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Abstract

In the United States, the frequency of using percutaneous mechanical circulatory support devices 

(MCS) for acute myocardial infarction (AMI) complicated by cardiogenic shock is increasing. 

These devices require large-bore vascular access to provide left-, right-, or bi-ventricular cardiac 

support, frequently under urgent/emergent circumstances. Significant technical and logistical 
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variability exists in device insertion, care, and removal in the cardiac catheterization laboratory 

and in the cardiac intensive care unit. This variability in practice may contribute to adverse 

outcomes observed in centers that receive patients with cardiogenic shock, who are at higher risk 

for circulatory insufficiency, venous stasis, bleeding, and arterial hypoperfusion.

In this position statement, we aim to (1) describe the public health impact of bleeding and vascular 

complications in cardiogenic shock; (2) highlight knowledge gaps for vascular safety and provide 

a roadmap for a regulatory perspective necessary for advancing the field; (3) propose a minimum 

core set of process elements or “vascular safety bundle”; and (4) develop a possible study design 

for a pragmatic trial platform to evaluate which structured approach to vascular access drive most 

benefit and prevent vascular and bleeding complications in practice.
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INTRODUCTION

In the United States, cardiogenic shock affects 5 to 12% of patients with acute myocardial 

infarction (AMI), and significantly increases the risk of morbidity and mortality.(1) In 

centers specializing in cardiogenic shock, patients often receive mechanical circulatory 

support (MCS) devices to decrease the degree of hemodynamic compromise.(2,3) The 

devices are inserted through a large-bore vascular access, which is frequently obtained under 

emergent circumstances.(3) Vascular access and closure techniques remain highly variable 

among operators and this variability exists even among those working within institutions that 

have a standardized approach to management.(4) Cardiogenic shock care in the intensive 

care unit is complex and includes prolonged use of systemic anticoagulation and antiplatelet 

therapies to minimize thrombotic events.(5) To date, no well-accepted guidelines from 

professional organizations have been forthcoming.

Such variability in managing vascular access combined with the complexity of management 

during their intensive care unit stay are factors that may contribute to the high rate 

of complications observed in centers that accept shock patients from regional hospitals. 

Defining a minimum core set of process elements for a “vascular safety bundle” has the 

potential to improve outcomes and address safety concerns. In this Expert Opinion, we 

aim to (1) describe the public health impact of bleeding and vascular complications in 

cardiogenic shock; (2) highlight knowledge gaps for vascular safety and provide a roadmap 

for a regulatory perspective necessary for advancing the field; (3) propose a minimum core 

set of process elements for a “vascular safety bundle”; and (4) propose a possible study 

design for a pragmatic trial platform to evaluate which elements drive benefit and prevent 

complications in practice.

This document was developed as part of the Cardiac Safety Research Consortium (CSRC) 

conference meetings. The CSRC is a public-private academic partnership that consists 

of clinicians specializing in interventional cardiology and cardiogenic shock, academic 

cardiologists from different subspecialties including cardiac critical care, the U.S. Food 
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and Drug Administration (FDA), the Centers for Medicare and Medicaid Services (CMS), 

industry leaders, and patients. The goal of the consortium is to fill a void in the evidence 

around the use of MCS devices in cardiogenic shock and establish reusable data collection 

mechanisms to enhance consistency for clinical trial design and development.(6,7) The 

CSRC Working Group identified many gaps in evidence that warrant rigorous prospective 

investigation. Prevention of vascular complications was the first clinical question that 

achieved the highest public health impact.

THE PROBLEM: VASCULAR COMPLICATION

Despite improvement in outcomes, vascular complications remain strongly associated with 

adverse events during cardiogenic shock admissions.(8–10) Vascular complications are 

attributed to several coexisting physiologic and therapeutic factors. These include end-organ 

hypoperfusion with associated coagulopathy, microcirculatory dysfunction, concomitant 

administration of antithrombotic and vasoactive agents, and targeted temperature 

management for cardiac arrest.(2) Many patients may also receive one or more percutaneous 

MCS devices to treat hemodynamic instability.(3,11) The insertion of these devices requires 

technical expertise in large-bore vascular access under emergent circumstances.(12) Despite 

efforts to standardize the process, variability in insertion techniques is frequently observed 

because of personal preferences, institutional restrictions, or regional differences.(3,4,13). 

A definition of the most commonly encountered vascular complications is summarized in 

Table 1.

The rates of bleeding and vascular complication associated with percutaneous MCS are not 

insignificant (Table 2).(14–22) Prospective studies in patients who underwent percutaneous 

coronary intervention (PCI) with hemodynamic support for ischemic heart disease reported 

bleeding complications in <10% of cases, but for patients with AMI complicated by 

cardiogenic shock, the incidence is significantly higher and may approach 60%.(23–27) 

For patients undergoing PCI, the use of axial flow MCS was associated with increased 

risk of major bleeding (31.4% vs. 16.0% [95% CI, 12.5-18.2], p <0.001) and hospital 

mortality (45.0% vs. 4.1% [95% CI, 7.6-14.2], p <0.001), when compared with use of 

intra-aortic balloon pump. These findings were consistent whether the device was inserted 

prior to or after PCI.(28) In a pooled analysis of 1,866 patients with cardiogenic shock 

supported with venoarterial extracorporeal membrane oxygenation (va-ECMO), there was 

41% increased rate of major bleeding.(29) Vascular access techniques, operator proficiency 

with large-bore access, intensive care unit management, and use of closure devices for 

hemostasis, and definition of data elements relevant to vascular access safety were all risk 

factors for this high rate of adverse events. Bleeding may further be enhanced because of 

heparin-induced thrombocytopenia, acquired von Willebrand syndrome, and coagulopathies, 

which are frequently encountered during cardiogenic shock (Figure 1).(19,30–33)

Acute limb ischemia (ALI) due to sheath-related vessel occlusion, thrombosis or 

atheroembolism, is common during placement of percutaneous MCS.(16,34) In an analysis 

of 172,491 admissions with ST-segment elevation myocardial infarction (STEMI) and 

cardiogenic shock, the incidence of ALI was 0.9%, and there was a 4 and 8.5-fold increased 

risk of ALI with a percutaneous ventricular assist device or va-ECMO, respectively.(33) 
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The concomitant presence of symptomatic or asymptomatic peripheral artery disease can 

complicate vascular access, increase risk of limb related events, and may change the access 

closure strategy.(35) Compared with those without limb ischemia, patients with ALI had 

20% higher rate of in-hospital mortality, increased length of stay, and higher healthcare cost.

(33) Other vascular complications include bleeding, aortic dissection, arteriovenous fistula 

formation, and in the most severe cases, ALI requiring limb amputation.(30) Older age, 

female sex, peripheral vascular disease, lactic acidosis, and acute kidney injury requiring 

renal replacement therapy have been associated with bleeding and vascular complications in 

cardiogenic shock.(18,22,36) As a result, patients with these characteristics who are treated 

with MCS for hemodynamic stability are often at increased risk for complications. These 

considerations underscore not only the need for best practices when obtaining vascular 

access, but also investigation to discriminate which practices are associated with vascular 

injury, bleeding, and thrombotic complications. Conceptually, the domains of care can be 

trisected into (1) initial vascular access, (2) intensive care unit management, and (3) device 

removal and vascular closure.

Key Points Helpful for Clinical Practice:

1. Vascular complications are very common during cardiogenic shock admission 

and remain strongly associated with adverse cardiovascular events.

2. The incidence of vascular complications during cardiogenic shock is 

secondary to coexisting physiologic and therapeutic factors including end-

organ hypoperfusion, coagulopathy, microcirculatory dysfunction, use of 

antithrombotic and vasoactive agents, and targeted temperature management for 

cardiac arrest.

3. Until clinical trial data become available to guide the choice of therapy, efforts 

aimed at encouraging best practices to prevent vascular injury, bleeding, and 

thrombotic complications are needed, and prompt recognition and management 

of these complications are critical to improve outcomes in the care of cardiogenic 

shock patients.

Initial Vascular Access

Patients who undergo large bore access for percutaneous MCS are underrepresented 

or excluded from randomized trials and mandatory public reporting. Thus, data on 

quality improvement are not readily available to improve outcomes.(27) In the context of 

cardiogenic shock, radial access is less likely utilized to minimize vascular complications 

due to weak/absent radial pulses and the convenience of working in one versus multiple 

sterile fields, especially when there is a high likelihood of using MCS device that can only 

be placed via femoral access.(4)

When considering femoral access, the ideal arteriotomy site is the common femoral artery 

because it is a relatively large vessel, less commonly involved with the development of 

atherosclerosis, and easily compressible. To avoid ischemic complications, the common 

femoral artery should ideally be large enough to accommodate a large-bore sheath based on 

non-invasive imaging (37,38). With advancement of technology, newer MCS sheaths expand 
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in the iliac artery, and iliac sizing may be more meaningful than common femoral artery. 

Femoral angiography is needed in the absence of non-invasive data on vessel size to assess 

the puncture location, the presence of complications, and the size of the femoral artery. Both 

standard and digital subtraction angiography can be used to assess the access site, but based 

on the opinion of the writing group, digital subtraction is more sensitive for measurements 

and risk stratification particularly among patients with peripheral vascular disease. In 

addition, angiography and direct pressure/waveform recording also allow for an assessment 

of obstructive atherosclerotic disease and vessel tortuosity. The presence of both conditions 

is associated with an increased risk of complications and may preclude the placement of 

a percutaneous device in the vascular structure.(39,40) The use of fluoroscopy to identify 

bony landmarks at the beginning of the procedure is critical to highlight the anatomic 

relationship between the inguinal ligament to the pelvic radiographic landmarks.(41) The 

inguinal ligament is located between the anterior superior iliac spine and the pubic tubercle 

and the ideal site for puncture is 2 to 3 cm below the mid-inguinal point and 1 cm lateral 

to the most medial aspect of femoral head (lower third of femoral head).(41,42) Ultrasound 

guidance is increasingly used for vascular access during cardiac catheterization to reduce 

complications. Benefits of ultrasound during vascular access include direct visualization of 

the common femoral artery, its position relative to the femoral vein, and the location of the 

femoral artery bifurcation. In the Femoral Arterial Access with Ultrasound Trial (FAUST), 

routine real-time ultrasound guidance resulted in higher success rates in patients with 

high bifurcations, reduced the number of attempts and time to access, avoided accidental 

venous puncture in anatomic variants, and prevented cannulation in diseased segments of the 

common femoral artery.(43)

Using the smallest access needle feasible should logically be beneficial in minimizing 

vessel trauma at the initiation of access. A 21-gauge micropuncture needle reduces the 

size of the initial puncture and potentially the associated extravasation of blood during wire/

sheath exchanges. Furthermore, a smaller gauge arteriotomy may reduce the risk of damage 

resulting from errant sticks or back-wall punctures. While the use of micropuncture system 

is reasonable because of their smaller profile (21 ga vs. 18 ga for standard needles), data 

derived from prospective trials to show superiority are lacking.(44) Two randomized clinical 

trials testing micropuncture vs. standard common femoral artery access were terminated 

early due to low vascular complication rates (NCT02026180).(44,45) Even after the use of 

a micropuncture needle, however, the insertion of a large-bore sheath into hostile vascular 

pathology may still result in damage at the arteriotomy site, bleeding, or complete vessel 

occlusion and ALI. Therefore, when the large-bore sheath is positioned and secured, the 

distal vessel should be evaluated for patency to ensure distal perfusion is maintained.

In the event that distal flow is compromised after large bore sheath placement, distal 

vessel perfusion can be achieved using ultrasound-guided antegrade access to either the 

superficial femoral or profunda femoris arteries using a 5- or 6-Fr braded sheath.(46) The 

donor vessel can be (1) the ipsilateral common femoral artery by creating an “external 

bypass” from the large bore sheath side port to the side port of the 5- or 6-F sheath in 

the superficial femoral artery; (2) contralateral femoral external bypass to the antegrade 

ipsilateral superficial femoral artery; or less commonly (3) contra-lateral femoral internal 

bypass from a contralateral retrograde 7-F common femoral artery sheath into the ipsilateral 
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profunda femoris or superficial femoral artery through an “up-and-over” internal 4-F sheath 

inserted via the 7F contralateral sheath.(46) The use of radial artery as a donor vessel has 

been reported(46), but based on the opinion of the author group, prolonged sheath dwelling 

time in the radial artery may increase the risk of thrombosis and ischemic complications to 

the hand. The sheath in the donor vessel should ideally be larger Fr size than the recipient to 

promote flow from high pressure to low pressure gradient to the recipient vessel. The use of 

braided sheath can be helpful to reduce catheter kinks in the recipient vessel. In the setting 

of distal occlusion, there are several available options to restore perfusion, including peel-

away sheaths, external-, and internal-bypass circuits. The placement of antegrade perfusion 

catheters for ECMO patients is usually performed at the outset, ideally before large bore 

access cannulation, but for Impella it is typically performed after placement of large bore 

devices when there are signs of compromise to distal perfusion. While the use of distal 

perfusion techniques to maintain blood flow distal to large bore sheaths is reasonable 

particularly in setting of limb ischemia, it should be noted that these practices are derived 

from clinical experience and prospective randomized data on best practices are needed.

Other techniques to reduce vascular and bleeding complications have been reported. The 

use of single access for High-risk PCI (SHiP) technique has gained popularity in clinical 

practice with the use of Impella CP (Abiomed, Danvers, MA) which can further simplify 

vascular access and limit it to one versus multiple sterile fields.(47) Radial access has 

the potential to reduce iatrogenic consequences of interventional therapies when a second 

arterial access is needed for coronary intervention by using non-femoral access and 

avoidance of a second entry into the femoral artery.(48,49)

While the common femoral artery remains the default vessel for implantation, several 

factors may preclude the ability to deploy large-bore (>8 Fr) sheaths. These factors include 

severe peripheral arterial disease, concentric vessel calcification, iliofemoral tortuosity, 

morbid obesity, and small vessel caliber, either due to inherent body habitus or reactive 

vasoconstriction stemming from heightened afterload commonly encountered in the low 

output shock state and high-dose vasopressor use.(50–52) Advances to prevent ALI, such 

as pre-emptive treatment of iliofemoral peripheral vascular disease using angioplasty and 

intravascular lithotripsy, as well as placement of distal perfusion catheters, may not always 

be feasible during emergency setting.(53–55) ALI is typically a result of thrombosis 

and embolism, but in the context of large bore access for cardiogenic shock, limb 

ischemia due to an occlusive sheath is most common etiology. In addition, certain patients 

with cardiogenic shock may require prolonged circulatory support to optimize end-organ 

perfusion, nutritional status, and physical conditioning while awaiting cardiac replacement 

therapy, thus rendering prolonged bedrest following femoral access counterproductive.

(56,57) Given these considerations, proficiency with alternative vascular access can be 

helpful when they are performed at experienced centers, where high volume complex 

coronary and structural heart interventions are performed.(58) For patients in rural areas, 

shock patients are taken to the nearest hospital and the use of alternate access techniques 

may not be feasible. In the absence of clinical trial data, the complexity of shock will require 

formation of networks to facilitate early recognition and initiate management strategies for 

patients residing in rural areas including use of large bore access for MCS.(59)
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The transaxillary and caval-aortic techniques are two percutaneous approaches for 

alternative access. Potential concerns of using the axillary artery as a conduit for large-bore 

access exist with the thinner adventitia of the axillary artery, which may increase the risk of 

failure to achieve hemostasis when compared with the femoral artery. Further, the proximity 

of the axillary artery to the brachial plexus carries the risk of direct neurologic injury during 

vascular access. Despite these concerns, increasing experience with utilizing transaxillary 

access for percutaneous MCS and structural heart procedures has been encouraging.(60–

63) Data from the prospective multicenter Axillary Access Registry to Monitor Safety 

study demonstrated a 98% success rate and <10% incidence of bleeding and vascular 

complications following implantation of axial flow percutaneous MCS using the axillary 

artery when performed at high volume centers with standardized algorithms.(64) Evidence 

on the learning curve or generalizability of such experience to smaller centers has not 

been reported. On average, the diameter of the axillary artery is 1.7 to 1.9 mm smaller 

than the common femoral artery and has less burden of calcification. Data derived from 

computed tomographic scans showed that the mean diameter of axillary artery in most 

patients is >6.3 mm, which is large enough to accommodate sheaths up to 18 Fr sheaths.(59) 

Endovascular repair with chimney graft technique can be utilized to achieve hemostasis 

after MCS device removal.(65) The sequence of “vascular safety bundle” in the cardiac 

catheterization laboratory is summarized in Central Illustration A.

Key Points Helpful for Clinical Practice:

1. The ideal transfemoral access site is the common femoral artery because it is 

relatively large and easily compressible.

2. Access is best achieved using a single anterior wall puncture with a 21-gauge 

micropuncture needle with combined ultrasound and fluoroscopy guidance.

3. Femoral angiography right after obtaining vascular access is often necessary 

to assess for the location of punction, size of femoral artery, and presence of 

complications.

Intensive Care Unit Management

Meticulous care aimed at the prevention of vascular complications extends into clinical 

management in the intensive care unit; the importance of which has been magnified by 

recent trends toward increasing duration of MCS.(28,66) Common practices reviewed by 

consensus of the Writing Group include: (a) minimizing the duration of vascular access 

whenever possible; (b) avoidance of excessive anticoagulation and tailoring antiplatelet 

therapy; (c) vigilance for bleeding after mobilizing the patient for turns and off-unit 

studies; (d) attention to the angulation of vascular access catheter insertion and securement 

to avoid tenting of the arteriotomy site; (e) prompt removal of the MCS device when 

bleeding cannot be controlled with the vascular access in place; and (f) device removal 

in the catheterization laboratory or operating room. Multidisciplinary collaboration among 

cardiologists, intensivists, interventional cardiologists, and vascular surgeons is rational.

(2,67) While specific protocols for management may differ by institution, the first step is 

generally to ensure a safe hand-off from the referring proceduralist. In some centers, a 

multidisciplinary hand-off is performed at the patient’s bedside in the intensive care unit so 
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that salient aspects of the patient’s care can be shared and all key stakeholders, including 

physicians and nurses, may ask questions.

The following practices may be considered based on expert consensus from the CSRC 

Working Group. Upon admission to the intensive care unit, providers ought to perform serial 

assessments to monitor for vascular complications, including access site bleeding or rapid 

hematoma expansion. When these complications occur, manual compression to achieve 

hemostasis is warranted until more definite approach of percutaneous or surgical repair is 

performed. Additional alternatives include exchanging the device with the insertion of a 

larger sheath and re-insertion of an MCS device in the same site. If control of bleeding 

cannot be achieved, a new vascular access with MCS removal and closure/compression 

of the previous site may be necessary. The reduction of anti-thrombotic therapies must be 

balanced against the risk of thrombosis. The use of intravenous antiplatelet or antithrombotic 

agents that allow for fast reversal should be utilized for any device upgrade/change or 

surgical left ventricular assist device consideration.

Chest radiography for IABP and point-of-care echocardiography for intracardiac devices are 

ideal to examine the device position or guide repositioning. Patients should be screened 

for hemolysis and thrombocytopenia via daily laboratory assessments, including complete 

blood count and serum lactate dehydrogenase (LDH). If the clinician is suspicious of 

hemolysis, serum haptoglobin, reticulocyte count, plasma-free hemoglobin, and a peripheral 

blood smear with the presence of schistocytes and elevated LDH may aid in confirming 

the diagnosis. Hemoglobinuria is a late manifestation of ongoing hemolysis and should be 

addressed expediently by either repositioning, removing, or replacing the MCS device. The 

advanced heart failure and critical care teams typically make at least daily assessments of 

the need for escalation or de-escalation of MCS. It is important to highlight the value of 

the “Shock Team” in the decision making to implant va-ECMO cannulas, Impella 5.0 via 

axillary access, or surgical removal of these devices if deemed necessary.(2,68)

Intensive Care Unit Complications

The intensive care unit physician should maintain awareness of several other vascular 

complications that may not be readily apparent from the clinical exam. These complications 

include retroperitoneal hematomas and arterial pseudoaneurysms. The risk of retroperitoneal 

hematoma significantly increases when the arteriotomy site is too high.(69) In patients 

who received a high arteriotomy access site, i.e., above the inferior epigastric artery, 

prolonged duration of support and/or supratherapeutic anticoagulation, increases the risk 

of retroperitoneal bleeding. Diagnosis is typically confirmed by computed tomographic 

imaging. Once identified, the primary objective is to prevent ongoing extravasation. 

Percutaneous management may be achieved by inflating a balloon at low pressure to 

cover the site of perforation. While bleeding is controlled, a covered stent may be rapidly 

deployed, or a vascular coil is delivered. An operator with advanced experience in peripheral 

vascular disease interventions should be concurrently available.

Clinical suspicion of pseudoaneurysm should be prompted by the presence of pain, swelling, 

or a palpable mass in the groin. The mass may be pulsatile with a palpable thrill or 

audible bruit. Diagnosis is typically confirmed with ultrasound or radiographic imaging. 
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Risk factors include arteriotomies performed below the common femoral artery bifurcation 

and multiple arterial punctures. Clinical management includes (1) conservative therapy, as 

small pseudoaneurysms may thrombose spontaneously within four weeks; (2) percutaneous 

ultrasound-guided thrombin injection into the pseudoaneurysm; (3) embolization; or even 

(4) operative repair.(70) The latter is warranted for rapid expansion, rupture, infection, and 

mass effect resulting in distal or cutaneous ischemia or peripheral neuropathy. In most 

cases, pseudoaneurysms are managed with either ultrasound-guided manual compression 

or thrombin injection. Operative repair is warranted for rapid expansion, rupture, infection, 

and mass effect resulting in distal or cutaneous ischemia or peripheral neuropathy. The 

presence of arteriovenous fistula should be suspected in the presence of a pulsatile mass and 

the presence of a bruit over the arteriotomy site. Noninvasive imaging is often necessary 

for diagnosis. Endovascular therapies including coil embolization, stent grafts, cover stents 

are often successful in treating arteriovenous fistulae. Surgical interventions are reserved 

for large communication or failed endovascular approach.(71) Contemporary management 

of post-catheterization pseudoaneurysms entails the possible transfer of the patient for 

emergency surgery if conservative or percutaneous management of this complication fails.

In addition to awareness for bleeding, it is reasonable to implement systematic 

practices to foster early detection of ALI due to vessel occlusion, arterial dissection, 

or thromboembolism. intensive care unit clinicians should perform serial assessments 

with frequent clinical and Doppler evaluation of distal extremity pulses. Near-infrared 

spectroscopy monitoring is a noninvasive modality that can be used to monitor regional 

tissue oxygenation and early detection of limb ischemia.(72) The neurovascular checks 

should be performed every 2-4 hours to enhance early recognition of ALI. Serial 

measurement of lactic acid and/or lactate clearance may assist in evaluating limb perfusion 

and tissue necrosis. In this manner, intensive care unit clinicians can maintain awareness and 

address common vascular complications resulting from AMI with cardiogenic shock.(73)

Invasive arterial monitoring is often indicated with MCS and the radial access carries 

many of the same advantages seen in the cardiac catheterization laboratory. Introducer 

sheaths from the catheterization laboratory are not appropriate for this indication as they 

are generally occlusive in the radial artery and are constructed with thin walls that easily 

kink as they are not designed for chronic use. Ultrasound-guided access improves success, 

especially in hemodynamically compromised patients or those on hemodynamic support. In 

some situations of hemodynamic instability or physiologic changes such as hypothermia, 

radial pressure measurements may underestimate central pressures.(74) Improvements in 

support devices with central arterial monitors may obviate these issues in the future, but until 

then, some have demonstrated excellent results with small caliber brachial arterial lines.(75) 

The caveat is that these brachial lines were managed very carefully, and while brachial artery 

complications are rare, those that occur can be severe. In addition to the advantages for using 

transradial access for intervention, the forearm arteries are suggested over femoral arterial 

monitoring lines by the Center for Disease Control Healthcare Infection Control Practices 

Advisory Committee to reduce the risk of intravascular infection.(76)

The risk for both bleeding and ischemic complications is increased with the utilization 

of percutaneous MCS. Because the lack of consensus on what constitutes an optimal 
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anticoagulation strategy, there is significant variability in use of pharmacotherapies in the 

intensive care unit.(77) Beavers and colleagues(78) assembled a panel of experts to review 

available evidence on anticoagulation practices and had 42 recommendations to improve 

anticoagulation management related to use of percutaneous MCS. Briefly, the use of 

Dextrose 5% in water as a standard purge solution is the mainstay of pharmacotherapy with 

a heparin concentration of 25 units/mL for Impella support outside of procedural settings.

(78) Heparin-free purge solutions should be utilized in patients with heparin-induced 

thrombocytopenia.(78) For intravenous anticoagulation, two biomarkers can be used to 

check the effectiveness of anticoagulation therapy: anti-Xa target range of 0.2-0.4 IU/mL or 

serum aPTT level. Plasma-free hemoglobin was suggested to monitor for hemolysis within 

72 hours of device insertion. In patients who received an Impella before ECMO cannulation, 

lower dose of heparin (maximum 50 units per kg) was recommended by the panel of 

experts. For patients with distal perfusion catheter, full dose systematic anticoagulation is 

recommended because of blood stasis between the access sheath and distal catheter which 

predisposes to thrombosis and limb ischemia. A full discussion on best anticoagulation 

practices is included in the referenced expert consensus statement (78). The periprocedural 

intensive care unit intervention is summarized in Central Illustration B.

Key Points Helpful for Clinical Practice:

1. Monitor for vascular complications including acute bleeding and other ischemic 

complications; Check anticoagulation status with ACT; anti-Xa and/or aPTT 

levels particularly in prolonged duration of support.

2. Control for bleeding via exchange of device and reinsertion of larger sheath 

in the same site; new vascular access may be necessary if bleeding cannot be 

controlled.

3. Use intravenous antiplatelet or antithrombotic agents that allow for fast reversal 

during bleeding events or device upgrade/exchange.

4. Assess positioning daily and imaging guided repositioning with 

echocardiography for interactive devices to avoid hemodynamic changes or 

hemolysis.

5. Screen for hemolysis with serum LDH; confirm the diagnosis with serum 

haptoglobin, reticulocyte count, plasma-free hemoglobin, and a peripheral blood 

smear with the presence of schistocytes.

6. Maintain high level of suspicion for pseudoaneurysm by assessing for presence 

of pain, swelling or a palpable mass at groin site.

7. Assess for early signs of distal limb ischemia using regional tissue oxygenation.

Device Removal and Vascular Closure

Device removal and successful hemostasis should be achieved in a controlled setting, 

preferably in the cardiac catheterization laboratory, or the hybrid operating room, to 

minimize risk of bleeding and vascular complications. Several methods for device removal 

are utilized in practice, but a comprehensive discussion by the shock team at each institution 
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is advised to standardize the practice for device removal and periodically check outcomes 

related to the method used.

Several vascular closure techniques exist in clinical practice, but based on the experience of 

the writing group, the use of Perclose ProGlide devices (Abbott Vascular, Santa Clara, CA) 

prior to the insertion of the large-bore sheath has been associated with favorable outcomes. 

While many contemporary programs are now using one device in practice, two ProGlide 

devices can be used by deploying the needle into the arteriotomy sites at perpendicular 

angles prior to the placement of the large sheath. The use of one device combined with 

other active vascular closure devices, e.g., AngioSeal Closure device (St. Jude Medical, Inc, 

Minnetonka, Minnesota), has also been used to achieve hemostasis with variable success 

rates. Via the radial or contra-lateral femoral access, dry field closure can be utilized by 

advancing a peripheral balloon that sized one-to-one with the ipsilateral external iliac artery 

and inflated to achieve hemostasis during deployment of sutured based vascular closure 

device.(79) Inflation to 2-4 atm is often enough to achieve complete occlusive pressure to 

the femoral access site.(79) The proper sizing of the balloon and application of low pressure 

inflation are critical to avoid iatrogenic iliac artery injury.(79)

Other techniques with variable efficacy and safety profiles have been reported. For example, 

manual pressure to achieve hemostasis can be used, but based on the expertise of this 

writing group, it often results in the inability to attain hemostasis or results in ischemic 

complications. Percutaneous closure of femoral vascular access site can also be achieved 

using ProStar™ XL Percutaneous Vascular Surgical Systems (Abbott Vascular, Santa Clara, 

CA) for 8.5 to 10F sheaths, but outcomes are more favorable with Perclose device. 

The MANTA device (Teleflex, Wayne, PA) can provide effective closure of large bore 

access,(37) but apprehensions regarding safety events due failure of deployment and device-

associated costs remain concerns for wide use adoption in practice.(80) The MANTA vs. 

Suture-based vascular closure after transcatheter aortic valve replacement (MASH) trial 

has shown that the plug-based MANTA closure device was not superior to suture based 2-

ProGlides devices, but the bailout technique for MANTA involved the use of covered stents 

or surgical repair versus additional closure devices with 2-ProGlide devices.(81) Caution 

should be exercised when interpreting this data because it is derived from single-center 

study. Surgical repair of the arteriotomy site after device removal has been utilized, but with 

the increasing use of large-bore access for percutaneous MCS in smaller centers, the rapid 

availability of surgical expertise may not always be feasible. It should be noted that the 

study populations of the MASH and CHOICE-Closure trials are derived from TAVR cohorts, 

and generalizability to cardiogenic shock study populations may be limited. However, TAVR 

experience using large bore devices can be instructive to shock operators because the process 

of vascular access management was standardized. This has led to reduction in the rate 

of complications as operators gained more experience with the management of large bore 

access and closure.

After achieving hemostasis, a final angiographic image of the vascular access may improve 

early recognition of vascular access-related complications. The angiography is preferably 

achieved via ultrasound-guided radial access, but contralateral femoral access can also 

be utilized. After hemostasis is achieved, protamine can be used to reverse the effects 
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of systemic anticoagulation and stop any skin oozing from the vascular access site. The 

systematic approach to vascular closure combined with continuous feedback based on 

clinical outcomes is necessary for improvement in quality and outcomes. When developing 

a shock program, operators with expertise in vascular closure of large-bore access should 

be available to supervise operators with less experience to minimize vascular access-related 

complications.

Building a Successful Shock Program

Health systems should actively engage expertise from interventional cardiology and vascular 

surgery to build successful shock programs to achieve optimal outcomes for patients 

with cardiogenic shock. The shock team is a multidisciplinary team that consists of 

an interventional cardiologist, cardiothoracic surgeon, cardiac intensivist, and advanced 

heart failure specialist.(82) Despite increased operator experience, improvement in delivery 

systems and devices, and volumes across centers, the rate of major vascular complications 

or major bleed after closure are still not insignificant.(83,84) Prompt recognition of vascular 

complications and immediate management are essential for preventing adverse outcomes 

as discussed elsewhere. The use of digital subtraction imaging can diagnose ileo-femoral 

dissection, rupture, arterial avulsion, stenosis thrombosis or occlusion. Operators with 

advanced skills in peripheral vascular disease interventions can manage these complications 

when recognized.

Key Points Helpful for Clinical Practice:

1. Several vascular closure techniques exist in clinical practice, but the use of 

Perclose ProGlide devices (Abbott Vascular, Santa Clara, CA) prior to the 

insertion of the large-bore sheath has been associated with favorable outcomes.

2. After achieving hemostasis, a final angiographic image of the vascular access 

may prevent delayed recognition of vascular access-related complications.

3. Health systems should actively engage expertise from interventional cardiology 

and vascular surgery to build successful shock programs to achieve optimal 

outcomes for patients with cardiogenic shock.

GAPS IN KNOWLEDGE

Although the epidemiology of vascular complications and access site bleeding points to 

a pressing need for effective interventions to mitigate these risks, there are substantial 

gaps in the evidence that might guide optimization of such interventions. As described 

in preceding sections, radial arterial access, combined use of palpation, angiography, and 

ultrasound to guide the selection of the vascular access location, use of micropuncture 

needles, angiographic confirmation of positioning and patency post-insertion, and rigorous 

vascular access closure procedures, all have plausible potential to reduce vascular access 

complications, including bleeding. However, except for radial access, none of these 

interventions have yet been studied in adequately sized, controlled clinical trials to establish 

their efficacy. Moreover, even the mechanisms of the established benefit of radial access 

are not completely understood. While some centers have adopted standardized approaches 
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to vascular access, device removal, and closure that incorporate all these interventions, 

it is uncertain which elements may be necessary to achieving a benefit. Moreover, the 

tension between bleeding and thrombotic risks with manipulation of anticoagulation adds 

complexity to the management of vascular access complications. The wide variability 

in practices for vascular access underscores both the uncertainty regarding their benefit 

and highlights the potential for meaningful improvement in safety outcomes if specific 

interventions were confirmed to be effective.

The conduct of randomized controlled trials in patients with AMI complicated by 

cardiogenic shock is challenging.(6) The impediments to a successful execution of robustly 

sized clinical trials include (a) the severity of the clinical condition and its impact on the 

ability of the patient to provide informed consent for research; (b) the emergent nature 

of management decisions; (c) the inherent operational barriers to support round-the-clock 

clinical research in that context, and; (d) the ambiguity of clinical equipoise among some 

physicians when considering specific interventions. These potential barriers are present 

when considering trials of approaches to vascular access in patients with AMI complicated 

by cardiogenic shock. The inclusion of a “vascular safety bundle” as part of ongoing trials in 

AMI complicated by cardiogenic shock has the potential to inform the safety of MCS in this 

high-risk population.

Incorporation of harmonized instruments for data collection using standardized definitions 

into registries and ongoing clinical trials offers an initial opportunity to accelerate the 

collection of observational data to more rigorously expand what we know regarding current 

practice patterns, the incidence of vascular access complications, and their associated 

outcomes in the contemporary care of patients with AMI complicated by cardiogenic shock.

(85) Such data would help guide the design and implementation of clinical trials of specific 

interventions or processes of care. As one example, a stepped wedge, cluster randomized 

trial in which centers would be randomized at site-level to their timing of the transition from 

their prevailing usual care as the comparator to the investigational vascular access safety 

package would substantially advance the evidence available to guide mitigation of vascular 

access complications (Figure 2). Because of their very high incidence in this population, 

potential endpoints, including vascular access site bleeding and all-cause mortality, would 

be simple and clinically compelling. Such a pragmatic trial design has the possibility to 

be incorporated into registries to leverage parallel infrastructure and achieve lower costs 

because of existing data collection.

Key Points Helpful for Clinical Practice:

1. There is an urgent need to include a vascular safety “bundle” as part of ongoing 

trials in AMI complicated by cardiogenic shock to improve outcomes of large 

bore vascular access in this high-risk patient population.

2. A stepped wedge, cluster randomized trial in which centers would be randomized 

at site-level to their timing of the transition from their prevailing usual care 

as the comparator to the investigational vascular access safety package would 

substantially advance the evidence available to guide mitigation of vascular 

access complications.

Damluji et al. Page 13

JACC Cardiovasc Interv. Author manuscript; available in PMC 2023 October 24.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



REGULATORY PERSPECTIVE

The FDA has not required sponsors to show a benefit other than an increase in blood 

pressure to treat hypotension in cardiogenic shock, reasoning that treatment of hypotension 

provides time for definitive treatment. In the setting of cardiogenic shock, the benefit of a 

treatment strategy designed to avert significant morbidity and mortality is weighed against 

the risks associated with such treatment. Vascular access complications are aggravating 

features in device development to optimize the management of shock. Variability in clinical 

practice relating to vascular access complicates the evaluation of efficacy/safety and thus 

the benefit/risk analysis. Standardization of care (i.e., safety bundles) would homogenize the 

datasets and permit a more substantive review.

A stepped-wedge trial design strategy, whereby an intervention is rolled-out sequentially to 

trial participants (either as individuals or clusters), provides for all trial subjects to receive 

the intervention being tested, compared to a standard randomized clinical trial. The order 

in which the individuals/clusters receive the intervention is randomized. This pragmatic 

design may reconcile the need for a substantial evaluation under conditions of logistical 

constraints, as in the setting of cardiogenic shock. If substantial cluster-level effects are 

present (i.e., there is a large intra-cluster correlation), the stepped-wedge design is more 

powerful than a randomized clinical trial. If clusters are relatively homogenous (intra-cluster 

correlation is small), parallel studies tend to provide better statistical performance.(86) 

Given the variability in clinical practice, the optimal trial design would be based on the 

intra-cluster correlation (ICC) coefficient. A pilot trial can estimate the ICC as a prelude to 

the ultimate trial design with the aim of improving outcomes in patients with cardiogenic 

shock.

CONCLUSION

Major bleeding and vascular complications are common in patients with AMI complicated 

by cardiogenic shock and contribute significantly to morbidity and mortality. There is 

substantial variability in practice relating to vascular access, intensive care unit management, 

device removal, and vascular closure between operators within the same institution, and 

even more variability across different institutions worldwide. “Vascular safety bundles” 

that standardize vascular care during cardiogenic shock admissions have the potential to 

improve quality and outcomes. Controlled studies that examine the efficacy and safety of 

such vascular safety bundles are a compelling next priority of clinical investigations in field 

of cardiogenic shock.
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HIGHLIGHTS

• Major bleeding and vascular complications are common in patients with acute 

myocardial infarction complicated by cardiogenic shock and contribute to 

morbidity and mortality.

• There is substantial variability in practice relating to vascular access, cardiac 

critical care delivery, device removal, and vascular closure among institutions 

and individual operators.

• Standardization of vascular access and closure techniques and approach to 

cardiac critical care management using “safety bundles” have the potential to 

favorably impact health outcomes during cardiogenic shock care.
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Figure 1. 
Vascular access-related complications for percutaneous mechanical support devices. The 

illustration shows different vascular access-related complications including access site 

hematoma, limb ischemia, thrombosis, pseudoaneurysm, aneurysm and contained rupture 

with callout data to risk factors, frequency, and associated outcomes. The above panel 

illustrates percutaneous mechanical support device in the right axillary artery and the lower 

panel illustrates the device in the right common femoral artery. All vascular and bleeding 

complications listed can occur using transfemoral, transaxillary, or transcaval (not shown in 

Figure) access. The Figure is meant to highlight the most common complications associated 

with large bore access in all types of MCS.

Damluji et al. Page 22

JACC Cardiovasc Interv. Author manuscript; available in PMC 2023 October 24.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. 
Stepped wedge cluster randomized trial design. This clinical trial design aims to investigate 

the efficacy and safety of a “vascular access safety bundle” for percutaneous mechanical 

support devices in patients with acute myocardial infarction complicated by cardiogenic 

shock. Abbreviations: SOC = Standard of Care.
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Central Illustration. 
Illustrative algorithm to prevent vascular complications in the (A) cardiac catheterization 

laboratory; (B) Cardiac Intensive Care Unit.
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Table 1.

Definitions of major bleeding and vascular complications during acute myocardial infarction.

COMPLICATION DEFINITION

Bleeding, BARC(10)

Type 0 No bleeding

Type 1 Bleeding that is not actionable and does not cause the patient to seek treatment

Type 2 Any clinically overt or actionable sign of hemorrhage that leads to hospitalizations or intervention

Type 3 a. Overt bleeding + Hgb ↓ 3-5 g/dL; transfusion + bleeding

b. Overt bleeding + Hgb ↓ <5 g/dL; tamponade; surgical intervention for control; use of vasoactive agents

c. Intracranial hemorrhage; intraocular bleeding affecting vision

Type 4 CABG-related bleeding within 48 hours

Type 5 a. Probable fatal bleeding

b. Definitive fatal bleeding; confirmed with autopsy or imaging

Retroperitoneal Hematoma Bleeding that extends to the retroperitoneal space due vascular access above the inguinal ligament and above the 
inferior epigastric artery. It can also be caused by inadvertent direct injury to the inferior epigastric artery

Arterial Access Site Complications

Arterial Thrombosis Local coagulopathy or clotting at the access site predisposed by larger arterial sheaths and prolonged dwell time. 
It can lead to painful and white extremity with loss of neurologic or motor function

Atheroembolism

Microembolization of necrotic tissue, atherosclerotic debris, or cholesterol particle secondary to manipulation of 
large sheath in the arterial space. It can present as a cutaneous manifestation (e.g., livedo reticularis) or the triad: 
(1) leg and foot pain; (2) livedo reticularis; (3) intact peripheral pulses. Atheroembolism can result in ischemic 
stroke if embolization affects the cerebrovascular space

Pseudoaneurysm A locally contained hematoma that remains in continuity with arterial access site by a neck or a sinus track (e.g., 
false lumen)

Aneurysm A 50% enlargement of the normal arterial wall diameter resulting from rupture, thrombosis, or distal embolization

Arteriovenous fistula A communication between the arterial vascular access site with an adjacent venous puncture resulting in a bruit 
over the vascular access site

Femoral neuropathy Femoral nerve dysfunction occurs because of direct trauma of the femoral nerve during vascular access or 
secondary to a compression from a hematoma or a pseudoaneurysm

ALI Acute cessation in blood flow to peripheral limb resulting in ischemia and may result in amputation

Abbreviations: Hgb = hemoglobin; CABG = coronary artery bypass graft surgery; ALI = Acute Limb Ischemia.
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Table 2.

The incidence rates of major bleeding and vascular complications in select study population of acute 

myocardial infarction complicated by cardiogenic shock.

IABP vs 
TANDEMHEART

IABP-SHOCK 
II TRIAL

IMPRESS 
TRIAL va-ECMO

CATHPCI 
CHEST PAIN-

MI

CULPRIT-
SHOCK 

SUBANALYSIS

Author (year) Thiele (2005) Thiele (2012) Ouweneel (2017) Cheng (2014) Dhurva (2020) Freund (2020)

Study Arms TandemHeart vs 
IABP IABP vs OPT Impella CP vs 

IABP va-ECMO LVAD vs IABP
Culprit-only vs 

complete 
revascularization

Study 
Population AMI-CS† AMI-CS† AMI-CS AMI-CS AMI-CS AMI-CS‡

Sample Size 41 300 48 1,866 1,680 684

Study Design RCT RCT RCT Meta-analysis Retrospective 
cohort study RCT‡

Definitions

Bleeding Transfusion* GUSTO 
criteria

Hgb ↓ ≥ 5 g/dL

Transfusion*

Surgery to control 
bleeding

Variable

Hgb ↓ ≥ 3 g/dL

Transfusion

Surgery to 
control bleeding

Retroperitoneal

GI or GU bleed

BARC 3b-5

GUSTO criteria

TIMI bleeding§

Vascular 
Complications

Lower extremity 
ischemia requiring 

surgical or 
interventional action

Peripheral 
ischemic 
vascular 

complications 
requiring 

surgical or 
interventional 

therapy

Device extraction

Thrombotic 
occlusion of CFA

ALI

Surgery

Lower extremity 
ischemia

Fasciotomy or 
compartment 

syndrome

Amputation

- -

Major Findings

Bleeding

↑↑↑
*TandemHeart
90% vs. 40%, 

p=0.002

No Difference
IABP vs. 

Control: 3.3% 
vs. 4.4%, p 

=0.51

↑↑↑
*Impella

Retroperitoneal 
bleeding (n=1)
Puncture site 

bleeding (n=2)

↑↑↑
*va-ECMO

Major bleeding 
= 40.8% (95% 

CI 
26.8%-56.6%)

↑↑↑
*LVAD (LVAD 
vs IABP: 31.3% 

vs 16.0, 
P<0.001)

↑↑↑
*va-

ECMO*Impella
Estimate = 21.5%

Vascular 
Complication

↑↑ Limb ischemia
*TandemHeart
33% vs. 0%,

p=0.009

No Difference
IABP vs. 

Control: 4.3% 
vs. 3.4%, p 

=0.53

↑↑
*Impella

Vascular repair 
for 

retroperitoneal 
bleeding (n=1)

↑↑
*va-ECMO

ALI = 16.9% 
(95% CI 

12.6%-22.6%);
Amputation = 
4.7% (95%CI 
2.3%-9.3%)

- Among bleeding 
group=14.3%

Other 
outcomes

Improved 
hemodynamics
*TandemHeart
Cardiac Power 

Index: 0.37 vs. 0.28, 
p=0.004

-

↑↑ hemolysis
↑retroperitoneal 

bleeding
*Impella

↑↑ fasciotomy 
compartment 

syndrome
↑Amputation
*va-ECMO

-
Dialysis among 
bleeding group

Estimate = 25.2%

Abbreviations: AMI = Acute Myocardial Infarction; OPT = optimal medical therapy; BARC = Bleeding Academic Research Consortium; CFA 
= Common Femoral Artery; CABG = coronary artery bypass graft surgery; CS = cardiogenic shock; GUSTO = Global Use of Strategies to Open 
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Occluded Coronary Arteries; Hgb = hemoglobin; IABP=intra-aortic balloon pump; LVAD = left ventricular assist device; PCI = percutaneous 
coronary intervention; RCT=randomized clinical trial; TIMI = Thrombolysis in Myocardial Infarction.

†
Intended to undergo revascularization (PCI or CABG); va-ECMO = venoarterial-Extracorporeal Membrane Oxygenation; CI = Confidence 

Interval.

‡
Pre-defined sub-analysis of the CULPRIT-SHOCK trial.

*
Major bleeding requiring transfusion.

§
In case of > 1 bleeding event, only the most severe was counted.
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