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RIGHT & LEFT HEART CATHETERIZATION  

PATIENT PREPARATION 

Patients must be fully informed of the indication for, and risks of, the procedure. A serious adverse event rate of 1.1%, 

and mortality rate of 0.05%. The most common complications or RHC are: hematomas (5.3%), intramural hematomas 

caused by catheter placement (28–61%), benign arrhythmias (> 20%). Catheterisation is frequently performed without 

interruption of anticoagulation. Fasting prior to a procedure will depend on local policy, although it should be borne in 

mind that overzealous fasting protocols may lead to volume depletion, thus making venous access more challenging. 

The recommendation for zeroing the pressure transducer suggests zeroing at the mid-thoracic line in a supine position, 

halfway between the anterior portion of sternum and the bed surface. This represents the level of the left atrium. 

VENOUS ACCESS 

The adjacent femoral artery and vein are the most commonly used vessels for percutaneous diagnostic cardiac 

catheterization. It is important to perform the punctures at the correct level (1 or 2 cm below the inguinal ligament) to 

facilitate vessel entry and avoid local vascular complications. To do so, some operators rely on the location of the 

inguinal skin crease to position the skin nicks through which puncture will be attempted. We prefer locating the skin 

nicks in reference to the inguinal ligament (which runs from the anterior superior iliac spine to the pubic tubercle), 

since the position of the skin crease can be misleading in obese patients. More recently, we have begun to confirm the 

appropriate localization of the skin nick by fluoroscopy, which should show the nick to overlie the inferior border of 

the femoral head. Making the skin nicks at this level increases the chance that needle puncture will take place 

in the common femoral segment, rather than too high (above the inguinal ligament) or too low (in the superficial 

femoral or profunda branches of the common femoral artery). The femoral artery should be easily palpable over a 

several-centimeter span above and below the skin nick site. The femoral vein will lie approximately one fingerbreadth 

medial to the artery, along a parallel course. Because the superficial femoral artery frequently overlies the femoral 

vein, low venous punctures may pass inadvertently through the superficial femoral artery, leading to excessive 

bleeding and possible arteriovenous fistula formation 

 

PROCEDURE 

1. Catheterisation from the femoral vein is commonly performed using a multipurpose catheter (MP 1 or 2). Take 

blood sample for O2 sat in the IVC. MP requires greater manipulation, than the balloon flotation catheters, to 

navigate through the right heart, and a guidewire may be required to improve steerability. MP catheters can be used 

to cross directly into the left atrium (LA) in patients with a patent foramen ovale for direct pressure recordings and 

to sample for O2 sat in the pulmonary vein (to be sued in calculation of shunt fraction). 

2. Introduce the catheter into the RA, whilst connected to the transducer. Keep the 

catheter tip in the lower portion of the RA, directed towards its lateral border and take 

blood sample for O2 sat in the RA then flush with saline and then RA pressure is 

recorded (Recordings of all pressures are best taken at end-expiration for 

consistent and stable traces)  
3. Advance into the RV:  whilst the tip of the catheter is positioned in the lower portion 

of the RA, directed toward its lateral border, apply clockwise rotation to causes the 

catheter tip to sweep the anterior and anteromedial wall of the right atrium, along 

which the tricuspid valve is located. As the catheter tip passes over the tricuspid 

orifice, slight advancement causes it to enter the right ventricle. If the RA is enlarged, 

you may need to, first, bend the tip of the catheter against the lateral RA wall to form 

a large J loop.  This larger loop can then be rotated clockwise in the atrium as 

described earlier, causing the tip of the catheter to enter the right ventricle. RV 

pressure is then recorded. 
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4. Advance into the PA: first withdraw the catheter slightly so that its tip lies 

horizontally and just to the right (patient's left) of the spine. In this position, 

clockwise rotation causes the tip of the catheter to point upward (and slightly 

posteriorly) in the direction of the RVOT. The catheter should be advanced only 

when it is in this orientation to minimize the risk of ventricular arrhythmias or injury 

to the right ventricle. Advancement may be facilitated if performed as the patient 

takes a deep breath. If these manoeuvres fail to achieve access to the PA due to 

enlargement of the right atrial and ventricular chambers, the catheter may be 

withdrawn to the RA and formed into a large “reverse loop,” which allows the tip of 

the catheter to cross the tricuspid valve in an upward orientation more likely to enter 

the outflow tract into the PA. Take a blood sample for O2 sat in the PA then flush 

with saline and then the PA pressure is recorded (systolic, diastolic and mean). Leave 

the catheter in the proximal PA. 

 

5. Introduce pigtail catheter through femoral artery up to ascending aorta: take blood sample for arterial O2 sat 

then flush and then record Ao pressure and PA pressure simultaneously 

6. Advance the pigtail catheter to LV:, then perform LV angiogram (usually in RAO) then flush and then record 

LV pressure.  If LV angiogram is performed in the LAO cranial view, excellent visualization of the IVS, sinuses of 

Valsalva, and ascending and descending thoracic aorta will allow diagnosis and localization of essentially all the 

causes of L-R shunt other than ASD and anomalous pulmonary venous return. 

7. Advance into a wedge position: having the patient take a deep breath and cough during advancement is often of 

assistance in achieving a wedge position. PAWP should be recorded as a mean of 3 measurements at end-

expiration. Record LV pressure and PAWP simultaneously 

8. Pullback the venous catheter while recording the pressures in the PA, RV and RA. Record RV and LV 

simultaneously if constrictive/ restrictive is suspected. Oximetry run (oxygen saturation is measured in blood 

samples drawn sequentially from the PA, RV, RA, SVC, and IVC) is indicated if shunt is suspected or there is a 

difference > 7% between O2 sat in IVC and PA.  

9. Pullback the pigtail catheter and record any gradient across the AV 

10. Perform coronary angiography.  

 

NORMAL PRESSURE RANGE 

Central venous pressure (CVP) 3–8 mm Hg  

Right atrium pressure (RAP) mean 0–8 mm Hg  

Right ventricle pressure (RVP) systolic 15–30 mm Hg  

Pulmonary artery pressure (PAP) systolic mean diastolic 15–30 mm Hg 8–20 mm Hg 3–12 mm Hg  

Pulmonary wedge pressure (PCWP) 4–15 mm Hg  

Left atrium pressure (LAP) mean 2–12 mm Hg  

Left ventricle end-diastolic pressure 5–12 mm Hg 
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PULMONARY HYPERTENSION 

1) Diagnose PH (PAP > 25 mmHg at rest) 

2) Differentiate postcapillary PH (PAWP > 15 mmHg: PH due to left heart disease) from precapillary PH (PAWP < 

15 mmHg: PAH, PH due to lung disease/hypoxia, chronic thromboembolic PH, or PH with unclear/multifactorial 

mechanisms).  “Out of proportion” PH is postcapillary PH in which the raised PAP cannot be fully explained by 

an increase in LA pressure (left heart disease) and is in part due to adaptive changes within the pulmonary 

vasculature. Trans-pulmonary pressure gradient (TPG=mean PAP-PAWP) > 12 mmHg and diastolic pressure 

gradient (DPG=diastolic PAP-PAWP)> 7 mmHg are suggestive of out of proportion PH and associated with lower 

median survival in patients with PH due to left-sided heart disease. PAWP > 15 mm Hg excludes the diagnosis of 

pre-capillary PAH; however interpretation of PWP should be taken only in the clinical context, for example:  (1) 

hypovolaemia may cause an inappropriately low PAWP, leading to a false diagnosis of PAH as PAWP is 

dependent on volume loading; A 400 mL fluid challenge will help discriminate between the two conditions, (2) 

Heart failure with a preserved ejection fraction is one of the most challenging differential diagnoses of PAH. 

In such patients, PAWP may be mildly elevated or at the upper limit of the reference range at rest. 

3) Evaluate the haemodynamic response to pulmonary vasodilator therapy e.g. inhaled nitric oxide or IV adenosine 

(A positive response is defined as reduction in mean PAP of >10 mm Hg to reach a mean of <40 mm Hg with an 

increased or unchanged CO- This is seen in approximately 10% of patients with type 1 PAH that are likely to 

respond to treatment with long-term calcium channel blockers.  

 
Figure. pressure traces taken from a patient with pulmonary arterial hypertension. Trace A shows very high 

pulmonary artery pressure (mean 75 mm Hg). Trace B shows the normal pulmonary capillary wedge pressure, 

confirming that the elevated pulmonary pressures are due to precapillary pulmonary vascular disease. Note that the 

wedge pressure is under-damped with marked artefact. 
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MITRAL REGURGITATION  

Mitral regurgitation (MR) can be assessed during a left ventriculogram, with semiquantitative scoring tools used to 

determine severity. Care should be taken to avoid getting the catheter caught in the mitral valve apparatus, which may 

accentuate the degree of MR. Large v-waves on the PCWP trace are most commonly due to MR (figure 4), although 

the differential diagnoses includes atrial septal defects and LV volume overload. A v-wave greater than twice the 

mean PCWP suggests severe MR, although this is neither a particularly sensitive or specific finding. 

 

  
Left ventriculogram, RAO projection 30° at diastole 

(Left) and systole (Right) with absence of MR 

Left ventriculogram, RAO projection 30° at diastole 

(Left) and systole (Right) with the LA completely 

opaque due to severe MR. 

 

  

Fig. Hemodynamic tracings in a patient with mitral regurgitation, characterized by a giant v wave in left atrial (LA) 

pressure. This v wave corresponds to marked increase in flow and volume into the LA. Ao, Aortic pressure; ECG, 

electrocardiogram; LV, left ventricular pressure. 

 

Figure 4 Simultaneous left ventricular (LV) and pulmonary capillary wedge (PCW) traces in a patient with atrial 

fibrillation and significant mitral regurgitation are shown. Large v-waves are clearly demonstrated on the wedge 

pressure trace (v), with high LV end-diastolic pressure. 
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RESTRICTIVE CARDIOMYOPATHY VERSUS CONSTRICTIVE PERICARDITIS  

Differentiating between a restrictive cardiomyopathy and constrictive pericarditis may pose a diagnostic challenge. It 

is an important distinction to make as constrictive pericarditis is potentially curable by pericardiectomy. Comparison 

of the relative merits of the available diagnostic tests is limited by the lack of a gold standard investigation. Studies are 

typically non-randomised, with retrospective data collection, and therefore prone to bias.  

Simultaneous right and left heart catheterisations are a common step on the diagnostic pathway, the results of which 

should be interpreted in conjunction with clinical, echocardiographic and CT/MRI findings in order to reach a final 

diagnosis. Diastolic pressure equalisation can also be seen in restrictive cardiomyopathy, as well as severe dilated 

cardiomyopathy, cardiac tamponade and advanced pulmonary disease, and should not be used to diagnose constriction 

in isolation. A novel diagnostic marker uses respiratory variability in LV and RV pressures to distinguish between 

restrictive physiology and constrictive physiology. The systolic area index measures the ratio of the area under the RV 

and LV systolic pressure curves in both inspiration and expiration. During inspiration, systemic venous return 

increases leading to an increase in RV volume. In constrictive pericarditis, because of ventricular interdependence (the 

total volume of the heart is constrained by the pericardium), there is a consequent fall in LV volume. Thus, there is an 

increase in the ratio between RV and LV volume (and pressure-area curve during inspiration compared with 

expiration). By contrast, in restrictive cardiomyopathy, because there is much less ventricular interdependence, there 

is no significant change in the LV pressure curve between inspiration and expiration, and thus the systolic area index 

is normal. A value for systolic area index greater than 1.1 has 97% sensitivity in detecting constriction. The measure 

has only been evaluated using high fidelity, micromanometer-tipped catheters in a small, selected patient group, and 

further studies are required to evaluate its usefulness fully. 

 

Simultaneous RV and LV trace from a patient with constrictive pericarditis showing square root sign. Also note that 

the diastolic pressures in both the ventricles are equal. 
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INTRACARDIAC SHUNT  

Measurement of Blood Oxygen Saturation and Content in the Right Heart (Oximetry Run)  

Oximetry run is a basic technique for detecting and quantifying L-R shunts, in which the oxygen saturation is 

measured in blood samples drawn sequentially from the PA, RV, RA, SVC, and IVC. L-R shunt is suggested when a 

“step up” in the oxygen saturation in one chamber exceeds the oxygen saturation of a proximal compartment by > 7% 

in the case of an atrial shunt or more than 5% in ventricular or great vessel shunts. 

Calculating the shunt fraction (Qp/Qs) 

In the absence of shunting, the pulmonary blood flow (right side of the heart) is equal to the systemic blood flow 

(Qp/Qs = 1).  

With L-R shunt, the amount of blood shunted from the left to the right side of the heart is added to the pulmonary 

blood flow, making pulmonary blood flow (Qp) greater than systemic blood flow (Qs) by the amount of blood flow in 

the shunt. The shunt fraction equal the ratio of pulmonary blood flow (Qp) to systemic blood flow (Qs), which can be 

calculated by simplified formula using oxygen saturations only: 

 
Where SA is systemic arterial, MV is mixed venous, PV is pulmonary vein and PA is pulmonary artery 

A true mixed venous sample (called MVO2 or SvO2) is drawn from the tip of the pulmonary artery catheter. ScvO2 

refers to a central venous sample and is often used and interpreted in the same manner. With L-R shunt, measure 

MVO2 one chamber proximal to the step-up. For ASD, the MVO2 is computed as: MVO2 = (3x SVC O2) + (1x IVC 

O2) / 4 .  

If a pulmonary vein (PV) has not been entered, systemic arterial oxygen content may be used in the preceding 

formula, but if there is an intracardiac R-L shunt, an assumed value for pulmonary venous oxygen content of 98% 

oxygen capacity should be used in calculating pulmonary blood flow. 

A shunt fraction of > 1.5 often necessitates shunt closure. 

Using MVO2 as indicator of sufficiency of cardiac output:  

Mixed venous oxygen saturation is the percentage of oxygen bound to haemoglobin in blood returning to the right side 

of the heart.  This reflects the amount of oxygen "left over" after the tissues remove what they need from the blood 

and before it is re-oxygenated in the pulmonary capillary. Decreases SvO2 indicate that a patient's body is extracting 

more oxygen than normally and this indicates that cardiac output is not sufficient to meet tissue energy needs.  

Angiography  

Angiography is a qualitative method used to localize either L-R or R-L shunts. The shunt can be detected by injection 

of x-ray contrast medium into the closest proximal chamber. The LAO cranial view puts the IAS and IVS on face (i.e., 

on edge), which provides an ideal view for detection of contrast medium passage across the atrial and ventricular 

septal defects. In general, assessment of the patient with L-R shunt virtually always includes a left ventriculogram. If 

this is performed in the LAO cranial view, excellent visualization of the IVS, sinuses of Valsalva, and ascending and 

descending thoracic aorta will allow diagnosis and localization of essentially all the causes of L-R shunt other than 

ASD and anomalous pulmonary venous return. 
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CONTRAINDICATIONS FOR RIGHT HEART CATHETERIZATION 

The absolute contraindications to PA catheter placement are right-sided endocarditis, a tricuspid or pulmonic 

mechanical valve prosthesis, thrombus or tumour in a right heart chamber, uncooperative patient, and terminal illness 

for which aggressive management is considered futile. 

Relative contraindications are profound coagulopathy (INR > 2 or platelet count < 20,000 to 50,000), bioprosthetic 

tricuspid or pulmonic valve prosthesis, newly implanted pacemaker or defibrillator (unless fluoroscopic guidance is 

used), and LBBB (local trauma to the functioning right bundle while introducing the PA catheter may result in 

complete heart block and hemodynamic instability - consequently, temporary pacing should be immediately available 

when inserting a PA catheter in patients with pre-existing LBBB) 

 


