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CHAPTER 5 

Introduction 
Finapres, namely noninvasive finger arterial blood pressure monitoring, allows the pulse rate 

to be tracked, but information about the electrocardiogram (ECG) was until now unavailable. 

For several reasons adding ECG recording to the Finapres technique (on the same time axis) 

is interesting: for ST analysis, allowing cardiac ischaemia monitoring, for the evaluation of 

arrhythmias or for the adjustment of pacemaker function. The development of the 

Cardiopres serves this purpose. In this paper we will report the use of this novel method by 

describing a patient with hypertrophic obstructive cardiomyopathy (HOCM), in whom it was 

not clear whether, and to what extent, cardiac ischaemia and/or hypotension was responsible 

for her complaints. 

A 57-year-old woman was admitted to the cardiology department for evaluation of anginal 

complaints and dizziness related to hypotension. One year before, hypertrophic obstructive 

cardiomyopathy (HOCM) was diagnosed in this patient, impairing her mobility to less than 

100 meters of walking because of complaints of dizziness and chest discomfort. She was 

being treated with metoprolol 200 mg on a daily basis. The day before admission she was in 

the outpatient department and complained of severely reduced exercise capacity. A standard 

Bruce treadmill exercise test revealed chest discomfort after 6 minutes of exercise, 

hypotension (down to 70/20 mmHg) and ST depression in leads II, III, aVF and VVVf,. 

However, it was still unclear as to what extent her limited mobility during daily life was 

determined by ischaemia and/or hypotension. 

Methods 
This prototype of the Cardiopres has been designed to function as an ambulatory device, 

carried in a waist-belt. The waist-belt contains the main-unit, with the central processor and 

the memory card, a pump unit to inflate the finger cuffs and the battery. A cable from the 

main unit is guided to the wrist of the non-dominant arm, connecting two cuffs around two 

digits of the same hand. 

For ECG recording, 7 electrodes are attached to the chest, creating 3 bipolar leads, which are 

sampled at a rate of 200 Hz and are connected via a cable to the main unit. Connection to a 

computer allows online monitoring, but in the ambulatory setting analysis is performed 

offline. Data are stored on a 250 Mb ATA-flash memorycard, allowing more than 24 hours 

of recording. Offline analvsis can be performed after extracting data from the memorycard 

and loading it into a computer. 

The method of blood pressure (BP) recording has been amply described. [1,2] In short, a 

pressure waveform is constructed by clamping the finger volume through servo-loop 
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controlled photoplethvsmography, from which systolic, diastolic and mean pressures are 

calculated. Validation studies of the Finapres technique have been reviewed bv Imholz et a/. 

[2\ and thev concluded that Finapres accuracy and precision usually suffice for reliable 

tracking of blood pressure. A height correcting system is present and compensates online for 

hydrostatic pressure distortion. 

Beat to beat values of systolic and diastolic blood pressure (SBP and DBP), mean arterial 

pressure (MAP) and heart rate (HR) are determined from the continuous finger arterial 

pressure signal with the Beatfast program (TNO-BMI, Amsterdam, The Netherlands). Left 

ventricular stroke volume (SV) is estimated on a beat to beat basis using the Modelflow 

method. [3-7] Once calibrated, Modelflow accurately tracks changes in SV, cardiac output 

(CO) and total peripheral resistance (TPR) with a 2% error.(SD 8%) [3] When calibration 

with thermodilution is not performed, changes in SV, CO and TPR as calculated by 

Modelflow are expressed as percentage change from baseline. For more detailed information 

on the Modelflow method see Harms et a/.. [4] 

Holter analysis, including ST segment level quantification and identification of arrhvtmias was 

performed off-line with H-Scribe* (Mortara Instrument, De Bilt, the Netherlands), after 

visual off-line artifact rejection. Significant ST depression was defined as at least 0.1 mV 

horizontal or downsloping ST depression measured 60 ms after the J point, for at least one 

minute. [8] The presence and nature of complaints were noted even7 30 seconds. 

Standard Doppler echocardiography was performed with a VIVID* 5 recorder (General 

Electric Medical Systems, Milwaukee, Wisconsin), using a 1.7 MHz transducer. Systolic left 

ventricular outflow tract gradient was measured before and after exercise, while the patient 

was in the left-lateral recumbent position. Exercise was performed by stepping on and off a 

small step and was symptom-limited. Immediately after cessation of the exercise, the patient 

lav down for the ultrasound investigation. 

The exercise during the Cardiopres measurement was a walk outside the hospital. 

Results 
Supine cardiac Doppler ultrasound studies revealed asymmetric hypertrophic myocardium 

with a maximal supine pressure gradient after dynamic exercise of 70 mmHg, but no pressure 

gradient while in the resting state. 

To investigate the response in the upright position to a physiologic stimulus (a walk outside 

the hospital), and in particular to investigate the time frame of the occurrence of cardiac 

ischaemia and hypotension in relation to her complaints, Cardiopres measurements were 

performed. After walking approximately 50 meters the patient reported a vague discomfort in 

67 



CHAPTER 5 
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Figure 5.1 Haemodynamic response to a walk outside the hospital, while the patient was 
taking metoprolol (left panel) and verapamil (right panel). From top to bottom: blood 
pressure; heart rate; stroke volume; cardiac output; ST-segment levels. In the left panel, the 
tracings of BP, SV, CO are depicted in dots when the signal was temporarily unreliable. The 
vertical dashed line marks the onset of the decrease in stroke volume.Abbreviations: BP, blood 
pressure; HR, heart rate; SV, stroke volume; CO, cardiac output; MV3, modified V3 lead; aVF, 
modified aVF lead; MV5, modified V5 lead. 
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the epigastric region radiating to her throat, and complaints of dizziness after walking several 

hundred meters. The haemodynamic response and the course of die ST segment deviation 

during this test are depicted in the left panel of Figure 5.1. From this registration, the 

temporal relationship between changes in blood pressure and heart rate, and the occurrence 

of cardiac ischaemia became evident. The decrease in blood pressure coincided with a 

decrease in stroke volume and cardiac output, despite the increase in heart rate, followed by 

ST segment changes. Metoprolol was replaced by verapamil, [9,10] and the cardiac ultrasound 

examination and the Cardiopres registration were repeated one week later. This time cardiac 

Doppler echocardiography revealed a maximal supine pressure gradient of 90 mmHg after a 

similar exercise as in the first investigation. The Cardiopres test revealed an important 

improvement in exercise tolerance: the patient did not experience any dizziness, while the 

walking pace increased. Results are shown in Figure 5.1, right panel. Cardiac output increased 

despite the absence of an increase in stroke volume, due to the (larger) increase in HR. 

Medical therapy was continued after hospital dismissal. 

When her complaints recurred after dismissal, and subsequent Cardiopres analysis revealed a 

similar exercise pattern as under metoprolol, she was evaluated for therapeutic options other 

than medical therapy. However, she was considered unsuitable for percutaneous transluminal 

septal myocardial ablation, pacemaker implantation or myomectomy, because of the absence 

of a pressure gradient in rest. 

Discussion 
This patient illustrates the diagnostic usefulness of the Cardiopres, the integration of 

ambulatory, continuous noninvasive blood pressure monitoring and 3-channel ECG 

recording. The tracings showed an important improvement in haemodynamic profile and 

reduction in cardiac ischaemia after replacing metoprolol by verapamil, which concurred with 

the amelioration of her clinical svmptoms. However, this result was at variance with the 

findings of a Doppler echocardiographic investigation before and after change of medication, 

which showed a slight deterioration of maximal pressure gradient after exercise. Although 

Doppler ultrasound studies are considered routine for guidance of treatment of patients with 

HOCM, this patient clearly demonstrated the advantage of Cardiopres measurements, as 

opposed to the results of the Doppler ultrasound study that is in general only performed 

during resting, (albeit post-exercise) supine conditions. The influence of the bodvposition 

during haemodynamic evaluation in HOCM has been investigated by Frenneaux et al. [11] 

who demonstrated that peak systolic blood pressure is lower and peak heart rate higher 

during erect exercise when compared to supine exercise in this patient group. This can be 
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explained by the greater than usual importance of venous return in these patients, influencing 

filling pressures of the heart and thereby the size of the pressure gradient during systole. [12] 

Furthermore, a relative higher peak heart rate (in the upright position) during exercise will 

particularly be disadvantageous for patients with diastolic dysfunction as a result of a stiff left 

ventricle. This underscores our finding that haemodynamic consequences of exercise during 

daily life (i.e. in the erect body position) may not be correctly estimated when assessed by 

Doppler echocardiography in a supine position. 

Apart from the use of Doppler ultrasound as guidance for therapy, the complaints of the 

patient should be taken into account. In our patient, this proved particularly difficult because 

of the varying presentation of her complaints and the uncertainty whether these concurred 

with underlying pathologic changes. 

Blood pressure lowering during exercise in patients with HOCM is a well known clinical 

entity, [13] in which several factors may play a role. First, the pressure gradient and 

subsequently outflow tract obstruction may increase secondary to an increase in myocardial 

contractility; hence the choice of medication with negative inotropic activity in these patients. 

Second, the abnormal blood pressure response has been attributed to an abnormal vascular 

response to stress. [14] The vascular resistance has been shown to decrease disproportionally, 

resulting in a lower blood pressure despite an appropriate increase in cardiac output. In our 

patient, this mechanism seemed not to be present because the decrease in SV and CO was 

responsible for the decrease in BP. Third, the occurrence of cardiac ischaemia can affect the 

blood pressure response during exercise. [15] Patients with H(0)CM are prone to cardiac 

ischaemia, not necessarily related to coronary artery disease. [16] Holter recording and 

subsequent ST analysis provides useful information about the occurrence of cardiac 

ischaemia, and correlates better with complaints than thallium-210 perfusion. [17] Finally, in 

patients with HOCM and diastolic dysfunction, an increase in heart rate during exercise may 

compromise cardiac filling. 

With respect to the pathophysiology of episodes of hypotension and cardiac ischaemia in our 

patient, one could speculate about the sequence of these events. Figure 5.1 illustrates that the 

decrease in blood pressure precedes the changes in ST segments, probably secondary to a 

reduced systolic myocardial perfusion pressure. Other factors negatively influencing 

myocardial perfusion are structural abnormalities of myocardial microvasculature, the 

formation of fibrous tissue in the myocardium and diastolic dysfunction. It should be kept in 

mind however, that the pathophysiology of hypotension in patients with HOCM is 

heterogeneous, and not only differs within patients over time (e.g. through the development 

of cardiac ischaemia or dilated cardiomyopathy), but also between patients. Therefore, in this 
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group of patients careful, individual evaluation of the contribution of the various 

pathophysiologic components leading to symptoms should be applied, as shown in this 

patient. This may not only help in making therapeutic decisions, but may also shed more light 

on the pathophysiology of this disease in individual patients. 

Using the Cardipopres, other interesting diagnostic and research possibilities exist in different 

subsets of patients, such as patients with arrhytmias, silent cardiac ischaemia, haemodvnamic 

instability (e.g. patients with orthostatic complaints), pacemakers or combinations of these 

problems. 
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