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Preamble

This document has been developed as an expert consensus
document by the American College of Cardiology Founda-
tion (ACCF) and the Society for Cardiovascular Angiog-
raphy and Interventions (SCAI), in collaboration with the
Society of Thoracic Surgeons (STS) and Society for Vas-
cular Medicine (SVM). Expert consensus documents are
intended to inform practitioners, payers, and other inter-
ested parties of the opinion of ACCF and document
cosponsors concerning evolving areas of clinical practice
and/or technologies that are widely available or new to the
practice community. Topics chosen for coverage by this
ECD are so designed because the evidence base, the
experience with technology, and/or clinical practice are not
considered sufficiently well developed to be evaluated by the
formal ACCFEF/American Heart Association (AHA) Prac-
tice Guidelines process. Often the topic is the subject of
considerable ongoing investigation. Thus, the reader should
view the ECD as the best attempt of the ACCF and
document cosponsors to inform and guide clinical practice
in areas where rigorous evidence may not yet be available or
evidence to date is not widely applied to clinical practice.
When feasible, ECDs include indications or contraindica-
tions. Some topics covered by ECDs will be addressed
subsequently by the ACCEF/AHA Practice Guidelines
Committee.

The ACCF Task Force on Clinical Expert Consensus
Documents (TF CECD) makes every effort to avoid any
actual or potential conflicts of interest that might arise as a
result of an outside relationship or personal interest of a
member of the writing panel. Specifically, all members of
the writing panel are asked to provide disclosure statements
of all such relationships that might be perceived as relevant
to the writing effort. This information is documented in a
table, reviewed by the parent task force before final writing
committee selections are made, reviewed by the writing
committee in conjunction with each conference call and/or
meeting of the group, updated as changes occur throughout
the document development process, and ultimately pub-
lished as an appendix to the document. External peer
reviewers of the document are asked to provide this infor-
mation as well. The disclosure tables for writing committee
members and peer reviewers are listed in Appendices 1 and
2, respectively, of this document. Additionally, in the spirit
of complete transparency, writing committee members’
comprehensive disclosure information—including relationships
with industry and other entities that do not pertain to this
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document—is available online. Disclosure information for
members of the ACCF TF CECD—as the oversight group
for this document development process—is also available
online.

The work of the writing committee was supported exclu-
sively by the ACCF without commercial support. Writing
committee members volunteered their time to this effort.
Meetings and/or conference calls of the writing committee
were confidential and attended only by committee members.

Executive Summary

The last expert consensus document on cardiac catheteriza-
tion laboratory standards was published in 2001 (1). Since
then, many changes have occurred as the setting has evolved
from being primarily diagnostic based into a therapeutic
environment. Technology has changed both the imaging
and reporting systems. The lower risk of invasive procedures
has seen the expansion of cardiac catheterization laborato-
ries to sites without onsite cardiovascular surgery backup
and even to community hospitals where primary percutane-
ous coronary intervention (PCI) is now being performed.
This has increased the importance of quality assurance (QA)
and quality improvement (QI) initiatives. At the same time,
the laboratory has become a multipurpose suite with both
diagnostic procedures to investigate pulmonary hyperten-
sion and coronary flow and with therapeutic procedures that
now include intervention into the cerebral and peripheral
vascular systems as well as in structural heart disease. These
new procedures have impacted both the adult and pediatric
catheterization laboratories. The approaches now available
allow for the treatment of even very complex heart disease
and have led to the development of hybrid cardiac cathe-
terization laboratories where a team of physicians (including
invasive cardiologists, cardiovascular surgeons, noninvasive
cardiologists, and anesthesiologists) is required.

The Cardiac Catheterization
Laboratory Environments

Despite a growth in procedural sites and in procedural
capabilities in the cardiac catheterization laboratory, the
total number of coronary interventional procedures has
steadily declined over the last few years.

Cardiac Catheterization at a Hospital With
Cardiovascular Surgery

Full-service hospitals should provide, not only cardiovascu-
lar surgery, but also cardiovascular anesthesia and consulting
services in vascular, nephrology, neurology, and hematology.
Advanced imaging and mechanical support services should
also be available. Not every hospital with onsite cardiovas-
cular surgery should be offering all services unless the
expertise is available to evaluate, treat, and handle any
potential complications that occur. Patients requiring highly
specialized procedures or pediatric procedures should have

Downloaded from content.onlingjacc.org by on May 25, 2012


http://content.onlinejacc.org/cgi/content/full/j.jacc.2012.02.010/DC1
http://content.onlinejacc.org

JACC Vol. 59, No. 23, 2012
June 5, 2012:xxx

studies only in facilities with the medical expertise and
equipment to perform these procedures at the highest level.

Cardiac Catheterization at a Facility Without
Cardiovascular Surgery

Despite prior guidelines that suggest limitations to the
expansion of cardiac catheterization without onsite surgical
backup, the number of these sites has increased dramatically
over the last decade. The Certificate of Need (CON)
regulatory programs have had little impact on this expan-
sion. Whether quality and outcomes are similar to hospitals
with onsite cardiovascular surgery remains uncertain. The
actual number of laboratories without surgical backup is
difficult to confirm, but most estimates suggest it is around
25% to 35% of all laboratories in the United States. Because
of fixed costs to maintain these facilities, costs and charges
per patient at these sites may actually be higher than in
facilities with onsite surgery.

The remarkably low risk now associated with diagnostic
cardiac catheterization suggests that only a few cardiovascular
patients cannot safely undergo procedures in these labora-
tories. The 2001 ACC/SCALI consensus document suggests
limiting diagnostic procedures in laboratories without car-
diovascular surgical backup to the very lowest-risk patients;
the current document lifts almost all these restrictions.
Limitations related to age, congestive heart failure (CHF)
status, the severity in stress test abnormalities, left ventric-
ular (LV) function, and the presence of valve disease have all
been removed. It is still recommended that patients with
pulmonary edema due to ischemia, patients with complex
congenital heart disease, and pediatric patients still be
treated only in full-service facilities.

Certain therapeutic procedures should still be done only in
facilities with cardiovascular surgical backup. These include
therapeutic procedures in adult congenital heart disease and
pediatrics. It is generally believed that elective and primary
PCI are permissible in sites without cardiovascular surgery,
if there is strict adherence to national guidelines. In partic-
ular, there must be a documented working relationship with
a larger facility with cardiovascular surgical services and an
emergency transportation system operative. The document
outlines the current guidelines where this is acceptable. The
committee also believes that it is the responsibility of any
facility performing coronary intervention without cardiovas-
cular surgical backup to document that all national risk
stratification and medication guidelines are being followed.
In addition, a QA/QI system must be operative and active,
and, if an ST-elevation myocardial infarction (STEMI)
program is in place, the laboratory should be operational 24
hours a day, 7 days a week. Any national volume guidelines
must also be strictly followed.

Quality Assurance Issues in the
Cardiac Catheterization Laboratory

The modern cardiac catheterization laboratory is a complex,

highly sophisticated medical and radiological facility where
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patients with both chronic-stable and life-threatening ill-
nesses are evaluated. With the expansion of laboratories and
the increase in the complexity of procedures, it is essential to
have an active QA/QI system in place regardless of the
laboratory setting. The committee strongly encourages all
laboratories to participate in national registries, such as the
ACC’s National Cardiovascular Data Registry (NCDR), to
ensure data are systematically collected and available in a
predefined format to allow for future analyses. In this
manner, all laboratories can benchmark their performance
and make appropriate corrections.

Patient Outcomes

The rate of normal or insignificant coronary artery disease
angiographically found at cardiac catheterization in any 1
laboratory obviously varies depending on the types of
patients studied, but the range is high, varying anywhere
from 20% to 39%.

Complications related to the catheterization procedure
are very low and should be <1% for diagnostic procedures
and <2% for elective PCI. The risk is obviously higher in
the setting of an acute myocardial infarction (AMI), but
even in that situation, the overall mortality should be <4%.
Complication rates >5% must be considered excessive and
a cause for concern and programmatic review.

At least 60% of PCI procedures are done ad hoc follow-
ing lesion discovery on a diagnostic angiogram. Although
there is no evidence this practice has an adverse effect on
outcomes, ad hoc procedures should be discouraged when
the patient would benefit from a multidisciplinary discus-
sion regarding options for therapy or when an interventional
procedure at a later time would reduce the risk of contrast
nephropathy. In the acute STEMI setting, when multivessel
disease is evident, only the culprit lesion should undergo
emergency intervention.

Data relating to outcomes in peripheral vascular and
cerebrovascular intervention are incomplete. The technol-
ogy continues to evolve as do the indications. Laboratories
historically dedicated to coronary disease have had to
transform themselves technically, logistically, and adminis-
tratively to provide optimal care for this population. Large
image detectors are often required and are not optimal for
coronary angiography. This area is further complicated by
the fact that noncardiologists (i.e., vascular surgeons and
interventional radiologists) may also be participating, so
guidelines, as well as credentialing issues, may vary among
the groups. Because no clear benchmarks yet exist, partici-
pation in an ongoing national database for these procedures
is particularly important.

Peer Review Continuous QA/QI Programs

Most major QA problems are unrelated to equipment but
are due to operational factors. These tend to include
inadequate laboratory space, lack of a physician director or
advocate, lack of specific operating rules, and a poor
feedback mechanism. More than ever, a continuous QA/QI
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program must be considered an essential component of the
cardiac catheterization laboratory. It should be dedicated to
the lab but not be independent of the other hospital
programs. It must be adequately staffed and appropriately
funded. The basic components must include a committee
with a chair and staff coordinator, a database, and a means
of data collection. There should be goals to eliminate
outliers, reduce variation, and enhance performance. Feed-
back mechanisms should be clearly in place. The committee
should also be committed to educational opportunities for
the staff and incorporating practice standards and guidelines
into the laboratory operation. Some composite “scorecard”
methods should be included that address cognitive knowl-
edge, procedural skill, clinical judgment, and procedural
outcomes. These data need to be collected in a systematic
manner and analyzed appropriately. Often a simple com-
parison of outcomes among physicians in the laboratory is
effective in modifying behavior.

To help facilitate organization of a QA/QI process, the
current document outlines the major organizational indica-
tors, provides a representative case review form, and outlines
the minimum components that should be included in a
standard cardiac catheterization form.

Quality indicators should include structural, patient care,
system-specific, guideline-driven, and cost-related items.
Structural indicators include factors such as training, con-
tinuing medical education (CME), procedural volume,
awards, presentations, publications, and credentialing. Pa-
tient care indicators include issues such as quality of proce-
dures, report generation, timeliness, and appropriateness.
System-specific indicators incorporate items such as lab
turnover, preprocedural processes, emergency response
time, and staff performance. Guideline-driven indicators
should focus on infection control, radiation safety, medica-
tion and contrast use, procedural indications, and new
device usage. Cost-related issues include such things as
length of stay, disposables, types and adequacy of supplies,
staffing, and use of off-label devices.

In addition to the above, there should be defined
outcomes-related indicators collected. These include indi-
vidual physician complications, service outcomes (e.g., ac-
cess, door-to-intervention times, and satisfaction surveys),
and financial outcomes.

To do this properly requires a serious commitment from
the facility administration to ensure that a robust QA/QI
program is in place and the program committee is active and
aggressive regarding its responsibilities.

Minimum Caseload Volumes

Using minimum case volumes as a surrogate for quality
presumes that a high procedural volume equates to a high
skill level and that low-volume operators are less skilled. In
fact, there is limited statistical power to make judgments in
the low-volume instance, and the relationship between
procedural volume and outcome remains controversial. This

applies to the laboratory facility as well as the physician
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operator. The particular issue of minimum case volumes is
currently being addressed by a forthcoming update to the
“ACCF/AHA/SCALI Clinical Competence Statement on
Cardiac Interventional Procedures.” This document simply
outlines the currently available data; the final recommenda-
tion awaits the decisions of the competence statement
writing committee.

Establishing an appropriate oversight QA/QI process is
more important than focusing on minimum volumes. All
major complications should be reviewed by the QA com-
mittee at least every 6 months, and any individual operator
with complication rates above benchmarks for 2 consecutive
6-month intervals should have the issue directly addressed
by the QA director and followed up with written conse-
quences. Ideally, some subset of all operators should be
randomly reviewed at least annually. All operators should be
required to attend regularly cardiac catheterization confer-
ences and obtain a minimum of 12 CME hours per year.
Stimulation training may assist in improving skills.

The very low complication rate for diagnostic catheter-
ization makes suggestions for a minimum volume threshold
particularly difficult. The prior catheterization standards
document suggested 150 cases per year as a minimum, but
that committee acknowledged this was arbitrary and had no
data to support the recommendation (1). This committee
teels that there is no clear minimum volume for diagnostic
catheterization that can be supported and prefers to emphasize the
QA process to ensure the procedures are of the highest quality.

The annual minimum operator interventional procedural
volume of 75 cases per year has become an accepted
standard. Numerous publications and editorials have ad-
dressed this issue in detail. Although some relationships
between operator and/or institutional volumes and out-
comes have been described in certain reports, many publi-
cations have struggled to confirm these data. Obviously the
relationship between volume and outcomes is complex, and
many confounding issues are evident. Low-volume opera-
tors in high-volume laboratories tend to fare better. Com-
plicating the issue further, however, is the fact that many
competent interventional cardiologists do not perform >75
procedures each year. Some cardiologists perform PCI primar-
ily when on-call, and some are at the beginning or the end of
careers and are either ramping up or winding down a practice.
Some perform procedures at multiple facilities, and the data for
such individuals are often incomplete.

The data for primary PCI are particularly difficult to
categorize because of the low volumes being performed.
This committee believes that it is appropriate for all primary
PCIs to be evaluated by the institutional QA committee,
regardless of operator volume. Operators wishing to participate in
primary PCI should be required to attend these review sessions.

The guidelines for the performance of both elective and
primary PCI in a facility without cardiovascular surgical
backup are also evolving. Recent prospective studies and
meta-analyses of available data both suggest these proce-
dures can be done safely under restrictions. The minimum
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volume issue in this setting will be another focus of the
ACCF/AHA/SCAI Writing Committee to Update the
2007 Clinical Competence Statement on Cardiac Interven-
tional Procedures. Because these patients are at highest
risk for complications, national guidelines for the proper
PCI, particularly in the setting of an AMI, must be
strictly followed. The facility must have a robust QA
program, clear and documented systems for the urgent
transfer of patients to a facility with cardiovascular
surgical support, documentation that all medication and
indication guidelines are being observed, and 24/7 avail-

ability.
Training in Interventional Procedures

The use of minimum volumes and rotation duration for
training in interventional cardiology procedures has been
established by the ACCF Core Cardiology Training Sym-
posium (COCATS). These are still the established require-
ments for Level 1, Level 2, and Level 3 training. These are
summarized in this report, but the committee recognizes
that even here, there is a gradual shift away from minimum
numbers and toward a competence standard. The formal
training to achieve credentials in peripheral vascular inter-
vention is highlighted for cardiology fellows, and compared
with that of interventional radiologists and vascular sur-
geons; little difference actually exists.

Training in structural heart disease intervention is clearly
an area where volume numbers should not supplant evi-
dence for competence by a QA review of outcomes. By
definition, most of these procedures require a multidisci-
plinary approach and should not be attempted by casual
operators. It is recommended that both the training and
practice activity associated with structural heart disease inter-
vention be concentrated among a limited number of laborato-
ries and operators with a particular interest in these procedures.
Often a close working relationship between adult and pediatric
operators provides the optimal environment.

Procedural Issues in the Cardiac
Catheterization Laboratory

Patient Preparation

A number of procedural issues are addressed. Heightened
awareness of protective care from communicable diseases,
such as human immunodeficiency virus (HIV) or hepatitis,
is important. Each laboratory should have a written protocol
for increased sterile technique for highly infectious cases.
The protocol should include caps, masks, double gloving,
and protective eyewear. Disposal methods and disinfectant
techniques are also important.

Patient preparation should include a checklist of items to
be reviewed when the patient first arrives at the laboratory.
Appropriate consent should include risks, benefits, alterna-
tive therapies, and the potential need for ad hoc procedures.
All PCI consent forms should outline the potential for
emergency surgery. A “time-out” should be a required part
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of each procedure and should include the name, the proce-
dure, the signed consent, allergies, antibiotic administration,
the correct site, confirmation of the pre-wash, the need for any
special equipment or imaging, and any pertinent clinical factors
(including labs such as the creatinine level). If the radial artery
is to be used, the Allen test results should be noted.

The committee reviewed the minimum laboratory data in
preparation for cardiac catheterization and found a wide
variability in practice patterns. The following recommenda-
tions were made: 1) routine laboratory data should include
the hemoglobin, platelet count, electrolytes, and creatinine
obtained within 2 to 4 weeks of the procedure. These should
be repeated if there has been a clinical or medication change
within that period or recent contrast exposure; 2) unless
there is known liver disease, a hematologic condition of
concern, or the ongoing use of warfarin, a protime is not
deemed necessary prior to the procedure; 3) for overnight
tests, a nothing by mouth (NPO) order is not always in the
best interest of the patient; fasting should be no more than
2 hours after clear liquids or 6 hours after a light meal.
Hydration should be considered an important component
prior to contrast administration; and 4) women of child-
bearing age should have a urine or serum beta-HCG test
within 2 weeks of the procedure. There is little fetal risk
during the first 2 weeks of gestation. In addition, the
committee could find no data to suggest a concern regarding
nitinol device use in patients with nickel allergies.

For patients on warfarin, the drug is usually stopped 3
days prior to the procedure. An acceptable international
normalized ratio (INR) of =1.8 for femoral or <2.2 for
radial cases is suggested. Vitamin K reversal is discouraged.
Patients on aspirin, unfractionated heparin, low-molecular-
weight heparin, or glycoprotein IIb/IIla inhibitors need not
have the drugs stopped before catheterization. Dabigatran
should be stopped 24 hours prior if the estimated glomerular
filtration rate (eGFR) is >50 mL/min and 48 hours before
if the eGFR is between 30 mL/min to 50 mL/min.

For patients with chronic kidney disease (CKD), there is
a risk of contrast nephropathy following the procedure. The
highest-risk patients are those with eGFR <60 mL/min
and diabetes mellitus. It is recommended that patients with
CKD have nephrotoxic drugs, such as nonsteroidal anti-
inflammatory drugs (NSAIDs), held on the day of the
procedure and that adequate hydration with either intrave-
nous (IV) saline or sodium bicarbonate at 1.0 mL/kg/min to
1.5 mIL/kg/min for 3 to 12 hours prior and 6 to 12 hours
postprocedure should be completed as well. Contrast media
should be minimized, and either low-osmolar or iso-
osmolar contrast should be used. A contrast volume/
creatinine clearance ratio of >3.7 has been suggested as a
ceiling for contrast use to reduce nephrotoxicity risk. A
follow-up creatinine level should be obtained in 48 hours.
Acetyleysteine is no longer recommended.

Patients with a strong atopic history or prior contrast
allergy should be considered for pre-medication with ste-

roids and/or H1 and H2 blockers. Shellfish allergies are not
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considered important for contrast reactions. Diabetic pa-
tients usually have the insulin dose reduced by half the night
prior and then held the morning of the procedure. Diabetic
patients should have procedures early in the schedule, if
possible, to avoid hypoglycemia. Metformin should be held
regardless of the creatinine clearance and not restarted until
there is postprocedural documentation that the creatinine
has returned to baseline. An awareness of the treatment of
anaphylactoid reactions to contrast is important. Delayed
hypersensitivity rashes should not be confused with reac-
tions to new drugs initiated after the procedure.

Procedural Issues

Radial artery use for access has increased over the last few
years. Though the procedure may take slightly longer and
radiation exposure is slightly higher, the radial access site
has less vascular complications than the femoral approach.
In addition, it allows for earlier ambulation and is particu-
larly efficacious in the obese. Medications during the procedure
and sterile techniques have not changed over the last decade.

Technical and Hemodynamic Issues

Except for the equipment advances, the actual performance
of coronary angiography has changed little over the last
decade. Facilities with biplane capabilities are less common
now. Biplane coronary angiography may reduce total con-
trast load in patient with CKD and is important in
structural heart intervention. Hemodynamics are less
stressed in most laboratories despite accurate hemodynamic
measurements being critical in certain disease states (such as
constrictive pericarditis). Intracoronary hemodynamics have
most recently focused on the use of the pressure wire. The
cardiac catheterization procedure can provide information
regarding ventricular performance, cardiac output, vascular
resistance, and shunt magnitude. The hemodynamics before
and after pulmonary vasodilators are also critical to the
decision algorithm on therapy for patients with pulmonary
hypertension. Vasodilator or inotropic stress testing in
patients with low-gradient, low-valve area aortic stenosis,
likewise, provides vital information on the best therapeutic
option in these patients. Transseptal catheterization has had
resurgence with the success of such procedures as balloon
mitral valvuloplasty and atrial fibrillation ablation. Entry
into the left atrium (LA) provides percutaneous therapeutic
options for pulmonary vein stenosis and, for some cases,
with mitral regurgitation. Myocardial biopsies are useful in
restrictive heart disease and in heart transplant patients.
Within the hybrid laboratory environment, LV puncture
allows for percutaneous aortic valve replacement via an
apical approach. Intracardiac ultrasound and Doppler imaging
methods have proven their value in a number of situations,
including atrial septal visualization during percutaneous patent
foramen ovale (PFO) or atrial septal defect (ASD) closure,
left-sided electrophysiological ablation studies, mitral valvulo-
plasty, and LA appendage occluder deployment.
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In addition, there are now therapeutic options to aug-
ment cardiac output using placement of an intra-aortic
balloon pump or the use of catheters, either connected to a
rotary pump or that have a rotary micropump within the
catheter itself. The percutaneous application of extracorpo-
real membrane oxygenation (ECMO) can now be per-
formed in the cardiac catheterization laboratory as well.

The known vagaries of contrast angiography in defining
vascular lesion severity and composition has led to the
development of a range of intravascular imaging devices,
including intravascular ultrasound (IVUS) and other devices
that provide plaque imaging with virtual histology and tissue
ingrowth assessment using optical coherence technology.
Although many are still investigational, they all carry some
inherent risk of vessel injury that should be appreciated.

Postprocedural Issues
Vascular Hemostasis

In cases of femoral access where no vascular closure device
is being used, if heparin has been used during the procedure,
the activated clotting time (ACT) should return to near
normal (<180 s) before sheaths are removed and manual
compression applied. Common practice is to confine the
patient to bed after sheath removal. Bed rest for 1 to 2 hours
after either 4- or 5-F sheaths and 2 to 4 hours after 6- to
8-F sheaths is suggested. The radial approach obviates
prolonged bed rest. All patients should have the access site
auscultated prior to discharge. Should a pseudoaneurysm
occur, most can be closed with compression and percutane-
ous thrombin.

A bleeding risk score for PCI has been developed from
the NCDR database. It provides an opportunity to identify
those at highest risk for a vascular complication.

The use of vascular occlusion devices has grown rapidly
despite evidence their application does not reduce overall
vascular complications. An AHA Scientific Statement re-
garding these devices recommends a femoral arteriogram
with identification of sheath site and vascular features be
done before their use. The use of any vascular device is
considered a Class IIa (Level of Evidence: B) indication.

Medication Use

Little has changed in the use of sedative and pain control
medications after the procedure. Hypertension should be
aggressively managed with agents such as labetalol, hydral-
azine, metoprolol, or nicardipine. Vagal reactions can be
quite serious, and pre-medication with narcotics prior to
sheath removal may help reduce their occurrence. Hypoten-
sion after cardiac catheterization is potentially multifactorial
and includes diuresis, ischemia, retroperitoneal bleeding, as
well as vagal reactions. If a retroperitoneal bleed is sus-
pected, the most effective rapid response is to return to the
laboratory for contralateral access and identification of the

bleeding site.
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Personnel Issues

Little has changed over the last decade in regard to
personnel issues. A cardiac catheterization procedure re-
quires a critical mass of interdisciplinary personnel to allow
safe and optimal performance of the procedure. Technical
staff should be certified. The staff should be provided
opportunities for ongoing continuing education.

Defined physician personnel in the cardiac catheteriza-
tion include the attending or operating physician (the
individual in charge), the teaching attending physician (often
supervising cardiology fellows), and secondary operators.

A laboratory director is a prerequisite for all laboratories
and should be an experienced (generally >5 years) interven-
tionalist, board-certified, and familiar, if not proficient, with
the various procedures and technical equipment being used
in the laboratory. In small or new laboratories, a physician
director may be just starting his practice. If the director does
not have >500 PCI procedures performed, his or her cases
should be randomly reviewed by the QA process until that
minimum number is achieved and competence established.
The laboratory director may or may not be the interven-
tional fellowship director. However, he or she should work
closely with the fellowship training program. The director is
responsible for monitoring physician and staff behavior and
ensuring their competence. The director should be the labo-
ratory’s advocate for adequate resources. He or she should
collaborate with hospital personnel to ensure safety and com-
pliance with all regulations and possess strong management skills
as well.

Cardiovascular trainees may perform all aspects of the
procedure as their skill level matures, but they cannot be
primary operators and must function under the direct
supervision of the attending physician. Physician extenders
(nurse practitioners and physician assistants) are primarily
used for the pre- and postprocedural evaluations and follow-
up, but in monitored situations, they can directly assist the
primary operator in the actual procedure.

The number and type of nursing personnel varies widely,
but a supervising nurse’s role is to manage nonphysician
nursing and technical personnel to ensure patient care is
optimal and that the staft is properly trained and respected.
The committee notes there is currently no formal certifica-
tion for this position (despite its complexity) and endorses a
movement toward such a certification option on a national
level.

With the movement away from cine film to digital
storage and archival systems, it is important to have access
to computer technical support. Because of the increased
importance of patient and staff radiation safety, laboratories
should have routine access to qualified medical and health
physicists. Support is needed beyond meeting the minimum
regulatory safety regulations.

All members of the cardiac catheterization team must
have Basic Life Support certification in cardiopulmonary
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resuscitation (CPR) techniques, and the committee strongly
urges certification in advanced cardiac life support as well.

The Hybrid Cardiac Catheterization Laboratory

The hybrid cardiac catheterization laboratory/operating
room 1is an integrated procedural suite that combines the
tools and equipment available in a cardiac catheterization
laboratory with anesthesia and surgical facilities and pos-
sesses the sterility of an operating room. It must meet all of
the standard features of both an operating room and a
cardiac catheterization facility. Procedures suited for a
hybrid room include those that require surgical access (i.e.,
percutaneous valve replacement, thoracic or abdominal
stented grafts, and large-bore percutaneous ventricular assist
devices), those where conversion to an open surgical proce-
dure may be required (i.e., bailout or apical approach to
percutaneous aortic valve replacement, vascular plug deploy-
ment in paravalvular prosthetic valve regurgitation, and
percutaneous ventricular septal defect closure), hybrid treat-
ments (i.e., combined PCI or other vascular stenting with
surgical approaches and epicardial atrial fibrillation abla-
tion), electrophysiology (EP) device implantation or re-
moval, and certain emergency procedures such as ECMO
insertion or emergent thoracotomy.

The staff must be comfortable with both the surgical suite
and the cardiac catheterization laboratory environment.
This is generally done by using a specific team to allow for
the necessary training. As the room is neither a standard
operating room nor catheterization laboratory, physician
training on its use is also a requirement.

The laboratory location can be either in proximity to the
operating rooms or to the catheterization suite. It must be
located on a clean core or semirestricted corridor where
scrubs, hats, and masks are required. Scrub alcoves are a
necessity along with a separate control room with wide
windows. These rooms are larger than the standard cardiac
catheterization laboratory room, though radiation shielding
and video equipment are similar. A wide range of lighting is
required (dim for viewing images and bright for surgical
procedures). The mounting of the x-ray gantry is important
so as not to interfere with laminar airflow or the anesthe-
siologist. The table also differs from the routine laboratory
as surgeons need a fully motorized table and tabletop, yet it
must be compatible with the production of high-quality
x-ray images.

In short, the hybrid laboratory requires considerable
planning and a firm understanding of how the room is to be
used before its construction. Its dual function provides an
opportunity to expand the procedures in the catheterization
laboratory. Its stringent requirements demand a cooperative
working relationship with a variety of disciplines to be a safe
and successful endeavor.

Ethical Concerns

A detailed discussion of ethical issues is beyond the scope of
this document. The physician’s primary obligation is always
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to the patient and to no one else regardless of financial,
regulatory, or social pressures otherwise. Physician respon-
sibilities have increased dramatically with mandates from
payers and the government for an ever-increasing amount of
documentation. Much of this is time-consuming and creates
unnecessary redundancy with little direct impact on the
primary obligation. The changing healthcare reimburse-
ment landscape has driven many physicians to align with
larger health systems where there may be a further increase
in the pressure for increased productivity in the face of
declining reimbursement. With the decline in the fee-for-
service system and the approaching shift toward reimburse-
ment bundling, the physician must never leverage patient
interests to produce a better profit margin.

A few of the major ethical concerns are addressed in this
section. They include the inappropriateness of the sharing
of fees, fee splitting, and fee fixing. Unnecessary procedures
performed, especially those justified as malpractice protec-
tion, are improper and not in the patient’s interest. Guide-
lines for appropriate use in many areas are now emerging to
address this. Physician self-referral concerns led to the
introduction of the Stark laws in 1989, and these regulations
are designed to limit procedures being done to simply
augment profit. Informed consent continues to get more
and more complex, but a clear and understandable descrip-
tion of the procedure, the alternatives, the benefits, and the
risks is simply a mainstay of good patient care. Teaching
hospitals have a particular obligation to inform the patient
of the skill level of all personnel involved. Cardiology has
been the leader in developing evidence-based medicine, and
clinical research involving patients requires strict adherence
to safety guidelines and the protocol being employed. The
opportunity for monetary rewards or self-promotion should
never override patient safety and respect. Physicians and
industry must work together to advance medical knowledge
and avoid bias. Physicians should not accept industry gifts.
Conflict of interest committees are designed to oversee any
potential conflict and are in place to protect both the
physician and the institution.

X-Ray Imaging and Radiation Safety

Substantial changes in the x-ray equipment have occurred
over the last decade. The movement from cine film to a
digital medium has been completed, and the transition from
the standard image intensifier to the flat-panel image
detector is in progress. Flat-panel detectors enhance image
uniformity and brightness and have a much greater dynamic
range compared to the standard image intensifier. Radiol-
ogists routinely receive formal training in understanding
how x-ray images are created, but this learning process is
much more informal in cardiology. This section provides an
overview of how x-ray images are made and discusses the
role of each of the pieces of equipment. The major changes
over the last decade include changes in the generator, x-ray
tube, image detector, image processing, and image display.

The dose-area product (DAP) is a measure of the total
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radiation exposure and is derived from an ionizing chamber
on the output of the x-ray tube. It does not address the
amount of radiation to specific organs. The use of the
interventional reference point (IRP) is recommended to
estimate the amount of skin dose the patient receives.

The biological risk from x-rays is due to disruption to
the cellular DNA backbone either by direct or indirect
(free-radical) injury. A deterministic injury results in
enough individual cellular death to create organ dysfunc-
tion. These types of injury are dose-dependent (such as
skin burns). A stochastic injury to the DNA results in
mutations or cancers, and a single x-ray can be at fault.
Although the likelihood of this happening increases with
the dose, it is not dose dependent. The effective dose
encompasses the stochastic risk and is used to provide a
metric of radiation safety. It is the weighted sum of the
estimates of dose to each individual organ. The breast,
bone marrow, and lungs are among the most sensitive
organs in this model. The effective dose correlates with
the DAP.

The IRP dose at the isocenter of the gantry (usually the
midportion of the patient) is derived by estimating the dose
in the midportion of the patient and then dropping back 15
cm (assuming that is where the skin on the patient’s back is
located). It provides an estimate of the deterministic injury
dose.

Recommended guidelines for patient and operator dose
limits to reduce deterministic and stochastic injury are
provided in the document and reflect current National
Council on Radiation Protection and Measurements
(NCRP) reports. The NCRP now accepts as a minimum
the wearing of a single monitoring device on the thyroid
collar; however, the recommended 2-monitor technique
provides the best estimate of risk. A pregnant worker must
also wear a monitor at waist level under the lead apron.
Maximum allowable radiation for medical workers is 50
millisieverts (mSv) per year whole body and a lifetime
cumulative dose of 10 mSv X age.

An understanding of x-ray image formation and basic
radiation safety principles allows for the understanding of
means to limit exposure to both the patient and operator.
Exposure to the patient can be reduced by minimizing the
framing rate, reducing imaging time, use of retrospectively
stored fluoroscopy instead of acquisition, use of pulse
fluoroscopy, and limiting use of “high-dose” fluoroscopy,
avoiding magnification when possible, using collimation
and other filters at the output of the x-ray tube, keeping the
image detector close to the patient, and avoiding angulation
that increases the source-to-image distance. For the opera-
tor, the same rules apply. Plus it is important to remember
time, distance, and barriers. The impact of x-rays decreases
in proportion to the inverse-square law (1/ d?). Lead shield-
ing is effective if use properly.

All cardiac catheterization laboratories manufactured since
2005 are required to provide real-time exposure information,
including reference point air kerma. Most fluoroscopes also
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provide DAP readings. A summary of these data should be
incorporated in the patient record and part of the QA/QI

process.

Special Concerns for the Pediatric
Catheterization Laboratory

There are 120 specialized children’s hospitals in the United
States, and all have cardiac catheterization facilities. All
facilities that perform cardiac catheterization on pediatric-
aged patients must have the full complement of resources
available, including cardiovascular surgery. Pediatric labora-
tories may be dedicated facilities or shared with an adult
program.

Differences in Goals Between the Pediatric Laboratory
and the Adult Laboratory

Diagnostic catheterizations in children are essentially always
focused on structural heart abnormalities. Hemodynamic
measures plus chamber and vessel angiography are much
more commonly done than in adult laboratories. Because
of the variability in patient size, most data are indexed to
body surface area. Often the procedure requires signifi-
cant sedation or general anesthesia. Due to improvements
in noninvasive imaging, three fourths of all pediatric
catheterizations are therapeutic and not simply diagnos-
tic. A substantial number of unique procedures are
performed in congenital heart disease (such as atrial
septostomy) and are not applicable to adults. Therapeutic
procedures that might also be performed in certain adult
congenital patients include PFO and ASD closure, val-
vuloplasty, angioplasty, stent implantation in pulmonary
and arterial vessels, vascular closure (patent ductus arte-
riosus, fistulae, anomalous vessels), devise closure of a
ventricular septal defect, transcatheter pulmonary or aor-
tic valve replacement, foreign body retrieval, pericardio-
centesis, endomyocardial biopsy, and a range of electro-
physiological procedures. Hybrid procedures are becoming
more important where novel access may be provided (i.e.,
palliation of the hypoplastic left heart patient with access
provided directly through the anterior right ventricle).

Who Should Perform Pediatric Catheterizations?

All pediatric catheterizations should have a director respon-
sible for all aspects of the laboratory operation, similar to the
adult laboratory. Attending physicians should be board-
certified in pediatrics and at least board eligible in pediatric
cardiology. There may be exceptional cases where a com-
petent operator can be granted privileges, but this should
not be common practice.

The pediatric age range is from 0 to 18 years. It is
recommended that catheterizations in patients within this
age range be done by a pediatric cardiologist. Adult con-
genital heart disease patients may have procedures per-
formed by a pediatric cardiologist or with an adult and
pediatric cardiologist together. The only exception is the
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adult cardiologist with a special interest and expertise in
adult congenital heart disease.

Quality Assurance Issues in the Pediatric Cardiac
Catheterization Laboratory

Complication rates differ substantially from the adult labo-
ratory and are much higher due to the serious nature for
many of the disease processes and the critical hemodynamic
state at the times encountered. In 1 registry, adverse events
in the pediatric laboratory were found to be 16% overall,
with 10% related to diagnostic catheterization and 19%
related to interventional procedures. Death occurred in
0.9%. The latest addition of pediatric data to the ACC-
NCDR via the IMPACT (Improving Pediatric and Adult
Congenital Treatment) registry should provide ongoing
monitoring of these procedures. By necessity, informed
consent is usually provided by the patient’s parents. Similar
concerns regarding informed consent in the adult laboratory

still apply.
Inpatient Versus Outpatient Settings for Procedures

For most children, an overnight stay following the proce-
dure is medically prudent. This is especially the case with
young children where it is difficult for them to remain still
after the procedure. Any blood loss may be significant in
small children. Often families have traveled long distances,
and local medical attention to a problem may not exist.
Despite the small size, the sheaths used during pediatric
catheterizations are similar to those in adults (5-F to 8-F).
Each laboratory should establish a written policy on who
might be expected to be discharged immediately following
the procedure.

Operator and Laboratory Volumes

Similar to the discussion regarding adult laboratories, the
heterogeneity of the patient population and the low volume
of procedures make specific minimum volumes problematic.
The American Academy of Pediatrics Guidelines suggests
the use of specific outcome benchmarks rather than mini-
mum operator or laboratory volumes as a guide to compe-
tence. The committee consensus, however, suggests a min-
imum operator volume of 50 per year and a minimum
laboratory volume of >100 per year seems reasonable.
Having a robust QA/QI program in pediatric laboratories
is of great importance. There should essentially be no
“normal” cardiac catheterization procedures. The same rules
outlined for an adult QA/QI program apply to the pediatric

laboratory otherwise.

Procedural Differences Compared With the
Adult Cardiac Catheterization Laboratory

The need for specific baseline laboratory data greatly differs
in the pediatric catheterization laboratory. Many patients do
not have noncardiac disease and are not on any medications.
There is no standard laboratory data required before the
procedure, and no standard pre-medication regiment. Se-
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dation is almost always required to perform the procedure.
Vascular access is also individualized depending on whether
the patient is a neonate, young or older child, or is of adult
size. Most procedures are performed via the femoral artery
and vein. Transseptal procedures are common. Newborn
procedures are performed generally via the umbilical vein.
Venous access can also be accomplished via the internal
jugular, subclavian, basilica, and transhepatic approaches. In
very young children, balloon aortic valvuloplasty or stenting
open the patent ducts may require a carotid artery cut-down.
Heparin is variably used during the procedure, whereas
vascular occluders are not used in children. As more invasive
percutaneous methods are being developed, the potential for
catastrophic events increases. There should be access to
ECMO in addition to routine resuscitation equipment.

Biplane x-ray capabilities should be standard, though
certain procedures can be done with single-plane systems
satisfactorily.

Hemodynamics and Angiography
Right and left heart hemodynamics and angiography are

routine procedures and require high-resolution equipment
to ensure the diagnosis. The framing rates depend on the
patient’s heart rate and 30 frames per second (fps) is often
required to capture all the necessary information. Due to the
high heart rates, contrast must be injected at a higher rate
(ie., over 1 to 2 s).

Laboratory Personnel

There is essentially no difference in the types of personnel
needed to run an efficient pediatric catheterization labora-
tory dedicated to the highest standards compared with an
adult laboratory.

Radiation Protection and Pregnant Patients

The same principles apply in this age group as with adults.
Children are more susceptible than adults to the stochastic
effects from ionizing radiation (they live longer and that
increases the risk of a cancer developing). A urine or serum
beta-HCG level should be obtained within 2 weeks of the
procedure in menstruating women. If a pregnant patient
must be studied, all of the previously described means to
reduce radiation exposure should be followed, and the
abdominal and groin area should be shielded from direct
x-ray exposure. Scattered radiation still occurs, however.

Summary

The cardiac catheterization laboratory has undergone major
changes in the last decade. It is a much more sophisticated
environment where a gradual shift in emphasis from a
diagnostic laboratory to a therapeutic environment is occur-
ring. As the risk of both diagnostic and interventional
procedures has declined, there has been liberalization in the
types of patients who may safely have procedures performed
in both outpatient settings and in laboratories without
cardiovascular surgical backup. The influence of peripheral
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vascular and structural heart intervention has also required a
change in focus for many laboratories and has given rise to
the hybrid cardiac catheterization facility. The advances in
percutaneous therapies for structural heart disease are just
now beginning to impact both the adult and pediatric
catheterization laboratory.

Some of the routine practices in many laboratories are
being questioned. For instance, the committee no longer
suggests a protime be obtained before a procedure, unless an
abnormality is anticipated. Overnight NPO orders should
be replaced with shorter-term fasting as hydration is impor-
tant. Acetylcysteine is no longer recommended to reduce
contrast nephropathy.

QA is a focus of this report, and its importance is
mounting as it becomes harder to justify minimum volume
requirements for both the operator and the laboratory. The
importance of national databases to provide benchmarks is
emphasized.

Radiation safety has also entered into the discussion more
prominently as patients and regulators have expressed con-
cern regarding the amount of medical radiation the public
receives. Measures of the amount of radiation exposure
should be a routine part of the cardiac catheterization
report.

The cardiac catheterization laboratory and its functions
will continue to evolve and grow over the next decade as
newer devices and treatment options emerge. The cardiac
catheterization laboratory of today differs significantly from
that of a decade ago. It is anticipated that the cardiac
catheterization laboratory 10 years from now will undergo a
similar evolution.

1. Introduction

The last expert consensus document on cardiac catheteriza-
tion laboratory standards from the ACCF and SCAI was
published in 2001 (1). Although the fundamentals of
invasive cardiovascular procedures remain unchanged, many
changes have occurred related to the catheterization labo-
ratory and its operational environment. Modifications and
evolution have occurred with the imaging equipment tech-
nology, the range of diagnostic modalities, the spectrum of
pharmacological therapies and mechanical interventions,
and the local delivery of cardiovascular health care. Com-
munity hospitals without surgical backup have begun per-
forming diagnostic catheterizations on higher-risk patients
as well as elective interventional procedures on lower-risk
patients, and community programs have been developed
that permit onsite primary angioplasty on patients with
AMI. At the same time, the cardiac catheterization labora-
tory has become a multipurpose interventional suite undertak-
ing many therapeutic procedures for the coronary, cerebral, and
peripheral vessels, providing corrective intervention for con-
genital and structural heart disease, sometimes merging with
surgical suites into hybrid procedure rooms for valvular and
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complex nonvalvular interventions. This document is de-
signed to update the latest information regarding the
catheterization laboratory environment and its operation.

1.1. Document Development Process
and Methodology

The development of consensus documents involves multiple
healthcare professionals and often 2 or more medical soci-
eties. Given the importance of practice guidelines and
expert consensus documents, governing principles have been
established to ensure the accuracy, balance, and integrity of
the content, as well as the composition of committees
responsible for these documents. The ACCF has created a
methodology manual for expert consensus document writing
committees that can be accessed at www.cardiosource.org (2).

1.1.1. Writing Committee Organization

This writing committee was commissioned by the ACCF
TF CECD in conjunction with SCAI. Coordination and
staff support were provided by the ACCF. Nominations for
writing group membership were made to the TF CECD
with representatives and liaisons solicited from the TF
CECD, SCAI, STS, and SVM. Care was taken to select
acknowledged experts in cardiovascular catheterizations and
interventions with members from both the academic and
private practice sectors and representing a diverse geogra-
phy. The committee consisted of 16 members: 12 from
ACCEF, 3 from SCAI, 1 from STS, 1 from SVM, and 1

invited radiation physicist content expert.
1.1.2. Relationships With Industry and Other Entities

As part of the nomination and application process, all
writing committee candidates were required to provide an
up-to-date disclosure of their relationships with industry
and other entities (RWI). Both the ACCF and SCAI
believe that including experts on writing committees who
have relationships with industry strengthens the writing
effort, though a stringent approach to keeping all relation-
ships transparent and appropriately managed is necessary.
As such, it was required that the majority (>50%) of writing
committee members had no RWI relevant to the entire
document. All relevant relationships occurring in the prior
12 months were required to be disclosed (Appendix 1),
including the nature and extent of the relationship, as well
as the establishment of new industry relationships at any
time during the document writing process. Members with
relevant RWI were not allowed to draft or vote on docu-
ment sections where a conflict may have been perceived
present.

The writing committee chair was selected by the TF
CECD chair, and it was required that this individual have
no relevant RWI. The writing committee chair along with
support staff’ created and reviewed a tentative outline of
sections for the consensus document. Companies, vendors,
and other entities that had products or services related to the
catheterization laboratory document were identified and
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categorized according to which sections of the document a
relationship might exist. Writing committee members were
then selected and assigned to specific sections. Each section
had a primary author who could have no relevant RWI for
that section or topic area. Each section also had 1 primary
(internal) reviewer from the writing committee.

1.1.3. Consensus Development

The writing committee convened by conference call and
e-mail to finalize the document outline, develop the initial
draft, revise the draft per committee feedback, and ulti-
mately sign off on the document for external peer review. All
participating organizations participated in peer review, re-
sulting in reviewers representing 371 comments. A group of
10 experts, separate from the writing committee, was
selected for official review: 3 were nominated by ACCF, 3
by SCAL 2 by STS, and 2 by SVM. In addition, 21 content
reviewers from 3 ACCF Councils provided comments.
There were no restrictions regarding the reviewers’ RWI,
though all reviewers were required to provide full disclosure
regarding relevant relationships. This information was made
available to the writing committee and is included in
Appendix 2.

Comments were reviewed and addressed by the writing
committee. A member of the ACCF TF CECD served as
lead reviewer to ensure that all comments were addressed
adequately. Both the writing committee and TF CECD
approved the final document to be sent for board review.
The ACCEF Board of Trustees and SCAI Board of Direc-
tors reviewed the document, including all peer review
comments and writing committee responses, and approved
the document in February 2012.

The STS and SVM endorsed the document in February
2012. This document is considered current until the TF
CECD revises or withdraws it from publication.

1.1.4. Document Methodology

The writing committee for this expert consensus document
on cardiac catheterization laboratory standards began by
reviewing the 2001 “ACC/SCAI Clinical Expert Consen-
sus Document on Cardiac Catheterization Laboratory Stan-
dards” (1). At the same time, the group conducted a brief review
of the literature and clinical practice evolution relative to the
catheterization laboratory environment. With this insight, it
was agreed that there was enough important information to
warrant a new consensus document. A formal review of the
literature was performed and clinical data were reviewed
considering a range of cardiovascular topics including, but
not limited to, the following: hospitals and clinical environ-
ments with and without surgical back-up for complex
diagnostic and interventional procedures; QA, proficiencies,
and patient safety; procedural and postprocedural manage-
ment issues including unique patient groups; new pharma-
cological and mechanical therapies; laboratory designs, im-
aging equipment, and technologies.
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1.2. Purpose of This Document

The workplace and function of the cardiac catheterization
laboratory has steadily evolved over the last 70 years.
Although numerous historic events have occurred during
this time, and the developmental phases of the catheteriza-
tion laboratory are not strictly delineated, 4 broadly defined
intervals can be considered. In the earliest phase, roughly
from 1940 to 1960, procedures were primarily focused on
hemodynamic assessments and structural heart disease.
With the development of radiographic techniques and
subsequently surgical revascularization, anatomy-focused
diagnostic studies became the mainstay of laboratory activity
in the interval from 1960 to 1980. The advent of PCI and
multiple percutaneous revascularization devices were the
hallmarks requiring changes in the catheterization labora-
tory in the era from 1980 to 2000. Most recently, interven-
tions on peripheral and cerebrovascular disease, structural
cardiac abnormalities, and percutaneous valve therapies are
influencing the needs and resources of the catheterization

laboratory.

2. The Cardiac Catheterization
Laboratory Environments

2.1. The Current Landscape
Over the 10 years since the publication of the “ACC/SCAI

Clinical Expert Consensus Document on Cardiac Cathe-
terization Laboratory Standards” (1), much has changed in
the cardiac catheterization laboratory. The importance of
invasive hemodynamic assessment has been supplanted by
major improvements in noninvasive imaging technologies.
With this change, there has been an unfortunate loss in the
capability of many laboratories to provide complex hemo-
dynamic information, even when it might be of value
clinically. The focus has now shifted primarily to coronary
anatomy assessment, where sophisticated tools now allow
for low-risk coronary interventions that were completely
unavailable just a decade ago. Improved techniques have
also reduced the overall risk for cardiac catheterization and
transformed diagnostic catheterization into an outpatient
procedure. Similar advances in interventional methods have
nearly eliminated the need for immediate surgical standby
for low-risk procedures, and a substantial amount of inter-
ventional procedures are now being performed in settings
without an in-house coronary surgical team even available—
something the prior consensus document condemned.

Of the 5,099 hospitals in the United States, the 2007
National Healthcare Cost and Utilization Project statistics
note that a remarkable number of hospitals, a total of 4,345
(85.2% of all), now provide cardiac catheterization services,
and 1,061 (20.8%) provide cardiac surgical services (3). As
reported in the 2009 Update on Heart Disease and Stroke
statistics from the AHA (4), the total number of inpatient
cardiac catheterizations, however, actually declined slightly

from 1996 to 2006, despite the incidence of inpatient PCI
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rates increasing from 264 to 267 per 100,000 population.
During the same period, the incidence of coronary artery
bypass grafting (CABG) declined from 121 to 94 per
100,000 patients (5). It is clearly a very dynamic time in the

cardiac catheterization laboratory.

2.2. General Complications From
Cardiac Catheterization Procedures

With the increase in the widespread use of cardiac cathe-
terization, there has been a general decline in the risk of the
procedure. Complication rates from diagnostic catheteriza-
tion are quite low. As suggested by the “ACCF/AHA/
SCAI Clinical Competence Statement on Cardiac Inter-
ventional Procedures” in 2007 (6), complications can generally
be divided into 3 major categories: coronary vascular injury,
other vascular events, and systemic nonvascular events. Major
adverse cardiac and cerebrovascular events (MACCE) include
death, stroke, myocardial infarction (MI), and ischemia requir-
ing emergency CABG. MACCE for diagnostic procedures
occurs in <0.1% of diagnostic procedures (6). Additional
complications include vascular access site complications, con-
trast nephropathy, excessive bleeding, and other miscellaneous
complications such as arrhythmias, hypotension, coronary
perforation, and cardiac tamponade. The specific defini-
tions of cardiac catheterization complications have been
standardized to a great extent and outlined by the
ACC-NCDR (7).

In a single-center review of diagnostic cardiac catheter-
ization for 7,412 patients over a 10-year period (8), only 23
(0.3%) had major complications, and there were no deaths
related to the diagnostic procedure. Complications were
least common after procedures done by more experienced
physicians, when smaller catheter sizes were used and when
only left heart (and not left and right heart) procedures were
performed. Obese patients had more vascular complications.
Data from the ACC-NCDR database regarding PCI for
both elective procedures and for acute coronary syndromes
(ACS) are shown in Table 1 (9). These data reveal a trend
toward fewer complications from PCI and a low risk-
adjusted in-hospital mortality of 2.0% for ACS patients
who had undergone PCI and 0.5% for elective PCI
patients.

In 2009, the Mayo Clinic published 25-year trend data
regarding their experience with 24,410 PCI procedures (10)
(Fig. 1). The authors analyzed the first 10 years (1979 to
1989), the period from 1990 to 1996, the period from 1996
to 2003, and then finally the period from 2003 to 2004.
They found that despite an older and sicker population with
more comorbid conditions, the success rate from PCI had
improved from initially 78% to 94%, hospital mortality had
fallen from 3.0% to 1.8%, and the need for emergency
CABG had dropped from 5% to 0.4%. In their latest
assessment, major adverse complications following PCI
occurred in only 4.0% of in-hospital patients.
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Table 1. Complication Rates for PCl Reported From the ACC-NCDR Database

Percutaneous Coronary Intervention

ACS

Non-ACS

Q1 to Q2 (2005)

Q1 to Q2 (2009) Q1 to Q2 (2005) Q1 to Q2 (2009)

Variable (n=92,534) (n=144,989) (n=50,532) (n=79,892)
Lesion information, %
Previously treated 75 73 8.2 7.5
Bypass graft lesion 7.7 6.4 6.9 5.9
High-risk (Type C) lesion 43.3 46.9 33.7 38.7
Lesion length >25 mm 20.4 213 17.9 18.5
Bifurcation lesion 11.4 12.3 11.2 12.1
Procedural information, %
Radial access 1.2 2.0 1.6 2.3
Multivessel PCI 13.9 12.9 15.5 15.3
Stents used during PCI
DES 83.6 65.5 85.7 73.0
BMS 9.6 27.3 7.6 20.4
Angioplasty only 6.8 7.2 6.7 6.6
Procedural complications and results, %
Dissection 24 2.1 2.2 2.0
Acute closure 0.7 0.7 0.5 0.5
Perforation 0.3 0.3 0.3 0.3
Procedural success 93.0 94.3 94.0 94.8
Vascular complications, %
Access site occlusion 0.07 0.03 0.03 0.02
Peripheral embolization 0.08 0.04 0.02 0.02
Access vessel dissection 0.20 0.17 0.24 0.19
Pseudoaneurysm 0.42 0.46 0.38 0.84
Arteriovenous fistula 0.07 0.05 0.27 0.27
Bleeding complications, %
Access site bleeding 1.20 0.78 0.67 0.49
Retroperitoneal bleeding 0.33 0.42 0.25 0.17
Gastrointestinal bleeding 0.54 0.67 0.27 0.15
Genitourinary bleeding 0.20 0.13 0.07 0.05
Other bleeding 0.60 0.97 0.27 0.27
In-hospital outcomes, %
Transfusion after PCI 5.1 4.7 2.6 2.3
Stroke 0.3 0.3 0.1 0.1
Emergency bypass 0.4 0.4 0.2 0.2

Note: all outcomes are self-reported with only a small portion validated. Modified with permission from Roe et al. (9). Source of new data: ACC-NCDR Cath PCI Registry.
ACS = acute coronary syndrome (includes unstable angina); BMS = bare-metal stent; DES = drug-eluting stent; Non-ACS = those without any acute ischemic criteria; PCl = percutaneous coronary

intervention.

2.3. The Cardiac Catheterization Laboratory at a
Hospital With Cardiovascular Surgical Capability

Table 2 outlines the optimal onsite support services that allow
for cardiac catheterization to be performed safely in any patient
with heart disease. A hospital with all of these services is
considered a “full-service” facility. Although cardiac surgical
capability is the defining service, the other important support
services listed are critical for optimal patient care and manage-
ment. The catheterization laboratory in this setting is fully
equipped for the most complex studies. Although direct
surgical intervention is infrequently needed during percutane-
ous interventional procedures, the associated depth of expertise
within the facility (technology, equipment, personnel, and

specialized physicians such as anesthesiologists, perfusionists,
and surgeons) have experience with the most complex cases
and greater experience with emergent and critically ill patients.
Often associated higher volumes translate into improved pa-
tient care and outcomes for high-risk patients. Therefore,
although surgical service may not be directly required, the
associated local expertise is available should the need arise.
Essentially all laboratories that have full support services are
located in a hospital setting. There may be special situations
where a mobile laboratory is temporarily attached to or in an
adjacent facility beside the hospital. In this latter setting, the
situation should be considered similar to the inpatient labora-
tory with full support services in the hospital.
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Figure 1. Trends in In-Hospital Outcomes Following PCI: The Mayo Clinic Experience

Modified with permission from Singh et al. (61). In-hospital Ml = Q-wave MI; MACE = major adverse cardiovascular events.

2.3.1. Patients Eligible for Invasive Cardiovascular
Procedures at a Hospital With Full Support Services
(Including Cardiovascular Surgery)

In this environment, all patients and all procedures can, in
general, be safely undertaken, provided the operators are
sufficiently experienced and competent in the procedures
being performed. Even though a hospital may have the
appropriate support services as outlined above, some pa-
tients should still be referred to an even more highly
specialized center if the technical expertise and experience
required (e.g., transseptal puncture, valvuloplasty, assess-
ment of complex congenital disease, and percutaneous ASD
occlusion) are not available. To this end, there is a growing
number of centers focused on structural heart disease. This
is particularly true for the pediatric patient population. The
laboratory setting appropriate for the pediatric population is
outlined in Section 10.7 of this document.

Table 2. Optimal (Recommended) Onsite Support Services for
Invasive Cardiac Procedures

Cardiovascular surgery

Cardiovascular anesthesia

Intensive care unit

Vascular services

Nephrology consultative services and dialysis

Neurology consultative services

Hematologic consultative and blood bank services

Advanced imaging services (echocardiography/Doppler, MRI, CT)
Mechanical circulatory support services

Endovascular surgery/interventions

If a pediatric catheterization laboratory, similar services for
pediatric-aged patients

CT = computed tomography; MRI = magnetic resonance imaging.

2.4. The Cardiac Catheterization Laboratory at a
Hospital Without Cardiovascular Surgical Capability

With the increase in the number of cardiovascular laboratories
over the last couple decades, the performance of both diagnos-
tic and interventional coronary procedures is now becoming
more commonplace in settings without cardiovascular surgery,
despite guideline recommendations limiting PCI in these
settings. Perhaps surprisingly to many, evidence exists that
having a strict CON regulatory program is only modestly
associated with lower rates of cardiac catheterization. In fact, in
1 review, only minimally reduced rates of equivocally or weakly
indicated procedures for AMI were found in CON states,
whereas the presence of a CON requirement had no effect on
strongly indicated procedure rates (11).

The actual number of laboratories without onsite surgical
backup providing either elective or primary PCI is difficult to
confirm. Data from the ACC-NCDR database suggests that
about one third of the laboratories performing cardiac cathe-
terization do not have cardiovascular surgery backup, with at
least elective PCI being performed without surgical backup in
around one fourth (ACC-NCDR database information).

These data are similar to other databases. For instance, from
July 2000 through December 2006, according to the National
Registry of Myocardial Infarction (NRMI), 35.1% of partici-
pating hospitals providing primary PCI reportedly did not have
onsite surgery. Of note, only a little more than half (53.6%)
were in rural settings (12), suggesting the possibility of multiple
primary PCI sites in an urban environment.

There are limited data on comparative costs, but 1 report
suggests that the costs and charges of elective PCI at a hospital
without cardiovascular surgery might be considerably more
than those at a full-service hospital ($3,024 more in costs and
$6,084 more in charges) (13). Based on the available informa-
tion, therefore, anywhere from about one fourth to one third of
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the currently operating cardiac catheterization laboratories do
not have onsite cardiovascular surgery. This is quite a large
number considering that most national organizational guide-
lines have discouraged the practice over the last decade.

Some insight into which patient groups might benefit from
undergoing PCI can be gained by considering risk factors for
periprocedural death. The latest data from the New York State
Cardiac Advisory Committee (2005 to 2007) is of interest and
summarized in Table 3. It seems appropriate to be cognizant of
the patients at greatest risk for developing an adverse outcome

Table 3. Multivariate Risk Factors for Deaths Within 30 Days
Following PCI, 2005-2007

Risk Factor Prevalence Odds Ratio
Non-emergent PClI risk factors

Demographic

Body surface area squared 3.0
Ventricular function

LVEF 40% to 49% 13.3% 1.9

LVEF 30% to 39% 6.1% 2.8

LVEF 20% to 29% 3.2% 21

LVEF <20% 0.8% 3.9
Preprocedural Ml

MI; 1 to 7 days prior 12.9% 34

MI; 8 to 14 days prior 1.3% 34

Comorbidities

Cerebrovascular disease 8.0% 2.0
CHF, current 5.4% 2.6
COPD 6.4% 2.6
Malignant ventricular arrhythmias 0.4% 41
Peripheral vascular disease 7.3% 1.8
Renal failure, creatinine 1.6 to 2.5 (mg/dL) 5.9% 1.9
Renal failure, creatinine >2.5 (mg/dL) 1.4% 2.4
Renal failure, dialysis 2.1% 4.2

Vessels diseased
Three-vessel disease 13.7% 1.8
Left main disease 3.9% 1.9
Emergency PClI risk factors

Demographic

Female gender 27.1% 1.8
Hemodynamic state

Unstable 4.1% 4.4
Ventricular function

LVEF 20% to 29% 6.2% 2.2

LVEF <20% 1.2% 3.7
Comorbidities

CHF, current 5.1% 23

Malignant ventricular arrhythmias 1.6% 3.3

Renal failure, creatinine 1.1 to 1.5 (mg/dL) 38.2% 1.7

Renal failure, creatinine 1.6 to 2.0 (mg/dL) 4.7% 3.2

Renal failure, creatinine >2.0 (mg/dL) 1.8% 6.0

Renal failure, requiring dialysis 0.7% 7.0

Severity of CAD (1-, 2-, or 3-vessel disease):
no severity with odds ratio >1.5

Only those with odds ratio of >1.5 listed. Modified with permission from King et al. (58).

CAD = coronary artery disease; CHF = congestive heart failure; COPD = chronic obstructive
pulmonary disease; LVEF = left ventricular ejection fraction; Ml = myocardial infarction; PCl =
percutaneous coronary intervention.
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when considering whether PCI can be safely done in low-volume
settings or in those institutions without cardiovascular surgical
programs.

2.4.1. Patients Acceptable for Diagnostic Cardiac
Catheterization at a Facility Without Cardiovascular
Surgical Capability

Diagnostic cardiac catheterization is increasingly being per-
formed in facilities without onsite surgical backup. These
facilities include hospital settings (often rural), freestanding
laboratories, and mobile cardiac catheterization units (either
parked at a hospital or occasionally at a cardiovascular clinic).
With diagnostic cardiac catheterization now principally an
outpatient procedure, these types of laboratories have become
more accepted and widespread. To ensure these sites are
properly monitored, and that contingencies are in place for
urgent transfer if a complication occurs that may require
surgical intervention, SCAI has proposed a list of requirements
for offsite surgical backup of PCI procedures (14). Before
performing elective procedures, the cardiothoracic surgeon must
be available and the receiving hospital must be capable of accept-
ing patients before the procedure is initiated. These requirements
are outlined in Table 4 and have been modified by this committee.
Although primarily designed for programmatic backup of inter-
ventional procedures, similar requirements should be in place even
for diagnostic procedures in a setting without onsite cardiovascular
surgery. The focus of these requirements is to ensure that a written
and monitored program is in place before any invasive cardiovas-
cular procedures are considered acceptable in a facility without
onsite cardiovascular surgery.

Given the low risk of complications outlined above and the
tavorable reports regarding both safety and the quality, the
committee feels that the prior relatively stringent restrictions
regarding eligibility for undergoing diagnostic cardiac cathe-
terization suggested in the 2001 cardiac catheterization stan-
dards document may now be relaxed. The highest-risk patients
are still better served clinically in a laboratory with onsite
cardiovascular surgical backup. For the most part, however, the
vast majority of stable patients can safely undergo diagnostic
cardiac catheterization in this setting. Table 5 outlines the
current recommendations regarding the specific types of pa-
tients who should be excluded from laboratories without
cardiovascular surgical backup and contrasts them with the
previous document (1). The committee feels these newer
recommendations better reflect the reality of the clinical care
currently being provided in the cardiology community. The
data to support this change are based on available literature for
identifying the high-risk patient and a general consensus of the
committee.

2.4.2. Patients Acceptable for Elective Coronary
Intervention in a Facility Without Cardiovascular

Surgical Capability

There are now multiple reports that the performance of
elective PCI in hospitals without onsite cardiovascular
surgery has acceptable outcomes and risk, if proper patient
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Table 4. Minimum Requirements for the Performance of Invasive Cardiovascular Procedures
in a Setting Without Onsite Cardiovascular Surgical Services

1. A working relationship between the interventional cardiologists and cardiothoracic surgeons at the receiving

hospital must be established.

AW N

regular basis.

. The cardiothoracic surgeon must have privileges at the referring facility to allow review of treatment options.
Surgical backup must be available for urgent cases at all hours and for elective cases at mutually agreed times.

. Ideally, face-to-face meetings between cardiothoracic surgeons and cardiologists involved should occur on a

5. Before performing elective procedures, the cardiothoracic surgeon must be available and the receiving hospital
must be capable of accepting the patient before the diagnostic or PCl procedure is started.

6. The interventional cardiologist must review with the surgeon the immediate needs and status of the patient should

an urgent transfer be required.

7. The interventionalist should be familiar with and have available appropriate life support devices, such as an intra-

aortic balloon pump.

8. The interventionalist should be qualified to deal with emergencies such as pericardial tamponade
(pericardiocentesis) and embolization, should either event occur.

9. Hospital administrations from both facilities must endorse a transfer agreement.

10. Both the referring and the receiving hospital must have a rigorous and detailed protocol for rapid transfer of

patients, including a listing of the proper personnel.

11. A transport provider must be available to begin transfer within 20 minutes of a request and must have appropriate

life-sustaining equipment.

12. The transferring physician should obtain surgical consent prior to transfer.

13. The initial diagnostic and PCI consent should inform the patient that the procedure is being done without onsite

surgical backup.

Modified with permission from Dehmer et al. (14).
PCIl = percutaneous coronary intervention.

selection, procedural precautions, and backup preparations
are in place. Data from the ACC-NCDR reveal an increase
in the number of such facilities from 8.7% to 16% during the

period from 2004 to 2005 (15), despite national guidelines
to the contrary. As suggested by the NRMI database, the
number may be as high as 25% to 35% in 2010.

Table 5. General Exclusion Criteria for Invasive Cardiac Procedures in a Setting Without

Cardiothoracic Surgery

Exclusions: Catheterization Laboratory Without Cardiothoracic Surgical Backup

2001 Document

Current Document

Diagnostic procedures
Age >75 years
NYHA functional class 3 or 4
Pulmonary edema due to ischemia
Markedly abnormal stress test with high
likelihood of LM or 3-vessel disease
Known LM coronary disease

Severe valvular dysfunction with reduced

No age limitation
No limitation
Pulmonary edema due to ischemia

No stress test result limitation

No coronary anatomic restriction

No valvular or LV function limit unless severe

(Class 4) symptoms

LV function

Patients at risk for vascular complications
Complex congenital heart disease
Acute or intermediate coronary syndromes
All pediatric procedures

Therapeutic procedures
Diagnostic or therapeutic pericardiocentesis
All therapeutic procedures in adult congenital

All pediatric therapeutic procedures

Permissible only if vascular services are available
Complex congenital heart disease
ACS except where PCI procedures are approved

All pediatric procedures

Pericardiocentesis allowed if operator competent
All therapeutic procedures in adult congenital

All pediatric therapeutic procedures

Elective PCI
Primary PCI (not available at time)

Elective PCI permissible under specified guidelines (55)
Primary PCI permissible under specified guidelines (55)

The current recommendations are compared to the prior consensus document (1).

ACS = acute coronary syndrome; LM = left main; LV = left ventricular; NYHA = New York Heart Association; PClI = percutaneous coronary

intervention.
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This issue remains controversial. This may especially be
the case when other active PCI programs are located within
the same geographic area. It behooves the cardiology com-
munity to foster these programs only when such programs
improve access to a higher level of cardiovascular care than
would otherwise be available. This has become a particular
hot button issue since the publication of certain politically
provocative articles such as COURAGE (Clinical Out-
comes Utilizing Revascularization and Aggressive Drug
Evaluation) (16), which suggests PCI did not improve the
rates of death or MI in patients with stable angina, or
SYNTAX (Synergy Between Percutaneous Coronary Inter-
vention with Taxus and Cardiac Surgery) (17), which asserts
that PCI with drug-eluting stents is inferior to CABG for
left main and multivessel disease. There is a declining
volume of PCI despite the improvement in outcomes from
stent technology and consistent with a better appreciation of
which procedures provide optimal benefit to patients. These
types of studies suggest maturation of the technology so that
turther expansion may be limited despite concerns regarding
a need for more procedures in an aging population. To this
end, some have called for a moratorium on allowing any
turther expansion of PCI services, especially to low-volume
facilities without cardiovascular surgical backup (18).

If the financial and marketing incentives are ignored,
however, when patients are appropriately selected, most
published studies regarding the risks of elective PCI at
facilities without onsite cardiovascular surgical backup have
shown the procedure to be relatively safe. The Swedish
Coronary Angiography and Angioplasty Registry (19) of
34,383 patients found no difference in outcomes of elective
PCI between hospitals with or without surgical backup.
Similarly community sites in the United States (10,13,20-22),
Germany (23), Japan (24), the Netherlands (25), the United
Kingdom (26), and Australia (27) all confirm there is little
or no difference in the outcomes among patients undergoing
elective PCI in hospitals with or without onsite surgery. A
similar finding was suggested by an analysis of 4 controlled
trials (28-31) involving 6,817 patients (32). A meta-analysis
of nonprimary PCI (elective and urgent; n=914,288) also
found no difference in outcomes in PCI performed at sites
with onsite cardiovascular surgery compared with those
without (33).

The issue is further complicated due to the fact the
published literature to date is limited by its methodology
(registries, cohort studies, self-reported, and unmonitored
data) and lack of long-term follow up. In addition, the
exceeding low event rate in the elective setting makes it
difficult to demonstrate differences in smaller studies (type
II error). Finally, there is simply a lack of large, randomized
studies with independent monitoring of events in this arena.

In 2007, SCAI addressed the issue and concluded that
although they were unable to support the widespread use of
PCI without onsite surgery, they acknowledged that many
of these programs are now in existence and suggests that
criteria be met in order to ensure patient safety. They
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proposed that certain patient characteristics and lesion
characteristics should be considered “high risk,” and these
teatures should be taken into account before deciding
whether a patient is a candidate for PCI in this setting. It is
the consensus of this committee that high-risk patients or
those with high-risk lesions should not undergo elective
PCI in a facility without onsite surgery (Table 6).

In the 2007 “ACCF/AHA/SCAI Update of the Clinical
Competence Statement on Cardiac Interventional Proce-
dures” (6), similar patient and lesion characteristics were
found to be associated with higher short-term mortality
after PCI and would thus be considered high risk. That
statement also included the following groups as high risk:
the advanced in age, females, and those with ACS, a
peripheral vascular disease, or impaired renal function (es-
pecially in diabetic patients with regard to contrast nephrop-
athy). High-risk target-lesion anatomic features included
the modified 1990 classification scheme proposed by the
ACC/AHA Clinical Task Force on Clinical Privileges in
Cardiology (34). In that scheme, lesions were classified as
Type A, Type B1, Type B2, or Type C. Type C lesions were
considered the highest risk and had an angioplasty success
rate of 61%, in those days, and a complication rate of 21%.

The characteristics of a high-risk Type C lesion included

Table 6. Elective PCI Patient and Lesion Characteristics That
Identify High-Risk Patients Who May Be Unsuitable for PCI in
a Facility Without Cardiothoracic Surgical Backup

High-risk patient

1. Decompensated CHF (Killip Class 3 to 4)
. Recent (<8 weeks) cerebrovascular accident
. Known clotting disorder

. Left ventricular ejection fraction =30%

o~ WN

. Chronic kidney disease (creatinine >2.0 mg/dL or
creatinine clearance <60 mL/min)
6. Serious ongoing ventricular arrhythmias
High-risk lesion
1. Left main stenosis =50% or 3-vessel disease (>70% proximal or
mid lesions) unprotected by prior bypass surgery

2. Target lesion that jeopardizes an extensive amount of myocardium.
Jeopardy scoring systems, such as SYNTAX, may be useful in
defining the extent.

w

Diffuse disease (20 mm length)

P

Greater than moderate lesion calcification

o

Extremely angulated segment or excessive proximal or in-lesion
tortuosity

Inability to protect side branches
Older SVG grafts with friable lesion
Thrombus in vessel or at lesion site

S

Vessel characteristics that, in the operator’s judgment,
would impede stent deployment

10. Chronic total occlusions

11. Anticipated probable need for rotational or other atherectomy device,
cutting balloon, or laser

Modified with permission from Dehmer et al. (14) and high-risk features from the New York State
Percutaneous PCI Registry 2006-2007 (58).

CHF = congestive heart failure; PCl = percutaneous coronary intervention; SVG = saphenous
vein grafts; SYNTAX = Synergy Between Percutaneous Coronary Intervention with Taxus and
Cardiac Surgery.
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chronic total occlusion, a high grade (80% to 99% diameter
stenosis), stenosis bend of >60 degrees, and excessive
tortuosity. The data from these resources suggest that
high-risk patients and target lesions can be defined prior to
the performance of an elective PCI procedure and that it is
appropriate to avoid these patients when there is no onsite
cardiovascular surgery available.

In 2011, the initial results from the randomized Atlantic
Cardiovascular Patient Outcomes Research Team (Atlantic
C-Port-E) trial was reported (35). Only those sites with
>200 PClIs per year and performing 24/7 PCIs were eligible
for enrollment. Individual operators were required to meet
the standard of >75 PCI cases per year. Sixty sites partic-
ipated, and 13,981 patients were enrolled at sites without
cardiovascular surgery whereas 4,515 patients were enrolled
at sites with surgery. The authors concluded that PCI
success was >90% in both situations, but this was lower in
hospitals without onsite surgery (a success rate difference of
1.1% on per-patient basis and 0.7% on lesion basis). In
addition, slightly more unplanned catheterization and PCI
procedures occurred in patients undergoing PCI at a non-
surgical site. Emergency CABG was rare, but it was slightly
higher in sites without surgery (0.2% versus 0.1%). Overall
mortality and catheterization complications were similar
between the 2 groups. Their conclusion was that PCI was
safe within the bounds established by the trial.

Finally, further support for the safety of PCI in facilities
without cardiovascular surgery comes from the ACC-
NCDR data registry (36). These data revealed that centers
without onsite cardiovascular surgery were predominantly in
nonurban areas, had lower PCI volumes, treated a higher
percentage of patients who presented with subsets of MI,
and had better reperfusion times in primary PCI than
centers with onsite facilities. There was also no difference in
procedure success, morbidity, emergency cardiac surgery
rates, or mortality (regardless if elective PCI or primary
PCI). Although the data are observational, voluntarily
submitted, and included from only 60 sites without cardio-
vascular surgery, it does suggest the current usage of these
facilities may be safe and emphasizes the importance of
reporting outcomes to a national data registry.

2.4.3. Patients Acceptable for PCI in ACS in a
Facility Without Cardiovascular Surgical Capability

Primary PCI has now been shown to be more effective than
fibrinolytic therapy in obtaining coronary reperfusion in
patients with STEMI (37). Based on GRACE (Global
Registry of Acute Coronary Events) data from 1999 to
2005, the use of primary PCI increased worldwide from
16% to 53%, whereas fibrinolytic therapy decreased from
50% to 28% (38). The improvement in patient outcomes as
a result of this shift has led to a growing interest in offering
primary PCI to as many patients as possible. Due mostly to
access issues, however, only about 33% of patients with
STEMI in the United States receive primary PCI, whereas

56% still receive fibrinolytics, and the remainder receives
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neither (39). This has provided the impetus to consider
regionalization of STEMI care in the United States and a
relook at the potential advantage of primary PCI particularly at
rural hospitals without onsite cardiovascular surgery (40).

A standard treatment protocol using rapid interhospital
transfer of STEMI patients between 6 referral centers and 2
STEMI accepting hospitals (41) revealed that 87.7% of
patients received primary PCI. Door 1-to-departure time
averaged 46 minutes, and Door 1-to-balloon time at the
accepting hospital averaged 117 minutes. The authors
suggested that, in a coordinated healthcare system, primary
PCI can be centralized.

An NRMI report compared 58,821 STEMI patients
from 214 hospitals with onsite cardiovascular surgery to 52
hospitals without. The authors found no difference in
mortality among patients undergoing primary PCI at the
different sites. They did report, however, that the overall
STEMI mortality was higher, and the patients were less
likely to receive guideline-recommended medications at the
hospitals without surgical backup (42). In an NRMI data-
base follow-up report (42) involving 100,071 patients from
2004 to 2006, the in-hospital mortality was found to be
lower at hospitals with cardiovascular surgical support com-
pared with those without (5.0% versus 8.8%). Hospitals
with surgical services had higher use of guideline-
recommended medical therapies, which may have contrib-
uted to better outcomes.

Support for the concept of performing primary PCI at the
local facility also comes from a small randomized trial (43)
and 2 registries (44,45) with favorable outcomes, though a
study from Michigan also suggests that expanding a primary
PCI program to hospitals without onsite cardiovascular
surgery only improves access to a modest degree (46). A
recent meta-analysis of primary PCI for STEMI of 124,074
patients demonstrated no increase in in-hospital mortality
or emergency bypass at centers without onsite surgery
compared with those that had cardiovascular surgery avail-
able (33). Despite the mixed data, there remains much
enthusiasm from rural and hospitals without cardiovascular
surgery to offer this service. Some of this is driven by the
importance of providing timely access to early reperfusion
strategies for STEMI patients in the local community. It is
also driven by fear of loss of profitable cardiac patients and
the concern that without the service, the hospital will be
perceived as less than a full-service facility.

Some of these programs are also only providing primary
PCI during working hours and not during off-hours. A
review from the NRMI database has pointed out that there
is a 70% less likelihood of patients with STEMI undergoing
primary PCI if the presentation is off-hours (12). Since no
clinical characteristics explain the reason a smaller percent-
age of these patients undergo primary PCI, the conclusion
is that the procedure is just not available when the patient
arrives in the emergency department. In fact, the authors
note that 47% of the hospitals in the study perform <10
primary PClIs per year, suggesting that the volume of such
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procedures may be too low to provide optimal care when
primary PCI is only performed during normal daytime
laboratory hours and not 24/7.

The 2009 Focused Update of the ACC/AHA Guidelines
for the Management of Patients With STEMI also focused
on the strategy to be followed, depending on whether the
patient initially presents to a PCl-capable facility or to a
non—PCl-capable facility (47). It does not specifically ad-
dress whether the hospital has onsite cardiovascular surgery.
A consensus document from the SCAI notes that there is
no justification for providing elective PCI procedures with-
out onsite surgery and without providing primary PCI 24
hours a day (14). AHA has also endorsed the principle that
a facility providing primary PCI care should be operating
around the clock (48). There are few data in this regard, but
in 1 small study, the results of primary PCI done during
off-hours appears similar to those done during regular
working hours (49).

The ACC/AHA guidelines for the management of acute
STEMI patients focus on the development of a community-
wide system. Table 7 outlines their current recommenda-
tions for triage and transfer of STEMI patients for PCI.
Included in the table are definitions for the “high-risk”
STEMI patient. Although it is tempting to recommend
that patients with these high-risk features be excluded from
primary PCI at a hospital without cardiovascular surgery
services, there are no data to confidently support that
recommendation. In addition, coronary anatomic features
are only discovered after angiography has been performed,
so it is difficult to include such features as contraindications
for intervention.

In an attempt to gather data on the wisdom of the use of
primary PCI in the community at large, several ongoing
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programs have been undertaken including regionalization of
care across the United States (50): the AHA’s Mission:
Lifeline program (48), the Reperfusion of Acute Myocardial
Infarction in Carolina Emergency Departments (RACE)
(51), and the ACCF’s D2B Alliance (www.d2balliance.org).
These programs are all working to develop community-
based approaches to providing the optimal reperfusion
strategy in STEMI patients, and they are tracking the
results. Regionalization and improvements regarding in-
field diagnosis, transfer and triage improve access times
(door to balloon [D2B], emergency medical serivces to
balloon [E2B], and/or S2B [symptoms to balloon]) and can
optimize the use of primary PCI while avoiding duplication
of local services. Given that fibrinolytic therapies are still in
use in about 25% of U.S. hospitals, and even at PCI-capable
hospitals (12), the choice of a reperfusion strategy is
complex.

In many geographic situations, the ability to provide
primary PCI at a hospital without surgical backup is
suggested as a necessary step if other systematic approaches are
unable to minimize the time from symptom onset to reperfu-
sion. Evidence from the TRANSFER-AMI (Trial of Routine
Angioplasty and Stenting After Fibrinolysis to Enhance Rep-
erfusion in Acute Myocardial Infarction) study and CARESS
(Combined Abciximab Reteplase Stent Study in Acute Myo-
cardial Infarction) studies suggest a pharmacoinvasive ap-
proach with immediate transfer to a PCI center improves
outcome (52-54). If the pharmacoinvasive approach is verified,
this semielective approach to PCI at a tertiary hospital may
reduce the concern over needing to offer primary PCI services
in the local community or all local hospitals.

The Atlantic Cardiovascular Patient Outcomes Research
Team (C-Port) trial randomized 451 AMI patients at

Table 7. Recommendations From the 2009 Joint STEMI/PCI Focused Update on the Appropriate Performance of Primary PCI in

Settings Without Onsite Cardiovascular Surgery

Class I: Each community should develop a STEMI system of care that follows standards at least as strong as those developed for the American Heart Association’s

national initiative, Mission: Lifeline, to include the following:

« Ongoing multidisciplinary team meetings that include emergency medical services, non-PCl-capable hospitals/STEMI referral centers, and PCl-capable
hospitals/STEMI receiving hospitals to evaluate outcomes and quality improvement data;

« A process for prehospital identification and activation;

« Destination protocols for STEMI receiving centers; and

« Transfer protocols for patients who arrive at STEMI referral centers who are primary PCI candidates, are ineligible for fibrinolytic drugs, and/or in cardiogenic

shock. (Level of Evidence: C)

Class lla: It is reasonable for “high-risk” patients who receive fibrinolytic therapy as primary reperfusion therapy at a non-PCl-capable facility to be transferred as
soon as possible to a PCl-capable facility where PCI can be performed either when needed or as a pharmacoinvasive strategy.

Consideration should be given to initiating a preparatory antithrombotic (antiplatelet plus anticoagulant) regimen before and during patient transfer to the

catheterization laboratory. (Level of Evidence: B)

Class Ilb: Patients not at high risk under the same conditions as listed in Class lla recommendation. (Level of Evidence: C)

High risk is defined in CARESS-in-AMI (59) as STEMI patient with =1 high-risk features. High-risk features include extensive ST-segment elevation, new-onset LBBB,
previous MI, Killip Class >2, LV ejection fraction =35% for inferior MI; any anterior Ml with =2 mm ST-segment elevation in =2 ECG leads.

High risk is defined in TRANSFER-AMI (60) as STEMI patient with =2 mm ST-segment elevation in 2 anterior leads or =1 mm ST-segment elevation in inferior Mi
along with at least 1 of the following: systolic BP <100 mm Hg, heart rate >100 bpm, Killip Class 2 to 3, =2 mm ST-segment depression in anterior leads, or

=1 mm ST elevation in right-sided V, lead, indicative of RV involvement.

Reprinted from Kushner et al. (47).

BP = blood pressure, BPM = beats per minute; CARESS = Combined Abciximab Reteplase Stent Study in Acute Myocardial Infarction; ECG = electrocardiogram; LBBB = left bundle-branch block;
LV = left ventricular; Ml = myocardial infarction; ST = the ST segment of the ECG; STEMI, ST- elevation myocardial infarction; PCl = percutaneous coronary intervention; RV = right ventricular; TRANSFER =
Trial of Routine Angioplasty and Stenting After Fibrinolysis to Enhance Reperfusion in Acute Myocardial Infarction.
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hospitals without onsite cardiovascular surgery, and at 6
months, found better composite outcome (driven primarily
by a reduction in reinfarction), in the primary PCI group
compared with the fibrinolytic cohort with no significant
difference in mortality (43). The newest PCI guidelines
have reflected the more recent data since the last Catheter-
ization Standards document and have elevated the use of
elective PCI from a Class III indication to a Class IIb (55).
Primary PCI in facilities without onsite cardiovascular
surgery is considered a Class Ila instead of Class IIb
indication in the latest revision of these guidelines.

Recommendation: Because of the current lack of defin-
itive data in this area, this committee recommends that all
facilities that perform primary PCI in a setting without
cardiovascular surgical backup comply with all current
guidelines on the establishment of such a program (as
outlined in this section and in the accompanying tables). It
is critical the facility documents that all medication and risk
stratification guidelines are being followed as well, and that
the facility has availability for STEMI patients 24 hours per
day, 7 days per week. The committee cannot recommend any
PCI programs without cardiovascular surgical backup that only
provide primary PCI coverage during daytime and weekday hours.

To further ensure quality oversight, the facility should
also be part of a defined registry to monitor outcomes and
track all complications on a regular basis. D2B should be
tracked closely, with goal D2B times of <90 minutes in
>75% of cases. Regionalized systems of care may provide a
more efficient system of diagnosis and triage and transfer,
and they may or may not justify the current trend of
establishing primary PCI capability at hospitals without
surgical backup (56).

Table 8. Assessment of Proficiency in Coronary Intervention
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Finally, pharmacoinvasive strategies (54,57), if confirmed in
other experiences, may provide superior, or at least comparable,
outcomes to primary PCI at low-volume centers, and this
should be evaluated further to determine whether increased
centralization of services may result in improved outcomes.

3. Quality Assurance Issues in the
Cardiac Catheterization Laboratory

The modern cardiac catheterization laboratory is an amal-
gamation of complex, highly sophisticated medical and
radiological instrumentation used in the diagnosis and
management of patients with both chronic stable disease
and acute life-threatening illnesses. In any complex,
procedure-oriented area, it is essential to have a QA
program that incorporates QI to provide ongoing feedback
within an established infrastructure for change. The Cardiac
Catheterization Laboratory QA/QI committee should be
considered a separate entity specific to the cardiac catheter-
ization laboratory. Interactions with other medical staff
and/or hospital QA/QI committees are critical, with per-
sonnel often assigned to work in multiple QA/QI commit-
tees and to share similar concerns, projects, and expertise.
The following discussion summarizes the key compo-
nents of a QA/QI program for the diagnostic and interven-
tional cardiac catheterization laboratory. These components
are as follows: 1) clinical proficiency; 2) equipment mainte-
nance and management; and 3) peer review. A fourth
component, radiation safety, is discussed separately in this
document. Table 8 outlines clinical proficiency based on
cognitive skills, procedural conduct, and clinical judgment.

Type Component Mode of Assessment
Individual Cognitive « Formal training program
« Present requirement by ABIM: 3-year fellowship in ACGME-accredited program
« Board certification: requirement for added qualification in interventional cardiology:
12 months in ACGME-accredited program and pass grade on ABIM examination (“Board”) for
interventional cardiology
Procedural « Risk-adjusted outcomes
« Individual data benchmarked against the ACC-NCDR or similar database
« Peer recognition
Judgment « Appropriateness
Laboratory Procedural outcomes « Risk-adjusted outcomes

« Comparison with similar institutions

« Laboratory data benchmarked against national databases (e.g., ACC-NCDR database)

Activity

« A minimum of 200 to 400 interventions per year

« Director with career performance of enough PCI cases to be a competent independent
operator (ideally >500 interventions). Must be board certified in interventional cardiology

« QA staffing to monitor appropriate use, complications, and outcomes

Support

« Experienced support staff to handle emergencies

« Regularly scheduled mortality and morbidity conferences and a review of all major

complications

« Facilities and equipment for high-resolution fluoroscopy and digital video processing

ABIM = American Board of Internal Medicine; ACC = American College of Cardiology; ACGME = Accreditation Council of Graduate Medical Education; NCDR = National Cardiovascular Data Registry;

PCl = percutaneous coronary intervention; QA = quality assurance.
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3.1. Patient Outcomes in the Diagnostic
Catheterization Laboratory

3.1.1. Rate of “Normal Catheterizations”

The frequency of normal hemodynamic and angiographic
findings at diagnostic catheterization is a function of the
pretest likelihood of disease and the physician’s clinical
acumen. For purposes of definition, “normal” coronaries are
defined pragmatically as those without a “significant” diam-
eter reduction (<50%) on visual inspection. Since the
publication of the 2001 Expert Consensus Document on
Catheterization Laboratory Standards, there has been scant
information reported on this topic in populations of patients
undergoing diagnostic coronary angiography. New data
from SCALI indicate that the frequency of normal angio-
grams is 20% to 27%, which appeared to vary little over a
reporting period of several years (62,63). Notably, in a
report from the ACC-NCDR, the proportion of patients
undergoing elective diagnostic catheterization who were
found to have minimal obstructive disease (<20% stenosis)
was remarkably high at 39.2% (64).

It is recognized that many studies include patients with
“Insignificant disease,” which is defined as <50% coronary
diameter narrowing by visual estimate. Clearly, ACS occurs
in patients without “significant” antecedent luminal narrow-
ing on angiography. In addition, certain clinical syndromes
may relate to coronary endothelial or microvascular dysfunc-
tion. Some laboratories may also have a high prevalence of
patients studied for noncoronary issues, such as pulmonary
hypertension, cardiomyopathy, valvular heart disease, or
adult congenital heart disease. Ultimately, the rate of normal
studies in any facility may more properly be viewed as a
system performance metric as the outcome of any given
angiographic study reflects pretest likelihood, complex de-
cision pathways, local practice, and patient preference (65).

3.1.2. Specific Complication Rates Following
Diagnostic Catheterization

There is extensive, albeit dated, literature on the major
complications of diagnostic cardiac catheterization
(62,63,66). Fortunately, the (composite) rate of MACCE is
“acceptably” low at <1% to 2%. As expected, the likelihood
of major complications increases significantly with the
severity of the underlying cardiac and noncardiac disease
(67). Patients with both valvular and coronary artery disease
are slightly more likely to sustain a complication than
patients with isolated coronary artery disease (68). Although
complications encountered in patients with valvular or
myocardial disease are more likely to reflect the patient’s
underlying clinical status, specific complication rates for
transseptal catheterization (69) and endomyocardial biopsy
(70) have been reported and fall within the previously
referenced range. Because of patient selection, the likeli-
hood of major complications during outpatient studies is
less than that found during inpatient examinations (67),
although the constantly changing definition of “outpatient”

Bashore et al. 23
Cardiac Catheterization Laboratory Standards

may blur this distinction. Current estimates from the
NCDR continue to support the validity of the above-cited
estimates for MACCE.

3.1.2.1. ACCESS SITE COMPLICATIONS

Although not considered a “major complication” of diag-
nostic procedures, access site complications remain an
important contributor to patient morbidity (71). It must be
acknowledged that over the past decade, dynamic changes
have occurred in the choice of access site for procedures, the
caliber of diagnostic catheters, anticoagulation and anti-
thrombotic protocols, and the means of achieving access site
hemostasis (72,73). Progressive changes in the practice of
invasive cardiology, in addition to advances in technology
and technical competence, have led to significant reductions
in access site complications for patients undergoing invasive
diagnostic and therapeutic procedures (72).

3.1.2.2. CEREBROVASCULAR COMPLICATIONS

Reported rates of clinically evident periprocedural cerebro-
vascular complications were generally <1 per 1,000 patients
undergoing diagnostic cardiac catheterization and angiog-
raphy (62). More recently, reports of subclinical manifesta-
tions of cerebrovascular events during and immediately
following retrograde aortic valve catheterization in the
setting of evaluation for aortic valve stenosis have appeared
(74). Although admonitions against this practice have
appeared in the literature (75), the true rate of clinical
“stroke” in this setting is still unknown. However, in view of
the increasing interest in catheter-based aortic valve repair/
replacement techniques, this salient complication will re-
main an important focus of attention. Cerebrovascular
complications in the setting of PCI will be discussed below.

3.1.3. Diagnostic Accuracy and Adequacy

An important, although generally ignored area, is that of the
completeness and accuracy of diagnostic catheterization
procedures. Incomplete procedures (aborted or technically
inadequate procedures) that fail to obtain the critical infor-
mation for diagnostic purposes and erroneous interpretation
of the acquired information are markers of quality no less
important than outcome data. Failure to selectively engage
native coronary arteries or coronary bypass grafts often
results in insufficient opacification of the lumen to accu-
rately assess coronary anatomy or stenosis presence and/or
severity. Inability to recognize the presence of anomalous
coronary arteries contributes to this problem. The implica-
tions of inadequate or incomplete studies are significant and
range from the need to repeat procedures to the perfor-
mance of unnecessary and more invasive procedures. Inad-
equate opacification of the ventricle due to hand injections
is inappropriate. In the coronary interventional era, the need
for high-quality diagnostic angiography is great, as life-
altering decisions are generally made on the basis of this
information. This includes failure to opacify vessels fully due
to inappropriate injection, incorrect catheter sizing, or
failure to obtain adequate views that best characterize the
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lesion. Inadequate attention to the details of accurate
hemodynamic recordings in patients with valvular heart
disease and the failure to accurately demonstrate coronary
anatomy must be viewed as critical measures of outcome.
For all the above reasons, it is reasonable to expect a rate of
either inadequate or incomplete procedures to be <1%.

3.2. Patient Outcomes After Coronary
Interventional Procedures

3.2.1. Major Adverse Cardiac or

Cerebrovascular Events

Although patient outcomes are often considered the most
important indicators of proficiency and competence in
interventional cardiology (76), they are arguably the most
difficult to accurately quantify. Moreover, the importance of
risk adjustment for even crude event frequencies cannot be
overstated (77). Therefore, it is essential that careful and
complete preprocedural and intraprocedural information is
accurately and reliably collected, sorted, and analyzed.
Given that operator and institutional outcomes depend on
many demographic, clinical, anatomic, and administrative
variables, an adequate information system within the labo-
ratory is mandatory, and the emphasis on both individual
and institutional outcomes is appropriate (78—80). This is
particularly so when attempting to risk-adjust outcomes for
low-volume operators (81). The ability to estimate the
likelihood of a significant complication (82,83), choose
devices, and conduct procedures appropriately (84),
promptly recognize and treat ischemic and other complica-
tions (85), and ultimately select (or refuse) cases appropri-
ately are the hallmarks of an experienced, competent
operator.

It is the responsibility of the director of the cardiac
catheterization laboratory to establish a method of QA to
track major events, (e.g., death and serious hemodynamic
and/or arrhythmic events). Ongoing peer review of ran-
domly selected cases from all operators is highly desirable
and strongly encouraged. It should include the assessment
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of angiographic quality, technique, and thresholds being
used for intervention. In addition, periodic review of less
severe complications (e.g., hematoma or other vascular entry
site injury) should be part of any ongoing QI program.
Admittedly, some outcomes may be hard to standardize
(e.g., periprocedural MI), but there is little ambiguity when
outcomes for PCI are either consistently superior (e.g., <2%
major complication rate) or consistently suboptimal (e.g.,
>5% major complication rate). At present, with overall
in-hospital mortality averaging 1% and rates of emergent
CABG averaging <1%, a composite major complication
rate of <3% to 4% (95% confidence interval: 1.9% to 4.1%)
for non-emergent PCl is to be expected (Tables 1 and 8, Fig. 1).

Since the 2001 “ACC/SCAI Clinical Expert Consensus
Document on Cardiac Catheterization Laboratory Stan-
dards” (1), much information has been added to the litera-
ture on PCI outcomes and complication rates in increas-
ingly high-risk populations (e.g., advanced age, patients
with CKD or ACS). Table 9 provides specific complication
rates following PCI from large-scale clinical trials and
“real-world” registries; Table 1 outlines data from a volun-
tary registry, the ACC-NCDR database. Each series in-
cludes patients undergoing PCI for a variety of indications
under widely varying clinical conditions. The definitions of
elective, urgent, and emergent vary among studies. Compli-
cation rates (especially bleeding and access site complica-
tions) in the GP IIb/Illa inhibitor era vary, not only
according to the definition applied, but in the rigor with
which these outcomes are ascertained. For this reason,
in-hospital complication rates in nonclinical trial, “real-
world” settings remain a challenge in interpretation, given
the unverified (nonadjudicated) and likely biased nature of
such reporting. These results, however, can provide approx-
imate boundaries for expected complication rates (“perfor-
mance benchmarks”) in “all-comers” undergoing PCI. The
use of 30-day event rates to more completely assess PCI
outcomes (86,87) and, by inference, benchmark operator
performance (88) has also been proposed.

Table 9. In-Hospital or Short-Term MACCE Following Elective PCI in the “Stent” Era

Death Mi In-Hospital Neurologic Major Significant

Study Population Year Reference (%) (%) CABG (%) (%) Vascular (%) Bleeding (%)
ACC-NCDR (registry) 2002 Anderson et al. (130) 1.4 0.4 1.9
SIRIUS (RCT) 2003 Moses et al. (131) 0.09 1.9 (0]
RESEARCH (registry)=* 2004 Lemos et al. (132) 1.6 0.8 1.0 L L
SYNERGY (RCT) 2004 SYNERGY (133) 0.47 5.7 0.3 0.9 .. 2.06§/2.46|
ACUITY (RCT)= 2006 Stone et al. (134) 1.4 5.0 e <0.1 0.5 5.5
NHLBI DR (registry)t 2007 Yatskar et al. (71) . ce e 1.8
NHLBI DR (registry) 2009 Venkitachalam et al. (93) 0.2 2.0 0.3 ce 6.0
ACC-NCDR (registry) 2009 Aggarwal et al. (135) 0.22 ce
ACC-NCDR (registry)t 2009 Mehta et al. (136) . cen 2.4
EVENT (registry) 2009 Novack et al. (137) 0.1 6.5

%30 days; Taccess site bleeding requiring transfusion; ftransfusion requiring; §non-CABG bleeding, TIMI risk score; [[non-CABG bleeding, GUSTO risk score.

.. = not reported; ACC = American College of Cardiology; CABG = coronary artery bypass grafting; GUSTO = Global Utilization of Streptokinase and tissue Plasminogen Activator for Occluded
Coronary Arteries; MACCE = major adverse cardiac or cerebrovascular events; Ml = myocardial infarction; NCDR = National Cardiovascular Data Registry; NHLBI = National Heart Lung and Blood
Institute; PCI = percutaneous coronary intervention; RCT = randomized controlled trial; TIMI = Thrombolysis In Myocardial Infarction.

Downloaded from content.onlingjacc.org by on May 25, 2012


http://content.onlinejacc.org

JACC Vol. 59, No. 23, 2012
June 5, 2012:xxx

Mortality, the least frequent but the most dire adverse
outcome within the composite MACCE outcomes follow-
ing PCI, has been the subject of intense interest since the
early days of PCI (89). Efforts to predict its occurrence have
been limited by its infrequency, resulting in studies of low
statistical power and poor predictive ability. Accordingly,
composite outcome variables, all of which included death,
have been constructed and allow for improved precision in
the estimate of an overall frequency of major complications
following PCI (82,90,91). However, there are numerous
limitations to the use of such composite variable constructs,
particularly when inferences regarding an element (e.g.,
mortality) may be misinterpreted (92). As in-hospital mor-
tality rates following PCI have declined in parallel with the
many positive advances in interventional cardiology (93),
larger sample sizes are necessary to estimate its frequency
and to meaningfully predict its occurrence. The most
robust estimate of the overall risk of in-hospital mortal-
ity, culled from large-scale, nonclinical trial registries
published after 2001, ranges from 0.7% to 1.8% (94-96).
These same studies are also in general agreement regard-
ing the risk factors predictive of in-hospital mortality:
age, gender, CKD, left ventricular ejection fraction
(LVEF), antecedent MI, shock, prevalent heart failure,
and peripheral vascular disease. Anatomic features (i.e.,
left main disease), procedural indication (i.e., urgent
versus emergent), and intraprocedural variables (i.e., the
number of lesions attempted and total occlusion at-
tempted) are less agreed upon as predictors of mortality
in these models.

3.2.1.1. PCI IN THE SETTING OF ST-ELEVATION MYOCARDIAL INFARCTION
Table 10 summarizes outcomes from the latest published
literature on PCI for STEMI—decidedly the highest-risk
group of patients undergoing PCI. Event rates are unad-
justed, and rates of access site and bleeding complications
reflect a complex mix of systemic anticoagulation, systemic
Iytic activity, adjunctive use of platelet antagonists, and
varying definitions and rigor of ascertainment. Nevertheless,
some themes are evident across these diverse studies (e.g.,
the relative constancy of the risks of in-hospital death,
stroke, and significant bleeding).
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3.2.2. Ad Hoc PCI Issues

The performance of a coronary interventional procedure at
the same laboratory visit as the diagnostic procedure is a
strategy referred to as “ad hoc” PCI (97). If this is to be
used, then it is important the discussion occurs with the
interventionalist prior to entering the catheterization labo-
ratory room. Ad hoc PCI should be discouraged in cases
where the patient would benefit from a multidisciplinary
discussion. Patients presenting with a STEMI or ACS,
where the culprit vessel is readily identifiable, generally
require an interventional procedure in conjunction with the
diagnostic procedure for expeditious patient care and to
reduce recurrent in-hospital ischemic events. However,
when “routine” diagnostic procedures are immediately fol-
lowed by “routine” coronary intervention, the considerations
are more complex from a risk—benefit perspective. Consid-
erations for when ad hoc procedures are encouraged include
patient and physician convenience, the potential for a
decrease in vascular access complications, a desire to avoid
higher contrast load in patients with chronic kidney disease,
and cost reduction.

Using the ACC-NCDR database, Krone et al. (98)
published the outcomes of 68,528 patients undergoing PCI
with the diagnosis of stable angina from 2001 to 2003, 60%
of whom underwent ad hoc PCI. A multivariate analysis
was performed to determine whether the performance of an
ad hoc PCI had an independent association with procedure
success or an adverse event. Patients categorized as high risk
and those with significant renal disease were less likely to
undergo PCI at the time of the diagnostic procedure. There
was no difference in mortality, renal failure, or vascular
complications when ad hoc patients were compared with
patients undergoing staged procedures at a separate setting
from the diagnostic case, so there appears to be no evidence
that patient outcomes are affected.

When tracking outcomes for ad hoc versus separate
setting PCI, important issues for the assessment of quality
must be addressed. Complications encountered during the
diagnostic catheterization and angiography (e.g., coronary
dissection or abrupt occlusion) may be treated with prompt
intervention but should not be considered ad hoc interven-
tions. This leads to coding issues, as does the success of the

Table 10. In-Hospital or 30-Day MACCE Following PCI for STEMI in the “Stent” Era

Death (Recurrent) Neurological Significant

Study Population Year Reference (%) MI (%) (%) Bleeding (%)
CADILLAC* 2002 Stone et al. (138) 2.7 0.8 0.2 25
NHLBI-DR (registry) 2007 Abbott et al. (139) 4.0 1.7 0.4 3.3
HORIZONS-AMI (RCT) 2008 Stone et al. (140) 2.58 1.75 0.5 6.6
NRMI (registry) 2009 Pride et al. (42) 3.56 1.0 0.5 7.19
GRACE (registry) 2009 Steg et al. (141) 3.7t/2.1% 2.0/2.5 0.6/0.5 3.2/21
Medicare (database) 2010 Chen et al. (142) 10.3

*Qutcomes at 30 days for the stent-plus abciximab arm; TPCI with bare-metal stent: $PCl with drug-eluting stent.
.. = not reported; MACCE = major adverse cardiac or cerebrovascular events; Ml = myocardial infarction; NHLBI = National Heart Lung and Blood Institute; NRMI = The National Registry for
Myocardial Infarction; PCI = percutaneous coronary intervention; STEMI = ST-elevation myocardial infarction; RCT = randomized controlled trial.
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intervention mitigating the inciting event. Although the
composite procedure was “successful,” how is the original
complication recorded? Complications encountered during
the interventional portion of the procedure should be
attributed to the interventional procedure and not to the
antecedent diagnostic study. Given the increasing use of the
ad hoc approach, it will be important to continually and
carefully define the indications, clinical outcomes, and
overall cost effectiveness of this practice pattern (99).

3.3. Peripheral Vascular Intervention

The development of vascular medicine as a specialized
discipline, which overlaps “traditional” medical, cardiologi-
cal, radiological, and surgical disciplines, has led to the
expansion of the types of angiographic procedures per-
formed in cardiac catheterization laboratories. Laboratories
historically dedicated to coronary angiography and cardiac
diseases have had to transform themselves technically,
logistically, and administratively in order to provide optimal
care for a patient with cardiac and vascular disease. Large
image intensifiers for vascular rooms are not optimal for
coronary angiography. Performance criteria for training and
credentialing in vascular medicine have been adopted by key
stakeholders (100), and guidelines for maintenance of com-
petence and technical proficiency have also been developed
(101). Although minimum caseload volumes have been
suggested, there currently is insufficient literature regarding
performance metrics and outcomes analogous to coronary
intervention (e.g., procedure-specific complication rates,
patient-specific complication rates, and target organ or
vascular bed versus overall clinical outcomes). From a
catheterization laboratory standards standpoint, compara-
tive outcome data are presently absent but are much needed
in order to establish performance benchmarks and appro-
priate use criteria. The issue is further complicated by the
fact that noncardiologists (e.g., vascular surgeons or inter-
ventional radiologists) are now participating in some of
these studies, and guidelines regarding training and ongoing
credentialing for these groups often differ from those of the
invasive cardiologist. Laboratory participation in a central-
ized data repository is currently being developed by the
NCDR. Data from resources as these will help define the
ongoing changes in how the traditional cardiac catheteriza-
tion laboratory is being used.

3.4. Peer Review Continuous QA/Ql Program

A continuous QA/QI program is an essential component to
the cardiac catheterization laboratory and must be in place
for all laboratories. This should be a dedicated program to
address the specific issues of the catheterization labora-
tory, but it need not be independent from other hospital
QI programs. The peer review component for this process
is designed to promote clinical proficiency under the
broad rubric of system-level performance analyses, which
should connote a more constructive (rather than punitive)
context (102).
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The core components of the Continuous Quality Im-
provement (CQI) program are data collection, feedback,
and intervention (103). Table 11 outlines the essential
components of the process. The CQI committee should be
adequately staffed and resourced by the facility. It should be
chaired by the medical director of the cardiac catheterization
laboratory because he/she should be the individual primarily
responsible for quality within the facility. The administra-
tive co-chair should be a required staff position for this
committee with specific job description assignments to
QA/QI. Additional membership should include invasive/
interventional physicians with nonpartisan representation
from all physician groups. Finally, noninvasive cardiolo-
gists, noncardiology physicians, and support personnel
from hospital administration may or may not be included,
based on what the committee chairman deems appropri-
ate for committee effectiveness. Though individual phy-
sician performance is being reviewed, the results of the
entire process apply to the performance of the laboratory
as a whole.

The peer review component of the QA program includes
the challenge of assessing clinical proficiency of the opera-
tors in the cardiac catheterization laboratory and should not
be limited to a simple “scorecard” analysis (102). Issues of
cognitive knowledge, procedural skill, clinical judgment,
and procedural outcomes are best assessed by a composite of
a series of variables that reflect the overall quality of care (6).
This information must be collected in a systematic manner
and analyzed appropriately. Finally, an approach must be
developed for quality improvement that involves not only a
process for change but also a measure for feedback on the
effectiveness of the solutions as well as educational oppor-
tunities for all involved (103).

Table 11. Basic Components of the Continuous Quality
Improvement Program for the Cardiac Catheterization Laboratory

Committee with chairman and staff coordinator
Database and data collection

Data analysis, interpretation, and feedback
QA/Ql implementation

Goals outlined to eliminate outliers, reduce variation, and enhance
performance

Tools available to accomplish data collection and analysis
Feedback mechanisms in place

Educational provisions for staff and operators
Incorporation of practice standardization/guidelines
Professional interaction and expectation

Incentives for high-quality metrics

Adequate financial support for QI personnel
Administrative oversight and action plans

Thresholds for intervention

Appropriate use assessment

QA = quality assurance; QI = quality improvement.
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3.4.1. Overview of the Peer Review Process:
Quality Indicators, Data Collection and Analysis,
and QA/QI Interventions

A review of cardiac catheterization laboratory settings has
outlined certain practical lessons learned by the Laboratory
Survey Committee of the SCAI (104). This committee
noted that the major QA problems were not usually related to
equipment but rather to inadequate laboratory space, lack of a
physician medical director, lack of specific operating rules for
the laboratory space, and lack of a functioning QA program
(104). Not only must a QA program provide procedural compli-
cation information, but the committee emphasized that a feed-
back mechanism to modify behavior must be in place.

A QA program is only as effective as the commitment of
all involved in the process of healthcare delivery, with the
most conspicuous components being the assessment of
procedural outcomes and individual operator proficiency
(6). It is the responsibility of each individual operator to
actively participate in the QA process along with other team
members as well as actively participate in both CME and
maintenance of competence activities on a regular basis.
Each interventionalist should be aware of his/her own
volume, complications, and outcomes. These data should
be used to direct personal improvement. However, a pro-
cedure must be in place to assure this information is both
accurate and complete. Utilizing “indicators” to help quan-
tify the quality of the physician’s performance may be
beneficial. The indicators for organizational purposes in-
clude structural, process, and outcomes (105).

Structural indicators are those often considered by the
hospital credentials committee and include staff credentialing/
re-credentialing. This committee must assess medical training,
licensure, board certification, procedure volume, and CME.
Additionally, the committee/hospital may require, or consider
appropriate, specific training courses/CME for a given proce-
dure, society membership/offices held, awards/honors, and
publications/presentations. Establishing a transparent stan-
dard for a given facility limits confrontation when physi-
cians are either inadequately trained or fail to maintain
required qualifications. The committee must be empowered
to withdraw credentials when individuals fail to meet
written minimum standards.

Process indicators refer to patient management regarding
evaluation and treatment. Table 12 lists examples of proce-
dural or process indicators. Since these are less objective and
potentially amenable to observer bias as opposed to “hard”
clinical outcomes, they are more difficult to measure and
validate. These indicators are, however, helpful in working
through the entire process from protocols and staffing to the
rapidity of room turnover and patient length of stay. By
tracking these indicators, analysis of outcomes issues an
assessment of cost containment can be addressed within the
QA process (106).

PCI appropriate use indicators are also important. The
latest suggestions from the ACCF/SCAI/STS/AATS/
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Table 12. Examples of Patient Management/
Process Indicators

Direct patient care-related indicators
Quality of angiographic studies
Radiation utilization (e.g., dose per procedure)
Report generation/quality of interpretation
Appropriateness
System-specific indicators
Patient transport/lab turnover/bed availability
Preprocedure assessment process and adequacy
Emergency response time
Cardiovascular surgery/anesthesia/respiratory care/perfusion performance
Guidelines-driven indicators
Infection control

Patient radiation dose (use of all available dose indicators, not only
fluoroscopy time)

Treatment protocols (radiographic contrast issues, drugs usage)
Procedure indications
New device use
Cost-related indicators
Length of stay pre-/post-procedure
Disposables needed
Quality and adequacy of supplies

Number and qualification of personnel/staffing

Modified with permission from Heupler et al. (102).

AHA/ASNC/HFSA/SCCT should be valuable in ensuring
that only appropriate patients are undergoing interventional
procedures, and these guidelines can be used to help
monitor appropriate use activity (107).

Outcome indicators are outlined in Table 13. These are
now often publicly available, and they are the most recog-
nizable. Risk adjustment is the essential component to
outcomes reporting and, therefore, dictates the need for
detailed databases (7). Benchmarking individual physician
and laboratory performance against national standards (e.g.,
the ACC-NCDR database) is an important component to
this process (108). Though risk adjustment is essential to
this process, awareness of the potential public health haz-
ards with public reporting of inadequately risk-adjusted
outcomes is of great concern (109). Although individual
physician and hospital scorecards provide information on
performance, they are not sufficient when used alone.
Outcome data should not be used to punish an outlying
practitioner but rather to search for causes that can be
remedied and processes that can be improved (102,103).

Effective data collection requires a data repository and
dedicated personnel for data acquisition. Information tech-
nology systems for the cardiac catheterization laboratory
and the hospital should be integrated to allow for informa-
tion transfer regarding patient demographics, catheteriza-
tion data, and hospital laboratory data, thereby decreasing
personnel data entry time. Hospital administration must be
actively involved in this process to provide the needed staff
support. Though identification of the most appropriate data
collection instrument is still not standardized, an under-
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Table 13. Outcomes-Related Indicators

|. Physical outcomes
Individual physician MACCE
Death
Stroke/nerve injury
Ml
Respiratory arrest
Perforation of vessel of heart with sequelae
Nerve injury
Radiation injuries
Emergent cardiovascular surgery
Access site complications
Access site complications requiring surgery
Rate-based outcomes (outcomes related to volume)
Diagnostic cardiac catheterization completion rates
PCl success rates
Normal cardiac catheterization rates
1. Service outcomes
Access to facility information
Door-to-balloon times
Satisfaction surveys
1ll. Financial outcomes
Procedural costs (as laboratory and as individual physician)

Risk management/litigation costs

Modified with permission from Heupler et al. (102).
MACCE = major adverse cardiac and cerebrovascular events; Ml = myocardial infarction.

standing of entire catheterization laboratory process is
essential for accurate and complete data acquisition with
data entry verified for accuracy.

Data analysis requires a review of specific adverse events,
as well as risk-adjusted event rates, for the facility/operator.
Specific adverse events should be identified, and an individ-
ual case review should be performed. A potential list of case
examples that should be reviewed might include those listed
under clinical outcomes in Table 13 (102). Table 14
represents an example of an adverse event case report form.
Such case reports should be completed by a “neutral”
observer whenever possible to avoid confrontation. Results
should be reviewed and discussed as indicated at regularly
scheduled CQI meetings. In the case of possible litigation,
the cardiac catheterization laboratory CQI process should
work with the hospital risk management department and
not be driven by the latter.

Interventions to improve performance should be the goal
of the peer review process. The CQI process should focus
on improving the performance of the “low-end physician”
and not the elimination of this person, unless the perfor-
mance is repeatedly below minimum standards and the
individual is recalcitrant to positive suggestions. Once per-
formance variance has been identified, programs should be
established to correct these variances and address specifics
issues to improve the total laboratory performance (102).
Continuing employment of physicians not performing ap-

propriately, despite efforts from the CQI process, should be
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the responsibility of hospital oversight committees, group
practices, or departmental leadership.

The tools available for the CQI process are many.
Establishing practice protocols and order sets helps stan-
dardize practice and reduce variation in individual perfor-
mance. Appropriately used in a nonpunitive forum, score-
card benchmark performance can provide feedback that may
allow outliers to see where potential areas of improvement
are required. Identifying the need for an intervention is a
clear component of this process. Counseling may be re-
quired with confidential but swift correction of unprofes-
sionalism. Education, either with in-lab proctoring or ex-
ternal CME, can allow for any potential knowledge gap to
be narrowed. Laboratory surveys provide feedback for both
individuals as well as overall laboratory process performance.
Working with hospital administration to consider incentives
to improve performance and enhance educational opportu-
nities may prove beneficial. Finally, administrative policy for
intervention must be established to address the potentially
“uncorrectable” outlier. SCAI has provided an outline of the
components of an ideal quality control and inspection
program and a Quality Improvement Toolkit (QIT) that is
now available on their Web site (http://www.scai/QIT).
Subspecialty “boards” in adult interventional cardiology are
properly focused on proficiency, both cognitive and techni-
cal (6). For coronary interventional procedures, proficiency
is most easily related to procedural volume, although profi-
ciency and volume are only loosely associated. Some quan-
titative evidence now exists for selected volumetric cut
points for interventional procedures (55) though controversy
remains and enforcement is basically nonexistent, except at
the credentialing committee level at each facility. The recent
PCI guidelines acknowledge the controversial relationship
between quality and volume. Risk-adjusted outcomes re-
main preferable to institutional and individual operator
volumes as a quality measure (55). This issue is currently
being addressed by the ACCF/AHA/SCAI Writing Com-
mittee to Update the 2007 Clinical Competence Statement
on Cardiac Interventional Procedures. The situation is even
less clear with respect to diagnostic catheterization. Given
the absence of similar quantitative data for diagnostic
procedures, as well as the significantly decreased associated
morbidity and mortality associated with diagnostic cathe-
terization, operator proficiency may be better assessed in a
larger overall context. Rates of normal studies, peer review
of the diagnostic quality of studies, rates of referral for
intervention, and perhaps development of criteria for the
appropriateness of these studies have all been suggested as
methods of incorporating physician practice into the QI
process for diagnostic procedures. The quality and the
timeliness of catheterization reports should also be part of
the QI process. A preliminary report should be immediately
available and a final report completed within 24 hours.
However, processes for credentialing and the assessment of
proficiency must be developed in accordance with both local
governance policies, as well as professionally developed
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Table 14. Data Quality Event Review Form (Representative Data Collection Form)

Patient Data
Patient Name: Age: ID#:

Procedure: Physician: Date:

Reason for Review:

Potential for Patient Safety: ; Sentinel Event:

Mortality: In Lab, ; In Hospital 30 Day.

Morbidity: Neuro: ; Vascular: ; Coronary: ;
Arrhythmia: ; Renal: ; Radiation:

Other:

Case Summary:

Risk Group: Average/Low High Salvage

Clinical

Cath

Process Review:

Appropriate Uncertain Inappropriate

Indication :

Technique :

Management :

Related to: Disease: ; Provider: ; System:____;
Preventable: ; Not Preventable: ; Comments:

Recommendation by
Reviewer:

Reviewer:

Recommendation by
Committee:

Patient Safety/Risk Management Review: Y N; Hospital/Department Review: Y N;

Corrective Action: Y N; Education ; Proctor ; Other:

Date: Signature:

standards. In particular, the granting of privileges by health-
care systems should fall within the legal purview of these
institutions. It is hoped that these systems use criteria similar
to those outlined in this document in association with the
major cardiovascular societies to support the decision to cre-
dential physicians and monitor system performance.

Over a 10-year period, improvements in instrumentation,
imaging, data recording, and procedural outcomes have
proceeded rapidly. Consequently, continuing education for
practitioners beyond the standard level of training programs
has become the norm for the acquisition of many of these
advanced skills. Training programs themselves are also
changing from the traditional 1-year program in interven-
tional cardiology to 2-year programs in some institutions.
Subspecialty certification “boards” in interventional cardiol-
ogy reflects this burgeoning knowledge base (6,110). All of
this translates into the need to provide continuing education
to all members of the team. The implementation of new
technology requires a critical evaluation of both the experi-
ence in the literature as well as the experience within
individual institutions. An organized didactic program cou-
pled with cautious early clinical experience is an ideal

mechanism for the introduction of new therapies. These
types of programs, in conjunction with attendance at re-
gional or national scientific meetings devoted to the unbi-
ased presentation of new data, provide a solid infrastructure
for credentialing purposes. Attention to this aspect of
laboratory QI is critical to maintaining expertise.

3.4.2. Noncardiologists Performing
Cardiac Catheterization

An independent operator in the cardiac catheterization
laboratory must be proficient, not only in the technical
aspects of the invasive procedure, but also in the cognitive
aspects, including preprocedural evaluation, indications,
cardiac physiology and pathophysiology, emergency cardiac
care, radiation safety, and interpretation and clinical appli-
cation of the cardiac catheterization data. ACCF has
developed recommendations for training in diagnostic car-
diac catheterization, as well as specific technical skills,
including both education and case volume (111). Cardiol-
ogy fellowship training requires completion of a 3-year
program in order for the operator to be considered
competent to perform diagnostic angiography and an
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additional year of dedicated training for coronary inter-
ventions (76).

The spectrum of participation in cardiac catheterization is
broad and includes physician-supervised assistance by non-
physicians, independent nonphysician performance, and
noncardiologist performance of cardiac catheterization.
Nonphysicians serving in an assistant role during the cath-
eterization with a cardiologist present are standard practices
in most training and teaching programs and not the issue
here. There is limited literature regarding safety/outcomes
of nonphysicians independently performing cardiac cathe-
terization. This topic was reviewed by SCAI in a statement
regarding nonphysicians performing cardiac catheterization
as independent operators (112). No relevant data are cur-
rently available establishing either the safety or the health-
care manpower requirement for nonphysicians performing
as independent operators in the cardiac catheterization
laboratory, and this practice is not appropriate. Some
exceptions to this policy include right-heart catheterization
procedures performed by competent operators from inten-
sive care units or electrophysiologists utilizing the cardiac
catheterization facility.

Medical and surgical subspecialties create training re-
quirements to establish and maintain patient safety and
quality of care (76,100,111). Hospital privileges for specific
procedures are based upon training requirements. It is an
ethical obligation to honestly disclose relevant information
to the patient (e.g., the training credentials of the primary
operator for any procedure, including cardiac catheter pro-
cedures). Beneficence is the ethical obligation to act in the
patient’s best interest (112). Patients, the public, and the
government are rightly seeking greater assurance that phy-
sicians hold the interests of their patients above their own.
Diagnostic cardiac catheterization and percutaneous coro-
nary intervention should be performed by trained cardiolo-
gists, or comparably trained noncardiology physicians, who
have been trained specifically for this procedure (110,111).
It is not appropriate for noncardiologists to perform percu-
taneous coronary interventions.

3.4.3. National Database Use

In assessing quality, adverse outcomes are often equated to
a lack of quality which, in turn, is related to performance.
However, it is obvious that adverse events will occur, even in
the best hands and at the best centers (113). The frequency
of these events is, in large part, related to the condition of the
patient and experience of the operator and center. Volume
alone may not be the best barometer of quality (114).

The SCAI Registry was developed to offer individual
centers an opportunity to assess their results relative to the
national reporting network of catheterization laboratories
on a voluntary basis. This registry tracked both diagnostic
and interventional procedures and was the standard for
assessing quality in the 1980s and 1990s, though the
information was not risk adjusted and the number of
variables was limited. This database is no longer being
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supported. With the termination of this database, no effort,
to date, has been attempted to track and risk adjust
diagnostic adverse outcomes on a national basis. State
Health Departments require low-volume diagnostic labora-
tories to complete a data form on all patients. However,
comparative national data for diagnostic catheterization
have not been available since the 1990s.

ACC-NCDR is a voluntary national registry that cur-
rently receives data from approximately 1,300 participating
hospitals. The purpose of this registry is to provide risk-
adjusted outcomes to individual institutions and their phy-
sicians. Such risk-adjusted outcomes are considered the
most appropriate measure of quality (108). The data collec-
tion processes as well as the details regarding the dataset
have been described in detail (7). Each data element is
predefined, linked to ACCF/AHA PCI Guidelines, and
available at www.cardiosource.org. Data at each participat-
ing facility are entered locally into ACC-NCDR-certified
software. Compatibility with individual laboratory reporting
systems and ACC-NCDR, or any regional/national data-
base such as the Northern New England Cardiovascular
Disease Study Group or the New York State Department of
Health Database, is essential to allow for complete data
entry and minimize duplication. Many local QA programs
are based on these data, and the sites themselves are
responsible for auditing the data for completeness and
accuracy. In addition, the ACC-NCDR has a limited
national audit system of approximately 5% of the data. This
registry has developed and validated a number risk adjust-
ment models for specific adverse outcomes (7,108,113,115).
An example of the output from the ACC-NCDR Cath PCI
dashboard is shown in Figure 2.

This writing committee strongly encourages all laborato-
ries to participate in a national or regional registry to
benchmark their results and provide an ongoing system for
tracking complications. Benchmark data are important, and
because the validity of these data are dependent on a high
number of participating laboratories, this committee
strongly recommends that all cardiac catheterization labo-
ratories actively participate in such a data registry.

3.4.4. Catheterization Laboratory
Reporting Requirements

The catheterization report should be individualized to a
particular institution depending upon the recommendations
of the medical director and participating physicians, the
administrative and informational infrastructure of the insti-
tution, and the requests of the referring physicians. Table 15
presents standard information required in such a report
(116). A complete procedural report, finalized within 24
hours of a procedure and inclusive of content in Table 15, is
a requisite and standard of care. Furthermore, structured
reporting using standardized data elements captured as
discrete data is highly preferred to verbose (i.e., handwritten
or dictated) reporting. An initiative to define best practice
workflows for data acquisition, processing, and reporting is
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Figure 2. Example of the NCDR CathPCIl Executive Summary Quality Dashboard

NCDR = National Cardiovascular Data Registry; PCl = percutaneous coronary intervention.

XXX:ZT0Z ‘G aunf

T0T ‘€T "ON ‘65 "IOA QQVr

spiepuejs fiojeloqe uonezUlayje) seipies)

‘e 33 aioyseg

1€






























