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• The last expert consensus document on

cardiac catheterization laboratory

standards was published in 2001.

Since then, many changes have occurred!





Cath-lab off the starship ‘ENTERPRISE’



From: 2012 American College of Cardiology Foundation/Society for Cardiovascular Angiography and 

Interventions Expert Consensus Document on Cardiac Catheterization Laboratory Standards Update: Title 

and subTitle BreakA Report of the American College of Cardiology Foundation Task Force on Expert 

Consensus Documents

Trends in In-Hospital Outcomes Following PCI: The Mayo Clinic Experience




• 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 laboratories to sites without onsite
cardiovascular surgery backup and even to community hospitals
where primary percutaneous coronary intervention (PCI) is now
being performed.

• This has increased the importance of quality assurance (QA) and
quality improvement (QI) initiatives. 

• The laboratory has become a multipurpose suite with both
diagnostic procedures to investigate pulmonary hypertension 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. 

• The approaches now available allow for the treatment of even very
complex heart disease and have led to the development of hybrid
cardiac catheterization laboratories where a team of physicians
(including invasive cardiologists, cardiovascular surgeons, 
noninvasive cardiologists, and anesthesiologists) is required. 



• 2012 American College of Cardiology

Foundation/Society for Cardiovascular

Angiography and Interventions Expert

Consensus Document on Cardiac

Catheterization Laboratory Standards Update

A Report of the American College of Cardiology Foundation

Task Force on Expert Consensus Documents

Expert Consensus Document | June 2012 



• 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.



CATH-LAB



• Cardiac Catheterization at a Hospital With Cardiovascular Surgery

Full-service hospitals should provide, not only

• Cardiovascular surgery, but also

• Cardiovascular anesthesia

• Consulting services in vascular

• Nephrology

• Neurology

• Hematology.

• Advanced imaging mechanical support services should also be available.

Not every hospital with onsite cardiovascular 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 studies only in facilities with
the medical expertise and equipment to perform these procedures at the
highest level.





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 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.

•Cardiac Catheterization at a Facility Without Cardiovascular Surgery



The remarkably low risk now associated with diagnostic

cardiac catheterization suggests that only a few

cardiovascular patients cannot safely undergo

procedures in these laboratories.



SCAI/ 2007



SCAI/ 2007





The 2001 ACC/SCAI consensus document suggests
limiting diagnostic procedures in laboratories without
cardiovascular 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 ventricular (LV) function, 

• and the presence of valve disease.



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.





• Patient Outcomes

The rate of normal or insignificant coronary artery disease

angiographically found at cardiac catheterization in any

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 following 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 discussion
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 technology continues to evolve as do the indications. 
Laboratories historically dedicated to coronary disease have had to
transform themselves technically, logistically, and administratively to
provide optimal care for this population. Large image detectors are
often required and are not optimal for coronary angiography. 

• Noncardiologists (i.e., vascular surgeons and interventional
radiologists) may also be participating, so guidelines, as well as
credentialing issues, may vary among the groups. 

• Need of national database for these procedures is particularly
important.



• Quality Assurance Issues in the Cardiac

Catheterization Laboratory

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.

In this manner, all laboratories can benchmark their

performance and make appropriate corrections.



•Peer Review Continuous QA/QI Programs

More than ever, a continuous QA/QI 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.

• Feedback 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
knowledge, procedural skill, clinical judgment, and procedural outcomes. These data
need to be collected in a systematic manner and analyzed appropriately. 





Quality indicators should include ,

Structural indicators include factors such as

• training, 

• continuing medical education (CME), 

• procedural volume,

• awards, 

• presentations,

• publications,

• and credentialing. 

Patient care indicators include issues such as

• quality of procedures,

• 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, 

• medication 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

• individual physician complications,

• service outcomes (e.g., access, door-to-intervention times, and

satisfaction surveys),

• and financial outcomes.



• 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 operator.



From: 2012 American College of Cardiology Foundation/Society for Cardiovascular Angiography and 

Interventions Expert Consensus Document on Cardiac Catheterization Laboratory Standards Update: Title 

and subTitle BreakA Report of the American College of Cardiology Foundation Task Force on Expert 

Consensus Documents

Relationship Between MACCE and Institutional Volume
No clear relationship is observable in this assessment of data from a 

national audit of PCI procedures in the United Kingdom (2007 and 2008). Reprinted from NHS Information Centre for Health and 

Social Care (166). MACCE = major adverse cardiac and cardiovascular events.




The very low complication rate for diagnostic
catheterization 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 .

This committee feels 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.



Establishing an appropriate oversight QA/QI process is more
important than focusing on minimum volumes.

• All major complications should be reviewed by the QA committee 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 consequences.

• some subset of all operators should be randomly reviewed at least
annually. 

• All operators should be required to attend regularly cardiac
catheterization conferences and obtain a minimum of 12 CME hours
per year.

• Stimulation training may assist in improving skills.



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 procedures can be done safely under
restrictions. 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, 



The annual minimum operator interventional procedural volume of
75 cases per year has become an accepted standard. 

Obviously the relationship between volume and outcomes is complex,

• low-volume operators in high-volume laboratories tend to fare
better. 

• is the fact that many competent interventional cardiologists do not
perform >75 procedures each year. 

• Some cardiologists perform PCI primarily 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.



From: 2012 American College of Cardiology Foundation/Society for Cardiovascular Angiography and 

Interventions Expert Consensus Document on Cardiac Catheterization Laboratory Standards Update: Title 

and subTitle BreakA Report of the American College of Cardiology Foundation Task Force on Expert 

Consensus Documents

Linear Plot of Standardized MACE Ratios (Observed/Predicted Rates) Versus Annual Operator Volume
There remains only a 

general, but statistically important relationship with higher major adverse cardiovascular events (MACE) in operators doing fewer 

procedures.




• 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 Symposium (COCATS). These are

still the established requirements for Level 1, Level 2, and Level 3 

training.



Structural heart disease intervention require

• a multidisciplinary approach

• and should not be attempted by casual operators.

• limited number of laboratories 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

• 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, alternative
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 of each procedure and should
include the name, the procedure, 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.



• 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;

• 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; 

• 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

• 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. 

• 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/IIIa 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 intravenous (IV) saline or
sodium bicarbonate at 1.0 mL/kg/min to 1.5 mL/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.

• Acetylcysteine is no longer recommended.



Patients with a strong atopic history or prior contrast allergy
should be considered for pre-medication with steroids and/or H1 and
H2 blockers. 

• Shellfish allergies are not considered important for contrast
reactions.

• Diabetic patients 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
reactions 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 particularly efficacious in the obese.
Medications during the procedure and sterile techniques have not
changed over the last decade.



• Technical and Hemodynamic Issues

• 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.

• Myocardial biopsies are useful in restrictive heart disease and in heart
transplant patients.

• 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 valvuloplasty, 
and LA appendage occluder deployment.



In addition, there are now therapeutic options to augment
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 extracorporeal
membrane oxygenation (ECMO) can now be performed
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) 

• other devices that provide plaque imaging with virtual
histology and tissue ingrowth assessment using (OCT)
optical coherence technology. 



• 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 percutaneous thrombin.



• The use of vascular occlusion devices has grown rapidly despite
evidence their application does not reduce overall vascular
complications. An AHA Scientific Statement regarding 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, hydralazine, metoprolol, or nicardipine. 

• Vagal reactions can be quite serious, and pre-medication with
narcotics prior to sheath removal may help reduce their occurrence.

• Hypotension after cardiac catheterization is potentially multifactorial
and includes diuresis, ischemia, retroperitoneal bleeding, as well as
vagal reactions. 

• If a retroperitoneal bleed is suspected, the most effective rapid
response is to return to the laboratory for contralateral access and
identification of the bleeding site.



• Personnel Issues

Little has changed over the last decade in regard to personnel issues.
A cardiac catheterization procedure requires 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 catheterization 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) interventionalist, 
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 director is responsible for monitoring physician and staff
behavior and ensuring their competence. 

• The director should be the laboratory's advocate for adequate
resources.

• He or she should collaborate with hospital personnel to ensure
safety and compliance 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
staff is properly trained and respected. 

• Because of the increased importance of patient and staff radiation
safety, laboratories should have routine access to qualified medical
and health physicists. 

• All members of the cardiac catheterization team must have Basic
Life Support certification in cardiopulmonary 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 is an integrated
procedural suite that combines the tools and equipment available

• in a cardiac catheterization laboratory

• with anesthesia and

• surgical facilities

• and possesses 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 procedure may be required (i.e., 
bailout or apical approach to percutaneous aortic valve replacement, 
vascular plug deployment in paravalvular prosthetic valve regurgitation, and
percutaneous ventricular septal defect closure), 

hybrid treatments (i.e., combined PCI or other vascular stenting with surgical
approaches and epicardial atrial fibrillation ablation),

electrophysiology (EP) device implantation or removal,

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.

.



• Ethical Concerns

The physician's primary obligation is always to the patient

and to no one else regardless of financial, regulatory, or

social pressures otherwise.



• Informed consent continues to get more and more complex, but a 
clear and understandable description 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.

• 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

• 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. 

• 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 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 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. Maximum

allowable radiation for medical workers is 50 millisieverts (mSv) per

year whole body and a lifetime cumulative dose of 10 mSv × 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

• 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 operator, the same rules apply.

Plus it is important to remember !!



• 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 laboratories may be dedicated facilities or shared with an adult

program.



• Who Should Perform Pediatric Catheterizations?

• All pediatric catheterizations should have a director responsible 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. 

• 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 congenital heart disease patients may have procedures 
performed by a pediatric cardiologist or with an adult and pediatric
cardiologist together. 

• The only exception is the adult cardiologist with a special interest
and expertise in adult congenital heart disease.






