed to bleed freely into a measuring chamber for 

15 seconds and the volume was noted. The process was repeated twice and mean of 

the two values were taken as the LIMA flow after extrapolating it for 1 minute. The 

collected blood was delivered back to the patient through the cardiopulmonary bypass 

machine.  

 

Both radial and the femoral arterial pressures were monitored and the values 

compared at specified intervals as mentioned below.  

 

Patients, in whom no difference in the skin temperature between the index fingers is 

noted even after 20 minutes of performance of block, were treated as failure of block 

and were excluded from the study. 

 

Any complications occurring due to the administration of the block was recorded. 

 

H. Observations: 

 

The following observations were made in all patients 

 

i. Pulse: (Baseline, every 5 minutes after the block for 20 minutes, just before 

measuring internal mammary artery blood flow, at 10 minutes post aortic 

cross clamp, during rewarming, and at every 10-minute interval after the 

patient was weaned off bypass till shifting to ICU) 
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ii. Blood pressure: Systolic and Diastolic (Baseline, every 5 minutes after the 

block for 20 minutes, just before measuring internal mammary artery blood 

flow, at 10 minutes post aortic cross clamp, during rewarming, and at every 10 

minute interval after the patient was weaned off bypass till being transferred to 

ICU) 

 

iii. Left internal mammary artery blood flow: (After dissection, with MAP 

maintained between 70 to 75 mmHg) 

 

iv. Complications: (if any) 

 

v. Incidence of arrhythmias: in the ICU in immediate 24 hours post block 
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OBSERVATION AND RESULTS 
 

Our study is a prospective single center randomized control trial carried out in 100 

patients undergoing elective CABG between the age of 18 to 80 to study the effect of 

stellate ganglion block on left internal mammary artery blood flow. The study 

population of 100 patients were randomized into study (S) and control (C) groups of 

50 patients each.  

 

Group S: This group of patients were administered left sided stellate ganglion block 

after induction of anesthesia as per standardized protocol. 

 

Group C: This group of patients underwent induction of general anesthesia as per 

standardized protocol and did not receive stellate ganglion block.  

 

The data obtained was subjected to statistical analysis using Student’s Unpaired T-

Test and Fisher’s exact test to find out significant difference between the groups. For 

statistical comparison, difference was considered significant when the P value was 

found to be less than 0.05.  

		
Table 1: Comparison of demographic data between the two groups 

Parameter SGB Control Test 

applied 

P Value Significance 

Age (Years) 

     Mean 

     S.D. 

     Range 

 

60.42 

8.09 

42-76 

 

56.7 

8.57 

40-78 

 

Unpaired T 

Test 

 

0.27 

 

Not 

significant 

Weight (Kg) 

     Mean 

     S.D. 

     Range 

 

64.75 

8.38 

45-89.8 

 

64.5 

7.3 

50.1-83.3 

 

Unpaired T 

Test 

 

0.87 

 

Not 

significant 

Sex (%) 

     Male 

     Female 

 

41 

9 

 

42 

8 

 

Fisher’s 

Exact test 

 

0.69 

 

Not 

significant 



	 21	

BSA 

     Mean 

     S.D. 

     Range 

 

1.7 

0.14 

1.36-2.07 

 

1.7 

0.12 

1.43-2.06 

 

Unpaired T 

Test 

 

0.79 

 

Not 

significant 

EF (%) 

     Mean 

     S.D. 

     Range 

 

58.6 

6.08 

45-70 

 

60.18 

6.68 

45-72 

 

Unpaired T 

Test 

 

0.22 

 

Not 

significant 

Number of 

Grafts 

     Mean 

     S.D. 

     Range 

 

4.26 

0.75 

2-5 

 

4.44 

0.58 

3-5 

 

Unpaired T 

Test 

 

0.18 

 

Not 

significant 

	
	
The patients were demographically similar in study and control groups. (Table1) The 

above table shows that age of the patients was ranging from 40 – 78 years with mean 

age of 60.4 ± 8.09 years in study group and 56.7 ± 8.57 years in control group which 

is statistically not significant. 

In the study 82% of patients in stellate ganglion group and 84% of patients in 

papaverine group were males. (Figure 1) 

	

	
Figure 1: Demographic distribution between the groups 
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The mean weight was 64.75 ± 8.38 kg in the study group as compared to 64.5 ± 7.3 

kg in the control group. Body surface area (BSA) of the patients was comparable in 

both the groups. The other demographic parameters that were compared include the 

ejection fraction and number of grafts which were placed. These parameters too were 

similar in both the groups. (Table 1) 

 

Presence of comorbidities like hypertension, diabetes mellitus, smoking and 

dyslipidemia were noted in all patients taking part in the trial. These comorbidities 

could have directly or indirectly (in the form of medications for treatment of these 

illnesses) confounded and influenced the results of the study. These were found to be 

distributed equally among the two groups. (Table 2) 

 

Table 2: Distribution of comorbidities between the groups 

	

Parameter	 SGB	 Control	 Test	

applied	

P	Value	 Significance	

Hypertension	

					Positive	

					Negative	

	

41	

9	

	

40	

10	

	

Fisher’s	

exact	test	

	

0.72	

	

Not	significant	

Diabetes	

Mellitus	

					Positive	

					Negative	

	

26	

24	

	

30	

20	

	

Fisher’s	

exact	test	

	

0.24	

	

Not	significant	

COPD	

					Positive	

					Negative	

	

2	

48	

	

3	

47	

	

Fisher’s	

exact	test	

	

0.55	

	

Not	significant	

Smoking	

					Positive	

					Negative	

	

24	

26	

	

22	

28	

	

Fisher’s	

exact	test	

	

0.56	

	

Not	significant	

Dyslipidemia	

					Positive	

					Negative	

	

46	

4	

	

44	

6	

	

Fisher’s	

exact	test	

	

0.38	

	

Not	significant	
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We noted the hemodynamic parameters (heart rate, systolic, diastolic and mean 

pressures, both in radial and femoral arteries) of the patient from the time they were 

shifted into the operation theatre 

 

The variations in the hemodynamics were charted and there was no significant 

difference noted between the patients in the study group as compared to the control 

group (Table 3) 
 

Table 3: Comparison of pre CPB mean pulse rate between the groups 

	
	

	
Figure 2: Comparison of pre CPB mean pulse rate between the groups 
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SGB Control P Value 

Baseline 67.3 ± 10.6 66.5 ± 12.9 0.93 Not significant 

5 mins 63.5 ± 10.8 64.7 ± 13.0 0.63 Not significant 

10 mins 63.9 ± 10.9 64.0 ± 13.1 0.95 Not significant 

15 mins 63.9 ± 10.1 63.0 ± 11.7 0.66 Not significant 

20 mins 63.8 ± 10.2 63.6 ± 9.4 0.94 Not significant 

Prior to LIMA 

flow reading 

63.5 ± 9.6 64.3 ± 8.9 0.65 Not significant 
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The difference in mean pressures between the left radial and femoral pressures was 

calculated in the pre bypass period and charted. It was noted that the radio-femoral 

arterial pressure difference was positive, which meant that the mean radial arterial 

pressures was consistently higher than the mean femoral arterial pressures in both the 

groups. The difference though was only minor and the trend in the difference between 

the upper and lower limb pressures was largely statistically non significant except at 

the 10th and 20th minute post induction. (Table 4) 

	
Table 4 : Comparison of Pre operative mean radio femoral pressure difference 
between the groups 

	
	
After the left internal mammary artery dissection and with the the blood pressure kept 

steady between the MAP of 70 to 75 mmHg, the blood flow in the LIMA was 

measured by letting it to flow feely into a container for 15 seconds. The readings were 

obtained and the reading was repeated within 5 minutes again. Mean of both the 

readings were extrapolated as blood flow per minute and the readings were compared. 

It was noted that the LIMA flow in the stellate ganglion group was 49.28 ± 7.88 

ml/minute as compared to 47.12 ± 7.24 ml/minute in the control arm of the study. The 

difference in the blood flow was found to be statistically non significant. (Table 5) 

	
	
	
	
	
	

Duration	in	minutes	after	

induction	

Mean	Radio-Femoral	pressure	difference	(mmHg)	

SGB	 Control	 P	Value	

Baseline	(Pre-induction)	 1.51	±	2.25	 1.91	±	2.15	 0.37	

5	mins	 1.00	±	1.65	 1.05	±	1.97	 0.88	

10	mins	 0.47	±	2.11	 1.21	±	1.52	 0.05	

15	mins	 1.03	±	2.29	 1.49	±	1.66	 0.25	

20	mins	 0.60	±	2.14	 1.44	±	1.94	 0.04	

Prior	to	LIMA	flow	reading	 0.61	±	1.73	 1.00	±	2.3	 0.34	
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Table 5 : Comparison between LIMA flows between the two groups (ml/min) 

 

 

	
Figure 3: Comparison of pre CPB mean radio-femoral mean arterial pressure (MAP) 
difference between the groups  
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and -1.3 ± 2.72 as compared to -0.48 ± 1.88 and -2.96 ± 3.66 in the control groups at 
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study population. The radial-femoral pressure difference was significantly lesser in 

the SGB group as compared to the control group. (Table 6) 

	
Table 6: Comparison of Intraoperative mean radio-femoral pressure difference 
between the groups 

Duration in 

minutes 

Mean Radio-Femoral pressure difference (mmHg) Significance 

SGB Control P Value 

10 mins -1.26 ± 1.79 -0.48 ± 1.88 0.03 Significant 

Rewarming -1.3 ± 2.72 -2.96 ± 3.66 0.01 Significant 

	
Hemodynamic parameters (pulse rate, systolic, diastolic and mean blood pressures in 

the radial and femoral arteries) of all the patients were noted at 10 minutes interval 

after discontinuation of CPB till patient was transferred to the post operative care 

ICU. 

 

The mean pulse rate in both the groups was tabulated in the patients post separation 

from the CPB and there was no significant difference between the groups (except at 

30 minutes). (Table 7) 

	
Table 7: Comparison of post CPB mean pulse rate between the groups 

	

Duration in 

minutes 

Mean pulse rate (beats/minute) Significance 

SGB Control P Value 

10 mins 84.84 ± 12.77 81.86 ± 11.45 0.22 Not significant 

20 mins 86.52 ± 10.31 83.38 ± 12.01 0.16 Not significant 

30 mins 88.04 ± 12.8 82.98 ± 12.24 0.04 Significant 

40 mins 89.14 ± 11.96 84.40 ± 12.98 0.06 Not significant 

50 mins 88.88 ± 11.93 87.48 ± 13.23 0.57 Not significant 

60 mins 90.16 ± 12.18 87.72 ± 11.86 0.31 Not significant 

Shifting 89.12 ± 9.82 86.86 ± 10.47 0.26 Not significant 
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Figure 4: Comparison of post CPB mean pulse rate between the groups 

	
Some patients required temporary pacing post the CPB, but there was no difference in 

the incidence of pacing requirement in patients of either groups. (Table 8) 

	
Table 8: Post CPB pacing requirement (n = number of patients) 
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the radio-femoral pressure difference was negative, which meant that the mean radial 

arterial pressures was consistently lower than the mean femoral arterial pressures in 

both the groups. The trend in the difference between the upper and lower limb 

pressures is remained statistically significant for the 40 minutes post weaning off 

CPB. After 40 minutes, the radio-femoral pressure difference diminished and was 

statistically non significant. (Table 9) 
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Table 9 : Comparison of Post operative mean radio femoral pressure difference 
between the groups 

Duration in 

minutes 

Mean Radio-Femoral pressure difference (mmHg) Significance 

SGB Papaverine P Value 

10 mins -0.99 ± 1.85 -1.92 ± 2.26 0.03 Significant 

20 mins -1.01 ± 1.68 -1.90 ± 1.93 0.02 Significant 

30 mins -0.24 ± 2.3 -1.51 ± 1.84 0.0003 Significant 

40 mins -0.94 ± 1.83 -1.70 ± 2.0 0.05 Significant 

50 mins -1.05 ± 2.34 -1.53 ± 1.86 0.25 Not significant 

60 mins -1.29 ± 1.4 -1.12 ± 1.68 0.58 Not significant 

Shifting -0.32 ± 1.54 -0.79 ± 1.56 0.13 Not significant 

	

	
Figure 5: Comparison of post CPB mean radio-femoral mean arterial pressure 
(MAP) difference between the groups 
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It was noted that the incidence of arrhythmias was 10% in the SGB group as 

compared to 32% in the control group, which was statistically highly significant. 

(Table 10) 

 

Table 10: Incidence of post operative arrhythmias (n = number of patients) 

Parameter SGB 

(n) 

Control  

(n) 

Test 

applied 

P Value Significance 

Post operative 

arrhythmias 

     Positive 

     Negative 

 

 

5 

45 

 

 

16 

34 

 

 

Fisher’s	

exact	test 

 

 

0.0008 

 

 

Highly 

significant 

	
 

Patients were monitored for any complications of the block, like vascular injury, 

hematoma formation, injury to nerves, neuro-deficit or drug toxicity. None of the 

patients in our study who underwent stellate ganglion block suffered from any side 

effects or complications.  
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DISCUSSION 
 

The challenges in the surgical management of patients with CAD presenting for 

CABG has increased as more and more high risk subsets of patients survive due to 

advances in medical science and are thus referred for surgery. 

 

Since the first CABG was performed by Dr. Sabiston in 1962, this modality of 

treatment has undergone major refinements and improvements in technique as well as 

level of skill. This has led to improved survival in the patients who undergo this 

complicated and delicate surgery. 

 

Use of internal mammary artery as a bypass conduit for left anterior descending artery 

grafting was a major step in improving post surgery outcomes. Multiple excellent 

meta-analysis and reviews over the years, on the subject have shown that the use of 

the left internal mammary artery (IMA) graft to the left anterior descending coronary 

artery is the most important factor for survival and reduction of late cardiac events 

after CABG. [3],[4],[5]  

 

Though arterial grafts have the advantage of release of intrinsic vasodilator substances 

which helps maintain long term graft patency, there are also some disadvantages 

involved with use of these grafts. The tunica media of the arterial grafts contain 

smooth muscle fibers which can undergo vasospasm due to surgical handling, 

especially in the immediate post bypass period. This problem was first identified and 

reported by Subaru MR et al. [7] in 1987. The catastrophic consequences of this 

eventuality was soon identified by the surgeons and that lead to the practice of routine 

application of pharmacological vasodilators for prevention of LIMA spasm. 

There have been multiple studies conducted comparing the various vasodilators. The 

more commonly used ones include various organic nitrates, calcium channel blockers, 

sodium nitroprusside and papaverine. In a meta-analysis conducted by Sivalingam S 

et al. [8] to to identify the optimal vasodilator for preventing spasm of the internal 

mammary artery in coronary artery bypass surgery, it was noted that papaverine 

administered topically or peri-arterially had the strongest evidence in favor of safe 

prevention of spasm. They also noted that there were multiple studies which had 

shown no benefit with vasodilator therapy and thus no treatment at all can also be an 
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entirely acceptable strategy.  

Use of thoracic epidural in cardiac surgery was initially of interest for its superior post 

operative pain relief and reduction in stress response to the surgery. The use of 

thoracic epidural anesthesia has proven benefits in patients undergoing cardiac 

surgery as shown by multiple large trials and meta analysis. [56], [57], [58] 

 

Onan IS et al. [9] were the first to investigate the effects of thoracic epidural in patients 

undergoing CABG on IMA blood flow. They noted that IMA blood flow in patients 

of the group, which received thoracic epidural, was significantly more as compared to 

the patients who received general anesthesia alone. They thus suggested that thoracic 

epidural anesthesia induced thoracic sympathectomy might be useful in prevention of 

perioperative ischemia and associated major cardiac events because of graft failure. 

Another method of thoracic sympathetic blockade was attempted by Gopal D et al. 
[10], by administering stellate ganglion block to patients undergoing routine coronary 

angiography. They injected radio opaque dye into the internal mammary artery prior 

to the block and 20 minutes post successful block shown by onset of Horner’s 

syndrome. They showed that there was a dilation in the internal mammary artery 

which could be demonstrated by angiography. Though the IMA diameters were 

measured, they did not measure the LIMA flows and the study population was limited 

to 30 patients. This study encouraged us to initiate a larger randomized controlled trial 

to investigate the effect of this novel technique on LIMA blood flow as well as its 

effect on post CPB radio-femoral pressure difference and the incidence of post 

operative arrhythmias.  

 

100 patients undergoing elective CABG surgery, who satisfied the inclusion criteria 

and gave consent for the study were recruited and randomized into 2 groups. One 

group (SGB) received the block while the other acted as control. In the SGB group, 

we administered stellate ganglion block using 8 cc of 0.25% Bupivacaine, under 

ultrasound guidance. 

 

Kapral et al. [24] were the first to administer SGB under ultrasound guidance and the 

chief advantage they proposed was more accurate delivery of the drug and lower drug 
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volume requirement. They demonstrated that successful SGB block can be 

administered using 5cc of 0.5% Bupivacaine. Other authors like Lee MH et al. [31] and 

Jung G et al. [32] used 2ml of 0.5% Mepivacaine and 4ml of 0,2% Ropivacaine 

respectively for demonstrating successful blockade of the stellate ganglion. All these 

authors administered the drug for treatment of chronic pain syndromes and used the 

onset of Horner’s syndrome as a sign of successful block. The innervation of the 

facial structures originates from the cervical (higher) portion of the stellate ganglion 

and thus require minimal drug volumes to block it when needle placement is precise.  

 

The sympathetic innervation of the vessels of the arm and chest arise from the 

thoracic (lower) portion of the stellate ganglion. Bonica JJ et al. [33] showed that, 

while presence of Horner’s syndrome indicates successful block of the cervical 

segments, it may not indicate complete blockade of the sympathetic flow to the upper 

extremity. We chose to administer a total volume of 8 ml of 0.25% Bupivacaine for 

the block to account for higher volume necessary to reach the thoracic segments. 

 

Malmqvist et al. [37] proposed that successful sympathetic blockade should satisfy the 

five criteria which included onset of Horner’s syndrome, skin temperature difference, 

blood flow to limb and assessment of skin resistance response. and conducted a study 

to check its feasibility. They noted that all 5 criteria could be met in only 15 of the 54 

patients. Difference in skin temperature, pre-block as compared to post-block was the 

sign which could be elicited most easily. Sympatho-galvanic response or skin 

resistance response involves measuring the conductance through the skin after 

delivery of the block. Sympathectomy causes reduction in the sweat gland activity, 

thus increasing the resistance to flow of electric current. This is used as an objective 

method for quantification of activity of the sympathetic system. Malmqvist et al. 

could elicit an increase of sympatho-galvanic response of more than 13% in only 12% 

of their study subjects.  

We decided to base success of block on the rise in skin temperature of more than 

1.5°C as compared to the baseline. Monitoring the blood flow in the limb or checking 

the sympatho-galvanic response were both not feasible in the operation theatre 

setting.  
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All the studies we could come across involved administering stellate ganglion block 

in awake patients and thus Horner’s syndrome could be easily demonstrated. We 

chose to not base success of block on basis of Horner’s syndrome as our subset of 

patients had high cardiac morbidity due to coronary artery disease and thus we 

decided to administer the block after induction of anesthesia. We administer high 

doses of opioids as part of our routine induction protocol to reduce stress response to 

intubation and incision. Ptosis and enophthalmos cannot be demonstrated after 

administration of muscle relaxants while miosis is a known effect of high opioid 

administration. We were not able to demonstrate Horner’s syndrome in most of our 

patients. The skin temperature difference and flushing of the extremity could be 

demonstrated in all the cases where we administered the block with the exception of 

two cases where the temperature difference could not be recorded due to failure of 

monitoring equipment. 

The haemodynamic parameters i.e. pulse, SBP (Systolic blood pressure), DBP 

(Diastolic blood pressure) and MAP (Mean arterial pressure) of all the patients were 

noted from the time of shifting into the OT till end of surgery. We compared the 

changes in hemodynamic pattern between both the groups as well as difference in the 

pressures in the radial and femoral arterial pressures. 	

	

The baseline mean pulse rate was 67.3 ± 10.68 bests/min in the SGB group as 

compared to 67.5 ± 12.93 beats/min in the control group. The pulse rate increased 

during intubation, skin incision and sternal retraction and returned to baseline during 

LIMA harvesting. Similar trends were seen in SBP, DBP and MAP and no 

statistically significant difference was noted between both the groups. Thus we 

observed that SGB does not cause significant fall in the systemic mean and diastolic 

arterial pressures which are crucial for maintaining coronary perfusion in a patient 

with triple vessel disease. 

 

Gopal D et al. [10] administered the SGB in awake patients undergoing coronary 

angiogram. They noted no difference in hemodynamic parameters (pulse, SBP, DBP 

and MAP) after administration of SGB. 

Chen YQ et al. [74] studied the hemodynamic effect of stellate ganglion block on 
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elderly patients during induction of anesthesia and intubation. They noted no 

difference in the heart rate and blood pressure of patients after administration of 

stellate ganglion block, but they noted that the stress response to intubation is 

markedly blunted in patients in whom stellate ganglion block was administered. They 

concluded that SGB helps attenuate stress response to anesthesia induction and 

intubation and thus may be	protective	to the myocardium. �

We noted LIMA flows of 49.28 ± 7.88 ml/minute in the SBG group as compared to 

47.12 ± 7.24 ml/minute in the control group. Though the flow rate is higher in the 

SGB group, the difference was found to be not statistically significant.  

LIMA flow can vary with the sex, race, habitus of the person and the blood pressure 

at which the readings is taken. Readings also may vary with the operating skill of the 

surgeon who dissects the LIMA. In our study LIMA dissection was done by 3 

surgeons of comparable experience and expertise.  

Influence of sympathetic innervation on LIMA flow also depends on the technique of 

LIMA dissection. Choi et al. [51] compared the response of skeletonized graft versus 

pedicled IMA graft to sympathetic stimulus and noted that a skeletonized IMA acts 

more like a passive conduit and there is no effect of sympathetic nervous system 

influence on it. We use pedicled LIMA graft at our center and thus were anticipating 

some residual influence of sympathetic innervation.  

Gopal D et al. [10] demonstrated dilation of the IMA, by angiography, in response to 

SGB in patients who have a completely intact sympathetic innervation to the entire 

vessel and thus postulated a higher flow through LIMA. From our results we note that 

a similar degree of vasodilation and increased blood flow may not be achievable in a 

partially denervated pedicled graft. 

We are not certain why SGB does not result in increasing LIMA flow under 

anesthesia in a patient with CABG. Most of the patients operated for coronary 

revascularization receive vasodilator drugs like anti-hypertensives, anti-anginals and 

diuretics. Probably the LIMA in these patients may be undergoing vasodilation to 

some extent. This vasodilation may be further augmented by administration of 

intravenous and inhalational anesthetics which reduce the sympathetic tone. In 

addition, partial denervation of LIMA during surgical dissection may further result in 
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loss of sympathetic response to some extent. Hence LIMA flow could not increase 

further despite sympatholysis achieved due to SGB.  

We noted blood pressure in the radial and femoral arteries all through the duration of 

the surgery. In the pre CPB period, radial arterial pressures (MAP) remained 

marginally higher than the femoral pressures (MAP), but the difference was clinically 

and statistically not significant.  

At initiation of CPB, the radio-femoral arterial pressure difference widened, (femoral 

greater than radial pressures) being -0.48 ± 1.88 in the SGB group as compared to -

1.26 ± 1.79 mmHg in the control group (10 minutes into CPB). The difference on 

rewarming (32 °C) was -1.3 ± 2.72 mmHg in the SGB group as compared to -2.96 ± 

3.66 mmHg in the control group. Both these values were found to be statistically 

significant. 

In the post CPB period, we observed statistically significant radio-femoral pressure 

difference (femoral more than radial pressures) in our study group until 40 minutes 

post weaning the patients off bypass, after which the pressure difference dropped. 

The pressure difference (femoral pressures greater than radial) was noted to be 

clinically significant (>5mmHg) in 28% of the study subjects. 20 of these patients 

belonged to the control group as compared to 8 patients in the SGB group, yielding 

clinically and statistically significant results. 

Gravlee et al. [13] noted that the pressure difference was observed after the initiation of 

CPB and became especially evident on rewarming and weaning patients off bypass, 

during which the radial pressures remained lower than the femoral pressures. The 

pressure difference was abolished within an hour of weaning patients off bypass. 

Chauhan S et al. [75] also reported on this pressure difference and suggested favoring 

routine femoral arterial cannulation against radial cannulation for patients undergoing 

CPB. Our results are similar to previously reported literature on observed radio-

femoral pressure difference after initiation of CPB. In addition to this, we noted that 

the magnitude of radio-femoral pressure difference is lesser in the group receiving 

SGB as compared to controls. 

The cause for this pressure difference is still a matter of controversy as multiple 
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studies have given contradictory theories about its origin. Pauca AL et al. [12] 

suggested a decrease in vascular resistance of the upper extremity or the hand while 

Maruyama et al. suggested that vasodilators may be responsible for the pressure 

gradient. In contrast, Baba et al. [11] and Nakayama et al. [64] reported that peripheral 

vasoconstriction or vasospasm was responsible for the pressure gradient.  

We have noted that sympathectomy of the upper limb by administering SBG lowers 

the incidence of radio-femoral pressure difference during and in the immediate post 

CPB period. 

SGB abolished the radio-femoral arterial pressure difference probably by producing 

vasodilation of radial artery. Therefore, we postulate that radial artery 

vasoconstriction may be the mechanism behind the generation of radial-femoral 

pressure difference on and after CPB. As the radial artery pressure equalled femoral 

arterial pressure in majority of patients who received stellate ganglion block, there 

may not be a need for femoral artery cannulation in those who receive the block. 

Cardiac sympathetic innervation arises from the cervical sympathetic ganglion and 

there has been multiple reports on the efficacy of SBG on abolishing ventricular 

arrhythmias by reducing the sympathetic stimulation to the myocardium. 

Han S et al. [14] demonstrated that post myocardial infarction, there is increase in 

synaptic density as well as electrical activity in the stellate ganglion. This indicated 

significant electro-anatomical and extra-cardiac autonomical nerve activity 

remodeling occurring post myocardial infarction. This finding is particular relevant to 

our patient subset, all of whom have clinically significant coronary artery disease. 

Post operative arrhythmias were noted in 21% of our patients. Out of these, 5 patients 

belonged to the SGB group while 16 belonged to the control group. The difference in 

incidence of arrhythmias between the two groups were statistically highly significant. 

The success rate of stellate ganglion blockade under ultrasound guidance was 100% 

in our patients. The ganglion blockade could be completed within 5-6 minutes in all 

cases. 

 

In the entire course of our study, we did not have even a single episode of 

neurological or vascular complication, attesting the safety of this procedure under 
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ultrasound guidance. Bleeding and dissecting hematoma may be life threatening 

complications of accidental carotid artery puncture. These complications could be 

prevented by use of ultrasound. 

 

Benefits of sympatholysis in controlling ventricular arrhythmias are well known, 

Intractable ventricular arrhythmias and atrial fibrillation may be troublesome 

complications in the post operative period after CABG. These arrhythmias may be 

encountered despite adequate revascularization. Excessive sympathetic drive may be 

one of the underlying mechanisms behind these arrhythmias. Left SGB is considered 

one of the treatment modalities for these patients. [72] 
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Limitations of our study: 

 

Most convincing evidence of increase in left internal mammary artery blood flow is 

demonstration of the increase in flow after administration of the block. This would 

have meant administering the block after sternotomy and administration of heparin. 

Administering the block to the patient after heparin administration increases 

procedural risk. It would also introduce a minimum mandatory waiting period of 10 

minutes for peak action of the block to be achieved in a completely anticoagulated 

patient. We did not pursue this endeavor due to ethical and time constraints. 

 

There are presently no studies we could come across that compared internal 

mammary blood flow among patients of different sizes. IMA flow varies with sex, 

race and build of the person. Indexing the IMA blood flow to BSA (Body surface 

area) was proposed as one of the methods to facilitate comparison between patients of 

varying sizes. BSA may be similar in patients of widely differing body habitus and 

build. It therefore cannot be relied on as an accurate measure for comparison of IMA 

flow between patients. In our research, we could have not come across any study that 

could validate this method. 

 

IMA spasm depends on the skill of the surgeon handling the vessel. In our series, 

IMA harvesting was performed by 3 different surgeons, with nearly same level of 

expertise in the procedure and they were blinded to the study. 
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SUMMARY AND CONCLUSIONS 
 

	

1. Stellate	 ganglion	 blockade	 was	 not	 found	 to	 increase	 LIMA	 blood	 flow	 in	

CABG	patients	as	compared	to	patients	who	received	only	topically	applied	

papaverine.	

	

2. Stellate	ganglion	block	under	ultrasound	guidance	is	a	very	safe	procedure,	

even	in	patients	who	are	slated	to	undergo	systemic	anticoagulation.	

	

3. Statistically	 significant	 radio-femoral	 pressure	 difference	 (femoral	 greater	

than	 radial)	was	 noted	 in	 patients	 of	 both	 the	 groups	 at	 10	minutes	 from	

starting	of	CPB.	The	difference	was	sustained	 till	40	minutes	post	weaning	

the	patients	off	CPB.	

	

4. Stellate	 ganglion	 block	 induced	 sympathectomy	 helps	 reduce	 the	 radio-

femoral	arterial	pressure	difference	in	the	post	CPB	period	as	compared	the	

control	group.	

	

5. Stellate	 ganglion	 block	 does	 not	 cause	 any	 hemodynamic	 deterioration.	

There	was	no	significant	difference	 in	the	hemodynamic	parameters	(heart	

rate,	systolic,	diastolic	and	mean	blood	pressure)	between	the	groups.	

	

6. Under	ultrasound	guidance,	SGB	could	be	administered	without	any	 failure	

in	all	patients	in	our	study.	

 
7. Stellate	ganglion	block	can	be	administered	safely	without	any	complications	

in	all	patients,	who	were	anticoagulated	with	high	dose	of	heparin.	 
 

8. Stellate	 ganglion	 block	 helps	 reduce	 the	 incidence	 of	 arrhythmias	 in	 post	

CABG	patients. 
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APPENDIX 
 

ABBREVIATIONS AND ACRONYMS 
 

	

1. SGB:	Stellate	ganglion	block	

2. LSGB:	Left	stellate	ganglion	block	

3. CAD:	Coronary	artery	disease	

4. CABG:		Coronary	artery	bypass	grafting	

5. LIMA:	Left	internal	mammary	artery	

6. IMA:	Internal	mammary	artery	

7. SBP:	Systolic	blood	pressure	

8. SBP:	Diastolic	blood	pressure	

9. MAP:	Mean	arterial	pressure	

10. CPB:	Cardio-pulmonary	bypass	

11. LCA:	Left	coronary	artery	

12. LAD:	Left	anterior	decending	artery	

13. TEA:	Thoracic	epidural	anesthesia	

14. LSCD:	Left cardiac sympathetic denervation	

15. CT:	Computed	tomography	

16. MRI:	Magnetic	resonance	indexing	

17. USG:	Ultrasonography	

18. RLN:	Recurrent laryngeal nerve	

19. NTG:	Nitrogylgerine	

20. SNP:	Sodium	nitroprusside	

21. VEGF:	Vascular	endothelial	growth	factor	

22. iNOS:	Inducible	nitric	oxide	synthase	

23. VATS:	Video-assisted thoracoscopic surgery	

24. BSA:	Body	surface	area	
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Consent form	

Title of study: Effect of left stellate ganglion block on Left Internal Mammary 

Artery blood flow and post bypass radio-femoral pressure difference in patients 

undergoing Coronary artery bypass grafting. 

Study numbers: We request you to participate in the study where we are planning to 

evaluate the effect of left sided stellate ganglion block versus topical application of 

papaverine on blood flow through the left internal mammary artery and post bypass 

radio-femoral pressure difference in 100 patients undergoing coronary artery bypass 

grafting under cardiopulmonary bypass. 

What is a stellate ganglion? 

The stellate ganglion is made up of the fused portion of the seventh cervical and first 

thoracic sympathetic ganglia. The sympathetic nerves are responsible for controlling 

the autonomic functions of our body, including our heart rate, blood pressure and skin 

temperature. Nerves arising from this ganglion control the size of the blood vessels, 

which supply the hands, part of the face, and the chest. The ganglion also contains 

nerves, which carry pain sensation from these areas to the brain. 

What is stellate ganglion block? 

A stellate ganglion block is the injection of a small amount of local anesthetic near a 

group of nerves in the neck area called as the stellate ganglion. A stellate ganglion 

block is a commonly performed procedure for relief of chronic pain syndromes in the 

head neck and arm. Stellate ganglion block also has been used to relieve pain from 

blockade of blood vessel of the heart (angina) and for control of certain abnormal 

rhythms of the heart, which are resistant to medications. 

What is the role of vasodilators in coronary artery bypass surgery? 

Left internal mammary artery is situated along the left border of the sternum and is 

the major vessel used to bypass the blocked coronary artery. Arterial walls have thick 

layer of muscles in it, which have a tendency of contracting when the artery is being 

dissected during the surgery. Vasospasm reduces the diameter of the vessel and thus 

the amount of blood flowing into the coronary arteries from the bypassed vessels. 
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Vasodilators like papavarine, nitroglycerine etc have been used traditionally either in 

the injectable form or as spray to counter this vasospasm and improve blood flow.  

 

How is the block performed? 

The block will be performed while you are unconscious. The neck will be mildly 

extended and the area cleaned with chlorhexidine. Stellate ganglion will be localized 

with ultrasound. Under strict aspetic precautions, a 22 G needle, guided by ultrasound 

will be used to deliver local anesthetic (0.5% Bupivacaine) medications around the 

stellate ganglion. 

 

What are the risks and side-effects? 

Normal effects of the block include flushing of face, slight drooping of eyelids, 

absence of sweating and constriction of pupils on the side of injection. These effects 

are temporary and last for the duration of action of the injected drug, Bupivacaine (8 

hours). These effects indicate that the block is working well. You will be under the 

effect of anesthesia while the block is being administered and thus are unlikely to 

experience any of these effects.  

There have been rare case reports of damage to the surrounding nerves and vascular 

structures when the block has been administered using surface marking. 

Administration of the block under direct ultrasound guidance will avoid these 

complications. 

 

Why are we doing this study? 

Traditionally pharmacological agents like papavarine has been used to prevent spasm 

of the left internal mammary artery caused by handling during the vessel dissection. 

All pharmacological agents have side effects like reduction in BP and heart rate 

changes associated with it. Stellate ganglion block has been shown to be effective in 

increasing the diameter of the internal mammary artery, without any change in BP 

and heart rate. We have not been able to identify any study which documents increase 

in the LIMA blood flow after stellate ganglion block. We intend to do this study to 

compare the LIMA blood flow after stellate ganglion block as compared to the 

traditionally used pharmacological method. 
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Can you withdraw from this study after it starts? 

Your participation in this study is entirely voluntary and you are also free to decide to 

withdraw permission to participate in this study. If you do so, this will not affect your 

usual treatment at this hospital in any way. 

What will happen if you develop any study related injury? 

We do not expect any injury to happen to you but if you do develop any side effects 

or problems due to the study, these will be treated at no cost to you. We are unable to 

provide any monetary compensation, however. 

Will you have to pay for the study? 

No.  

Will your personal details be kept confidential? 

Your personal details will be kept confidential. The result of this study will be 

published in a medical journal but you will not be identified by name in any 

publication or presentation of results.  

 

If you have any further questions, please feel free to contact: 

Dr. Roshith Chandran, Senior Resident, Department of Anaesthesia (Tel: 

9048555770) or mail me: roshith@sctimst.ac.in 

Dr.Rupa Sreedhar, Professor, Department of Anaesthesia (Tel: 9446314043) 

Dr. Shrinivas Gadhinglajkar, Professor, Department of Anaesthesia (Tel: 

0944630404) 
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DECLARATION	
	

I, ___________________________________ (Participant’s name) 
Date of Birth / Age ___________(in years) 	
Declare that I have read the above information provided to me regarding the study: 	
EFFECT OF LEFT STELLATE GANGLION BLOCK ON LIMA BLOOD FLOW 
AND POST BYPASS RADIO-FEMORAL PRESSURE DIFFERENCE IN 
PATIENTS UNDERGOING CABG 

Please tick the relevant boxes 
• And have clarified any doubts that I had. [   ]	
• I also understand that my participation in this study is entirely voluntary and 

that I am free to withdraw permission to continue to participate at any time 
without affecting my usual treatment or my legal rights [   ]	

• I understand that the study staff and institutional ethics committee members 
will not need my permission to look at my health records even if I withdraw 
from the trial. I agree to this access [   ]	

• I understand that my identity will not be revealed in any information released 
to third parties or published [   ]	

• I voluntarily agree to take part in this study [   ]	
• I received a copy of this signed consent form [   ]	

 
Name:	
Signature:	
Date:	
 
Name of witness:	
Relation to participant:	
Date:	
 
(Person Obtaining Consent)	
I attest that the requirements for informed consent for the medical research project 
described in this form have been satisfied. I have discussed the research project with 
the participant and explained to him or her in nontechnical terms all of the 
information contained in this informed consent form, including any risks and adverse 
reactions that may reasonably be expected to occur. I further certify that I encouraged 
the participant to ask questions and that all questions asked were answered.	

 
 

________________________________   ___________________	
Name and Signature of Person Obtaining Consent	
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INFORMED CONSENT (MALAYALAM) 
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PROFORMA 
Date:  

Patient ID: 
 
Identification data: 
Name:       Reg. no:  
 
Age:   Sex:   Weight:     
 
Height:  Body Surface: 
 
Diagnosis:  
 
History: 
Significant medical history:  
 
Medical illness Yes No 

Hypertension   

Diabetes mellitus   

COPD   

Smoking   

Dyslipidemia   

Arrhythmias   

Any other  

 
Significant Surgical history: 
 
Drug history: 
 
Physical examination:  
General condition:      
Pulse :      BP:  
CVS :      RS:   
CNS: : 
       
Success of Block:  
Temperature difference:  >1.5    <1.5 
 
Miosis Noted: Yes                    No  
 
 
Complications if any: 
 
LIMA blood Flow:  ml/minute 
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Hemodynamic changes: 
 
Prebypass 
 
 Heart 

rate 

Radial Femoral 

Syst Diast Syst Diast 

Baseline      

5  minutes post block       
10 minutes post block      

15 minutes post block      

20 minutes post block      

Just Prior to LIMA flow 

measurement  
     

 
During Bypass: 
 
 Radial (MAP) Femoral (MAP) 

10 mins post clamp   

Rewarming (34deg)   

 
Post Bypass: 
 
 Heart 

rate 

Radial Femoral 

Syst Diast Syst Diast 

10 mins off bypass      

20 mins off bypass      
30 mins off bypass      

40 mins off bypass      

50 mins off bypass      
60 mins off bypass      

Shifting      

 
Incidence of arrhythmia: 
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PLAGIARISM CHECK REPORT  
 
Performed with iThenticate®, iParadigms LLC, California 

 

 
 

 
 

 



No Patient ID Age Sex Height Weight BSA Hypertension DM COPD Smoking DyslipidemiaArrhythmias Others Pulse BP SystolicBP Diastolic CVS RS CNS Temp Diff Miosis
1 383048 61 M 164 65 1.72 50 4 1 0 0 1 1 0 0 60 150 90 0 0 0 1 0 0
4 376745 45 M 160 59.5 1.63 55 5 0 0 0 1 0 0 0 58 130 80 0 0 0 1 0 0
5 380946 71 M 156 58 1.59 54 4 1 1 0 0 1 0 0 58 140 70 0 0 0 1 0 0
8 379751 59 M 162 68 1.75 66 4 1 0 0 1 1 0 0 66 160 90 0 0 0 1 0 0
9 380552 60 F 150 62 1.61 52 4 1 1 0 0 1 0 Hypothyroid 58 150 70 0 0 0 1 0 0

11 373285 61 M 166 67 1.76 64 4 0 0 0 0 1 0 0 74 140 90 0 0 0 1 0 0
14 367131 74 M 161 61.5 1.66 52 5 1 0 0 1 1 0 BPH, Cholecystitis 80 130 80 0 0 0 1 0 0
15 374498 65 M 163 70 1.78 56 5 1 1 0 0 1 0 74 160 90 0 0 0 1 0 0
18 373841 62 M 165 68 1.77 54 5 0 0 0 1 1 0 Carotid bulb cyst 50 140 90 0 0 0 1 0 0
20 378975 76 M 171 69 1.81 54 4 1 1 0 0 1 0 PCI to RCA 54 130 80 0 0 0 1 0 0
22 376150 52 M 170 68 1.79 45 5 1 1 0 1 1 0 0 60 140 80 0 0 0 1 0 0
23 366619 42 F 156 66 1.69 60 4 0 1 0 0 1 0 0 70 130 80 0 0 0 1 0 0
25 370767 58 M 150 51 1.46 60 5 0 0 0 1 1 0 0 70 140 70 0 0 0 1 0 0
27 370147 63 F 157 68 1.72 50 5 1 0 0 0 1 0 0 80 140 90 0 0 0 1 0 0
28 373675 50 M 168 69 1.79 58 5 1 1 0 1 1 0 0 80 150 90 0 0 0 1 0 0
31 372818 68 M 163 66.4 1.73 68 5 1 0 0 1 1 0Chronic Alchoholism46 120 70 0 0 0 1 0 0
34 372550 50 M 172 65 1.76 64 5 1 1 0 0 1 0 Recent AWMI 78 150 80 0 0 0 1 0 0
36 375148 62 M 168 74 1.86 55 5 1 1 0 1 1 0 Recent RTI 50 140 80 0 0 0 1 0 0
37 385464 51 M 162 61 1.66 66 3 0 1 1 1 1 0 0 62 140 80 0 0 0 1 0 0
39 279520 66 F 150 55.5 1.52 68 5 1 0 0 0 1 0 Hypothyroid 80 160 80 0 0 0 1 0 0
41 388946 56 M 168.3 80.5 1.94 63 4 1 1 0 0 1 0 0 84 154 88 0 0 0 1 0 0
42 378512 71 M 148.0 45 1.36 58 4 1 0 0 1 1 0 0 82 142 80 0 0 0 1 0 0
44 388427 58 M 154.3 59 1.59 52 5 1 1 0 1 1 0 0 60 160 90 0 0 0 1 0 0
47 376278 58 F 148.8 53 1.48 56 4 1 1 0 0 1 0 0 64 160 90 0 0 0 1 0 0
48 384712 58 F 166.2 79 1.91 60 5 1 0 0 0 1 0 0 72 150 86 0 0 0 1 0 0
51 385131 69 M 165.3 69 1.78 64 5 1 1 0 0 1 0 0 62 140 84 0 0 0 1 0 0
53 385225 69 M 170.3 64 1.74 68 3 0 0 0 1 1 0 0 52 130 80 0 0 0 1 0 0
56 390677 65 M 157.5 67.6 1.72 60 4 1 0 0 0 1 0 0 58 130 70 0 0 0 1 0 0
57 386496 50 M 176.0 77 1.94 54 5 1 0 0 1 1 0 0 70 150 90 0 0 0 1 0 0
59 391097 67 M 160.8 67 1.73 54 4 1 0 1 0 1 0 0 70 142 90 0 0 0 1 0 0
61 384897 68 M 162.6 57.4 1.61 60 5 1 0 0 1 1 0 0 70 120 84 0 0 0 1 0 0
64 379552 52 F 159.3 73.2 1.80 58 4 1 1 0 1 1 0 0 66 152 90 0 0 0 1 0 0
65 385275 58 M 157.7 57 1.58 52 5 1 1 0 1 0 0 0 62 138 80 0 0 0 1 0 0
68 385710 69 M 166.4 61.8 1.69 66 4 0 1 0 0 1 0 0 60 124 86 0 0 0 1 0 0
69 383856 53 M 167.2 69 1.79 58 4 1 0 0 0 1 0Chronic Alchoholism70 140 78 0 0 0 1 0 0
71 385994 61 F 145.4 65.8 1.63 68 4 1 1 0 0 1 0 0 58 120 84 0 0 0 1 0 0
74 389014 67 M 162.9 58 1.62 62 5 1 1 0 0 1 0 0 62 126 80 0 0 0 1 0 0
75 391429 73 M 164.3 71.8 1.81 58 3 1 1 0 1 1 0 Hypothyroid 64 130 76 0 0 0 1 0 0
78 385062 69 M 165.0 71.5 1.81 62 4 1 1 0 1 1 0 0 70 140 84 0 0 0 1 0 0
80 386125 53 M 171.8 89.8 2.07 58 5 1 0 0 0 1 0 Cholelithiasis 56 134 88 0 0 0 1 0 0
82 386385 62 F 154.9 58 1.58 64 3 0 1 0 0 1 0 0 56 128 78 0 0 0 1 0 0
83 390868 59 M 171.4 63.8 1.74 70 3 1 1 0 0 1 0 0 68 140 82 0 0 0 1 0 0
85 386781 65 M 166.9 58.3 1.64 52 2 1 1 0 1 1 0 0 52 124 84 0 0 0 1 0 0
87 386940 60 M 162.2 47.3 1.46 50 4 1 0 0 1 1 0 0 60 120 84 0 0 0 1 0 0
88 382358 65 M 158.8 59.5 1.62 54 4 1 0 0 0 0 0 0 76 138 86 0 0 0 1 0 0
91 392823 42 M 159.1 56.5 1.58 50 5 1 0 0 0 1 0 0 70 136 90 0 0 0 1 0 0
94 391587 54 M 164.3 71 1.80 68 4 1 1 0 1 1 0 0 76 110 74 0 0 0 1 0 0
96 392085 51 M 165.4 74.5 1.85 64 4 1 1 0 0 1 0 0 64 146 82 0 0 0 1 0 0
97 391841 61 M 163.1 57.2 1.61 56 3 1 0 0 0 1 0 Anxiety disorder 66 160 84 0 0 0 1 0 0
99 386757 62 M 167.1 63 1.71 60 4 1 0 0 1 0 0 0 78 130 88 0 0 0 1 0 0

Systemic Examination Block action
Complications

SGB DEMOGRAPHIC DATA
Identifiers Demography

LVEF Grafts
Comorbidities Vitals



Baseline 5 mins 10 mins 15 mins 20 mins MeasurementBaseline 5 mins 10 mins 15 mins 20 mins MeasurementBaseline 5 mins 10 mins 15 mins 20 mins MeasurementBaseline 5 mins 10 mins 15 mins 20 mins MeasurementBaseline 5 mins 10 mins 15 mins 20 mins Measurement
65 55 70 72 70 72 150 120 124 114 108 116 90 82 84 80 74 76 148 116 128 110 108 110 90 80 80 76 76 74
54 56 58 54 54 68 150 130 110 114 106 110 92 84 76 70 68 70 142 128 108 112 106 110 90 82 74 70 68 70
58 52 50 48 52 50 180 120 110 105 108 107 100 70 74 82 80 80 176 120 110 104 108 104 96 72 70 80 80 80
68 60 56 50 62 64 180 130 114 132 124 114 96 86 76 82 80 74 176 130 114 130 124 116 92 84 76 80 80 72
70 80 78 90 66 70 140 116 110 102 92 106 84 70 70 64 60 64 132 114 110 100 90 100 84 70 70 64 60 62
88 80 76 74 80 82 134 110 104 107 102 110 72 70 68 74 70 74 136 114 112 108 111 116 74 70 74 72 80 82
64 70 79 65 58 57 160 140 106 114 104 94 90 70 56 56 52 53 164 144 96 97 98 90 90 70 60 53 50 52
68 70 64 66 70 58 140 132 130 124 110 124 90 88 80 84 80 74 138 130 128 120 110 124 86 88 82 84 80 72
54 45 48 56 52 58 160 148 146 152 130 120 98 88 84 88 84 80 162 144 144 150 126 120 98 88 82 84 80 80
54 48 60 52 50 54 130 110 112 120 110 108 80 74 70 76 70 70 134 108 114 120 116 104 82 70 70 78 70 70
66 62 70 70 58 56 130 126 124 114 110 110 84 84 88 80 82 84 134 124 124 116 110 112 82 84 88 80 82 84
80 72 70 66 78 84 130 110 108 110 114 106 80 72 70 66 68 70 130 108 110 114 110 110 82 70 70 66 70 70
74 72 68 65 65 68 140 134 120 110 105 105 70 72 68 62 64 68 144 132 128 114 107 108 76 76 72 70 66 70
82 80 82 78 88 80 140 156 124 118 116 112 90 90 76 74 74 70 144 154 120 110 114 110 86 92 76 76 74 70
92 84 86 82 80 84 146 134 130 134 116 112 80 76 72 72 70 70 144 138 136 134 118 114 82 74 76 76 70 70
50 51 54 60 50 50 120 124 122 124 136 97 67 57 68 70 72 50 124 120 124 126 132 100 67 64 66 74 77 50
70 70 71 72 72 78 130 128 110 110 108 110 80 68 68 66 56 70 130 130 115 114 110 110 80 65 68 68 54 70
48 52 51 51 52 58 143 138 130 122 111 104 83 74 70 70 62 66 138 136 130 120 106 108 78 78 72 72 63 64
56 52 60 72 56 60 152 110 102 112 110 120 92 82 74 84 72 84 150 110 100 112 110 118 90 80 70 80 70 82
74 70 84 66 60 62 170 132 122 120 116 118 102 80 78 70 74 78 160 130 114 116 116 118 98 78 76 70 72 74
80 68 72 64 66 62 128 128 106 110 106 112 84 84 70 70 68 68 128 128 104 104 104 108 80 84 70 70 66 66
74 70 56 52 64 60 140 132 130 124 118 110 90 88 84 84 80 80 136 130 136 120 118 110 94 88 82 82 80 80
56 50 46 50 52 50 170 132 132 130 124 120 94 88 82 80 76 76 166 128 130 130 122 120 90 88 80 80 74 76
56 50 48 44 46 50 158 110 104 108 120 124 82 70 62 66 74 78 152 110 102 108 118 120 80 70 60 64 70 74
70 74 70 58 60 62 164 102 100 96 132 128 96 82 80 74 86 84 160 100 108 90 130 126 92 80 80 74 86 82
80 70 74 78 74 62 170 140 132 130 114 116 100 82 80 80 74 70 164 136 130 130 110 114 96 80 80 80 74 70
70 62 60 54 56 58 142 126 120 118 106 108 80 80 74 70 68 66 140 124 118 118 108 108 80 80 74 72 70 68
50 44 42 60 62 58 132 114 116 120 112 116 80 70 72 72 78 74 130 112 112 120 110 112 78 70 70 70 74 74
76 72 70 56 64 60 114 100 104 116 112 110 72 60 64 70 62 64 110 94 104 110 112 110 70 60 64 70 60 64
56 60 64 58 60 64 132 104 124 114 110 118 76 78 86 80 82 88 130 100 122 114 110 118 74 72 88 80 80 86
82 70 68 72 68 66 116 92 90 96 100 106 80 66 60 64 70 72 116 92 90 90 100 104 80 66 62 60 68 70
70 72 68 66 70 62 130 106 124 138 140 120 80 60 74 82 84 74 132 106 122 140 140 120 80 60 72 80 84 74
74 72 68 66 54 60 150 108 102 96 104 110 92 64 60 58 62 70 146 108 102 98 100 110 90 60 60 58 60 70
64 66 60 58 56 56 110 102 96 90 104 110 74 60 54 60 68 76 110 100 96 90 104 110 72 60 54 60 66 74
78 70 74 66 64 66 170 106 102 100 118 122 90 66 62 60 82 80 164 106 104 100 112 120 88 66 62 60 80 80
60 52 50 56 54 52 110 102 90 98 104 110 70 60 56 52 64 74 110 102 88 94 104 110 70 58 54 50 62 70
56 50 48 52 50 54 118 112 118 106 112 118 78 80 72 70 74 76 120 112 116 102 112 118 74 80 70 70 72 74
60 74 70 68 66 76 148 108 120 134 136 128 80 70 74 82 86 82 142 104 120 130 132 128 80 72 72 80 82 80
66 64 68 70 84 80 134 110 132 130 128 126 82 66 74 78 70 74 130 108 130 130 130 128 78 66 72 76 70 72
82 58 62 64 70 66 160 126 142 150 124 128 90 80 86 88 76 84 158 118 142 148 122 128 88 76 82 86 78 84
70 62 64 70 64 58 136 124 104 100 120 120 90 82 74 60 68 64 134 122 100 100 120 120 88 80 72 60 68 62
74 72 60 64 62 66 152 114 116 118 124 120 96 78 80 80 82 80 150 114 116 114 122 120 94 74 80 80 82 80
48 54 58 52 60 64 130 110 130 130 120 122 88 70 82 84 74 80 132 110 126 130 120 120 82 70 80 80 72 80
58 52 56 70 76 68 110 94 96 100 104 114 76 62 60 64 68 70 114 90 94 100 100 116 76 60 60 62 64 70
70 66 62 70 58 56 132 118 100 106 128 122 78 74 62 68 76 80 132 114 100 100 130 120 78 74 60 66 76 80
74 52 50 60 62 54 150 114 126 144 128 126 90 84 88 90 84 82 146 114 126 140 128 122 88 82 86 84 84 82
70 88 86 90 86 88 110 102 118 120 140 120 72 72 84 80 86 80 110 100 120 120 140 120 70 72 84 80 86 80
70 54 50 62 66 64 154 118 110 108 112 122 96 76 72 70 70 74 152 118 104 108 110 120 94 74 70 70 70 72
74 70 68 70 62 66 180 124 120 126 122 120 90 84 80 82 80 80 174 120 120 124 120 120 88 82 80 80 80 80
62 60 68 70 82 56 136 120 148 132 122 118 90 80 90 84 80 80 136 114 144 128 120 120 88 80 90 82 80 80

SGB PRE BYPASS HEMODYNAMICS
Heart Rate Radial Systolic Radial Diastolic Femoral Systolic Femoral Diastolic



Flow 1 Flow 2 10 minsRewarming10 minsRewarming10 mins 20 mins 30 mins 40 mins 50 mins 60 mins Shifting
15 13 52 55 56 50 76 84 90 92 78 108 92
15 16 48 60 50 60 86 90 88 84 86 82 88
14 16 56 70 58 72 78 84 90 92 88 80 94
12 12 70 54 74 60 96 94 90 88 86 90 92
9 10 64 60 66 62 80 92 90 94 90 88 82

12 13 48 57 50 56 90 90 90 90 90 90 90
13 14 58 70 60 73 84 86 91 101 100 94 90
12 14 60 48 60 50 86 88 94 100 112 110 94
8 12 56 66 58 68 90 96 98 114 110 112 100

12 13 50 64 52 64 82 86 74 88 80 74 78
12 13 60 58 62 60 90 90 102 88 86 78 82
8 10 70 72 70 74 74 70 76 80 80 80 80

14 13 50 52 54 52 80 94 96 90 90 88 96
9 10 52 60 54 56 80 86 82 90 78 88 90
9 12 49 51 53 56 90 82 86 88 90 86 92

13 9 45 43 50 48 50 58 54 53 54 56 56
13 12 46 47 48 47 82 84 81 83 82 80 86
13 10 54 64 56 66 86 74 78 90 84 76 72
14 12 70 70 74 72 104 102 110 100 98 88 90
15 15 66 56 66 54 56 70 72 88 84 82 80
10 14 48 60 48 66 88 90 94 100 104 112 110
16 10 64 70 64 70 92 90 84 88 82 90 96
10 9 62 66 60 66 64 66 70 72 78 88 80
12 12 82 58 80 60 80 80 80 80 80 80 80
14 13 62 50 60 54 98 90 84 88 86 90 94
16 15 50 62 50 66 96 90 84 100 102 114 100
12 14 64 62 64 62 118 100 120 108 92 90 98
9 13 48 60 50 60 74 80 82 88 84 88 94

15 17 42 60 44 66 96 102 104 110 126 114 104
12 14 50 48 50 48 96 94 92 88 84 90 96
8 10 64 74 64 74 96 90 92 88 84 86 98

10 9 52 58 50 60 82 90 94 92 88 98 104
13 13 64 60 64 60 102 118 124 126 108 102 110
10 13 56 64 54 74 84 82 90 94 98 102 100
14 13 62 50 62 52 92 98 104 84 88 92 96
13 15 48 58 50 60 72 84 90 80 100 112 92
11 10 62 54 64 56 84 80 86 92 84 82 90
13 14 58 66 60 66 84 86 102 100 94 92 84
14 15 86 74 88 72 98 90 82 86 90 94 80
14 15 58 66 60 62 82 90 96 88 84 90 82
9 12 60 64 60 66 74 90 84 88 78 92 90

10 11 58 62 60 62 62 78 96 90 102 110 86
9 13 66 74 68 74 80 80 80 80 80 80 80

11 14 74 72 74 72 84 86 100 94 96 92 88
10 11 42 80 42 80 94 90 82 80 74 90 90
16 15 78 70 78 70 90 88 70 78 88 76 80
16 16 64 82 64 84 92 84 78 82 96 86 80
10 10 42 68 46 66 94 90 86 82 78 80 84
9 11 50 62 50 64 56 60 64 58 70 72 76

11 13 72 70 76 74 98 90 76 80 100 94 90

SBG LIMA FLOWS and CPB HEMODYNAMICS
On Bypass Post Bypass

LIMA Flow Radial Femoral Heart Rate



10 mins 20 mins 30 mins 40 mins 50 mins 60 mins Shifting 10 mins 20 mins 30 mins 40 mins 50 mins 60 mins Shifting 10 mins 20 mins 30 mins 40 mins 50 mins 60 mins Shifting 10 mins 20 mins 30 mins 40 mins 50 mins 60 mins ShiftingArrhythmias
116 124 134 130 124 130 136 80 80 86 84 80 82 88 116 122 136 130 124 136 134 80 80 88 84 88 80 88 0
104 100 122 112 118 134 130 72 70 80 74 70 82 80 108 104 122 116 120 136 130 74 70 84 72 74 86 84 1
94 90 100 104 110 108 114 68 64 66 70 72 70 70 92 90 104 106 110 106 114 70 64 66 72 72 72 70 0
74 100 108 110 114 110 114 58 60 64 70 72 70 70 74 102 110 110 116 112 116 58 60 64 72 72 72 70 0
82 90 100 104 110 118 120 60 60 64 66 70 74 78 84 90 100 102 110 116 120 60 62 64 64 70 78 78 0
69 81 86 110 106 102 99 45 54 53 60 62 60 57 71 83 86 110 104 102 100 45 53 54 62 64 60 57 0

124 124 144 130 106 114 124 50 50 60 60 70 74 70 114 114 116 110 108 110 120 54 54 58 58 72 78 66 0
90 88 96 90 100 104 114 60 60 62 60 64 62 70 92 88 96 92 102 110 112 60 62 62 58 66 64 70 0

118 126 128 130 110 110 120 80 84 88 90 84 80 80 120 126 130 130 114 110 122 80 86 88 92 84 84 80 0
118 124 116 116 120 120 124 84 78 76 74 78 80 80 120 122 118 116 118 124 120 84 74 76 77 74 80 82 1
134 120 126 110 108 140 122 88 74 82 74 70 82 80 132 120 126 112 110 140 124 90 76 80 78 74 80 80 0
116 100 108 102 110 120 120 72 68 64 60 68 72 76 118 102 108 102 112 120 122 72 70 66 60 68 74 76 1
96 112 108 124 130 110 116 64 70 64 76 84 70 70 96 112 110 128 130 112 116 66 70 66 76 84 72 74 0

110 124 128 130 132 122 118 64 70 64 70 74 70 70 113 128 126 134 144 128 124 68 70 60 72 88 74 76 0
108 124 125 124 122 120 126 64 60 60 68 70 70 72 110 126 126 128 120 124 124 76 59 62 64 70 72 74 0
100 102 112 102 113 110 130 45 50 54 53 56 60 61 106 107 110 107 108 116 122 52 51 50 56 54 62 60 0
98 115 99 132 114 100 91 53 71 55 71 61 62 49 104 136 108 142 122 102 94 51 72 53 70 60 66 48 0

110 114 112 100 96 108 110 74 72 70 62 60 64 60 112 114 112 104 100 108 110 76 70 70 64 62 68 60 0
108 102 90 94 88 96 88 70 68 64 60 60 64 64 108 102 92 94 90 96 90 70 70 64 62 60 62 66 0
96 92 100 102 118 122 130 56 60 72 70 76 84 88 96 92 102 100 120 120 130 56 60 70 70 74 84 86 0

104 110 120 128 146 130 130 62 68 74 80 84 80 80 108 116 124 134 150 134 134 64 70 78 84 82 82 84 0
106 110 102 106 110 126 124 62 70 66 62 74 82 84 106 112 100 108 110 128 128 62 70 64 62 76 80 84 0
110 106 120 116 106 110 114 70 68 80 76 70 72 78 110 108 120 114 106 114 114 70 70 80 78 70 74 78 0
94 100 104 90 130 128 118 60 68 72 64 74 76 80 94 102 104 90 130 130 120 62 68 70 66 74 78 80 0

142 130 140 128 130 122 140 80 76 78 80 84 76 84 140 134 140 130 130 126 140 82 78 80 80 84 78 84 0
94 100 108 88 96 104 110 58 60 64 60 64 70 76 94 100 110 88 96 106 110 60 60 64 62 64 70 76 0

106 140 142 136 130 144 130 70 80 82 78 76 84 80 106 140 140 138 130 144 132 70 80 80 80 76 88 80 0
104 130 116 156 154 148 150 70 78 72 88 86 90 92 104 130 112 156 154 150 150 70 78 70 88 88 90 92 0
98 104 108 124 142 140 120 64 70 72 76 84 82 80 104 110 110 130 146 142 124 66 72 74 76 88 84 80 0
96 100 130 126 154 160 148 68 70 76 80 84 88 84 96 100 130 128 154 160 150 70 70 78 80 84 90 84 0

130 122 144 110 126 130 134 80 80 82 78 76 80 82 130 122 144 112 126 130 132 80 80 80 80 76 80 82 0
82 90 94 98 100 102 110 50 58 64 66 68 70 74 84 90 96 98 100 106 110 50 58 66 66 70 70 78 1
90 100 100 94 110 108 130 60 64 66 60 68 66 74 90 102 100 96 110 110 130 60 66 66 60 70 66 74 0
92 100 106 114 108 118 120 60 70 72 78 72 80 80 98 110 110 120 114 120 120 66 72 78 78 70 80 80 0

122 132 146 122 118 110 114 82 86 90 84 80 74 70 124 132 146 122 120 110 114 82 88 90 88 80 76 70 0
94 90 98 100 110 108 122 66 62 64 66 70 70 76 94 90 100 100 110 110 122 66 60 64 68 70 70 76 0

116 124 136 142 154 150 140 64 70 84 88 90 86 82 118 124 136 140 154 154 140 66 70 84 90 90 88 80 0
120 136 128 142 150 140 154 80 86 82 88 90 84 90 120 136 130 142 154 140 154 80 88 82 90 90 88 90 0
100 110 116 122 134 148 152 72 78 80 80 84 88 90 100 110 118 122 134 150 152 72 78 84 80 84 90 90 0
106 110 104 124 142 136 130 70 72 70 84 86 88 84 106 110 106 124 144 136 130 70 72 72 84 86 90 84 0
92 100 120 114 142 132 124 60 66 70 66 84 80 82 92 100 120 116 140 132 126 60 68 70 68 84 80 80 0

124 120 130 128 140 132 128 80 80 84 82 88 82 80 124 122 130 130 140 134 128 80 82 84 80 88 80 80 0
110 126 130 110 104 110 118 90 88 90 70 66 70 80 112 126 132 110 108 110 118 90 90 90 70 68 70 80 0
126 142 150 144 154 150 140 86 90 94 90 92 90 84 126 140 150 142 156 150 140 86 90 96 92 92 92 84 0
110 110 120 124 132 120 116 70 70 76 78 80 80 78 110 112 120 128 132 124 116 70 72 76 80 80 78 78 0
90 94 100 110 114 142 132 64 66 70 74 78 86 80 90 96 100 110 114 140 132 64 66 72 74 80 86 80 0

100 104 126 110 116 120 126 64 66 70 70 74 80 82 100 108 126 110 120 120 126 64 68 70 72 74 82 80 0
110 118 120 116 132 120 120 80 84 84 82 86 80 80 110 120 120 120 132 118 120 78 84 82 82 88 80 80 1
108 110 112 118 120 116 130 76 78 80 80 84 78 86 108 110 110 118 120 118 130 76 80 80 80 88 78 88 0
98 120 110 116 134 130 130 70 74 70 80 80 82 80 98 120 110 118 134 132 130 70 78 70 82 80 80 80 0

Radial Systolic Radial Diastolic Femoral Systolic Femoral Diastolic
SGB POST CPB HEMODYNAMICS



No Patient ID Age Sex Height Weight BSA Hypertension DM COPD SmokingDyslipidemiaArrhythmiasOthers Pulse BP SystolicBP Diastolic CVS RS CNS Temp Diff Miosis
2 374895 52 F 150 73 1.74 58 5 1 0 0 0 1 0 Hypothyroid 60 160 90 0 0 0 NA NA NA
3 373615 61 M 158 68 1.73 72 4 1 0 1 1 1 0EDH 10 years back66 150 90 0 0 0 NA NA NA
6 382073 60 M 161 62 1.67 64 5 1 1 0 1 1 0 0 72 130 90 0 0 0 NA NA NA
7 382301 60 M 157 58 1.59 50 5 1 0 0 0 0 0 Anxiety disorder70 130 80 0 0 0 NA NA NA

10 213448 56 M 157.5 66 1.70 50 5 1 1 1 1 1 0 0 74 130 80 0 0 0 NA NA NA
12 368676 54 M 152 63 1.63 56 5 1 1 0 0 1 0 0 60 170 92 0 0 0 NA NA NA
13 374971 54 M 161 75 1.83 60 5 1 1 0 1 1 0 0 70 150 90 0 0 0 NA NA NA
16 368344 57 M 158 56 1.57 64 4 0 1 0 1 1 0 0 80 154 84 0 0 0 NA NA NA
17 375580 61 M 164 71 1.80 48 5 0 1 0 1 1 0 0 82 150 86 0 0 0 NA NA NA
19 381120 72 M 160 63 1.67 62 5 1 0 0 1 1 0 0 50 180 100 0 0 0 NA NA NA
21 372477 55 M 181 70 1.88 48 5 1 1 0 0 1 0 0 80 140 90 0 0 0 NA NA NA
24 297334 58 M 168 67 1.77 46 5 0 0 0 1 1 0 0 58 140 90 0 0 0 NA NA NA
26 370509 54 F 152 58.5 1.57 68 4 1 1 0 0 1 0 0 80 140 88 0 0 0 NA NA NA
29 376990 69 M 168 68.5 1.79 62 5 1 1 0 0 1 0 0 88 150 80 0 0 0 NA NA NA
30 377485 58 M 158 53 1.53 58 4 1 0 0 1 0 0 BA 80 140 78 0 0 0 NA NA NA
32 279520 66 F 150 55.5 1.52 68 5 1 0 0 0 1 0 Hypothyroid 70 160 84 0 0 0 NA NA NA
33 393276 57 F 153 65.5 1.67 50 4 1 1 0 0 1 0 0 88 158 90 0 0 0 NA NA NA
35 339336 61 M 158 51.5 1.50 45 4 1 1 1 0 1 0 0 50 140 80 0 0 0 NA NA NA
38 399602 61 M 169.5 61.5 1.70 70 5 1 1 0 0 0 0 0 52 180 90 0 0 0 NA NA NA
40 376865 47 M 164 67 1.75 64 4 1 0 0 1 1 0 0 70 150 90 0 0 0 NA NA NA
43 389267 61 M 146.9 50.1 1.43 62 5 0 1 0 0 1 0 0 53 120 80 0 0 0 NA NA NA
45 386857 50 M 170.1 76.4 1.90 64 4 1 1 0 0 0 0Chronic Alchoholism62 110 70 0 0 0 NA NA NA
46 304047 52 F 144.1 68 1.65 68 4 0 0 0 1 1 0 0 54 130 80 0 0 0 NA NA NA
49 391588 54 F 147.2 58 1.54 64 5 1 1 0 1 1 0RTA 6 months back80 142 84 0 0 0 NA NA NA
50 388265 46 M 164.1 69.5 1.78 54 5 1 1 0 0 0 0 0 70 160 90 0 0 0 NA NA NA
52 390296 54 M 163.6 52.2 1.54 66 4 1 1 0 0 1 0 BA 54 160 92 0 0 0 NA NA NA
54 385285 59 M 159.4 74 1.81 52 5 1 1 0 0 1 0 BPH 56 170 92 0 0 0 NA NA NA
55 384954 65 M 165.9 68 1.77 56 4 1 0 0 1 1 0 0 60 148 88 0 0 0 NA NA NA
58 385091 49 M 153.5 71 1.74 66 4 0 1 0 0 1 0 Anxiety disorder88 120 80 0 0 0 NA NA NA
60 385442 56 M 166.6 70 1.80 62 4 1 1 0 1 1 0 0 64 148 94 0 0 0 NA NA NA
62 391019 58 M 158.8 66.3 1.71 67 4 1 0 0 0 1 0 0 76 132 88 0 0 0 NA NA NA
63 392142 55 F 155.7 70 1.74 55 4 1 1 0 0 1 0 Hypothyroid 60 148 88 0 0 0 NA NA NA
66 382671 58 M 163.5 69 1.77 56 3 1 1 0 0 1 0 0 56 162 94 0 0 0 NA NA NA
67 330644 49 M 175.3 76.5 1.93 64 5 1 0 0 1 1 0 0 52 150 82 0 0 0 NA NA NA
70 391859 61 M 166.3 63.3 1.71 60 5 1 0 0 1 1 0 0 64 130 80 0 0 0 NA NA NA
72 372838 49 M 168.1 56.2 1.62 58 4 1 0 0 0 1 0 0 70 174 94 0 0 0 NA NA NA
73 384312 41 M 171.7 71 1.84 70 4 1 1 0 1 1 0 BA 72 130 80 0 0 0 NA NA NA
76 284885 44 M 183.4 83.3 2.06 64 5 0 0 0 0 0 0 0 56 110 74 0 0 0 NA NA NA
77 388223 40 M 161.3 64.5 1.70 54 4 1 0 0 0 1 0 0 60 120 70 0 0 0 NA NA NA
79 385748 45 M 162.0 60.5 1.65 68 4 1 1 0 1 1 0 0 76 130 80 0 0 0 NA NA NA
81 392179 78 M 171.2 61.5 1.71 64 4 1 0 0 0 1 0 0 88 140 90 0 0 0 NA NA NA
84 392096 74 M 163.9 62 1.68 60 4 1 1 0 0 1 0 BPH 70 138 88 0 0 0 NA NA NA
86 385042 49 M 164.4 63.3 1.70 64 3 1 1 0 0 1 0 0 64 130 90 0 0 0 NA NA NA
89 353315 52 F 144.2 52.5 1.45 66 5 0 1 0 1 1 0 Hypothyroid 82 142 82 0 0 0 NA NA NA
90 391173 47 M 169.2 61.5 1.70 56 4 1 0 0 1 1 0 0 66 126 84 0 0 0 NA NA NA
92 385122 48 M 168.6 61 1.69 60 5 1 1 0 0 1 0 0 76 130 88 0 0 0 NA NA NA
93 387177 72 M 158.4 72 1.78 62 5 1 0 0 0 1 0 Colon cancer 82 150 96 0 0 0 NA NA NA
95 387256 57 M 160.6 60.3 1.64 64 4 0 1 0 0 1 0 0 58 130 86 0 0 0 NA NA NA
98 393110 68 M 165.8 63.5 1.71 58 5 1 1 0 1 1 0 0 50 152 90 0 0 0 NA NA NA

100 388688 71 M 153.4 56.4 1.55 62 4 0 0 0 1 1 0 0 82 132 82 0 0 0 NA NA NA

Systemic Examination Block action
Complications

CONTROL GROUP DEMOGRAPHIC DATA
Identifiers Demography

LVEF Grafts
Comorbidities Vitals



Baseline 5 mins 10 mins 15 mins 20 minsMeasurementBaseline 5 mins 10 mins 15 mins 20 minsMeasurementBaseline 5 mins 10 mins 15 mins 20 minsMeasurementBaseline 5 mins 10 mins 15 mins 20 minsMeasurementBaseline 5 mins 10 mins 15 mins 20 minsMeasurement
60 64 58 60 54 62 160 132 118 110 114 112 90 80 82 74 76 72 156 130 120 110 118 114 90 86 80 78 80 70
50 58 54 60 56 52 150 110 116 112 126 124 90 68 70 70 74 76 154 106 118 110 120 124 94 66 72 70 72 78
54 51 48 54 56 58 150 140 134 114 124 116 96 90 84 80 80 80 154 142 138 110 126 110 90 92 80 84 82 80
64 70 62 70 62 66 158 122 120 110 108 108 90 80 84 78 74 72 170 118 118 110 104 104 86 80 82 80 72 70
70 54 58 70 66 62 152 118 126 128 120 118 86 70 80 82 80 84 156 118 120 120 114 110 84 72 84 80 80 80
56 66 48 49 54 56 142 130 97 96 104 108 86 80 70 72 76 70 144 132 94 98 110 104 84 80 72 70 78 74
70 81 84 80 86 86 120 90 110 120 130 104 66 60 65 70 76 60 114 92 108 116 126 106 70 60 62 68 74 60
92 70 66 62 58 60 180 122 108 106 102 110 104 80 70 68 66 70 174 120 104 106 100 108 100 80 70 68 66 70
88 80 94 74 74 70 154 128 112 108 120 118 94 80 78 70 74 74 150 126 110 108 120 118 98 80 80 70 74 74
45 48 50 54 56 52 220 140 150 148 130 110 100 90 96 80 80 70 224 142 148 150 132 114 96 90 92 76 74 72
84 72 80 64 68 70 140 120 118 108 110 110 90 84 86 78 80 76 142 118 118 110 110 110 90 86 86 74 80 76
70 56 52 58 56 56 144 110 104 108 106 108 86 84 80 80 84 82 140 106 102 100 100 102 82 84 80 80 84 80
84 82 80 86 80 80 142 134 128 110 114 110 88 72 74 70 68 70 140 138 130 112 116 116 86 76 70 68 66 70
90 94 96 98 90 88 127 130 134 142 124 116 64 62 68 72 70 70 124 134 136 140 120 118 60 64 70 70 74 76
92 60 56 74 68 70 142 150 154 140 130 126 94 90 92 88 82 80 154 144 148 132 124 124 92 90 90 84 80 89
64 62 60 54 56 60 190 162 160 132 130 124 100 92 90 80 80 80 176 164 156 132 130 122 96 90 88 74 76 74
94 80 74 78 64 68 160 108 110 104 102 106 90 72 76 70 70 70 156 110 106 98 100 100 84 70 72 68 64 68
46 52 60 54 50 52 128 94 90 98 106 104 76 66 64 62 70 70 124 90 90 94 104 100 74 62 64 62 70 70
70 52 50 44 56 60 190 110 102 94 112 116 110 74 70 66 68 70 194 114 100 90 104 110 106 70 70 66 66 66
78 64 58 60 70 66 130 122 130 134 120 124 82 82 86 84 80 80 132 120 130 134 118 120 80 80 86 84 80 80
50 44 46 50 60 52 110 92 90 104 110 114 76 62 64 68 70 70 110 90 90 102 110 112 72 60 62 66 70 70
70 74 74 82 70 68 138 106 100 102 96 104 86 72 70 68 64 70 130 104 100 100 100 100 82 72 70 68 64 68
60 52 58 62 70 62 142 118 110 106 108 110 88 72 70 68 62 66 140 118 104 106 102 106 86 70 70 66 60 66
56 50 64 60 48 68 160 118 120 132 128 124 92 84 80 74 78 82 156 110 116 130 124 124 90 80 80 77 74 80
72 52 56 54 70 62 152 122 110 110 106 108 90 80 70 70 66 64 146 116 102 104 102 110 84 80 72 68 60 64
56 50 48 42 60 58 152 112 122 124 118 114 90 70 74 76 68 70 152 108 120 124 118 114 84 68 70 74 68 70
60 74 72 64 70 56 204 138 130 124 110 110 96 86 80 72 64 60 194 134 128 124 110 110 94 86 78 70 60 60
56 52 50 60 72 64 130 114 106 120 114 108 84 70 62 68 70 70 130 110 102 120 110 104 82 68 60 68 70 70
80 90 82 76 72 70 130 110 108 104 112 116 70 68 60 62 68 70 124 106 108 102 110 116 66 68 60 60 66 70
66 60 58 52 70 60 160 110 118 120 128 124 94 80 84 82 86 82 154 106 112 120 120 124 92 80 84 80 86 80
70 60 56 50 62 68 128 120 118 112 106 120 78 82 80 80 74 80 124 116 116 110 100 110 76 80 80 80 72 76
58 50 60 62 60 58 126 122 114 102 100 104 82 88 84 74 70 68 126 122 110 102 100 104 80 84 80 72 70 70
52 62 60 58 70 70 160 110 106 94 118 126 96 78 70 66 78 84 158 114 106 92 116 126 96 78 74 62 74 80
58 50 56 70 54 58 154 130 124 118 106 108 88 90 82 74 66 66 150 126 122 112 106 108 88 86 80 74 62 66
60 58 50 64 60 64 136 118 112 120 116 120 84 80 74 78 68 74 136 116 114 116 116 120 82 80 72 72 66 72
68 60 56 58 50 54 148 110 120 106 130 120 84 78 82 80 84 80 144 110 120 102 126 122 82 76 80 80 82 80
80 78 70 64 66 68 126 106 112 124 116 126 80 58 62 74 82 80 124 106 112 124 116 124 80 56 60 72 80 80
60 52 50 52 60 62 132 120 106 110 102 106 84 84 70 72 68 66 130 108 102 104 100 106 84 82 66 70 70 62
72 80 84 68 66 72 122 100 126 148 132 124 80 64 74 84 82 80 116 100 120 144 132 124 80 66 72 80 80 80
70 88 84 78 70 74 128 108 106 108 110 110 80 68 66 64 60 64 128 110 106 104 110 110 78 66 66 64 60 62
90 84 80 70 78 72 170 130 136 148 152 118 94 84 86 90 94 86 170 130 134 140 150 114 92 84 86 88 90 82
64 74 70 62 54 52 150 120 106 100 100 110 84 80 74 70 72 76 150 120 104 100 100 100 82 80 72 70 70 72
60 52 58 52 66 72 148 112 110 128 132 124 82 84 80 84 86 80 144 110 110 130 130 120 80 82 80 82 88 80
68 78 70 56 52 58 150 106 114 128 126 124 88 70 74 84 86 88 154 104 112 130 124 124 84 70 74 80 82 88
70 64 60 56 52 56 110 114 102 100 130 120 80 80 84 74 82 84 116 112 100 100 130 120 78 80 82 74 80 82
80 70 56 52 58 60 160 120 114 112 122 106 94 82 80 74 72 68 162 116 114 110 120 108 92 80 80 72 70 66
68 60 74 70 68 80 158 114 102 104 118 114 84 70 60 62 74 72 154 110 100 104 120 114 82 70 60 60 72 70
66 60 78 70 56 60 140 110 132 136 130 128 88 70 82 86 80 74 138 110 130 136 130 130 84 70 80 86 80 72
44 54 50 48 60 62 150 132 138 142 126 118 84 76 82 84 74 70 146 130 138 140 122 118 82 72 80 84 74 70
70 88 84 86 80 84 164 130 114 102 100 108 94 78 80 70 68 70 162 126 110 100 100 110 92 74 80 70 66 66

CONTROL GROUP PRE CPB HEMODYNAMICS
Heart Rate Radial Systolic Radial Diastolic Femoral Systolic Femoral Diastolic



Flow 1 Flow 2 10 minsRewarming10 minsRewarming10 mins 20 mins 30 mins 40 mins 50 mins 60 mins Shifting
13 12 64 70 60 66 68 80 80 80 80 80 80
8 10 62 54 60 56 94 88 86 74 76 84 88

10 12 44 52 44 54 74 80 84 86 80 82 78
9 13 58 66 56 66 80 86 82 94 90 94 88
8 7 76 70 72 76 70 74 78 70 84 88 86

10 11 80 70 82 72 94 90 80 93 90 84 92
12 16 64 50 64 58 82 88 96 98 96 90 90
10 14 82 66 80 74 84 90 90 90 90 90 90
14 16 70 48 70 52 92 94 88 78 92 90 86
12 11 68 70 70 76 80 80 80 80 80 80 80
12 11 66 70 66 78 68 74 76 72 70 84 80
14 15 74 66 72 72 82 84 86 80 82 94 100
10 8 47 48 50 50 90 97 94 90 92 90 88
10 12 35 38 40 40 99 102 95 93 90 92 97
14 12 48 60 50 60 66 64 68 66 70 72 76
8 10 50 58 50 56 76 70 74 68 70 82 80
9 10 54 48 54 50 56 54 70 66 62 68 70

12 15 58 62 56 70 80 80 80 80 80 80 80
14 13 62 60 64 58 90 94 88 96 92 88 84
13 14 42 48 44 52 72 70 68 92 92 88 86
14 16 58 48 60 50 90 90 90 90 90 90 90
12 10 78 64 80 62 84 90 98 92 96 104 100
14 13 84 66 84 72 92 90 88 74 90 90 90
16 10 70 60 70 60 86 82 80 74 82 86 80
12 13 48 58 50 70 82 88 74 70 96 112 114
14 14 74 68 74 68 84 82 90 96 98 92 90
10 9 42 56 40 58 98 90 84 96 110 126 110
13 11 60 50 60 52 90 90 90 90 90 90 90
10 12 44 60 44 70 84 86 80 94 112 90 94
10 9 56 70 58 72 104 102 100 108 126 120 102
11 11 70 54 70 60 62 64 70 70 82 84 70
12 9 44 40 46 40 78 92 90 88 100 98 96
10 11 48 58 48 58 98 90 78 84 82 80 84
12 14 68 68 68 68 74 70 68 62 66 74 72
15 14 68 62 70 62 62 64 66 74 72 70 78
11 9 54 42 54 44 88 106 112 100 96 100 102
8 7 76 48 76 56 72 70 64 68 92 90 88

14 12 70 78 70 80 82 80 74 78 90 92 98
13 11 66 70 68 70 92 100 104 92 88 84 80
12 14 76 60 76 60 90 94 84 82 96 78 84
10 13 62 62 62 70 56 68 64 80 72 70 68
12 12 74 70 74 72 96 100 90 88 92 78 80
12 10 66 52 70 60 96 98 90 84 86 92 94
13 12 50 76 50 78 84 88 90 106 110 94 98
14 11 62 68 66 68 78 84 88 90 86 82 86
11 13 64 74 64 76 68 62 58 70 64 72 70
13 15 70 76 74 76 90 90 90 90 90 90 90
12 13 48 56 48 62 70 68 54 62 60 66 64
12 11 64 58 64 66 80 72 90 96 102 88 92
13 10 70 74 70 72 86 80 108 126 100 104 90

Femoral Heart Rate

CONTROL GROUP LIMA FLOWS and CPB HEMODYNAMICS
On Bypass Post Bypass

LIMA Flow Radial



10 mins 20 mins 30 mins 40 mins 50 mins 60 mins Shifting 10 mins 20 mins 30 mins 40 mins 50 mins 60 mins Shifting 10 mins 20 mins 30 mins 40 mins 50 mins 60 mins Shifting 10 mins 20 mins 30 mins 40 mins 50 mins 60 mins ShiftingArrhythmias
104 116 120 118 126 112 122 50 64 70 72 80 80 76 104 120 126 116 122 110 118 48 68 72 78 84 82 74 1
112 132 130 126 110 108 118 74 88 82 76 70 66 62 110 130 130 130 110 110 120 72 90 80 80 70 64 60 0
112 108 106 134 140 148 150 66 70 72 84 88 90 90 110 110 112 136 142 150 150 66 70 72 84 88 90 90 0
100 130 124 132 144 120 122 60 66 70 72 80 76 80 104 130 122 130 146 128 126 62 68 70 74 84 78 82 0
90 122 110 108 102 106 110 62 72 68 64 70 66 72 94 126 114 112 104 106 110 64 74 70 66 70 66 72 1

122 110 100 94 90 120 130 52 46 42 45 43 50 56 125 112 106 100 96 126 136 53 48 46 44 42 54 60 0
90 117 120 130 126 114 120 50 66 64 60 66 64 62 98 114 132 136 128 110 116 60 64 60 65 68 66 62 1
88 100 134 154 142 130 134 64 68 78 84 84 80 80 94 114 138 160 148 138 134 68 70 80 86 88 82 84 0

106 110 102 90 100 110 118 70 70 68 60 64 70 76 108 110 102 92 100 108 120 70 70 70 64 62 72 76 1
100 114 130 108 116 124 120 60 68 70 70 66 74 78 104 110 128 114 122 126 120 66 72 70 74 68 78 80 1
128 118 110 112 100 98 108 82 80 76 74 66 60 68 134 124 116 120 106 98 110 84 82 80 78 70 64 68 0
84 100 98 96 106 102 110 60 70 72 66 70 66 70 90 104 104 100 114 106 110 64 72 72 68 72 66 70 0

107 120 118 106 116 124 110 51 53 60 58 64 74 70 112 124 116 104 114 120 110 52 53 62 54 60 72 70 1
130 140 150 127 96 100 121 70 80 59 54 48 49 52 132 138 144 128 100 100 120 72 84 60 56 50 52 55 0
118 120 124 132 116 120 110 80 80 82 84 80 80 76 120 122 124 130 120 120 110 82 80 82 86 80 82 76 0
78 90 94 88 100 104 110 54 60 62 60 66 64 68 82 90 96 90 104 104 110 56 60 68 60 68 64 68 1
92 90 86 90 110 120 114 64 60 58 60 64 70 66 94 90 90 90 114 120 114 64 64 60 60 64 72 66 0
86 90 94 100 104 98 100 62 60 64 72 70 66 70 88 94 96 106 110 100 104 64 66 66 74 74 70 70 1
74 82 90 88 96 100 104 50 58 60 64 66 64 68 72 86 90 90 96 100 106 52 58 62 64 68 64 68 0

100 112 118 130 142 140 130 60 70 72 80 84 80 74 102 114 120 130 144 140 134 62 70 74 80 84 82 76 0
132 130 126 144 156 132 144 78 82 76 84 90 82 86 132 132 126 140 154 130 144 78 80 76 82 90 80 86 1
114 120 128 110 108 116 118 80 82 88 76 70 74 78 118 120 126 110 108 114 118 82 82 90 76 74 74 80 0
86 90 94 100 102 110 114 58 60 62 70 74 76 78 90 96 98 106 100 108 118 64 62 66 74 72 80 80 1

120 118 106 130 120 140 146 84 80 70 84 80 86 90 122 120 108 130 124 140 148 84 82 72 84 82 86 90 0
88 90 110 108 96 100 110 50 54 60 66 60 64 70 96 96 114 110 110 104 118 50 58 62 66 62 68 74 0
96 100 96 112 118 124 130 60 60 62 72 70 78 80 96 102 96 114 118 124 130 60 62 62 70 70 78 80 1
78 90 96 88 100 104 110 52 58 60 60 62 64 66 80 90 96 90 100 108 110 56 58 62 60 62 64 68 0

100 104 110 120 120 142 128 70 72 78 74 78 84 80 100 108 110 120 120 144 128 70 70 78 76 78 86 80 0
88 100 102 90 96 100 108 62 68 70 66 66 70 72 94 106 108 98 100 102 110 66 70 74 70 68 70 74 1

104 100 96 108 110 114 110 70 68 66 70 76 80 78 104 100 98 110 110 114 110 70 70 66 70 78 80 80 0
112 100 96 102 128 142 130 80 72 66 70 80 86 84 118 106 108 112 130 148 132 84 78 64 72 86 84 84 0
102 142 120 128 110 106 110 72 88 82 86 76 70 80 100 142 120 130 110 110 110 72 90 82 88 76 74 80 0
110 130 136 144 140 142 138 72 78 80 84 86 84 80 110 134 136 144 142 142 138 72 78 84 84 88 84 80 0
108 110 114 120 110 106 112 74 78 76 80 72 66 68 110 110 114 120 112 106 112 74 80 76 80 72 68 68 0
108 112 110 128 130 120 114 70 74 70 76 78 80 80 110 112 110 130 130 120 116 70 74 70 78 80 80 80 1
82 94 100 114 120 114 134 60 64 70 74 80 74 84 84 94 100 118 120 114 134 60 66 70 74 80 78 84 0
78 90 88 94 100 130 142 50 66 64 60 70 78 84 84 96 94 96 100 130 148 54 68 70 66 74 78 88 0
88 90 132 116 130 126 154 60 62 74 70 76 80 88 90 90 134 116 130 128 154 60 64 74 72 76 84 88 1
96 132 126 144 130 134 130 66 76 78 84 80 82 86 96 134 126 144 132 134 130 66 78 78 84 82 82 88 0

110 104 110 118 120 132 130 78 70 74 80 80 84 86 110 106 110 118 126 132 130 78 74 74 80 82 84 86 0
88 90 104 110 102 124 110 58 60 62 68 64 74 70 96 100 110 116 110 124 116 60 66 64 70 64 78 72 0

130 118 110 100 106 114 122 84 80 76 70 72 70 74 130 120 110 104 106 118 122 82 80 78 70 74 70 78 1
90 96 110 108 132 130 130 60 62 68 66 70 76 78 96 100 120 114 134 132 130 64 66 70 70 70 78 78 0

124 122 130 118 110 114 132 84 80 82 78 70 70 76 124 122 130 120 110 112 130 82 80 80 78 70 72 76 0
102 100 106 104 110 110 120 74 74 76 70 70 72 78 102 102 106 104 110 112 120 74 76 76 72 70 70 78 1
88 100 102 108 110 130 132 56 60 60 62 68 74 70 88 100 100 110 114 130 130 60 60 62 60 68 70 70 0

108 110 106 132 118 124 110 70 70 72 78 80 80 78 110 110 110 132 118 128 110 70 74 72 80 80 80 78 0
96 110 124 142 124 152 150 58 64 78 86 80 88 90 100 116 130 148 128 156 150 60 68 80 88 84 90 90 0

102 110 116 130 134 140 132 80 82 80 86 88 90 82 108 110 120 130 138 140 132 84 82 80 88 88 90 80 0
88 100 104 110 120 110 110 60 64 66 70 76 70 70 90 100 104 114 120 110 110 64 64 64 70 76 72 70 0

Radial Systolic Radial Diastolic Femoral Systolic Femoral Diastolic
CONTROL GROUP POST CPB HEMODYNAMICS


