A NON-CORONARY USE OF THE PRESSURE WIRE: ACCURATE ASSESSMENT OF SUSPECTED PROSTHETIC VALVE DYSFUNCTION
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Abstract

Guide wire-mounted pressure sensors are increasingly used for the assessment of coronary artery lesions of indeterminate severity, where they provide a simple, robust and thoroughly validated numerical index for deciding whether percutaneous revascularisation is necessary.

The small diameter and good steerability of the pressure wire make it a viable alternative to a standard cardiac catheter for crossing prosthetic aortic valves with suspected malfunction.

We present what, to our knowledge, is the first report of crossing a single-tilting disk prosthetic valve in the aortic position using a pressure wire, to assess suspected prosthetic valve obstruction in a patient with high surgical risk We used the same pressure wire to assess an indeterminate ostial lesion in her right coronary artery and demonstrated the lesion was not haemodynamically significant.
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Rezumat

Senzorii de presiune plasați pe un ghid de angioplastie sunt din ce în ce mai des folosiți pentru evaluarea leziunilor coronariene de severitate nedeterminată, în care oferă un indice numeric simplu și general validat ce indică necesitatea revascularizației percutane.
Diametrul mic și orientarea bună a dispozitivului fac din acesta o alternativă viabilă la cateterul cardiac obișnuit, pentru a traversa valvele aortice prostetice la care se suspectează malformații.

Prezentăm ceea ce, după cunoștințele noastre, este prima prezentare a traversării unei valve prostetice tip monodisc în poziție aortică folosind un fir de presiune pentru a evalua o posibilă obstrucție valvulară la o pacientă cu risc chirurgical înalt. Am folosit același fir de presiune pentru a evalua o leziune nedeterminată a ostiului în coronara dtreaptă a pacientei și am demonstrat că leziunea nu are importanță din punct de vedere hemodinamic.
Cuvinte cheie: senzorii de presiune plasați pe un fir de ghidare, leziuni coronariene, valve aortice prostetice, valvă monodisc.
Introduction
Pressure gradients across normally functioning prosthetic valves can be unexpectedly high by Doppler echocardiography, because of a hemodynamic phenomenon called pressure recovery(1). In patients with symptoms attributable to prosthetic valve obstruction it becomes essential to distinguish between valve dysfunction (which may require surgery) and pressure recovery (a ‘normal’ finding) as the cause of a high gradient, but invasive hemodynamic assessment in the catheter laboratory is not routinely performed because of the risks involved. Cardiac catheters should not be used to ‘cross’ prosthetic valves, as they may damage or ‘jam’ the occluder(2).
The pressure wire is an angioplasty guide wire with a pressure sensor mounted 3 cm proximal to the tip, and has been extensively validated in the coronaries, where it is used increasingly to determine which stenoses are hemodynamically significant. However, because of its dimensions and steerability it is also able to cross prosthetic valves without damaging them and its use has been reported before for measuring pressure gradients in bi-leaflet prosthetic valves in the aortic position(3,4). We are now reporting the first case where a single tilting-disc valve was crossed with a pressure wire in a patient with symptoms and a high gradient by Doppler.

Case presentation
A 71-year-old lady had aortic valve replacement 17 years previously, with a single tilting-disc valve (Medtronic Hall) for rheumatic aortic stenosis. Over the previous 5 years she had become increasingly short of breath. Two years previously she had coronary angiography in a different institution, where an ostial right coronary artery stenosis was diagnosed and she was listed for angioplasty, which she declined. 
Transthoracic echocardiography demonstrated a Medtronic Hall valve with normal movement of the occluder, but with an elevated peak and mean transvalvular gradient (70 and 38 mm Hg respectively). We did not have a baseline recording for comparison.

Over the subsequent 2 years she became increasingly short of breath, while the echo findings remained stable. We decided to perform invasive hemodynamic assessment using a pressure wire (Radiwire, St Jude) to cross the valve and elucidate the gradient, and also to measure fractional flow reserve (FFR) across the right coronary ostial stenosis.
The patient was morbidly obese (BMI 32 kg/m2) but had refused catheterisation from the radial approach because of an unpleasant experience in another institution. We performed a right-sided femoral arterial puncture using standard techniques, gave 5000 units of unfractionated heparin via the arterial sheath, and advanced a 6F AL1 guide catheter to the ascending aorta under fluoroscopic guidance. The Radiwire was equalised and then was easily advanced across the prosthetic valve in the RAO projection (Figure 1). We obtained simultaneous pressure readings from the LV and from the ascending aorta (Figure 2). These demonstrated much lower values than those recorded by echocardiography (peak gradient 27 mm Hg, mean 15 mm Hg), indicating that the findings were due to pressure recovery rather than to prosthetic valve malfunction.
We then used the same Radiwire to measure FFR across the ostial lesion (Figure 3) of the right coronary artery. We used intracoronary boluses of adenosine and demonstrated that the FFR was 0.89, well above the threshold for intervention.

Discussion
Before the widespread availability of Doppler echocardiography there were 3 ways to record a pressure trace in the left ventricle (LV) in patients with a prosthetic aortic valve: cross it with a catheter, perform a trans-septal puncture and measure the left ventricular LV pressure passing a catheter across the atrial septum, into the left atrium and then across the mitral valve, or record the intraventricular pressure through a trans-apical direct puncture of the LV(5), while a catheter in the aorta measured aortic pressure. All these methods are invasive, have a risk of fatal or severe complications and were performed infrequently.

After the first decade of use, it became clear that Doppler gradients across prosthetic valves - although easy to obtain, and reproducible in expert hands – have limitations(1, 6). A common and difficult conundrum arises when a patient with a prosthetic aortic valve replacement (AVR) presents with symptoms and the Doppler interrogation of the valve discloses a high pressure gradient. The difficulty is that normally functioning valves, mainly (but not exclusively) bi-leaflet and in small sizes, can display pressure recovery. This phenomenon leads to the measurement of a high velocity across the prosthetic valve by Doppler (which is translated into a high pressure drop by the Bernoulli equation), but this is not associated with abnormal turbulence or increased LV stroke work, so that the pressure ‘recovers’ a few centimetres above the valve.

It is difficult to justify sending such a patient for reoperation solely on the basis of the Doppler data, and the stakes are higher when the patient has comorbidities that would increase further the risk of reoperation. In such patients it is justifiable to pursue an invasive approach to record hemodynamic data which, together with imaging of the prosthetic valve, allow correct diagnosis and appropriate treatment.
The pressure wire has been used before to cross bi-leaflet AVRs(3, 4), but this is – we think – the first report of a single tilting disc prosthetic valve being crossed with a Radiwire. The Radiwire is widely available and accepted in catheter laboratories around the world for the assessment of coronary artery lesions, and it is important to increase awareness of other potential areas where it can provide unique and essential clinical information.
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Legenda figurilor
Figure 1. Pressure wire across Medtronic Hall AVR, in RAO view.

Figure 2. Simultaneous aortic (recorded through the guide catheter) and LV (recorded by the pressure sensor on the guidewire) pressure traces show a smaller gradient than that recorded by Doppler.
Figure 3. Ostial stenosis of indeterminate severity in ostial RCA (LAO).
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