COMPLEX PCl

Hemodynamic Collapse in
the Cardiac Catheterization
Laboratory: Prevent, Prepare,
Manage, and Recover

Successful management of hemodynamic collapse in the cardiac catheterization laboratory

relies on advance preparation, prevention, anticipation, awareness, and teamwork.

By Alexander G. Truesdell, MD; llan Vavilin, MD; Jonathan Boeddiker, RT(R), NRP, FP-C;
Brittany Steinmetz, RT(R), RCIS; Megan Terek, MD; and Eric Rothstein, MD

II ever walk into a room you don’t know
how to walk out of.” Hemodynamic col-
lapse is one of the most catastrophic
and feared complications of elective

and nonelective percutaneous coronary intervention

(PCl), and it is the final common pathway for multiple

emergency scenarios in the cardiac catheterization

laboratory (CCL). Patient survival, procedural success,
and recovery depend on appropriate patient selection,
preprocedural medical optimization, effective advance
preparation, constant vigilance, a strong after-action
review and quality improvement process, and collab-
orative multispecialty and multidisciplinary teamwork

among technologists, nurses, physicians, and leadership.

At one time, regardless of complexity, all PCl was
considered high risk, with success rates < 60% and
emergency bypass surgery rates > 6%." In the decades
since, despite improvements in procedural success, the
extension of PCl to increasingly comorbid, complex,
and high-risk patients and lesion subsets has resulted
in parallel increases in procedural complications and
mortality among higher-risk cohorts.>* Although
multiple contemporary large international registries
note < 1% procedural mortality among all-comer
elective PCI, this increases significantly to 2% to > 8%
among patients with the highest constellation of
comorbidity and procedural factors—with > 30% of
patients with intraprocedural cardiovascular collapse

dying in the CCL and > 50% dying in the cardiac
intensive care unit (CICU) in some reports.“®

PREVENTION

Recognition of at-risk complex and/or high-risk
patients and procedures is paramount.>*%’ Anatomically
or procedurally complex interventions may include,
but are not limited to, PCl involving the distal left main
coronary artery, bifurcation disease, heavy lesion calcifi-
cation, or chronic total occlusions, and may or may not
be high risk.2 A procedure may be considered high risk
(regardless of procedural complexity) in the presence of
anatomic features and patient comorbidities, including
but not limited to last remaining vessel or left dominant
left main bifurcation disease, severe valvular disease,
severely reduced ejection fraction, decompensated heart
failure, clinical frailty, or any other factor that may limit a
patient’s ability to tolerate intraprocedural hemodynamic
insults.>” The highest-complexity and highest-risk proce-
dures may also not be appropriate for all patients with all
operators at all institutions at all times.

Integrating a multidisciplinary heart team into institu-
tional practice may provide a more structured and less
biased approach to identifying the clinical, anatomic,
and procedural factors most favorable or unfavorable
for medical therapy, PCI with or without adjunctive
mechanical circulatory support (MCS), surgical coronary
artery bypass grafting, or advanced therapies such as
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Figure 1. Hemodynamic collapse management algorithm: Protocols, personnel, and pathways for management of cardio-
pulmonary and cardiovascular decompensation in the CCL. Defib, defibrillator; echo, echocardiogram; epi, epinephrine;
10, intraosseous; IABP, intra-aortic balloon pump; IV, intravenous; IVF, intravenous fluids; PRN, pro re nata (“as necessary”).
Courtesy of Dartmouth-Hitchcock Medical Center Heart and Vascular Institute Cardiac Catheterization Laboratory.

durable left ventricular assist device or orthotopic heart
transplantation. Heart teams can also help standardize
decision-making and management and best align physi-
cian objectives and patient desires, as well as their under-
standing of short-, medium-, and long-term risks and
anticipated health benefits.?

All nonemergent high-risk and/or complex PCl should
occur on a background of optimized disease-modifying,
guideline-directed medical therapy. Intraprocedurally,
use of a Swan-Ganz catheter in addition to standard CCL
hemodynamic and rhythm monitoring may be beneficial.
Peri-interventional changes in heart rate, rhythm, arterial
pressure and waveform, and right heart catheterization
parameters (pulmonary arterial pressure and oxygen
saturation, right atrial pressure, pulmonary capillary
wedge pressure) may provide early signs of patient
deterioration prior to overt hemodynamic collapse.? In
the future, artificial intelligence technologies integrating
these comprehensive hemodynamic data may facilitate
more effective early warning systems in the CCL.

Other simple interventions for pre- and intraproce-
dural prevention are holding antihypertensive medica-
tions in advance, ensuring appropriate levels of patient
sedation, and optimizing both patient comfort (eg, table

padding and other orthopedic support, external urinary
catheters) and operator ergonomics (eg, table height,
monitor and equipment position and visibility, floor pad-
ding). “Pilot and copilot” double-scrub arrangements
with senior and junior operators of different experience,
training, and/or skill sets may also be beneficial for high-
er-complexity and higher-risk interventions to collabora-
tively perform (and teach and learn) different cognitive,
technical, and physical tasks.

PREPARATION

A recent survey examined higher-volume United
States interventional cardiologists, with > 60% of respon-
dents performing > 100 PCls annually, > 35% performing
> 200 PCls annually, and > 15% performing > 300 PCls
annually. On a scale from 1 to 10, median comfort levels
performing emergency procedures ranged from > 8 for
MCS placement to < 4 for coil embolization of distal
vessel perforations.’® These comfort levels and the associ-
ated technical competencies are likely far lower for the
nearly 50% of United States interventionalists who cur-
rently perform < 50 PCls per year, with higher observed
rates of PCl mortality compared to their higher-volume
peers."! Especially for the management of low-frequency
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TABLE 1. PREPROCEDURE PREPARATION, PERSONNEL, AND EQUIPMENT CHECKLISTS FOR ELECTIVE AND EMERGENT PCI
Mandatory (all cases)

Avoid ad hoc nonemergent high-risk interventions

Patient/family counseling and education

Code status (eg, do not resuscitate or do not intubate)

Procedure appropriateness (patient, procedure, timing, operator, institution)

Home medication review (eg, stop anticoagulants in advance, hold antihypertensives preprocedure,
continue antiplatelet therapy)

Divert nonemergency intraprocedure team member phone calls (or other notifications)
Team basic and advanced cardiac life support training/certification

Peripheral (larger-bore) intravenous access

Defibrillation pads in place and defibrillator tested

Crash cart stocked and inspected

Complications cart stocked and inspected, and location known and easily/rapidly accessible
Ultrasound for vascular access

Routine and emergency medications stocked and inspected

Hemodynamic monitoring system functional and tested

Emergency protocols (and emergency phone numbers) posted and reviewed

Radiation shielding and protection (patient, team members, other emergency responders)

Procedural equipment and contingency equipment in room and staged, ideally in sequence, for case
speed/efficiency

Procedural steps, unique patient vulnerabilities and procedural challenges, and contingencies reviewed
Team member roles and responsibilities discussed
Patient, operator, team ergonomics optimized (eg, floor pads, table height, table padding, lighting, noise)

Strongly recommended Whiteboard for visual case planning and documentation)
(especially for high- Central venous access

.r'Sk and/pr B2 Echocardiogram probe (on vascular ultrasound console)
interventions)

Right heart catheterization (for preprocedural hemodynamic assessment and intraprocedural monitoring)
Vasopressors hung (with intravenous tubing primed for immediate medication delivery)

External Foley catheter for patient

Arm and leg straps for patient

Type and screen/type and cross with blood bank

Review massive transfusion protocols and notification pathways

Consider prenotification of cardiac surgery and/or ECMO and/or critical care and/or vascular surgery
Consider anesthesia support for deep sedation and/or airway support

Review external transfer protocols and transportation (ground/air) availability

Abbreviations: ECMO, extracorporeal membrane oxygenation; PCI, percutaneous coronary intervention.

but high-mortality events, purposeful practice is thus
critical for all practicing interventional cardiologists.
Detailed, focused, user-friendly, and facility-specific
pathways and protocols for the management of hemo-
dynamic collapse should be prepared and rehearsed in
advance (Figure 1). These should include notification
and activation of anesthesia, critical care, surgical, and/
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or ambulance support for intubation, mechanical ven-
tilation, massive blood transfusion, emergent cardiac or
vascular surgery, extracorporeal life support, or interfacil-
ity patient transfer. Emergency support phone numbers
should be posted in every CCL and updated regularly.
For patients predetermined to be at higher risk, prepro-
cedural advance notification of relevant individuals and
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teams may be considered, along with possible prestag-
ing of a primed extracorporeal membrane oxygenation
(ECMO) circuit and cannulation equipment where avail-
able and preassessment of ECMO candidacy.

In addition to standard CCL protocols, immediate
preprocedural considerations for higher-risk interven-
tions should include placement of defibrillator pads
and central venous access and preparation of vasopres-
sor therapies, preconnected to central venous access
and with intravenous tubing primed for immediate
drug delivery. Standard “code” or “crash” carts with
emergency resuscitative airway, breathing, and circula-
tion medications and equipment should be available in
every CCL."?> Temporary pacemaker and pericardiocen-
tesis kits, integrated vascular access and echocardiogra-
phy ultrasound machines, and other more specialized
emergency equipment (eg, MCS devices and advanced
airway equipment)—if not present in every CCL—
should at least reside in a near, known, and very easily
and rapidly accessible location. Equipment types should
ideally be standardized across ambulances, emergency
departments, CCLs, operating rooms, ICUs, and other
areas of the hospital for interoperability and ease of
use by all team members at all times during emergency
situations.

Focused preprocedural time-outs and checklist reviews
that address procedural goals, key equipment, technical
approaches, unique patient vulnerabilities, anticipated
procedural challenges, and team member roles and
responsibilities should always be performed. Time-outs
may also be repeated as necessary intraintervention,
postintervention, prior to CCL departure, and after team
member exchanges.

CCL leaders should train relevant mental attributes to
enhance procedural performance, learn team member
strengths and weaknesses, and promote camaraderie
and psychologic safety to encourage colleagues to voice
concerns that may prevent, speed identification of, or
resolve impending emergencies.’ Regularly scheduled
mock drills, rehearsals, and, when available, simulation
training may also help develop and maintain staff and
team preparation and cognitive and technical skills,
as well as identify knowledge and process gaps on an
ongoing basis."

Lessons drawn from high-risk and complex military
and aviation team-based tasks are germane to the
prevention and management of hemodynamic
collapse in the CCL. Particularly relevant is military
and aviation crew resource management, which refers
to the effective combined use of human resources,
hardware, and information. Crew resource management
principles include timely and effective communication,

use of task and equipment checklists, prioritization
and coordination of planned actions and unexpected
events, attention to workload distribution, continuous
situational awareness, recurrent practice and rehearsal
(to standard), and continuous behavior and task
reinforcement (Table 1).°

MANAGEMENT

Although many complications may not be preventable,
all must be managed. During hemodynamic collapse in
the CCL, there exist three immediate and simultaneous
goals: (1) maintain systemic perfusion to prevent immedi-
ate death and preserve brain and other organ function,
(2) address the underlying causes (without which hemo-
dynamic recovery is unlikely to occur), and (3) communi-
cate effectively to coordinate ongoing resuscitative efforts
and activate additional medical resources.

The multiple diverse etiologies of hemodynamic
collapse in the CCL are thoroughly reviewed in a 2020
manuscript by Doll et al and the annual in-person Seattle
Interventional Complications Course curriculum from
which the manuscript originates.' As highlighted in both
the course and document, with all CCL emergencies and,
particularly, complete hemodynamic collapse, the very
first order of business is to determine whether to pause
and assess the situation or to act immediately.'®

Unexpected or adverse events such as hemodynamic
collapse can contribute to cognitive overload that
may impair an operator’s ability to effectively manage
emergency situations."” In these physically, mentally,
and emotionally intense, highly time-sensitive
situations, “active unfreezing” is critical.”® Delegating
the responsibility for leading CPR and other associated
emergency efforts to someone other than the primary
PCl operator is also preferred to allow ongoing lifesaving
coronary, cardiac, and/or vascular interventions to
continue.

With advanced preparation and individual and collec-
tive training, emergency responses should become faster
and more automatic over time. The ultimate goal for
managing hemodynamic collapse and its multiple underly-
ing etiologies is to react to each scenario in a “battle drill”
fashion, whereby individual and collective actions are
rapidly and reflexively executed to standard by each team
member independently and together, without applying
deliberate decision-making processes (Table 2)."

Hemodynamic collapse and/or cardiac arrest in the CCL
often involves mechanical CPR, prolonged resuscitation,
drug infusions, and ongoing interventional procedures
(sometimes percutaneous MCS insertion), in addition to
other aspects of care commonly encountered in non-CCL
CICU scenarios. All team members should wear lead aprons
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Selected etiologies of

hemodynamic collapse Anesthesia (eg, oversedation)

Hypoxia and/or respiratory arrest

Coronary dissection

No reflow
Air embolism

Anaphylaxis (eg, intravenous contrast, sedation, cardiovascular medications)

Ischemia (eg, guide catheter dampening, guide/coronary thrombosis, guide-induced coronary dissection)
Bleeding (eg, vascular access/closure, cardiac tamponade, cardiac/coronary perforation)
Arrhythmia (eg, atrial, ventricular, bradycardia, tachycardia, perfusing vs nonperfusing)

Aortic dissection (eg, coronary cusp, ascending, descending)
Coronary perforation (eg, main vessel, distal vessel, collateral vessel)

Acute valvular disturbance (eg, mitral regurgitation, guide-induced aortic insufficiency)
Cardiac arrest (eg, ventricular tachycardia/fibrillation, pulseless electrical activity)
Acute hypotension (multiple etiologies as listed above)

COMPLEX PCl

TABLE 2. PROCEDURAL “BATTLE DRILLS" FOR IMMEDIATE REFLEXIVE INDIVIDUAL AND
TEAM MANAGEMENT OF HEMODYNAMIC COLLAPSE

Artifactual (eg, equipment malfunction)

for radiation safety while lifesaving procedures continue.
Avrterial access sheaths should be connected to pressure
monitoring to ensure appropriate mean arterial pressure
during CPR efforts. Use of mechanical compression devices
may importantly permit ongoing CPR during intervention,
limit interruptions in CPR caused by rotation of rescuers,
deliver consistent high-quality compression, reduce team
radiation exposure, and free team members to perform
other critical resuscitation tasks.2’ The primary disadvantage
is the delay inherent in applying the device, which can be
minimized with training and rehearsal.

Percutaneous MCS devices such as an intra-aortic balloon
pump, Impella (Abiomed, Inc.), TandemHeart (LivaNova),
or ECMO may also be preemptively considered pre-PCl to
reduce the likelihood of cardiovascular collapse or mitigate
its immediate consequences. Whether used preemptively or
emergently, device selection may vary by patient, procedure,
operator, and institution.? The potential benefits of MCS
must be weighed against known device-specific bleeding
and vascular complication risks and the complexity of inser-
tion and management.' There are limited randomized data
overall, but ECMO is typically the preferred device for refrac-
tory cardiac arrest when available and should be considered
very early in the resuscitation process.”?

RECOVERY

Learning and improvement are essential after adverse
events such as hemodynamic collapse. Postprocedure
debriefs provide an open forum for team members to
discuss clinical, interpersonal, and systems-level issues

to become better as individuals, a team, and an institu-
tion in the immediate, short, medium, and long term.
One simple validated debrief model is the military after-
action review, which is designed to critique training and
combat events and answer four key questions: What was
planned? What really happened? Why did it happen?
What can we do better next time??4

Clear, caring, immediate, and frequent communication
with patients and family members is essential after both
successful and unsuccessful resuscitations.? Clear hand-
off communication with CICU or other receiving team
members is similarly critical. The mental, emotional, and
physical recovery of the team are also important aspects
of postprocedure care. Routinely, operators and team
members must temporarily compartmentalize, reset, and
move ahead mentally, physically, emotionally, and often
immediately in preparation for follow-on patients and
procedures. Full mental, physical, and emotional recovery
may thus be delayed and would benefit from thought-
ful self-reflection and open and honest discussion with
friends, family members, and colleagues over time.?

CONCLUSION

Adverse events like hemodynamic collapse are high
with complex and high-risk procedures compared to
noncomplex and non-high-risk interventions. Despite
significant technical and procedural improvements in
PCl over the past several decades, hemodynamic collapse
in the CCL may paradoxically become more frequent
as increasing numbers of high-risk patients are offered

VOL.18, NO. 1 JANUARY/FEBRUARY 2024 CARDIAC INTERVENTIONS TODAY 49



COMPLEX PCI

treatment and more high-risk procedures are performed.
Successful management involves team-based efforts

to immediately restore vital organ perfusion and cor-
rect underlying causes, which only occurs through prior
individual and team training, rehearsal, preparation, and
planning. None of us should ever walk into our CCLs
with our patients without a plan for all to walk back out
again together, alive and well. m
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