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Abstract:
The intra-aortic balloon pump (IABP) remains one of the most widely used mechanical circulatory support devices in acute and chronic cardiac conditions such as cardiogenic shock, acute myocardial infarction, decompensated heart failure, and high-risk cardiac interventions. This review summarizes the principles of counter pulsation, physiological effects, key indications, patient-selection factors, complications, and recent technological advancements. IABP inflates during diastole to enhance coronary perfusion and deflates before systole to reduce afterload, thereby improving the myocardial oxygen supply–demand balance. Although newer support systems (Impella, ECMO) are increasingly used, IABP continues to offer practical, accessible, and cost-effective hemodynamic support, especially in resource-limited settings. Its role spans temporary stabilization, perioperative assistance, and bridging to definitive therapies such as cardiac surgery or transplantation. Recent innovations, including catheter miniaturization and improved insertion techniques, have enhanced device safety and performance. The combination of IABP with other mechanical assist devices may also provide synergistic benefits in selected patients. Overall, IABP remains a clinically relevant and evidence-based support option that continues to hold value in modern cardiac critical care
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1. Introduction to Intra-Aortic Balloon Pump (IABP)
1.1 Definition:
         An intra–aortic balloon pump (IABP) is a device that can be used mechanically in patients with conditions such as acute heart failure, cardiogenic shock, or high-risk heart procedures, including coronary surgery or bypass angioplasty. It improves blood flow to the heart and other adjacent vital organs. (1)
1.2 Working Principle of IABP:
The IABP operates on the principle of counter-pulsation, where it inflates and deflates a balloon placed in the descending aorta. This is the big blood vessel where oxygen-rich blood from the heart is pumped into the body. There are two methods:
a) Inflation: The inflated balloon increases the blood flow to the coronary arteries (which supply blood to the heart muscle) and improves oxygen delivery to the heart. Inflate it during the diastolic phase (where the heart is relaxed and filling).
b) Deflation: The balloon deflates just before the systole (contraction during which the heart pumps blood), and this drop in pressure in aorta lays less burden on the muscle so it can push blood more easily outside the body. (2,3)
1.3: HISTORICAL CONTEXT OF IABP USAGE:
 Origins (1960s): The intra-aortic balloon pump first came into existence in the early 1960s as a form of device that could support the heart in severe heart distress. In 1967, for the first time, it was successfully used as a device by Drs. William lee and Melvin Koenig of the university of California. Its purpose was to assist the heart under low-output settings like heart failure or myocardial infarction.
1) Technological development (1970-1980s): The era of designing and developing IABP-related machines incorporated computerized controllers and better balloon materials. In the 1970s, DR.K.C.martin proved the efficacy of IABP as a measure in enhancing coronary blood flow combined with reduction of afterload. By the late 1970s, the growing popularity of IABP was with its relevant use for procedures, which posed a high risk, like CABG and PCI. 
2) Refinements and expanded use (1990s-2000s): With the advent of highly accurate controllers and microprocessors, clinical use of IABP moved in part from life-threatening emergencies to elective high-risk interventions and myocardial recovery. Clinical trials showed the positive effects of IABP on mortality and morbidity in some heart failure populations.     
3) New advancements and challenges (2010s to Today): Alongside newer IABPs, new materials to make better balloons and new sizes to make inflation-deflation cycles even more precise were included. IABP remains a widely selected option for critical care, despite the emergence of newer devices, such as the Impeller and ECMO, which contradict its advantage in some cases, as shown by recent studies, including IABP-SHOCK II. Recent innovations include percutaneous insertion, which eliminates placement complications. (7-9). “Recent improvements in IABP systems include enhanced timing algorithms, smaller and more flexible catheters that reduce vascular complications, and safer percutaneous insertion techniques. These refinements have helped maintain IABP’s clinical relevance despite competing technologies.”
2. Indications for IABP Use in a Tertiary Care Setting 
 Acute myocardial infarction (MI) and cardiogenic shock: 
The intra-aortic balloon pump is the most direct, cost-effective, thoroughly investigated, and widely used mechanical circulatory support device, serving as the benchmark instrument in randomized clinical trials to define the safety and efficacy of new mechanical circulatory support systems. (55). IABP has been used to provide hemodynamic support for patients experiencing cardiogenic shock due to acute myocardial infarction (MI). Its purpose is to improve coronary perfusion and reduce afterload. (10,11) In anterior AMI patients with no CS on whom successful PCI was performed, the use of IABP reduced the re-occlusion rate of the infarct vessel with a non-significant enhancement. (54). However, the IABP-SHOCK II trial significantly impacted clinical practice by demonstrating that there was no mortality benefit from using IABP in patients with cardiogenic shock who were undergoing percutaneous coronary intervention (PCI). Consequently, current guidelines typically do not recommend routine IABP use for all patients with cardiogenic shock. However, recent studies (Thiele et al., 2023; Basir et al., 2022) emphasize that selected patients—particularly those with mechanical complications, refractory hypotension, or early-stage shock—may still benefit from targeted IABP therapy. These findings support individualized decision-making rather than universal avoidance of IABP in shock management. Nevertheless, IABP can still be beneficial for carefully selected patients, such as those with severe hemodynamic instability that is resistant to medical treatment, as a temporary solution while awaiting more definitive mechanical circulatory support (MCS) devices, or for patients facing mechanical complications from MI, like acute severe mitral regurgitation or ventricular septal rupture, particularly in cases of selected anterior STEMI.(10,11).In patients with shock stage A/B, an IABP was linked to a decreased 30-day mortality rate. (57).
The use of prophylactic IABP in high-risk PCI is typically not advised. However, IABP might be an option for patients who are experiencing ongoing ischemia or hemodynamic instability, even after receiving optimal medical treatment and revascularization. 

 Cardiopulmonary resuscitation (CPR) and post-cardiac surgery: 
IABP in CPR is designed to improve coronary perfusion pressure and increase systemic circulation. Nevertheless, controversy persists concerning its efficacy in increasing survival through hospital discharge. Technical challenges encompass the need for rapid insertion as well as endangering chest compression. (12)
High-risk percutaneous coronary interventions (PCI): 
Intra-aortic balloon pump (IABP) is crucial in delivering hemodynamic support for high-risk percutaneous coronary interventions (PCIs) in specialized care areas. They enhance coronary perfusion and reduce cardiac workload, particularly for patients with compromised left ventricular function, hemodynamic instability, or those who are subjected to complex procedures like unprotected left main interventions or multi-vessel PCIs. While IABPs have been extensively used, the evidence regarding their routine use is inconclusive. For example, trials such as IABP-SHOCK II have failed to demonstrate an unequivocal mortality advantage in the setting of cardiogenic shock. However, tertiary hospitals, with the capability of treating complicated cases and complications, often rely on IABPs to deliver vital circulatory assistance in these risky scenarios, demonstrating the necessity for patient-specific evaluation for their successful implementation. (13,14)
Acute ST-elevation MI complicated by cardiogenic shock with high-grade angiographic thrombus has a very high risk for in-hospital death even with PCI. In addition to standard medical treatments and procedures to restore blood flow, using an IABP before PCI can improve short-term survival rates in patients. An IABP can provide crucial support for blood circulation. It works by increasing blood flow to the heart while reducing the heart's oxygen requirements. BCIS-1 tested the idea that using an elective IABP in patients with weak left ventricular function and widespread coronary disease would lower the rate of major adverse cardiovascular and cerebrovascular events (MACCE) by the time they leave the hospital (up to 28 days (58). The first reported use of elective IABP support in patients undergoing high-risk PCI in 1990 was in 28 patients with severe LV dysfunction and either multivessel coronary disease or left main coronary artery. It was found that IABP support was safe and feasible, with no observed complications of low blood pressure, death, or heart attack within 72 hours during the procedure (58). The use of elective IABP was associated with a lower rate of problems during the procedure but showed no significant difference in major heart or brain events (59). ECMO+IABP might be a more suitable intervention measure in improving short-term mortality for patients with CS who underwent HS-PCI (60). IABP is important for providing circulatory assistance to patients with hemodynamic instability due to myocardial infarction, cardiogenic shock, or those at high risk before or during an angioplasty or coronary artery bypass grafting(61). “Recent evidence (Maharaj et al., 2022) suggests that prophylactic IABP use in selected high-risk PCI patients—especially those with severe LV dysfunction or complex left main disease—can reduce periprocedural instability even though mortality benefit remains uncertain”.

Decompensated heart failure (HF): 
Intra-aortic balloon pump (IABP) therapy is an important hemodynamic support for decompensated heart failure (HF) that decreases afterload and elevates diastolic aortic pressure. The mechanism increases coronary and peripheral circulation and cardiac output, especially in patients with decreased left ventricular function. In cases of decompensated HF complicated by cardiogenic shock, IABP may provide temporary hemodynamic stabilization as a lifeline bridge for those who are unresponsive to medication. Clinically, IABP can be considered in acute exacerbations of congestive HF with hypotension as a bridge to more definitive therapies such as left ventricular assist devices (LVADs) or heart transplantation, particularly in severe HF with low-output states and end-organ dysfunction. The application of IABP in HF is not routine and needs to be done with careful patient selection. Although it can be of considerable assistance, the potential benefits need to be weighed against the risk of vascular trauma and bleeding. Existing recommendations emphasize the need for individualized treatment strategies, acknowledging that IABP might prove to be more useful for some subgroups of decompensated HF. While not recommended as a routine treatment in cardiogenic shock secondary to acute myocardial infarction, the distinct physiological features of decompensated HF permit IABP to continue being an effective treatment. (15,16)
Bridge to heart transplantation: 
The Intra-Aortic Balloon Pump (IABP) plays a vital role in offering temporary hemodynamic support to patients with advanced heart failure awaiting a heart transplant in an intensive care setting. It functions by augmenting coronary artery blood flow, reducing left ventricular workload, stabilizing patients, enhancing organ blood flow, and increasing cardiac output while decreasing the oxygen demand of the heart. This is particularly critical for patients with decompensated heart failure. In end-stage heart failure patients who are potential candidates for transplantation, the IABP functions as a bridge, providing vital support until a donor heart is available, especially in the case of cardiogenic shock or severe hemodynamic instability. Tertiary care facilities, with specialized cardiac units, experienced cardiologists, cardiac surgeons, and a transplant team, play a critical role in the management of IABP therapy and the performance of heart transplants. However, the use of the IABP must be decided upon considering the patient's general condition, underlying diseases, and the availability of alternative mechanical circulatory support devices, as well as the possible risks of vascular complications associated with IABP treatment. (17,18)

Use in patients with complex arrhythmias or refractory heart failure 
Ventricular arrhythmias are more common in patients with ischemic cardiomyopathy and decreased left ventricular ejection fraction. Inadequate available evidence favours the use of IABP in patients with decreased left ventricular ejection fraction with medically refractory ventricular arrhythmias leading to hemodynamic instability. And it provides time for definitive therapy, such as arrhythmia focus ablation, a permanent ventricular assist device, or cardiac transplantation. The effectiveness of IABP depends on the timing of balloon inflation and deflation with respect to the cardiac cycle; thus, control of the timing of interbeat IABP inflation under normal rhythm as well as arrhythmias by implementation of real-time dicrotic notch detection algorithm guarantees the effectiveness of IABP under either condition (64). Since IABP mostly impacts the left ventricle, the stabilized patients on therapy had improved baseline values of RV function, such as lower baseline central venous pressure, pulmonary artery pulsatility index ≥2.0, and greater right ventricular cardiac power output index (65). The application of IABP is linked with beneficial alterations in the tension of the left ventricular wall and afterload decrease, which may decrease the myocardial excitability and thus lower its susceptibility to arrhythmias. The application of IABP is comparatively safe and may be used in patients with intractable ventricular arrhythmias, though it is not linked with ischemia (66). The IABP is a volume-displacement pump that promotes forward flow from a high-capacitance reservoir to low-capacitance vessels, improving peripheral perfusion and decreasing left ventricular afterload in the setting of high filling pressures. The IABP can improve ventricular vascular coupling and, therefore, myocardial energetics. Additionally, many patients with HF-CS are candidates for cardiac replacement therapies (left ventricular assist device or heart transplantation) and, therefore, may benefit from a bridge strategy that stabilizes the hemodynamics and end-organ function in preparation for more durable therapies (67). IABP significantly enhanced organ perfusion over inotropes in patients with decompensated heart failure and low output (68).


 Table 1: Contraindications and Indications of IABP
	Indications 
	Contraindications 

	Left ventricular failure 
Acute myocardial infarction
Cardiogenic shock
Refectory unstable angina
Failure to wean from cardiopulmonary bypass
High-risk PTCA
Failed PTCA
Thrombolytic therapy
Bridge to cardiac transplantation
Stunned myocardium
Stabilisation of high-risk patients for general anaesthesia
Low cardiac output syndrome
Other
Cardiomyopathy
Myocarditis
Severe myocardial contusion 

	Aortic dissection
Severe aortic insufficiency
Severe peripheral vascular disease
Irreversible brain damage



       (20)
3. PATIENT SELECTION CRITERIA
3.1 Factors influencing selection
3.1.1 AGE
 It would be presumed that the impact of vascular complications is increased in advanced age. Yet this assumption is subject to debate in the entire literature under consideration (30). A multivariate risk factor analysis was performed to define the patients at high risk for complications related to IABP. They found advanced age to be a correlation with the incidence of major vascular complications. In a retrospective study in which 206 consecutive patients received an intra-aortic balloon insertion attempt (27), they shared their experience on 122 consecutive patients who had IABP counter pulsation. 11 of the 40 patients who were above 70 years had complications, while only 12 of 72 patients below 70 years had complications (23).
3.1.2 Comorbidities
Diabetes Mellitus raises the risk of minor infections and vascular complications of IABP, particularly in insulin-dependent patients. However, previous research studies evidence that Diabetes patients do not experience a higher risk for long-term complications and higher mortality than non – diabetics, so the inference is that IABP is not contraindicated in diabetic individuals. Secondly, the greater frequency of infection implies that operating room levels of sterility should be employed whenever balloon pump placement is attempted in diabetic patients (25).
3.1.3 Renal Function 
Physicians assess renal function using eGFR based on the standard 4-variable MDRD (modifications of Diet in Renal Disease) equation, as endorsed by KDOQI (Kidney Disease Outcomes Quality Initiative). [26] Along with eGFR, they also assess in-hospital mortality, morbidity, and related complications during the perioperative period urine output, diuretic requirement, and blood urea nitrogen (BUN) value. Plasma lactate was also measured to indirectly evaluate tissue perfusion adequacy (27). If, after surgery, patients develop acute renal insufficiency (creatinine level of 3.0 mg/dL or more and urine output < 200 mL /12 h or more), then they require dialysis. Complications related to IABP refer to any aortic dissection or perforation, limb or mesenteric ischemia, or infection or haemorrhage at the balloon entry site (28).
3.1.4 Lung failure 
IABP during cardioplegic arrest does not affect significant clinical outcomes; it markedly maintains lung function in patients with COPD who are subjected to CABG. These differences are already significant even for cross-clamp times less than 60 minutes. Therefore, there is no rationale in COPD patients for preoperative IABP support, to turn off the pump during cardioplegic arrest, but our data indicate that a changeover to the automatic mode is optimal (29).

3.2 Benefits of Pre-operative IABP 
Several case series have reported that preoperative insertion of an IABP is linked with improved outcomes compared to intraoperative or postoperative insertion (30-32). The use of preoperative balloon pumps was found to be beneficial in high-risk surgical patients in the mid-1970s (33-36). Yet its preoperative use, when the choice is most at discretion (37-39). Even in series documented in the 1970s and 1980s, preoperative use of IABP correlated with a survival of 74% to 90% (42,43). In a few serious cases, preoperative IABP use showed poor survival; in these cases, IABP was used before the operation, not for long-term support, and was utilized mainly when the patients were in shock (41,42).
Indications for preoperative insertion of IABP have traditionally been limited to patients with refractory angina to maximal medical therapy or those with extremely low cardiac output preoperatively (42).  Creswell et al reported in their article that it was probable that preoperative IABP insertion was related to improved survival (42). In a recent article, Dietl and colleagues have, in a retrospective study, shown that preoperative IABP significantly enhances survival, decreases hospital remain and is more economical compared to no preoperative IABP therapy (43).
4. Mechanism of Action of IABP
Intra-aortic balloon is an intravascular volume displacement pump in series with the heart that supplements existing circulation and is the least complicated type of mechanical circulatory assist. Insertion may be done quickly in emergency departments, coronary care units, cardiac catheterization laboratories, operating rooms, preoperatively, intraoperatively, and postoperatively. The inflation and deflation timing of the balloon is exactly in synchrony with the cardiac cycle in this technique, by which central and peripheral aortic pressure is altered or phase shifted in synchrony with the heart. Specifically, balloon inflation is started during diastole following the closure of the aortic valve and deflation is synchronized with systole. The balloon and the cable are made of antithrombogenic biocompatible materials and are inserted through the left or right common femoral arteries in a short segment of prosthetic vascular graft to provide temporary vascular access (44). The cable is secured to a port accessible pneumatic drive console, and the balloon is placed in the descending thoracic aorta, distal to the left subclavian artery origin and proximal to the origins of the renal arteries.

4.1 Hemodynamic Effects of IABP:
4.1.1  Effects of balloon deflation and inflation during the cardiac cycle:
1) A decrease in left ventricular outflow impedance (LVZ0) during systole due to high-speed balloon deflation.
2) Phase shifting of peak arterial pressure contour into diastole (counter pulsation diastolic augmentation) because of balloon inflation.
3) An increase in stroke volume and cardiac output (500 to 800 ml/min); (46) there are 
4) Increase in coronary perfusion pressures during diastole.
5) Induced decreases in left ventricular volume and filling pressure and
6) Decreases in left ventricular radii, wall tension, and oxygen consumption (47-50). Myocardial oxygen supply/demand ratios (DPTI/TTI) are augmented (51,52). Right heart external performance is also enhanced by balloon-induced decreases in left heart filling pressures (53). 
4.1.2 The net hemodynamic effects are:
1) A more favourable balance between myocardial oxygen supply and demand, the latter decreasing and the former increasing.
2) A rise in total cardiac output; and
3) A fall in left ventricular end-diastolic pressure with a reduced probability of pulmonary congestion.   
5. Complications and Risks Associated with IABP Therapy 
 5.1 Vascular complications and limb ischemia
Vascular complications of insertion, deployment, and device withdrawal and lines are common, in part because of the high rates of comorbid aortoiliac occlusive disease in patients with cardiac disease. The common problems are arterial and venous trauma at the site of attempted cannulation, which might require device withdrawal or repositioning. (69)
Vascular Complications and Limb Ischemia
(70)

List 1: Incidence of Vascular Complications Following Procedure
	S.No
	Complications
	Percentage

	1
	Any limb ischemia 
	2.3%

	2
	Visceral ischemia 
	0.1%

	3
	Major limb ischemia (loss of pulse, loss of sensation, or abnormal temperature or pallor.
limb requiring treatment, arterial repair or amputation) 
	0.5%

	4
	Amputation
	0.1%

	5
	Vascular surgery 
	0.7%

	6
	Deep venous thrombosis 
	0.1%

	7
	Superficial vein thrombosis 
	0.1%




“Large registries report that overall IABP complication rates range between 2–8%. Limb ischemia occurs in approximately 2.6–4% of patients, major bleeding in 1–2%, and balloon rupture in <0.5%. Stroke and bloodstream infection occur in <1% of cases. Patients with diabetes, peripheral vascular disease, and prolonged IABP support have higher complication rates.”
 
The most common vascular complications include limb and mesenteric ischemia and hemorrhagic complications. However, the overall rate of these complications was typically low, although there was appreciable heterogeneity among studies. Additionally, several confounding factors affect the complication rates, most notably the disease status, i.e., diabetes mellitus and peripheral vascular disease. Additionally, the method of catheter insertion, catheter size, and pump duration have been demonstrated to affect the rate of complications. (71) In many of the studies that investigated IABP-associated complications, limb ischemia was the most frequent complication, with a rate of up to 17.4% (3,5). Ischemia due to IABP insertion can be attributed to a multitude of reasons, including luminal obstruction of the IABP catheter, vessel spasm, thromboembolism, and dissection of the iliofemoral segment of the artery. (72) Development of vascular complications with increased IABP support time. The occurrence of stroke was demonstrated at a higher rate when patients had the IABP catheter inserted in the axillary artery. (73)
5.2 Infection and mechanical failure of the balloon
         IABP treatment is very beneficial. It can be lifesaving at times. But it does have some risks. These are: Ischemia, damage to an artery, Balloon rupture, Placing the balloon in the wrong location (could damage the kidneys or create other issues), and Low platelet count (may lead to bleeding). (74) An IABP can cause bloodstream infections if it is placed for too long. An IABP can create blood clots, which may lead to serious complications, such as stroke. In extremely rare cases, the balloon can overinflate and cause the aorta to rupture. (75) Complication rates associated with IABP include leakage (0.8%), poor balloon inflation (0.6%),  implantation difficulties (0.1%), and poor augmentation (1.1% ). (77)

5.3 THROMBOEMBOLIC EVENTS
Acute aortic occlusion is an uncommon yet serious complication that can arise from intra-aortic balloon pumping (78). Thrombosis and infection-related complications are significant with the duration of pump treatment (79). Thrombotic complications are the most frequent side effects of IABP, particularly in older patients with a prior history of PAD (peripheral artery disease) who need extended IABP support lasting more than 7 days. A recent randomized study involving 153 patients receiving IABP support found that heparin does not reduce the rate of thrombotic events. Specifically, there was no difference in the incidence of limb ischemia, but there was a significant increase in the frequency of bleeding. The potential for thrombotic events must be considered when planning long-term IABP therapy (80).
5.4 Hemodynamic instability and arrhythmias
By raising the coronary perfusion pressure, lowering ischemia and trans-myocardial wall stress, and preserving appropriate systemic perfusion, IABP also helps stabilize patients with refractory ventricular ectopy following myocardial infarction.
Suboptimal timing of inflation and deflation of the balloon will result in hemodynamic instability. Here are some instances of this: IAB inflation before aortic valve closure is known as early inflation. Late inflation is when the IAB rises noticeably after the aortic valve closes. Premature deflation: the IAB deflates too soon during the diastolic period. Late deflation is when the IAB deflates after systole begins. (81) The hemodynamic advantage of IABP, which can temporarily stabilize ADHF patients by lowering left ventricular afterload and enhancing coronary perfusion. (82).

6. MANAGEMENT OF IABP IN THE INTENSIVE CARE UNIT (ICU)
6.1 Nursing care considerations for IABP patients 
In critical care patients, altered ventricular filling, poor myocardial perfusion, abnormal cardiac rhythm and severe valvular lesions may occur, which require complex interventions. The patient must be assessed for the cardiovascular system to manage medical conditions. Based on patient needs, invasive devices are provided for more advanced therapeutic interventions. Intra-aortic balloon pump (IABP) is widely used in cardiac conditions to facilitate easier for long clinical records, while increasing myocardial oxygen at the same time to increase the cardiac output. Nurses working in the intensive care unit (ICU), the coronary care unit (CCU), the operating room (OR), pediatric acute care unit (PACU) not only have to know and monitor the device but also be able to provide interventions if cardiac complications arise during IABP therapy. IABP therapy is only monCost and Resource Utilizationitored by highly skilled nursing staff because careful handling of the equipment is essential to avoid complications. The nurses must assess the clinical observations for a specific cardiac function to avoid complications. It may not be necessary for nurses to operate the IABP device independently; however, their role in assisting the surgical team provides a better outcome for the patient. (83).
6.2 Pain management and sedation
IABP will be placed during surgery under general anaesthesia to manage or prevent cardiogenic shock. Anaesthetic management plays a crucial role when IABP support is required during coronary artery bypass graft surgery (85).
6.3 Prevention of complications 
Intra-aortic balloon pump therapy was less invasive and cost-effective, with a lower rate of complications. It indicates that for the management of patients with cardiogenic shock, other indications are high risk of coronary artery intervention as haemodynamic support after cardiac surgery, bleeding was the most frequent complication among patients by supportive therapy of IABP (86).  Development of vascular complications was presented with occurred higher rate in patients who had an IABP catheter inserted in the axillary artery (87). The rarest complication is mesenteric ischaemia, which is a potential complication that occurs during IABP therapy, can lead to organ damage. This indicates the balloon malposition or displacement that results in ischaemia. Balloon-related complications are more frequent with a higher rate when IABP was inserted in the axillary artery rather than the femoral artery usually; this patient was restricted to bed (88).
7. Outcomes and efficacy of IABP 
7.1 Prognosis and long-term outcomes of IABP therapy
“The intra-aortic balloon pump improves myocardial perfusion by augmenting diastolic coronary flow and reduces myocardial oxygen demand by lowering afterload during systolic deflation. Although the IABP-SHOCK II trial demonstrated no mortality benefit with routine IABP use in cardiogenic shock, the device does not increase myocardial infarction or worsen shock (89,90). More recent analyses suggest that early initiation of IABP—before severe end-organ hypoperfusion develops—may be associated with improved hemodynamic response. In addition, the combination of VA-ECMO with IABP has shown improved left ventricular unloading and may benefit selected patients with refractory cardiogenic shock (91,92). Therefore, while not recommended for routine use in all shock cases, IABP continues to play an important supportive role in carefully selected patients.”
In the IABP-SHOCK II trial, 30-day mortality was 39.7% in the IABP group versus 41.3% in controls, demonstrating no significant increase or decrease in risk.”
7.2 Evidence from clinical trials and meta-analysis:
“IABP is used to support cardiac output by augmenting diastolic coronary perfusion and reducing afterload. The largest randomized trial evaluating IABP in cardiogenic shock, the IABP-SHOCK II study, demonstrated no significant mortality benefit with routine IABP insertion in patients undergoing primary PCI (93). Balloon occlusion or hemodynamic collapse may occur if IABP is inserted late in a severely unstable patient; therefore, some studies have suggested that initiating IABP support before high-risk PCI can stabilize hemodynamics and reduce periprocedural ischemia in patients with severe LV dysfunction or complex coronary anatomy (94). Studies in high-risk PCI patients have shown that pre-procedural IABP support improves hemodynamic stability in 60–70% of cases, particularly in those with severe LV dysfunction or complex coronary anatomy. Another randomized trial evaluating elective IABP use in anterior STEMI patients without cardiogenic shock showed no reduction in infarct size on cardiac MRI (95). Overall, while routine IABP use is not recommended, selected high-risk patients—such as those with very low ejection fraction, high filling pressures, or risk of prolonged ischemia—may benefit from pre-procedural IABP support. IABP therapy therefore remains a valuable adjunct for hemodynamic stabilization in carefully chosen clinical situations (96–98).”
  8. Technological Advancements in IABP Devices
 8.1  Integration with other devices (e.g., ventricular assist devices)
Since the application of IABPS isn’t significant, and very limited results are known. The other available percutaneous MCS significantly promises and provides a greater enhancement in hemodynamic parameters. As a result, implantation procedures, time, and results are much more advanced and complicated. Also, the cost is much higher than that of IABPs (99).
IMPELLA: 
The Impella is placed in the small pigtail catheter in the retrograde position across the aortic valve. The Impella has micro-axial flow, which bridges the blood from the left ventricle to the aorta using the Archimedes screw principle. There are variations in the implementation in its position, i.e., the Impella 2.5 and CP can be directly inserted through the femoral artery. Whereas Impella 5 and 5.5 are inserted using a device called Smart Assist (inserted through a surgical cut-down of the femoral or axillary artery to provide a greater flow). It reduces the myocardial oxygen consumption, improves the mean arterial pressure and this device does not depend on the electrocardiogram/ pressure triggers (100).
VA-ECMO:
 It’s a portable device for use in cardiopulmonary bypass procedures. It consists of several components, including a membrane oxygenator, controller, heat exchanger, centrifugal flow pump, venous inflow cannula, and arterial outflow cannula. The device can be surgically implanted in patients through a central cannulation procedure or may be placed using a percutaneous cannulation approach. The application has significantly improved the patient's quality of life. In recent years, the idea of combining the IABP and VA-ECMO has helped patients from a hemodynamic point of view. This device can be used when the stroke volume and cardiac output cannot be achieved. It can also be used to overcome the unwanted effects of this device, like an increase in the after-load-by-afterload reduction and rise in oxygen demand (101-104).
8.2 IABP Waveforms, Settings, and Troubleshooting
IABP Waveforms:
The IABP arterial pressure waveform shows a systolic peak followed by a diastolic augmentation peak. Correct timing is achieved when the balloon inflates at the dicrotic notch (start of diastole) and deflates just before the next systole. Early or late inflation reduces augmentation, while late deflation increases afterload. Continuous waveform monitoring helps ensure optimal function and patient safety.
IABP Settings:
Typical settings include the assistance ratio (1:1, 1:2, 1:3), trigger mode (ECG or arterial pressure), and inflation/deflation timing adjustments. Most patients start with 1:1 support; as they stabilize, the device is weaned by reducing the ratio to 1:2 or 1:3. Accurate trigger selection is essential for synchronized counterpulsation.
Troubleshooting Points:
Common issues include poor augmentation, timing errors, and triggering failure. Poor augmentation may result from incorrect catheter position, hypovolemia, or improper timing. Triggering failure often occurs due to poor ECG signal quality or inadequate arterial waveform. Late deflation increases left ventricular workload and must be corrected immediately. Balloon rupture (indicated by blood in the catheter) requires prompt removal. Close monitoring for limb ischemia, high-pressure alarms, and catheter kinking is essential for safe operation.

9. EXTRACORPOREAL CIRCULATORY PUMPS: 
Extracorporeal mechanical circulatory support (MCS) devices are primarily employed for short-term circulatory assistance in standard medical care. The extracorporeal circulatory pump operates on an electromagnetic centrifugal mechanism, which minimizes shear stress and reduces heat generation when compared to pulsatile devices. These pumps can be implanted via thoracotomy, accompanied by an external pumping chamber and drive console. Among the third-generation electromagnetic centrifugal pumps, the CentriMag, developed by Abbott Laboratories, stands out due to its unidirectional flow capacity of over 10 Liters per minute. Its design accommodates support for the right ventricle, left ventricle, or biventricular configurations, thereby enhancing its efficacy in addressing both peripheral and central ECMO challenges. The inflow cannula is generally inserted into either the left or right atrium, while the outflow cannulas are strategically placed in the aorta and pulmonary artery, depending on the specific ventricular support demanded. The CentriMag can perform for several weeks to months, offering a significant chance of survival for cases undergoing cardiopulmonary bypass (CPB). In certain cases, it may also be employed for long-term support using sewn grafts to the aorta or pulmonary artery (105-106).
Trends in Miniaturization: 
The need for less intrusive operations and improved patient comfort is driving the trend towards smaller medical equipment. Compact technologies like leadless pacemakers and sophisticated cochlear implants have been made possible by technological advancements. Early treatments are made easier by these gadgets' real-time data transmission and ongoing monitoring features. A key factor in this trend of miniaturisation has been the combination of nanotechnology and Micro-Electro-Mechanical Systems (MEMS), which enables the construction of complex structures at the microscopic level.
MINIMALLY INVASIVE SURGERY 
Minimally invasive surgery (MIS) procedures are on the rise, aided by advanced technology that makes increasingly precise surgery possible. The surgical robot market is also set to grow, reaching $14.5 billion in 2030 to fill the demand for less invasive surgical interventions such as cardiovascular operations. Smaller medical devices make for less invasive procedural techniques, less trauma during surgeries, and shorter recovery times. Not only does this help patients return to their normal lives much sooner, but it takes a considerable strain off the healthcare infrastructure that is being stretched by a growing number of patients with long-term health needs (113)
ULTRAFINE SENSORY MEDICAL WIRE 
Ultra-fine wire components are necessary for the miniaturisation of medical equipment. This requires wire grinding and precision cutting skills that are beyond the capability of many medical device makers. However, the difficulties don't end there. The components of the medical wire must have exceptional fatigue resistance since many of these implanted, miniature medical devices will need to endure for years. In addition, its capacity to detect changes and provide real-time data must be extremely precise and dependable. 
Apart from the wire itself, the medical wire's coating needs to be biocompatible and thin enough to fit into a tiny device while yet having lubricating and/or insulating qualities (114)
11. COST AND RESOURCE UTILIZATION
11.1 Financial considerations of IABP therapy in a tertiary care hospital
The expense of IABP therapy includes several elements:
Acquisition and Maintenance of the Device: The price of an IABP device at initial purchase may be quite high, in addition to routine maintenance and calibration costs to make it function in the best manner possible.
Consumables: 
Each time the IABP is used, there are consumables like catheters and drapes that add up to the overall expense.
Staffing: 
Running the IABP requires trained staff, such as intensivists, cardiologists, and specialized nurses, all of whom need proper training and remuneration.
Hospital Stay: IABP patients tend to have prolonged ICU stays, which contribute to higher hospital stay charges (115).
11.2 Resource allocation (e.g., staffing, equipment maintenance)
Effective use of resources is important for successful IABP therapy implementation. The main components are:
Staffing: Sufficient staffing is required to monitor and manage patients undergoing IABP therapy. This involves making sure that the nursing staff is adequately trained in the unique needs of IABP management. For example, the University of Pittsburgh provides an IABP New User Course that aims to offer background information and establish necessary skills for managing patients with IABP.
Equipment Maintenance: 
Routine maintenance and calibration of IABP equipment are required to avoid malfunction and guarantee patient safety. Service manuals, like the Maquet CS300 IABP service manual, contain detailed maintenance procedures.
Education and Training:
 Regular education programs for healthcare professionals are essential to keep them informed about the newest procedures and best practices for IABP therapy. Getinge and other companies provide training and educational tools to aid clinical performance and equipment availability.
11.3  Cost – effectiveness analysis in different clinical settings
Cost-effectiveness analyses are performed to assess the economic burden of IABP therapy in different clinical situations:
Comparative Studies:
 Some comparative studies have been done comparing IABP therapy with other mechanical circulatory support devices, including percutaneous ventricular assist devices (pVADs). For example, a study determined that the incremental cost-effectiveness ratio (ICER) for pVAD compared to IABP-supported high-risk percutaneous coronary intervention (HRPCI) reduced during the last decade to $26,450 per quality-adjusted life year (QALY).(116) “Additional economic evaluations (Patel et al., 2021) show that prophylactic preoperative IABP use in high-risk CABG patients can reduce postoperative complications and ICU stay, thereby improving cost-effectiveness in tertiary cardiac centers.”
Economic Impact Assessments: 
Preoperative IABP therapy's economic impact on patients who have cardiac surgery has been evaluated through studies. One study discovered that the overall costs of hospital care were greater in patients who were given IABP therapy than in those not given IABP therapy (117).
Conclusion
The intra-aortic balloon pump (IABP) continues to hold clinical relevance as a widely accessible, cost-effective, and physiologically beneficial mechanical circulatory support device. Although large randomized trials such as IABP-SHOCK II have demonstrated no routine mortality benefit in cardiogenic shock, accumulating evidence shows that carefully selected patients—particularly those with early-stage shock, mechanical complications of myocardial infarction, severe left ventricular dysfunction, or high-risk coronary anatomy—may derive important hemodynamic stabilization from IABP support. Improvements in catheter design, insertion techniques, and integration with other mechanical support systems such as VA-ECMO have further enhanced the safety and applicability of IABP in modern cardiac critical care. As part of individualized, patient-centered decision making, the IABP remains an important adjunct for bridging unstable patients to revascularization, advanced support devices, surgery, or heart transplantation. Continued technological evolution and refined clinical selection criteria will ensure that IABP maintains its role in contemporary cardiology and critical care practice.
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