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On the relation of Pavlovian control of cardiac dysfunction and biofeedback methodology
J. J. Furedy, Canada

ABSTRACT

John J. Furedy, Symposium #1

Biofeedback methodology (BM) always provides the subject with information or feedback about the biological function (e.g., cardiac rate) to be controlled, Also, BM generally is concerned with changing tonic levels, rather than affecting short-term phasic changes (e.g., cardiac accelerations) which occur as a result of some stimulus (e.g., stress). Pavlovian control does not, as a matter of course, provide such information, and it does concentrate on modifying phasic responses rather than tonic levels. The specific form of control is ultimately directed at situations where stress elicits undesirable, dysfunctional cardiac accelerations in patients with cardio-vascular problems.  It will be argued that in this context (a) the Pavlovian method of not providing information may be superior to BM, and (b) the concentration on modifying phasic responses rather than tonic levels (e.g., overall cardiac rate during a half-hour period) is likely to be of more psychosomatic relevance than BM.  However, it will be suggested that in certain situations the Pavlovian-control techniques may serve as a highly useful adjunct or complement to BM methods by ensuring that the responses to shaped through reinforcement and feedback is clearly present to be "worked on" by BM.  Finally, data will be reported which show both certain promises and problems associated with a number of human Pavlovian cardiac deceleration preparations developed in the Toronto laboratory.

As I would like to cover a fair amount of material, and still keep within the 15-minute time limits, I shall base my remarks on the abstract in your programme. I expect to spend a little under 10 minutes in going over the concepts and arguments stated in the abstract, and then use the remaining time to quickly present data in slide form to support those arguments.
To begin, then, with the concepts indicated in the abstract I should say that while I agree with Dr. Khan's earlier remarks that esoteric debates about whether « pure » classical or « pure » instrumental conditioning has been ob​tained are probably not worth spending much time on, I would like to suggest that at least on the procedural level it is profitable not only from a basic-science point of view, but also from a more applied, psychosomatic-medicine point of view, to pay attention both to the distinction between operant and classical of Pavlovian conditioning, and to the nature of these processes themselves. In particular, biofeedback is, in a sense, a far more complex procedure than these more simple conditioning preparations, and, especially in cases where biofeedback does not, in fact, seem to work very well, as, for example, in the case of producing appreciable amounts of cardiac decele​rations, it is worth while to examine alternatives based on the « simpler », and older conditioning models.
Such alternatives may be worth examining if only because it is not at all clear that the additional features introduced by biofeedback methodology are necessarily beneficial in the treatment of psychosomatic problems. Specifi​cally, and to return to the beginning of your abstract, I have noted that bio​feedback methodology or BM is characterized by always providing the subject with information or feedback about the biological function to be controlled.
Now I want to suggest an idea for which I have no time to argue in detail, but which seems to make good sense at least at the intuitive level. This idea is that the provision of information about one's vital functions may not only have no beneficial effects in some situations, but may actually be harmful and produce effects opposite to those desired. Specifically, let us grant, for the moment, an assumption which, in fact, has received very poor support from the literature. This assumption is that healthy young college students can reduce their heart rate to an appreciable extent as a function of biofeed​back or information about their heart rate, as compared to adequate control
conditions. Actually, the results obtained from controlled studies show re​ductions of only one or two beats per minute, decelerations so slight as to be of little or no clinical significance. However, let us grant, for the moment, that large magnitude decreases can be obtained through information, that is, that young, healthy college students can, in fact, learn to control their hearts when provided with information. Does it then follow that the sort of information provided by biofeedback methodology will be equally bene​ficial for the older, 55 year old, executive who is also unhealthy with a history of a couple of previous heart attacks? If we use BM to tell this person exactly what his heart is doing; if he finds that his heart is not slowing down despite his best efforts and all our gadgetry; will this not tend to increase the patient's anxiety, and with it his heart rate; is this really the best way to go about things with unhealthy, older people to whom what their heart is doing is literally a matter of life and death? So it may be that the infor​mation-providing characteristic of BM referred to in the abstract's first sen​tence is not as advantagenous as most workers seem to assume.
The second sentence of the abstract refers to the other characteristic of BM which differentiates it from Pavlovian methodology. This characteri​stic is the concentration on tonic rather than on phasic changes in heart rate. In this respect, too, I would like to suggest, though with somewhat less strength of conviction, that concentration on BM may have led us to concentrate on clinically less relevant aspects of behavioural control. Thus it is not at all obvious to me that the major problem faced by the psychosomaticist concerned with treating a patient with cardiac dysfunctions is that of trying to teach the patient to lower his overall, tonic heart rate from, say, 85 to 75 beats during the course of his day. Rather, I think that at least in many cases what both the patient and the psychosomaticist must try to avoid are sudden, phasic accelerations of short duration, but undesirably large magnitude, brought on by infrequent an sudden psycho​logical stresses that the patient meets during the course of his day. Take, for example, the stress faced by an elderly executive on being suddenly told that a younger man in the firm is ready and able to take over his job. In such a situation, it may not be sufficient for the psychosomaticist to have taught the executive, through BM, to hold his tonic, average heart rate down from 85 to 75, although, as you will recall, there is no evidence that BM can get decelerations of more than one or two beats in any case, What the executive needs to learn is a phasic deceleration to counteract the sudden and large magnitude phasic acceleration that ensues when he is stressed by the news about his younger, threatening competitor. And such counter​acting phasic decelerations would seem, at least on the face of it, to be best taught through Pavlovian, stimulus-substitution methods, methods which may conceivably be used in such a way that the patient never has to receive feedback about what his heart is actually doing.
So far I have talked as if the BM and Pavlovian approaches to the control of cardiac dysfunction are not only different, but also incompatible. I have done this mainly to emphasise the differences, and to draw your attention to the Pavlovian alternative, an alternative which, for various reasons,
has tended to be ignored of late. However, of course, the two pro​cedures may turn out to have complementary uses, as suggested in the second-last sentence of the abstract. It is possible, and only research can determine this, that the optimal method will turn out to be one where only the Pavlovian approach is used first to find an adequate UCS for decelera​tion, and then to simply transfer this deceleration onto a previously neutral CS. However, my guess is that once this Pavlovian cardiac deceleratory CR is established, its magnitude and resistance to extinction, as well as its transferability from the learning situation to real-life situations, will be further augmented by using the shaping procedures of operant conditioning methodology. The provision of such contingent reinforcement is, of course, a primitive form of feedback, although at this stage, it might still be possible and perhaps even desirable with cardiac patients, not to tell them that it is their hearts which are being taught to decelerate on command. However, it is certainly feasible to envisage a third stage of training which follows the shift from Pavlovian through to operant procedures through to a fully blown biofeedback stage, where the patient, now in some genuine control of his heart rate, is actually provided with detailed and continuous information about what his heart is doing. At this point, as I put it in the abstract, we have a response which is clearly present to be « worked on » by BM. Or, in Dr. Lang's terms, the patient has acquired, through methods different from BM, the simple rudiments of the complex skill which can then be effectively developed through the complex-skills approach of BM. Again, in his terms, the idea is to use the complex and potentially anxiety-provoking approach of BM only when we have ensured that we are no longer dealing with a cardiac « duffer », but, at least, with someone who has the makings of an « athlete ».
But these thoughts are very much speculations at this stage. Our work in Toronto has dealt solely with the initial, Pavlovian phase of cardiac con​trol. This phase, contrary to the impression of some people not familiar with research in Pavlovian conditioning, is an extremely complex and fru​strating business. Only those workers who have never tried to obtain re​liable Pavlovian conditioning as a laboratory phenomenon think that it is simply a matter of putting a couple of stimuli together and waiting for an association to be formed. Especially in the field of human cardiac condition​ing, obtaining the phenomenon in a realiable form has continued to present difficulties. We think we have overcome at least some of these difficulties, as well as developing a preparation which will be of psychosomatic relevance, and I would like to spend the rest of my brief time in reporting the data I promised in the last sentence of the abstract. I have quite a few slides to show you, but I think I can communicate the essential points if you will focus your attention on the relevant aspects of each slide. Before we start, let me remind you that the object is to obtain a clinically useful phasic cardiac deceleration as a conditioned response through pairing some origi​nally neutral stimulus, the CS, with the UCS, a stimulus known to produce cardiac deceleration.
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One of the preparations we use to produce deceleration as the uncon​ditional response is the so-called breath-hold UCS. As detailed in a recent paper with Dr. Poulos (Furedy and Poulos, 1975), subjects are instructed to exhale, inhale, and then hold their breath for 30 seconds. As Figure 1 shows, based on the mean heart rate of 10 subjects, there is a large deceler​ation of some 25 beats following the « hold » (sec. 7 on the figure). Actually, the real UCR is more precipitous than this composite graph shows, as is indicated by Figure 2. This is the record of one subject on one trial; and we see between the 8th and 9th seconds, the rate has dropped by almost 30 beats, showing the suddenness of this decelerative reflex. But you should not accept single illustrative cases as hard evidence for my claims. Figure 3 provides this evidence, if you concentrate on the top panel. You see that when all the data are averaged, the largest second-to-second deceleration following the UCS is almost 75% of the total deceleration occurring over the critical 6-second interval following the breath-hold UCS. The 6-second value is used because, as you'll recall from the first figure, all the breath-hold-produced deceleration is over by the end of this interval. The top panel of this figure also shows another optimal characteristic of this Pavlovian decelerative reflex... it shows no signs of habituation whatsoever over the blocks of trials which numbered 18 in all. So we have what appears to be an ideal Pavlovian reflex here, and Figure 4 at least partially answers the clinically relevant question of whether this decelerative reflex is accompanied
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by such undesirable changes as an increase in blood pressure. The blood-pressure data shown in the figure was gathered on a separate group of 40 subjects, and shows that from this point of view the decelerative breath-hold UCS seems sound. Both systolic and diastolic pressures follow the course of
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We also have evidence that the breath-hold UCS produces conditioning, as shown in Figure 5. For the conditioning group in the upper panel, a tone was paired with the breath-hold UCS at a 1-second CS-UCS interval, and, as the slide shows, compared to a pre-CS baseline, there was a decel​eration of about 5 beats. In the control group, where the tone CS followed the UCS by 10 seconds in a long backward UCS-CS control arrangement, as you can see fro the bottom panel, there was no deceleration and no dif​ference between pre- and post-CS rates. So at least some part of this decelerative UCR can be conditioned to a previously neutral CS, but quite clearly the breath-hold preparation suffers from a number of disadvantages which include lack of experimenter control and the presence of acceleration
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Figure 6 shows the data from another UCS which we have been using for the last year or so, a UCS which does not have some of the pro​blems associated with the breath-hold UCS. In this preparation, the subject is lying on his back on a tilt table in a head-up 45° position, while the UCS consists of him being tilted head down through an angle of 90°, over a time period marked US onset on the slide. The figure shows the mean rates of 10 subjects, and, as you can see, the decelerative UCR is even larger than that produced by the instructed breath-hold UCS. And, as shown by figure 7, the UCR does not habituate over trials, but, if anything, becomes larger. Also, as suggested by these figures, and more clearly shown by analyses
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analogous to those done for the breath-hold UCR, the decelerative response produced by the tilt UCS has fast recruitment, with more than 70% of the drop occurring from one second to the next.
Does this response condition? Well, we have run a number of studies which have shown to us quite clearly that it is not enough to simply pair a tone with the tilt and hope for the best. For example, we have found that even over as many as 8 repeated sessions, a CS-UCS interval of 5 seconds is apparently too long to produce any signs of deceleration whatsoever. But, as Figure 8 shows, it is possible to obtain robust and quite orderly evi​dence for conditioning with a tone-tilt interval of 1 second. If we take the control group data first (depicted by the triangles), we see an initial deceler​ation of about 5 beats in the first part of acquisition, which presumably, is a component of the orienting response, and which habituates out by the second part of acquisition, so that, after the first part of acquisition, the pre-post CS difference in the control group (triangles), has disappeared. In contrast, the experimental group maintains the pre-post CS difference into the first part of extinction, and it is only in the latter part of extinction that the deceleration disappears in the experimental group (circles). These data are relatively orderly from the point of view of classical human heart
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rate conditioning, and the deceleration obtained of some 5 beats is respect​able relative to biofeedback standards. Psychosomatically, however, these CRs are barely of any real clinical significance. Moreover, from the point of view of ultimate shaping, they are not sufficiently distinguishable on an individual-trials basis from the background of sinus arrhythmic variation of heart beats, a variation which itself is around five beats per minute. And, in any case, for a laboratory concerned with Pavlovian conditioning per se, data of this sort provide an ever present goad in the theoretical flesh, a goad which is dramatized in Figure 9. This picture has nagged us at Toronto for almost a year now, and simply shows the contrast between our ideal decelerative, nonhabituating tilt UCR of over 35 beats, and our best decelerative CR with our tone CS of a little over 4 beats. How can we bridge this gap?
About four weeks ago we have taken what seems to be a significant step in closing the gap, and in obtaining a conditioned deceleration of clinical significance. The secret seems to involve using an instructed head drop as the CS, and our initial pilot studies seemed so promising that we have just completed a formal experiment with this drop CS. Figure 10 shows some of the recently analysed data from this experiment, and you can see that the experimental group shows decelerations of more than 10 beats which are fairly resistant to extinction.   In contrast, the controls show only
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about 4 beats. Moreover, as suggested by the figure, but which becomes clearer from other analyses, the form of the deceleration in the experimental group shows fast recruitment of the sort shown by the UCRs, and of the sort which allows these conditioned decelerations to be clearly distinguished from the slower-recruitment variations due to sinus arrhythmia.
Finally, and perhaps most promisingly, it appears that this new pre​paration is readily transferable to the real life situation, as shown by Fi​gure 11. Subjects here were told to drop their heads back while in a nor​mal sitting position. Before training, both groups show an equal amount of deceleration of about 8 beats. After training, or pairing of the CS with the tilt UCS, as you can see from the right panel in the figure, the experi​mental group's response to the head drop in the natural sitting position is now more than twice that of the control group.
This, then, is the state of our progress at Toronto with the problem of controlling cardiac dysfunction. I think it is at least clear that Pavlovian methodology should not be ignored in our attack on this problem, and that: here are many interesting scientific as well as psychosomatic issues to be explored in this area.
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