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  ABSTRACT  
coronary artery bypass grafting 

(CABG), intra-aortic balloon pump 

(IABP), myocardial infarction (MI) 

 The intra-aortic balloon pump is the most widely used mechanical assist 

device for hemodynamic support in high-risk patients undergoing heart 

surgery (IABP). The purpose of this research is to determine if the 

catheter is in the best possible position, as poor positioning might result 

in adverse side effects such a blockage of the subclavian or renal 

arteries. This study comprised ten individuals with severe coronary 

artery disease who received coronary artery bypass grafting. These 

patients could not be weaned off cardiopulmonary bypass and needed 

IABP. The designed system of sensors was used to measure the 

perfusion index and doppler for monitoring blood flow through the hand 

and kidney during the insertion of the IABP catheter into the femoral 

artery. All the patients underwent the surgery satisfactorily. IABP 

assistance lasted an average of hours. The use of this sensing device was 

not associated with any in-hospital mortality or problems. This method is 

straightforward, dependable, and aids in the reduction of unwanted 

balloon catheterization side effects. 

 

 

 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. Introduction 

 

1.1 Coronary blood flow 

The circulation of blood through the blood vessels that nourish the heart muscle is known as coronary 

circulation (myocardium). The heart muscle receives oxygenated blood from the coronary arteries. After the 

blood has been deoxygenated, cardiac veins drain it. The coronary arteries are the blood vessels that carry 

oxygen-rich blood to the myocardium. When the arteries are in good condition, they have the ability to self-

regulate to keep the coronary blood flow at levels suitable for the demands of the heart muscle [1]. 

 

1.2 Coronary artery disease 

Because they are relatively small and frequently affected by atherosclerosis, the coronary arteries could 

block. Risk factors include smoking, being overweight, not exercising, having high cholesterol or blood 
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pressure, or having poorly managed diabetes. Symptoms of cardiovascular diseases are not common; 

however, they might include chest discomfort or shortness of breath [2], [3]. 

 

Heart attacks (myocardial infarctions), in which the heart muscle is damaged by oxygen shortage, are 

rapidly brought on by interruptions of coronary circulation. These interruptions are often brought on by 

myocardial ischemia linked to coronary artery disease, but they can also occur due to embolism brought on 

by other factors such obstructions in the blood channels [4]. 

 

 
Figure (1): Coronary Artery Disease 

 

1.3 Pathology of myocardial infarction 

A myocardial infarction (MI), frequently referred to as a heart attack, occurs when the blood flow to the 

heart's coronary artery is reduced or interrupted, damaging the heart muscle. The most typical symptom is 

discomfort or soreness in the chest, which may extend to the shoulder, arm, back, neck, or jaw. It frequently 

lasts more than a few minutes and usually happens in the center or left side of the chest. Sometimes the 

discomfort may feel like heartburn. Other signs and symptoms could include fatigue, shortness of breath, 

nausea, feeling dizzy, and cold sweats. About 30% of persons have unusual symptoms [5]. 

 

Women more frequently experience arm, neck, or fatigue discomfort instead of chest pain. About 5% of 

people over 75 have experienced a MI with little to no history of symptoms. Heart failure, an irregular 

pulse, cardiogenic shock, or cardiac arrest can all result from a MI. [6], [7] coronary artery disease is the 

primary cause of MIs. High blood pressure, smoking, diabetes, inactivity, obesity, elevated cholesterol, an 

unbalanced diet, and binge drinking are risk factors. The primary mechanism of a MI is often the total 

obstruction of a coronary artery brought on by the rupture of an atherosclerotic plaque. The use of 
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electrocardiograms (ECGs), stress tests, blood tests, and coronary angiography are all helpful in the 

diagnosing process [8]. 

 

1.4 Treatment of MI 

Changes in lifestyle, drugs, and cardiac treatments or surgery are all part of the treatment for CAD. 

In patients with low oxygen levels or shortness of breath, more oxygen is advised. Percutaneous coronary 

intervention (PCI), in which the arteries are propelled open and perhaps stented, and thrombolysis, in which 

the blockage is eliminated using drugs, are two therapies that aim to restore blood flow to the heart. 

Angioplasty is not advised in patients with diabetes and many coronary artery blockages; instead, coronary 

artery bypass surgery (CABG) is suggested [9]. 

 

Coronary artery bypass surgery (CABG), also known as coronary artery bypass graft, is a surgical 

procedure to restore normal blood flow to an obstructed coronary artery. A normal coronary artery 

transports blood to the heart muscle itself, not through the main circulatory system [10]. 

 

CABG is performed to relieve angina that is poorly managed by maximum tolerated anti-ischemic 

medication, prevent, or relieve left ventricular dysfunction, and/or reduce the risk of death. This surgery is 

usually performed with the heart stopped, necessitating the usage of cardiopulmonary bypass [11]. 

 

Cardiopulmonary bypass (CPB) provides a bloodless field for cardiac surgery. It incorporates an 

extracorporeal circuit to provide physiological support in which venous blood is drained to a reservoir, 

oxygenated, and sent back to the body using a pump. Team effort between surgeon, perfusionist and 

anaesthesiologist is paramount for the successful use of CPB. However, two alternative techniques are also 

available, allowing CABG to be performed on a beating heart either without using the cardiopulmonary 

bypass, a procedure referred to as "off-pump" surgery, or performing beating surgery using partial 

assistance of the cardiopulmonary bypass, a procedure referred to as "on-pump beating" surgery. The latter 

procedure offers the advantages of the on-pump stopped and off-pump while minimizing their respective 

side-effects [12]. 

 

Weaning is the process where extracorporeal support is gradually withdrawn as the heart takes over the 

circulation. Several steps are required for successful completion of weaning. Difficulties in weaning 

manifested by systemic hypotension. Despite all measures, if the patient fails to wean, mechanical support 

devices like intra-aortic balloon pump, ventricular assist device or extracorporeal membrane oxygenation 

should be considered [13]. 

 

1.5 Intra-aortic balloon pump 

The intra-aortic balloon pump (IABP) is a mechanical device that increases myocardial oxygen perfusion 

and indirectly increases cardiac output through afterload reduction. It consists of a cylindrical polyurethane 

balloon that sits in the aorta, approximately 2 centimeters (0.79 in) from the left subclavian artery. The 

balloon inflates and deflates via counter pulsation, meaning it actively deflates in systole and inflates in 

diastole [14]. 

 

Systolic deflation decreases afterload through a vacuum effect and indirectly increases forward flow from 

the heart. Diastolic inflation increases blood flow to the coronary arteries via retrograde flow. These actions 

combine to decrease myocardial oxygen demand and increase myocardial oxygen supply. 

 

A computer-controlled mechanism inflates the balloon with helium from a cylinder during diastole, usually 



S. Azhar, A. Q. alneami and H. H. Alzubeidy, 2022                                              Azerbaijan Medical Journal 

 

1756 
 

linked to either an electrocardiogram (ECG) or a pressure transducer at the distal tip of the catheter; some 

IABPs, such as the Data scope System 98XT, allow asynchronous counterpulsation at a set rate, though this 

setting is rarely used. Helium is used to inflate the balloon as its low density means there is little turbulent 

flow, so the balloon can inflate quickly and deflate slowly. It is also relatively benign and eliminated 

quickly if there is a leak or rupture in the balloon [14]. 

 

 
Figure (2): IABP And its position effects after insertion 

 

Pathophysiological consequences of IABP catheter insertion: 

A. Pushing the catheter maximum position to the top that leads to the block of the subclavian artery 

that will block the hand blood supply. 

B. Pushing the catheter tip distally will block the renal artery. This happens when placing the balloon 

too distal from the aortic arch and may induce occlusion of the renal artery and, as a result, kidney failure. 

Other possible complications are cerebral embolism during insertion, dissection of the aorta or iliac artery, 

infection, perforation of the artery, and bleeding in the mediastinum [14]. 

 

1.6 Survey point 

The aim of the present study is design and implementation of a developed sensing system this proposed 

system is a non-invasive system that includes studying all the effecting parameters and designing a system 

that is reliable, inexpensive, and effective by using the sensors and doppler for modifying and optimizing 

the intra-aortic balloon catheter tip localization in the cardiac hospitals and cardiac emergency centers. 
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Figure (3): Intra-aortic balloon pump and it’s catheter 

 

Related work: 

1. In 2011, Klopman proposed positioning an Intra-aortic Balloon Pump Using Intraoperative 

Transesophageal Echocardiogram Guidance [15]. 

2. In 2012, Vijish proposed a technique rely on the left radial arterial trace obliteration as the IABP 

catheter is pushed in along a guidewire as a marker for tip positioning [16]. 

3. In 2013, Kim presented a strategy using transesophageal echocardiography [17]. 

4. In 2014, Faruk hypothesized that insertion of an IABP catheter through a separate saphenous vein 

graft anastomosed to the ascending aorta [18]. 

5. In 2022, Tahir M. Khan bring up the topic to use the fluoroscopic device to ensure the location of 

an angiographic needle into the common femoral artery [19]. 

 

2. Materials and Methods 

 

2.1 Patients 

Between August 2021 and August 2022, ten patients had coronary artery bypass grafted (CABG) for 

coronary artery disease. These patients were unable to be weaned off of cardiopulmonary bypass (CPB) and 

required IABPs, which were inserted through the aorta. Table 1 lists the clinical characteristics of the 

patients. 

 

Table 1: The preoperative clinical details of the patients. 
Patient Age(years) Gender Ejection 

fraction 

Risk factors Operation Duration of IABP 

support 

(hours) 

Intensive care 

unit stay 

(days) 

 
 

1 44 male 45 HT, DM CABG×4 36 3 

2 52 male 35 HT, hypothyroidism CABG×3 48 4 

3 60 female 50-55 HT, DM  CABG×3 24 3 

4 62 male 30 HT, DM,   CABG×2 72 5 

5 65 male 48 HT, DM, obesity CABG×3 24 3 
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6 58 female 35 HT,   CABG×4 48 4 

7 70 female 55-60 HT, DM CABG×3 24 3 

8 68 male 40 HT,   CABG×3 24 4 

9 63 female 42 HT CABG ×2 36 3 

10 55 male 55 DM CABG×3 12 2 

 

DM: diabetes mellitus; HT: hypertension. 

 

The system proposed includes studying all the parameters that affect the process of catheterization and 

designing a system that is composed of: 

1. A 3D printed model has been designed for the sensors. 

2. portable colored doppler. 

 

3D printed model composed of: 

1.  Sensor (oxygen saturation sensor, human body temperature sensor): The sensor used is a low-power max 

30102 (SPO2) sensor. It is a small, tiny sensor (12.7mm x 12.7mm) board size, ultra-low power 

consumption, highly integrated sensor. 

 

This sensor is used in this system to measure the amount of Oxygen saturation to check if there is any 

decrease in the amount of blood supply to the hand that will lead to hypoxia in the hand if the catheter is 

improperly localized. The oxygen levels are a very important parameter to be checked during the 

catheterization process. 

 

The importance of the perfusion index, often known as PI, measures the proportion of pulsatile blood flow 

to static, non-pulsatile blood flow in a patient's peripheral tissue, such as a fingertip, toe, or ear lobe. The 

sensor site's pulse intensity may be determined by looking at the perfusion index. From 0.02 percent for a 

very weak pulse to 20 percent for an exceptionally strong pulse, the PI values are available. Patients, 

physiological circumstances, and monitoring sites all affect the perfusion index. Due to this diversity, each 

patient should determine what is "normal" for that particular location's perfusion index and utilize that for 

monitoring [20]. 

 

The perfusion index is graphically represented by the pleth(Plethysmograph), which is a feature of many 

pulse oximeters. 

 

The perfusion index is further used to detect anesthesia failure before it occurs. According to studies, a rise 

in PI is a sign that general or epidural anesthesia has started to dilate the peripheral blood vessels, which 

usually happens before the commencement of anesthesia. Without the increase, there would be no 

anesthetic effect. Figure (4) depicts the equation, curve, and graph for the perfusion index. 
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Figure (4): perfusion index presentation 

 

Temperature sensor: the sensor that we are using max 30102 (SPO2) sensor provides measurements of both 

oxygen and temperature The reason behind using temperature sensor is that when body temperature 

decreases, that will lead to a decrease in the amount of blood flow through this region hence we are dealing 

with open heart patient that they might go under hypothermia due to the cardiopulmonary bypass. 

 

2.Microcontroller: ESP32 development board: capable of functioning reliably in industrial surroundings, it 

has an operating temperature range from (–40°C to +125°C). It is highly integrated with built in antenna 

switches, low noise receive amplifier, power amplifier, power management and filters modules. The clock 

frequency of ESP32 reaches up to 240MHz, it has 30 or 36 pins divided into 15 pins in each row, it has a 

built-in temperature sensor [21]. 

 

3.Power supply. 

4.display monitor. 

 

 
Figure (5): proposed system parts 
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Figure (6): proposed system parts live image 

 

Portable colored Doppler: 

Doppler ultrasounds are a non-invasive test that use high-frequency sound waves (ultrasound) to bounce off 

moving red blood cells to estimate the blood flow via the blood arteries. By monitoring the rate of change in 

pitch, a Doppler ultrasonography may calculate how quickly blood flows (frequency). This test aids in 

monitoring specific therapies for the veins and arteries as well as checking for artery damage. 

 

Many problems can be identified with a Doppler ultrasonography, including: 

• An obstructed artery (arterial occlusion) 

• Lessening of blood flow to the legs (peripheral artery disease) 

• Distended arteries (aneurysms) 

• Atherosclerotic narrowing, particularly in the neck (carotid artery stenosis) 

A tiny hand-held instrument (transducer), roughly the size of a bar of soap, must be pressed against the skin 

across the area of the body being studied during a Doppler ultrasonography, moving from one area to 

another as necessary [22]. 

 

Three regions to be checked in our study protocol: 

1. The hand: to check the blood flow reaching to the hand from the subclavian artery block of the 

subclavian artery that will block the hand blood supply. 

Measuring this blood flow and detect if there is any decrease in the amount of blood flowing. 

2. The kidney: to check blood flow the renal artery If any decrease in the amount of blood flow or any 

block happen to the blood supplying the renal artery This happens when placing the balloon too distal from 

the aortic arch this will lead to occlusion of the renal artery and, as a result, kidney failure [23]. 

3. The carotid artery: to check the blood flow reaching to the carotid artery. 

Measuring this blood flow and detect if there is any decrease in the amount of blood flow reaching to the 

brain [23], [24]. 
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Figure (7): Doppler measurement areas 

 

3. Measurement procedure 

The selected cases were ten patients had coronary artery bypass grafted (CABG). These patients were 

unable to be weaned off of cardiopulmonary bypass (CPB) and required IABPs, which were inserted 

through the implementation of sterile techniques to prepare the femoral catheterization location, the 

angiographic needle is inserted into the common femoral artery below the inguinal ligament at an angle of 

45 degrees or less. The catheterization process was accompanied by tracking with our designed system as 

illustrated in figure (8), all the data were collected and analyzed to make the final decision to decide 

whether the catheter in its optimum desired place or not [25]. 

 

 
Figure (8): measurement procedure 

Sterilizing the designed 

system (the part placed on 

the finger)2 

preparing the desired doppler 

probe depending on the area to 

be checked 

Acquire data and analyzing the 

results  

Preparing the system 

(Designed system, doppler) 

Connecting the system to 

the patient   

Decision making upon the 

whole test result  

safe Not safe 

Move the catheter 

distally or proximally 

Proceed the 

catheterization process 
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4. Findings and discussion 

The results obtained from the patients were collected and analyzed, and the patients were monitored in the 

intensive care unit until they were discharged to monitor all the changes in both the control group and the 

studied group. 

 

The included and excluded criteria were taken into consideration. The excluded criteria were, patients with 

a history of cerebrovascular accidents and patient suffering from kidney failure. 

 

The included criteria were: 

1-adult patient; their age ranged from 44-70 years old. 

All the patients had ischemic heart disease needed CABG surgery. 

 

Table 2: The results obtained 

Patient Oxygen 

saturation 

(%) 

Temperatur

e 

(Centigrade) 

Blood flow through 

hand 

(cm/sec) 

Blood flow 

through renal 

artery 

(L/min) 

Blood flow 

through 

carotid 

artery 

(cc/sec) 

Urine 

(ml/hr/kg

) 

Blood 

pressure 

before 

IABP 

(mm/hg) 

Blood 

pressure 

after 

inserting 

IABP 

(mm/hg) 

1 99 36 50.6 1.2 38.6 120 83/40 90/72 

2 97-80 35.8 50 and decreased 

gradually to 35 

1.14 40.3 70 66/40 80/67 

3 96-82 34.6 52 and decreased to 30 1.02 36.2 200 70/52 85/65 

4 96 37 48.88 1.22 33.5 150 50/34 75/64 

5 98 35.1 50 and decreased to 40 1.26 30.8 90 65/35 80/60 

6 95-83 35.9 48.4 1.13 31.7 130 70/40 88/70 

7 99 36.7 51.1 1.21 32.12 250 50/35 78/75 

8 97-99 35.8 47.9 1.18 35.4 165 70/54 89/68 

9 98 36.2 50.2 1.09 36.6 85 80/45 91/70 

10 95-98 37 Good blood flow Stable blood 

flow 

 1280 68/40 116/72 

 

Those obtained results were then compared with a control group that had undergone CABG surgery without 

the usage of our technique and measurements. The comparison included comparing the hand blood supply, 

renal impairment, cardiac arrhythmias, ejection fraction of the heart, CVA, and overall mortality. 

 

 

5. Discussion 

30% of the patients needed our intervention to tell the surgeon to move the catheter location exactly 2cm 

distal to the sub calvian artery, this intervention was very beneficial to both improving the diastolic pressure 

and reduce the intra-aortic balloon side effects, that is when the surgeon inserted the catheter the diastolic 

pressure remained the same but after our intervention we told them to withdraw the position of the catheter 

to be approximately 2 centimeters (0.79 in) from the left subclavian artery, this change in the catheter 

position improves diastolic pressure. 

 

30% of the patents required our intervention despite that the diastolic pressure was excellent and improved 

after balloon insertion. This step was very important because all the vital signs without our intervention 

Factor Control group Cases taken 

Hand blood supply 10% poor blood perfusion 0% had issues with hand perfusion 

Renal impairment 20% renal failure 0% renal failure 

cardiac arrythmias 30% developed arrythmias in ICU 10% developed heart arrythmias 

Ejection fraction 60% ejection fraction improved 90% of patients improved their ejection fraction 

CVA 0% had CVA 0% had CVA 

Overall mortality 10% death 0% death 
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indicated that the insertion was good, but in fact we kept monitoring the hand oxygenation and perfusion 

index. We noticed a decrease in the amount of oxygen from 99 before insertion to 84 after the insertion. The 

perfusion index, as a result, also decreased blood flow through the hand from 50 centimeters per second to 

35 centimeters per second and continues to decrease a few digits from this number. 

 

We informed the surgical team of this, they decided to move the catheter about 0.5 cm from its previous 

position to reach the optimum desired position, which is 2 cm from the subclavian artery. Our monitoring 

continued gradually after this step. The oxygen level returned to its normal value. As a result, the perfusion 

index improved, and the blood flow returned to its normal value. 

 

We notice that the blood supply to the kidney is good each time. That’s because a surgical technique is done 

while the catheterization process takes place. That is to ask the surgeon to move the catheter’s tip to the 

maximum proximal depth until we lose the blood supply signal then the catheter was moved down by 2 cm 

from the subclavian artery to ensure that the distal end of the catheter does not block the renal artery. 

Despite the previous technique, we used the ultrasonic doppler to ensure that our technique was doing well. 

All the measurements indicated that the flow was optimum to the kidney. 

 

The results obtained were then compared with a control group that had done CABG surgery without the 

usage of our technique and measurements. 

1. Hand blood supply: 10% of the control group suffered from poor hand perfusion. A number of 

signs were developed in those patients, like swelling, the temperature of the hand felt cold to the touch, 

numbness or tingling, and fingernails appeared pale. This percentage is compared to a 0% rate of poor 

blood circulation in the studied group. 

2. Renal impairment: The control group had 20% renal impairment, whereas we had 0% renal failure 

or any other renal impairment when we used our balloon catheter localization technique. 

3. cardiac arrythmias: they were found in 30% of the control group compared to a 10% arrythmias in 

the studied cases. The technique used helped to reduce the heart arrythmias by improving the balloon work 

when placing its catheter correctly. 

4. Ejection fraction: 90% of the taken cases improved their ejection fraction compared to 60% 

improved in the control group patients. 

5. CVA: none of both patient groups developed CVA. Further investigations should be done to decide 

whether the technique is useful or not. The number of patients is not enough to decide. 

6. Overall mortality: 0% mortality in the studied cases compared to 10% mortality found in the control 

group. 

 

6. Conclusion 

Using the IABP is of great importance as a life-saving technique in the operation room and intensive care 

unit and emergency centers. The most important one is the catheter improper localization. The proposed 

sensing system helps to guide the catheter position that is composed of a portable doppler and oxygen 

saturation sensor and a temperature sensor that is used to measure oxygen values and temperature with the 

aid of doppler to track the blood flow through the hand and blood supply to the kidney and carotid artery 

while the catheterization process takes place. Therefore, the system helps to get the desired result from the 

IABP by preventing the un-des The proposed system is a non-invasive system that includes studying all the 

effect parameters and designing a system that is reliable and effective by using the sensors and doppler. 

 

The proposed system gave us excellent results for the hand blood flow and oxygenation, the kidney blood 

flow, and blood flow to the carotid artery. 
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Further investigations and tests should be done to monitor the brain CVA. More cases should be monitored 

to get a full image and a final decision concerning this factor. 

 

Cardiac arrhythmias are eliminated, further cases should be measured to give a final decision concerning 

this factor. 

 

All the other cases went smoothly, we kept tracking the catheterization process with our system, and all the 

results were excellent. 

 

After proposing this system to cardiac surgeons, we started to work on it with the patients who needed 

IABP, the test results were very helpful to them and helped to improve the catheterization process with 

minimum complications or even eliminate all the side effects on the hand, kidney, and brain. The system is 

a noninvasive, reliable, affordable, and easy to be used as a protocol for the IABP catheterization process. 
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