Vascular Access Cardiac catheterization procedures are performed
using a percutaneous technique to enter the femoral artery and
vein as the preferred access sites for left and right heart catheterization, respectively. A flexible sheath is inserted into the vessel over a
guidewire, allowing diagnostic catheters to be introduced into the
vessel and advanced toward the heart using fluoroscopic guidance.
The radial artery (or brachial artery) may also be used as an arterial
access site in patients, particularly those with peripheral arterial disease that involves the abdominal aorta, iliac, or femoral vessels; severe
iliac artery tortuosity; morbid obesity; or preference for early postprocedure ambulation. Use of radial-artery access is gaining popularity
due to a lower rate of access-site bleeding complications. A normal
Allen’s test confirming dual blood supply to the hand from the radial
and ulnar arteries is recommended prior to access at this site. The
internal jugular or antecubital veins serve as alternate access sites to the
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Right Heart Catheterization This procedure measures pressures in
the right heart. Right heart catheterization is no longer a routine part
of diagnostic cardiac catheterization, but it is reasonable in patients
with unexplained dyspnea, valvular heart disease, pericardial disease,
right and/or left ventricular dysfunction, congenital heart disease,
and suspected intracardiac shunts. Right heart catheterization uses a
balloon-tipped flotation catheter that is advanced sequentially to the
right atrium, right ventricle, pulmonary artery, and pulmonary wedge
position (as a surrogate for left atrial pressure) using fluoroscopic
guidance; in each cardiac chamber, pressure is measured and blood
samples are obtained for oxygen saturation analysis to screen for
intracardiac shunts.
Left Heart Catheterization This procedure measures pressures in the
left heart as a determinant of left ventricular performance. With the aid
of fluoroscopy, a catheter is guided to the ascending aorta and across
the aortic valve into the left ventricle to provide a direct measure of
left ventricular pressure. In patients with a tilting-disc prosthetic aortic
valve, crossing the valve with a catheter is contraindicated, and the
left heart may be accessed via a transseptal technique from the right
atrium using a needle-tipped catheter to puncture the atrial septum
at the fossa ovalis. Once the catheter crosses from the right to the left
atrium, it can be advanced across the mitral valve to the left ventricle.
This technique is also used for mitral valvuloplasty. Heparin is given
for prolonged procedures to limit the risk of stroke from embolism of
clots that may form on the catheter. For patients with heparin-induced
thrombocytopenia, the direct thrombin inhibitors bivalirudin (0.75
mg/kg bolus, 1.75 mg/kg per hour for the duration of the procedure)
or argatroban (350 μg/kg bolus, 15 μg/kg per minute for the duration
of the procedure) may be used.
HEMODYNAMICS
A comprehensive hemodynamic assessment involves obtaining pressure measurements in the right and left heart and peripheral arterial
system and determining the cardiac output (Table 272-2). The shape
TABLE 272-2 Normal Values for Hemodynamic Measurements
Pressures (mmHg)
Right atrium
Mean
a wave
v wave
Right ventricle
   Peak systolic/end diastolic
Pulmonary artery
   Peak systolic/end diastolic
   Mean
Pulmonary capillary wedge (mean)
Left atrium
   Mean
   a wave
   v wave
Left ventricle
   Peak systolic/end diastolic
Aorta
   Peak systolic/end diastolic
   Mean
(Resistances [dyn-s]/cm5)
   Systemic vascular resistance
   Pulmonary vascular resistance
Oxygen Consumption Index ([L-min]/m2)
   Arteriovenous oxygen difference (vol %)
   Cardiac index ([L-min]/m2)

Diagnostic Cardiac Catheterization and Coronary Angiography

TECHNIQUE
Cardiac catheterization and coronary angiography provide a detailed
hemodynamic and anatomic assessment of the heart and coronary
arteries. The selection of procedures is dependent on the patient’s
symptoms and clinical condition, with some direction provided by
noninvasive studies.

right heart when the patient has an inferior vena cava filter in place or 1461
requires prolonged hemodynamic monitoring.

CHAPTER 272

Contrast allergy and contrast-induced acute kidney injury merit
further consideration, because these adverse events may occur in
otherwise healthy individuals and prophylactic measures exist to

reduce risk. Allergic reactions to contrast agents occur in <5% of cases,
with severe anaphylactoid (clinically indistinguishable from anaphylaxis, but not mediated by an IgE mechanism) reactions occurring in
0.1%–0.2% of patients. Mild reactions manifest as nausea, vomiting,
and urticaria, while severe anaphylactoid reactions lead to hypotensive
shock, pulmonary edema, and cardiorespiratory arrest. Patients with
a history of significant contrast allergy should be premedicated with
corticosteroids and antihistamines (H1- and H2-blockers) and studies
performed with nonionic, low-osmolar contrast agents that have a
lower reported rate of allergic reactions.
Contrast-induced acute kidney injury, defined as an increase in
creatinine >0.5 mg/dL or 25% above baseline that occurs 48–72 hours
after contrast administration, occurs in ~2–7% of patients with rates of
20–30% reported in high-risk patients, including those with diabetes
mellitus, congestive heart failure, chronic kidney disease, anemia, and
older age. Dialysis is required in 0.3–0.7% of patients and is associated
with a fivefold increase in in-hospital mortality. For all patients,
adequate intravascular volume expansion with intravenous 0.9% saline
(1.0–1.5 mL/kg per hour) for 3–12 hours before and continued 6–24
hours after the procedure limits the risk of contrast-induced acute
kidney injury. Pretreatment with N-acetylcysteine (Mucomyst) has not
reduced the risk of contrast-induced acute kidney injury consistently
and, therefore, is no longer recommended routinely. Diabetic patients
treated with metformin should stop the drug 48 hours prior to the
procedure to limit the associated risk of lactic acidosis. Other strategies to decrease risk include the administration of sodium bicarbonate
(3 mL/kg per hour) 1 hour before and 6 hours after the procedure;
use of low- or iso-osmolar contrast agents; and limiting the volume of
contrast to <100 mL per procedure.
Cardiac catheterization is performed after the patient has fasted for
6 hours and has received intravenous conscious sedation to remain
awake but sedated during the procedure. All patients with suspected
coronary artery disease are pretreated with 325 mg aspirin. In patients
in whom the procedure is likely to progress to a percutaneous coronary intervention, an additional antiplatelet agent should be started:
clopidogrel (600-mg loading dose and 75 mg daily) or prasugrel
(60-mg loading dose and 10 mg daily), or ticagrelor (180-mg loading and
90 mg twice daily). Prasugrel should not be selected for individuals
with prior stroke or transient ischemic attack. Warfarin is held starting 2–3 days prior to the catheterization to allow the international
normalized ratio (INR) to fall to <1.7 and limit access-site bleeding
complications. Cardiac catheterization is a sterile procedure, so antibiotic prophylaxis is not required.
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