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ABSTRACT

The anxiety experienced by patients undergoing 
surgical procedures is well documented and may affect the 
outcome of any operation. This has not been considered in 
modern urological surgery which is moving away from highly 
invasive techniques towards minimal and even non-invasive 
procedures. Little work has been carried out to examine 
the patients* reaction to this new technology.

This work had two aims; to assess patient anxiety 
before and after different procedures for renal calculus 
removal and to identify, where possible, factors that 
contribute to pre- and post-operative anxiety.

The main method of quantifying stress for this work 
was the measurement of palmar sweat by means of an 
evaporimeter. Other measurements used were heart rate, a 
bi-polar visual analogue scale, and the Spielberger State 
Anxiety questionnaire.

It was possible to perform continuous measurement of 
palmar sweat in patients during lithotripsy and in view of 
the high values obtained simultaneous monitoring of heart
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rate was also performed. Four patients prescribed beta- 
adrenergic blocking agents were studied since the role of 
the adrenergic nerves in the innervation of the palmar 
sweat glands is uncertain and it was not known whether or 
not the response would be influenced by such medication.

The results of the main study demonstrated a highly 
significant reduction in the palmar sweat production and 
score obtained for the analogue scale following open 
surgery but no changes before and after treatment in any 
of the variables in patients undergoing percutaneous 
nephrolithotomy or lithotripsy. Analysis of the data in 
relation to the invasive nature of the surgery 
demonstrated a significantly higher pre-operative analogue 
score in patients undergoing open surgery compared with 
lithotripsy, Post-operatively patients undergoing
lithotripsy had a significantly higher palmar sweat 
response compared with patients undergoing open surgery, 
Pre-operatively fear of a general anaesthetic was 
identified as a factor contributing to anxiety and post- 
operatively pain was the most commonly identified 
stressor.

Measurement of palmar sweat in patients during 
lithotripsy demonstrated significant increases throughout 
the procedure with a return to pre-treatment levels 
afterwards. The correlation of palmar sweat with heart

— 3 -



rate during lithotripsy was generally poor. There was no 
difference between the responses obtained from beta- 
blocked and un-beta-blocked patients.

The implications of these results to the patient and 
to both nursing and medical staff in terms of practice are 
discussed and recommendations for appropriate intervention 
made. This must include a careful pre-operative
explanation.
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INTRODUCTION

Pre-operatively anxiety can reduce a patient's 
intellectual functioning to near zero, and he may have 
little or no understanding of the procedure that he is 
about to undergo^” .̂ Anxiety is a well documented but ill 
understood factor that may influence the status of the 
patient both before and after surgery. Information given 
to patients prior to surgery and specific knowledge of 
expected sensations has been demonstrated to reduce post
operative pain and anxiety which leads to a speedier 
r e c o v e r y 3 " G .  Studies which examine factors that are 
stressful to patients about to undergo surgery have 
identified the following stressors; fear of anaesthesia, 
fear of the unknown, fear of losing control, and fear of 
dying3*7-9. Factors that may affect patient anxiety post- 
operatively are the magnitude of surgery, that is the 
presence or absence of a surgical wound^®”^^, the 
intensity of pain^^“^ ,̂ and the patient's own expectations 
of the post-operative recovery period^^.

These factors have not been studied in depth in modern 
urological surgery which is moving away from highly
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invasive techniques towards minimally invasive and even 
non-invasive procedures.

The introduction of minimally invasive and non-
invasive procedures for the treatment of renal calculi 
such as percutaneous nephrolithotomy and extracorporeal
shockwave lithotripsy is associated with fewer 
physiological side effects than conventional open
s u r g e r y ^ A  study by Lingeman and his colleagues^^ set 
out to compare the results and morbidity of extracorporeal 
shockwave lithotripsy with those of percutaneous 
neprolithotomy and found them to be reduced with 
extracorporeal shockwave lithotripsy. These studies only 
considered physiological morbidity and not psychological 
factors such as patient anxiety before and after surgery. 
Techniques for calculus removal have now progressed even 
further with the introduction of extracorporeal
piezolithotripsy which precludes the need for anaesthesia 
and does not require overnight admission to hospital.

Numerous studies have appeared in medical journals 
citing the advantages of modern techniques over 
conventional open stone surgery, and indeed any procedure 
that reduces patient morbidity must be welcome. However 
little work has examined the patient's reaction to this
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new technology in terms of pre- and post-operative 
anxiety. This work had two major aims: firstly to assess 
patient anxiety before and after different procedures for 
renal calculus removal, and secondly to compare level of 
anxiety with invasiveness of procedure. The patient was 
also asked to identify, if possible, factors that were 
stressful to him pre- and post-operatively. This is 
particularly relevant where patients are undergoing 
extracorporeal piezolithotripsy which is non-invasive and 
"anaesthesia-free",

The method of quantifying stress for this work was the 
measurement of palmar sweat by means of an evaporimeter 
(manufacturer-Servo-Med, Sweden), Previous work^ has 
established the acceptability of this instrument as a 
means of obtaining an objective and quantifiable 
assessment of anxiety. The work described in this thesis 
also demonstrates that if the same methods of measurement 
and analysis are applied then results obtained with the 
evaporimeter are reproducible (see Chapter 6),

Other measurements used in this study were heart rate, 
a bi-polar visual analogue scale, and the Spielberger 
State Anxiety Questionnaire, Data obtained from the
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various measurements were analysed and the amount of 
anxiety attributable to each procedure was assessed.

In order that anxiety can be assessed it is necessary 
to have a clear definition of the term. It is evident from 
a review of the relevant literature (Chapter 1) that many 
definitions have been proposed. For the purposes of this 
work anxiety is defined as

” a state of fear resulting in
cardiovascular excitation, increased 
perspiration and expressed concern 
regarding change in life events.

Cannon^^ accepted that knowledge of the abnormal must be 
derived from a knowledge of the normal where physiological 
disturbances are concerned and applied his theory to the 
study of emotions which he believed had been much 
neglected.

Whitehorn^® also emphasised that emotion has a 
tremendous physiological power for good as well as evil 
when he discussed physiological changes in emotional 
stress. However at this time, surgeons still believed 
that diseases had such a large physiological component 
that psychic factors could have little or no effect. It 
was not until the 1950's and the introduction of 
psychosomatic medicine that the fact was acknowledged that
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mind and body make one person, that in states of illness 
the interplay of the two can influence the course of a 
disease and its ultimate outcome^^.

It is demonstrated in the literature review that many 
studies have investigated patients' fears pre- and post- 
operatively and the effects of various forms of 
intervention on post-operative anxiety monitored. 
However, few studies could be found which investigated 
post-operative anxiety per se, or which sought to identify 
any new stressors which may arise in the post-operative 
period.

R a g i n s k y ^ O  emphasised the importance of fear of 
anaesthesia, whether it be due to fear of losing 
consciousness, or of the unknown, and of the 43 patients 
interviewed by Corman^l and his colleagues twenty-two 
expressed fears relating to anaesthesia and nine feared 
dying in the operating room, Carnevali^^ reviewed three 
studies in an attempt to identify patients concerns in the 
pre-operative period and all studies identified concern 
about losing control, with many patients speaking of it in 
terms of anaesthesia.
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Ramsay22 interviewed patients prior to surgery and 
premedication and found patients to be more worried about 
the anaesthetic than about the surgery, but added that he 
may have biased the results by introducing himself as an 
anaesthetist. Hayward^ attempted to reduce this bias by 
introducing himself as a nurse researcher but still found 
that 77% of anxiety provoking situations identified by 
patients related to the anaesthetic. Later work by
Bishops confirmed these findings.

The magnitude of surgery may also affect patient 
anxiety especially where there is a threat to body image. 
Beecher^S concluded that there was no dependable
relationship between the extent of a pathological wound 
and the pain experienced (which in turn affects anxiety), 
and CarnevaliH cited patients who felt abhorrence at 
being cut.

Pain and discomfort are fears frequently identified 
pre-operatively^^ and may in turn be affected by the 
patient*s expectations. If a patient anticipates pain, 
tension and anxiety increase and can be determining
factors in the exacerbation of pain^^. The patient is
then in a situation where fear increases the perception of
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pain, discomfort increases the perception of pain and pain 
itself increases the perception of pain.%4

Expectations of the operation and the recovery period 
may be derived from previous experience of hospitals, 
illness, medical personnel or hearsay. Clinical
experience suggested this was an important factor in 
patients who are undergoing modern urological surgery. 
Surgical techniques that are performed at only a small 
number of hospitals have received nationwide media 
coverage and it is possible that patients arrive at the 
hospital with extremely high, possibly unrealistic
expectations of the new technology that is now available. 
The manner in which a procedure is described to a patient 
will also affect his expectations, especially if described 
as a procedure that could not be performed elsewhere.

The relationship between expectancy and reactivity to 
noxious stimulation has been found to be confusing^^ as 
was demonstrated by Wallace^^ who interviewed patients 
undergoing laparoscopic surgery and evaluated the effect 
of accurate information on expected and experienced pain 
and symptoms. Accurate information about surgery did not 
influence the level of pain expected by patients, although 
those who received accurate information reported 
significantly less pain than the control group.
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Expectations of pain and rate of recovery may also be 
influenced by what is visible to the patient in terms of a 
surgical wound and the need for intravenous infusions, 
catheters or wound drains.

Many of the studies that assess patient anxiety have 
used subjective indices of stress which may be inaccurate 
since they depend on individual interpretation of 
sensations/events and also depend on an honest reply. 
This was the conclusion following the preliminary study 
(chapter 4) which resulted in the introduction of an 
objective index of stress in a further study (chapter 5). 
However subjective indices are easy to use, non-invasive 
and readily available, contrary to objective measures 
which may be more accurate but may also be cumbersome, 
invasive or inappropriate for use outside the laboratory.

Physiological responses to stress are discussed in 
chapter two and the two variables selected for use in this 
work are heart rate and palmar sweat. Kosaka^^ was one of 
the first investigators to establish a clear 
differentiation of human sweating into thermal and mental 
sweating. He discovered that sweating due to mental 
arithmetic was restricted to the palms and the soles of 
the feet and did not appear on the general body surface.
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Kuno^^ showed that whereas thermal sweating appeared with 
a long latent period after the rise in temperature, a 
period which varied according to the heat sensitivity, 
mental sweating had no latent period for its onset. It 
immediately obtained a certain rate of secretion 
corresponding to the intensity of the stimulation. It 
remained as long as the stimulation was present and 
subsided after the stimulation eased.

Heart rate was used as an index of stress in a study 
carried out by Schmitt and Wooldridge^® to investigate the 
influence of psychological preparation of patients for 
surgery. They concluded that the significant difference 
in the post-operative elevations of heart rate in the 
experimental group compared with the control group 
provided additional confirmation that stress levels were 
reduced. Ten years later Lindqvist and his colleagues^^ 
investigated heart rate variability in pilots undergoing 
simulator flight manoevres. The pilots demonstrated an 
increased heart rate associated with mental stress. In 
the work to be described in this thesis heart rate was 
easily measured by palpation of the radial artery and by 
connecting the patient to a cardiac monitor (chapter 7). 
Four of the patients who were monitored were receiving 
treatment with ^-adrenergic blocking agents. Heart rate 
and palmar sweat was recorded in these patients to assess
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whether or not the responses were Influenced by the 
patients' medication. This fact could not be determined 
since the role of adrenergic nerves in the innervation of 
the palmar sweat glands remains uncertain (see chapter 2),

Until recently, difficulties have arisen over 
measurement of palmar sweat with instruments or techniques 
which have been unreliable or cumbersome, Kuno^? reviewed 
previous methods of measurement which have included 
weighing the human body with a sensitive balance, 
colorimetry, microscopic observation of sweat drops, 
perspiration chambers and more recently galvanometers and 
the Palmar Sweat Index (PSI),

Improved techniques for measurement of palmar sweat
came with the introduction of the evaporimeter, developed
in Sweden and completed in 1977. It was designed to
measure water exchange through any semi-permeable
membrane, such as human skin and offers a high accuracy
and improved sensitivity in comparison with previous 

onmethods^^. The evaporimeter is a microprocessor unit for 
the quantitative determination of water evaporation, that 
is water transport by diffusion, from or to surfaces in 
contact with the atmosphere. Water loss is computed in 
g/m^/h. Once the machine has been set up, readings may be 
taken every 5 s e c o n d s ^ l .  The response time is 0.3s and
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the mean latency time between stimulus and rise in palmar 
sweat has been demonstrated to be 2.6s while the time for 
registration of the peak stimulus is 5.8s^^. Further 
details of the evaporimeter are given in chapter 3. The 
evaporimeter has been shown to be a sensitive instrument 
with a fast response time and causes minimal disturbance 
to the microclimate of the skin. Accordingly it is well 
suited to measuring rapid stimulus-induced variations in 
the evaporative water loss.

The main concern of this work is assessment and 
quantification of anxiety before and after surgery for 
renal calculus disease and in relation to the magnitude 
of surgery. Results obtained from the evaporimeter and 
subjective data (chapters 5&6) and the heart rate 
(chapter 7) have been analysed in an attempt to assess 
anxiety in relation to the type of procedure a patient is 
required to undergo, and in the case of patients 
undergoing lithotripsy, to assess anxiety during a 
procedure.

The medical profession welcomes the arrival of new 
technology and the ability to perform (ultimately) non-
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invasive, anaesthesia-free, out-patient surgery, or at 
least procedures requiring only a minimal stay in 
hospital. The question arises - does the patient welcome 
it?

It is hoped that knowledge gained from the results of 
this work can be incorporated in the nursing care of 
patients admitted to hospital to undergo surgery for 
urinary stone disease, and may assist in alleviating 
their fears and anxiety and thus improve post-operative 
status.
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CHAPTER ONE : REVIEW OF THE LITERATURE,

STRESS : an entity that enters into the life 
of all living creatures,indeed that 
is inseparable from life itself,

Seyle 19561

Stress can be defined as * a potentially damaging
strain...... which stimulates a physiological defence
reaction. Adaptation to the various kinds of stress to 
which man is exposed is a condition of his survival, and 
in the course of evolution defence mechanisms have become 
part of his p h y s i o l o g y * ^ .  Physical as well as
psychological manifestations of stress have been
recognised as long ago as the 1st century A,D, when the 
writings of Celsus spread the humoral theory of disease 
throughout the civilised world. The Chinese and ancient 
Greeks believed that certain character dispositions and 
certain diseases were linked with variation in the nature 
and appearances of body fluids^.
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However, although realisation of the importance of 
psychogenic factors in disease developed quite early in 
the history of medicine, the role of the body "humours" 
was rejected and usually asigned to a belief in the 
supernatural.

The early barber surgeons believed that surgical 
diseases had such a large physical component that psychic 
factors could have little or no influence. Henri de 
Mondeville (1260-1320) was one of the first surgeons to 
break away from this mode of reasoning, recognising the 
beneficial influence of pleasant surroundings and of good 
news in the convalescence of surgical patients. When 
speaking of injured soldiers, he recommended keeping up 
the patient's spirit by reading to him forged letters 
describing the death of his enemies^. This attitude was 
unusual for surgeons, although John Hunter (1728-1793), 
one of the first scientific surgeons, was well aware of 
the psychosomatic factors in disease and when speaking of 
his own heart disease stated that he was "at the mercy of 
any rogue who cares to cross me."^

Claude Bernard (1813-1878)^ destroyed the concept that 
the body could be regarded as a bundle of organs, each 
with its appropriate and separate functions. He believed
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that the characteristic of all living things was that of 
preserving constant the conditions of life in the internal 
environment,the * milieu intérieur'•

Billings (1888)6 argued the case for the power of 
belief, faith or expectation to affect the material 
organism of the body, and gave as an example the true 
story of an an officer of unusual bodily strength and 
activity and in excellent health who was wounded in 
battle. The wound was slight but the patient was 
convinced that he would not recover. In the event his 
prophecy proved correct as he died on the fourth day. 
Autopsy revealed the wound was, as supposed, slight and 
every organ in the body in normal condition.

Cannon^ accepted that knowledge of the abnormal must 
be derived from a knowledge of the normal where 
physiological disturbances are concerned. He also applied 
this theory to the study of emotions, which he stated had 
been much neglected. He believed it was necessary to 
understand the natural history of emotions, the causes for 
their onset, their modes of expression and their attendant 
visceral effects before the character and degree of an 
abnormal emotional disorder could be judged. Thus Cannon 
felt stress was both a physiological and psychological
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State the study of which had been neglected by the 
physiologists, and left to the psychologists who had 
"busied themselves with theorising about the nature of 
emotions.

Whitehorn^ emphasised that emotion has a tremendous 
physiological power which is a power for good as well as 
evil when discussing physiological changes in emotional 
states. He believed that doctors may look upon emotion as 
a morbid phenomenon, partly because they are called to 
deal with patients who are apparently experiencing 
emotions of abnormal intensity and duration, and partly 
because in order to achieve professional competence and 
personal success, the physician must rationalise his 
approach to issues of life and death, pain and disability.

As hospital technology has progressed there has been 
a greater awareness of the emotional impact of the 
hospital environment on the patients. By the 1960*s there 
was an increasing concern that the hospital environment 
may have a detrimental effect on the patient. An 
International study co-ordinated by Barnes^ and sponsored 
by the World Federation for Mental Health, the 
International Council of Nurses, and the International 
Hospital Federation highlighted the problems arising from
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".....an almost exclusively physical approach to
disease,...... which makes it difficult for people to
consider the emotional impact of their work on either the 
patients or themselves." Patients were interviewed to 
discover their opinion of the manner in which they had 
been admitted to hospital. Initially they were amazed at 
their opinions being sought, but once recovered from the 
shock of hospital staff expressing an interest,they were 
grateful for a chance to express their views. Although 
the chief concern was nearly always illness, during the 
first hour of admission patients worried more about the 
hospital itself, feeling lost and frightened in a strange 
white world. The ordeal of repeated questioning and form 
filling left patients dazed and led them to appear, as 
well as feel stupid, so that by the time they reached the 
ward, they were bewildered, subdued and sometimes weeping. 
The major complaint was lack of information which was 
regarded as more distressing than lack of privacy, waiting 
for long periods and form filling, which were less of an 
ordeal if explanations were given. Patients were usually 
passive and eager to be seen as "good" and doing the right 
thing, and not many would take the initiative. They 
tended to feel split up and shared out, with each member 
of staff interested in a bit of him, and no-one interested 
in all of him. To the patient a nurse is someone who is
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integral to all of his care. According to Barnes :
"The nurse is the central figure in the 

psychological interaction of patients and 
staff. She is always on the same side as 
the patient and becomes involved in all 
aspects of his care,medical social and emotional,"

A study by Cartwright^® on human relations and 
hospital care identified similar problems with patient- 
staff communication. Patients found difficulty in
obtaining information while in hospital and were more 
critical about this than any other aspect of their care. 
Some seemed to feel that they could not expect 
explanations, while others feared a rebuff. Others did 
ask, saying "You have to ask. They wouldn't tell if you 
didn't ask," Part of their difficulty appeared to arise 
because of uncertainty about whom to approach for 
information, Cartwright stressed that this results in 
anxiety and frustration for many patients which in turn 
may lead to clinical and administrative inefficiency.

In Kornfield's opinion^^ members of the medical 
profession have developed psychological defence mechanisms 
which prevent them from appreciating the effect of the 
hospital environment on others. He added that only 
recently have physicians "appreciated that clinically
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significant reactions to the hospital environment can 
occur."

Studies by Ley and Spelman^^ and Volicer and 
Bohannon^^ (1975) stressed that failure of communication 
was a complaint frequently levelled by patients against 
doctors and nurses. They added that further research was 
needed to identify the causes of stress.

Hockeyl^ attempted to identify what nurses considered 
the most important aspect of patient care and priority 
areas for future research. She stated that time for 
communication with patients was the primary need stated by 
all the nurses questioned. However, Summers^^ revealed 
that although qualified staff saw communication as part of 
their role, they were unsure of what information they 
should give and so did not provide feedback to other 
staff. This created a situation where information was not 
given and nurses may have actively avoided this 
responsibility. Similarly Wilson-Barnett^^, when
reviewing studies on stress and its relationship to 
communication in hospital, stated that if there is no 
routine or plan for providing information and explanations 
to patients, it may be incomplete and sporadic.
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Some years later Davis^^ reported that while there 
was general agreement amongst clinical staff on the 
importance of providing information for the patient, 
there was confusion as to who should say what to whom. 
This was further borne out by Gould^^ who reviewed 
numerous studies on patient education and noted that while 
it seemed common sense to keep the patient informed about 
treatment and progress in terms that could be understood, 
observation of a variety of clinical situations suggested 
that practice fell short of the theoretical ideal. Gould 
suggested that nurses often lack the time or knowledge to 
inform patients adequately.

Hayward^^ set out to examine relationships between 
pre-operative information and education, pain and anxiety. 
Among the patients interviewed some could recall instances 
when lack of information or misunderstanding of 
information had resulted in anxiety. For example the 
premedication given an hour prior to anaesthetic as an 
injection in the upper arm, could be easily confused with 
the anaesthetic technique, previously explained by the 
anaesthetist as "just an injection into the arm"

As one patient complained,
"The doctor said that all I would know about the 
anaesthetic would be a prick in the arm. When I
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had that in the ward, I thought I should soon go 
out but I didn't. This worried me a fair bit as 
I thought something was not right."

Patients also noted the effect of anxiety on thought 
processes, and worried about things that would be 
considered trivial outside of the hospital.

Many different people are working with the patient who 
may as a consequence receive fragmented information from 
various conversations. The result is that the most 
important information may be completely forgotten. Bird^O 
considered this was because the psychological care of 
patients was the no-mans land of surgery. Everyone had a 
claim on it, but no-one owned it. He also considered the 
patient's own anxiety as a factor that could disrupt 
communication. He stated that when a patient is anxious 
"his intellectual functioning often drops to near zero and 
leaves him childlike in his simplicity". The patient is 
left dazed and bewildered with an inability to follow even 
the simplest of instructions. Bird emphasised that 
although everyone who comes into contact with the patient 
has an impact on him, it is the nurse who provides the 
main psychological assistance and who must "keep the lines 
of communication open."
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Recently Nyamathi and Kashiwabara^^ explored the 
relationship between anxiety levels and cognitive thinking 
abilities in patients undergoing day case surgery. They 
demonstrated that as anxiety levels increased, cognitive 
thinking abilities diminished. They recommended that the 
nurse must be aware that individuals who manifest high 
levels of anxiety may find it difficult to make decisions 
and understand instructions and information. These 
findings were in accordance with those of Byrne and his 
colleagues^^ who reported on 100 patients interviewed 
post-operatively of whom more than two-thirds did not 
fully understand the surgery they had undergone. They 
therefore questioned the validity of informed consent but 
did not consider that lack of understanding and poor 
retention of information may be due to high levels of 
anxiety at the time consent was obtained, and, presumably, 
information given.

If it is accepted that good communication with 
patients is desirable, it is important to consider how 
best it may be achieved. Meyers^^ studied the effect of 
three types of communication on reactions to stress in 
patients undergoing a specific procedure.

a) structured communication where the procedure was 
explained.
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b) "no" communication,where the nurse remained silent 
and ignored questions from the patient.

c) "irrelevant" communication where the nurse
discussed the weather.
Meyers concluded that less tension was created when the 
patient was given specific information upon which he could 
structure the event of impending stress.

A n d r e w % 4  carried out a similar study designed to 
assess the effect of taped information, given to patients 
pre-operatively, on post-operative recovery. Listening to 
taped information resulted in improved recovery. Since 
exposure to the information appeared to influence 
recovery, the learning of information was also expected to 
correlate with recovery. This did not happen. The author 
concluded that the tape served as an initial exposure to 
the stress stimulus to which the patient was then able to 
adapt.

Smithes described her experience when she was admitted 
as a patient for a cardiac catheterisation. Although 
knowledgeable about the procedure in practical terms, she 
complained of not being warned of the sensations to expect 
during the catheterisation, and believed being forewarned 
would have been beneficial. This aspect was confirmed by
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Johnson^G whose work involved patients* reactions to a 
threatening event. Ischaemic pain was the threatening 
event to which patients were exposed, produced by- 
inflating a blood pressure cuff around the upper arm to 
250mmHg. Two groups of patients received an explanation 
of the procedure but only one group was warned of the 
sensations to expect. This group experienced
significantly less distress while the cuff was inflated 
than those who were only given a description of the 
procedure. This complemented the work of Levine and 
F i e l d e r ^ ?  who studied patients* pre-operative fears and 
found that the greatest fear appeared to be of the 
unknown. Ten years later Clarke^® emphasised the 
importance of fear of the unknown as a stressor "because 
then we start using our imagination - and what we imagine 
may be worse than reality."

Definitions of Stress and Anxiety.

Before evaluating stress and anxiety it is essential 
to examine some of the many definitions that have been put 
foreward.
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In 1956 Seyle^ provided a definition of stress in its 
physiological sense as * the rate of wear and tear of the 
body* saying that stress could be seen as the common 
denominator to all adaptive reactions in the body. 
However he added that reactions that tend to repair wear 
and tear are not strictly stress but responses to stress. 
To this he added a further definition of stress as :-

”...... the state manifested by a specific
syndrome which consists of all the nonspecifically 
induced changes within a biologic system.”

According to Freud^^ anxiety could be regarded as a 
general reaction of the ego under conditions of 
unpleasure. He sought to justify its appearance on the 
grounds of libido which was not utilized or was rejected 
by the ego and found direct discharge in the form of 
anxiety. However this did not correspond to the general 
character of anxiety as a reaction to unpleasure. Anxiety 
came to be viewed as a reaction to the situation of danger 
that lay behind it. This reaction to danger was a 
defensive process which also produced symptoms, providing 
the concept of anxiety with a physiological as well as an 
emotional basis. Lyte and his colleagues^^ considered 
both emotional and physical responses when they described 
anxiety reaction as -

”a more or less persistent emotional illness 
characterised by direct subjective experiencing
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of anxiety, manifested most frequently as 
apprehension, tension, fatigue (often sudden), 
and panic, which may be accompanied by sweating 
palpitation and other physiological 
manifestations of acute fear."

Lader^l described anxiety as an emotion which is 
usually unpleasant, and subjectively has the quality of 
fear or of closely related emotions. He made a 
distinction between fear where the cause for the emotion 
is readily apparent to the outside observer or to the 
subject, and anxiety where no causal agent is evident.

As Seyle stated^ much confusion and controversy has 
risen over the definition of stress. From his analysis of 
the definition he identified the stress or "General 
Adaptation Syndrome". He postulated that the G-A-S, as it 
is generally known, developed in three stages : the first 
was the alarm reaction, the second a stage of resistance, 
and the third was one of exhaustion. Seyle emphasised the 
difference between "stress", the non-specific syndrome and 
"stressor", that which causes it^^. This terminology is 
now widely used although confusion about his concepts 
persists.

Anxiety may be described as an emotional manifestation 
of stress but anxiety itself may also be a stressor to the 
person experiencing it^®. Such definitions tend to relate 
to a personality trait and do not consider a temporary
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State induced by external events. The words "stress" and 
"anxiety" are used interchangeably but it may be more 
beneficial to consider anxiety as a possible precursor to 
stress.

Whilst there is agreement that anxiety as an emotion 
has physical manifestations, considerable difficulties 
have arisen over methods of measurement.

Buss and his colleagues^^ attempted to measure various 
manifestations of anxiety and thus more clearly define 
anxiety by means of interview, psychological tests and 
observer evaluation. The results yielded a correlation of 
0.6 between the interview responses and psychological 
tests. The authors commented that there was disagreement 
on what measures should be used, the main problems being 
those of definition and reliability of measurement.

Krause^^ also discussed the problems of measurement of 
transitory anxiety which may lead to a study being 
disparaged or dismissed because the empirical measures 
used are thought to be relatively invalid. He believed 
that problems arose from the use of subjective 
measurements where the stressor to which fear or anxiety 
was a response was itself a perceptual response which
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would vary with individuals. Physiological responses 
could be used as a check upon the honesty of introspective 
reporting but could not assure discrimination of the 
emotions associated with fear from others such as anger. 
Krause also questioned the validity of physiological 
assessment which was expensive, restrictive of subjects' 
movement and precluded to some extent spontaneity or 
naturalness of subject behaviour, A later survey by 
McReynolds^^ reviewed 88 formal procedures for measuring 
anxiety. He concluded that the large number of formal 
tests available testified to the importance of the anxiety 
concept and the vitality of this area of research but also 
to the fact that the current assessment technology was far 
from satisfactory,

Spielberger and his associates'^ developed the State- 
Trait Anxiety Inventory (STAX) for a study designed to 
assess the emotional reactions of patients to the stresses 
associated with major surgery. The questionnaire was 
designed to separate anxiety proneness (trait anxiety) 
from anxiety induced by a perceived stressful event (state 
anxiety). Results from this study and others reported 
provided sufficient evidence of the validity of the STAX 
as a means of anxiety assessment.
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Lazarus and Averlll^^ defined anxiety as an emotion,• 
"...based on the appraisal of threat,an 
appraisal which entails symbolic, 
anticipatory and uncertain elements."

Thus anxiety resulted when the individual was uncertain or 
unable to control events. This view was substantiated by 
Handler^® who suggested that a set of particular cognitive 
and environmental conditions that precipitate a feeling of 
anxiety is a general state of helplessness.

Spielberger^^ provided a useful definition of anxiety 
that embraced the physiological effects which may result 
in clinical changes in the patient when he discussed the 
nature and measurement of anxiety as -

"a transitory emotional state which consists
of feelings of apprehension and tension,and heightened 
activity of the autonomic nervous system."
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Intervention studies to reduce stress 
in surgical patients.

Janis^O carried out an extensive investigation of 
psychological stress in surgical patients through 
interviews and daily behavioural records made by the 
hospital staff. He demonstrated that pre-operative 
preparation of patients can greatly affect their post
operative adjustments but that different approaches are 
necessary for different groups of patients.

Patients who displayed a high degree of anxiety 
responded more favourably to reassurance than to 
information while moderate display of anxiety responded to 
maximum information. Those patients who showed little 
anxiety required stimulation to "work at worrying" for 
good post-operative recovery. This would enable them to 
begin thinking about the implications of the threatening 
situation (surgery) so that they were able to mentally 
rehearse what the situations would be like. This is aimed 
at reducing the chances that subsequent adverse events 
would be frighteningly ambiguous or surprising.

This theory was also put forward by Andrew^^ who 
argued that patients who preferred to confront rather than
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to avoid stressful stimuli should be expected to welcome 
information regarding impending stress,learn such 
information and hence reduce stress and recover from 
surgery more quickly. This followed her study of recovery 
of patients from surgery with or without preparatory 
instruction, for three coping styles.

Neylan^l considered the usefulness of anxiety and 
stated, in her opinion, that a certain amount of anxiety 
was normal, useful and necessary but added that unless it 
is chanelled and put to use,it can be harmful and 
contagious. She believed it was the nurses'
responsibility to recognise anxiety in patients and to 
minimise this anxiety, or at least not to increase it 
unnecessarily.

Cassidy and Altrocchi^^ attempted to identify 
patients' pre-operative concerns and classified them into 
seven categories. These included fear of death and fear 
of the unknown. This study was in accordance with the 
work of J a n i s ^ O .  Carnevali^^ found that nurses accurately 
perceived patients' fears of the unknown, but did not so 
readily identify fear of death.
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Mechanic^^ examined some of the difficulties in 
examining the relationship between stress and illness, and 
the confusion between illness and illness behaviour. 
While illness was a source of distress which also provided 
an excuse for an individual to relinquish social 
obligations / responsibilities, stress itself could also 
contribute to the incidence of illness. Mechanic 
concluded that the task for society, (in this case the 
hospital), may not be to diminish stress, but to 
facilitate the ability of individuals to adapt to stress. 
He added that greater attention must be given to patients’ 
adaptive struggles and to how personal and group 
effectiveness can be enhanced to deal successfully with 
challenges in strain.

One of the first attempts in nursing at reducing post
operative anxiety and improving recovery was made by 
Mezzanotte^S who carried out pre-operative group 
instruction in preparation for surgery. She found it 
beneficial to the patients although the study was too 
small and uncontrolled to draw definite conclusions. 
Nevertheless this was the first attempt at altering post
operative outcome by pre-operative nursing intervention. 
Schmitt and Wooldridge^^ carried out a controlled study of 
the influence of psychological preparation for surgery.
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and encouraged patients to express their concerns and 
fears. They claimed some success but recommended further 
research.

Dumas and L e o n a r d ^ ?  and Dumas and Anderson^B studied 
the effect of nursing directed toward psychologically 
preparing the patient for surgery on the incidence of 
post-operative vomiting. They proposed that the emotional 
reactions of surgical patients to their illness and 
treatment have important consequences for their post
operative recovery and that it was part of the nurse's 
role to relieve the emotional distress. Results supported 
the hypothesis with a reduction in post-operative 
complications following psychological preparation for 
surgery, and reiterated the belief that many symptoms 
occurring during hospitalization are conceivably 
manifestations of distress. They concluded that clinical 
experiments in nursing practice were both feasible and 
profitable.

A study by Healy^^ who investigated 321 surgical 
patients demonstrated that of those who received extensive 
pre-operative instruction, a larger percentage were 
discharged earlier,began oral narcotics sooner, and 
experienced less post-operative complications. The work
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also stimulated team spirit among the staff resulting in 
an improvement in organisation and quality of care. These 
findings were later supported by Aiken^O and Hayward^l, 
both of whom added relaxation and physiotherapy to their 
pre-operative teaching package. No mention was made in
any of these studies of hospital policy which may affect 
analgesic requirements and date of discharge. Studies
that seek to improve post-operative recovery and reduce 
the need for analgesia and length of hospital stay may be
hampered when local policy dictates analgesic regimes or
discharge planning.

Contrary to the results of other investigators Wolfer 
and Davis^Z and Johnson, Dabbs and Leventhal^^ found no 
substantial relationship between patients* pre-operative 
level of fear and anxiety and post-operative recovery. 
They attributed this to unreliability and invalidity of 
the measures used and emphasised the problem of accurately 
assessing patient anxiety. Anderson and Massur^^ and 
Wallace^4 also maintained that many of the studies carried 
out to assess the effectiveness of psychological 
preparation as a means of reducing post-operative distress 
suffered from methodological and conceptual inadequacies.
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Sime^G was able to demonstrate a significant 
interaction between level of pre-operative fear and amount 
of pre-operative information and recovery from surgery. 
High fear subjects who reported little pre-operative 
information experienced the least favourable recovery 
period. Similar results were obtained by Christopherson 
and P f e i f f e r ^ ?  who investigated patients undergoing 
cardiac surgery. Patients were assigned to one of three 
groups. They were given an educational booklet which they 
were requested to read prior to surgery. Patients who 
chose not to read the booklet became the control group 
while the remaining patients received the information 
either at the time the decision to undergo surgery was 
taken, or 1 or 2 days pre-operatively. The time patients 
were to receive information was randomly decided. However 
the control group was a self-selected non-randomly 
assigned group. This fact was acknowledged by the authors 
although they could still be criticised for not assigning 
any patients to a control group at random. Conversely the 
investigators may have made a deliberate decision not to 
have a control group since ethical problems can arise in 
allocating patients at random to a control group. In 
allocating patients to an experimental group whose effects 
are believed to be beneficial, the question arises as to 
whether it is ethical to deprive a patient of a
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potentially beneficial treatment by allocating him to a 
control group. The two groups who read the booklet 
demonstrated a significant reduction in anxiety score 
post-operatively and spent the least number of days in the 
intensive care unit with earlier discharge than the 
control group.

Davis^B introduced a pre-operative and a post
operative information booklet and sought patients* views 
on acceptance of the information,whether any additional 
information was required, and whether the booklet had been 
received at a suitable time (on admission). Most patients 
thought the booklet was appropriate although some would 
have preferred to have it earlier ie.prior to admission. 
Some patients requested more information and Davis 
emphasised the differing needs of patients with regard to 
amount of information required. One patient also 
commented on the effect of anxiety, which caused him to 
forget all the knowledge he possessed on what to expect 
during his period in hospital.

The investigators discussed above, with the exception 
of Schmitt amd Wooldridge^B^ used subjective measures for 
the assesssment of anxiety pre-operatively since they are 
easy to use,non-invasive, and readily available. Attempts 
to quantify anxiety have been dogged by many problems and
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the imbalance between subjective and objective studies 
continues in spite of improved methods of measurement 
available.

Objective studies of anxiety commenced with improved 
methods of measurement of hormonal activity, a known index 
of stress.

In 1954 Basowitz^^ and his co-workers defined anxiety
as -

"the signal of danger which mobilises the human 
organism's resources at all levels of functioning 
in the interests of conservation, defense, and 
self-preservation."

He added that anxiety was also a sign of 
disorganisation which in larger quantities could lead to 
further disturbance and regression of functioning. By 
means of a series of both physiological and psychological 
tests he studied the behaviour of normal individuals 
exposed to a stressful and anxiety provoking situation. 
For the purposes of the study, soldiers in airborne 
training were chosen. The investigators concluded that 
stress does not conform to a preconceived idea of what 
should happen, but can only be determined by observations 
of what does happen. The time of appearance of anxiety
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in relation to biochemical, psychological and behavioural 
responses varied, with biochemical changes sometimes 
preceding anxiety in time and vice versa. Basowitz and 
his colleagues concluded with the recommendation that 
psychological processes such as anxiety should be 
measured in their own right and not by physiological 
tests. This was possibly a reflection on the tests used 
and available at that time, rather than on the validity 
of physiological changes during stress.

Further to their initial study (1954) reporting high 
plasma levels of adrenocorticoid steroids in some 
patients pre-operatively, Franksson and G e m z e l l ^ O  

investigated adrenocorticol activity in 33 surgical 
patients in the pre-operative period. Results
demonstrated a significantly higher plasma level of 
corticosteroids on the day of operation than on either of 
the two preceding days. There was no correlation between 
increase in plasma steroids and magnitude of the 
operation. The authors suggested that this elevation was 
due to psychic tension.

In the same year Von Euler^^ reported on the 
remarkable difference in psychic effects between 
adrenaline and noradrenaline. While adrenaline appeared
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to elicit feelings of anxiety or apprehension, serving as 
the flght-frlght-flight emergency hormone, noradrenaline 
had no such effects and appeared to be the physiological 
pressor hormone, maintaining a homeostasis. Two years 
later Price and his colleagues^^ studied the relationship 
between pre-operative emotional states and adrenal
cortical activity In patients about to undergo cardiac or 
pulmonary surgery. These workers concluded that the 
response of the pltultary-adrenocortlcal system was 
related to emotional processes, and probably not to a 
single specific emotional state such as anxiety or fear. 
It was associated with a number of emotional states such 
as hostility, agitated depression and apprehension.

Further work by Burston and Russ^^ concluded that 
there was a direct relationship between plasma 
cotlcosterold levels and patients* pre-operative 
psychological state. Ten patients undergoing elective 
surgery were studied and ratings of pre-operative
discomfort correlated positively with pre-operative
steroid levels, and negatively with the change In steroid 
levels In the first 45 minutes of surgery. The negative 
correlation was Interpreted as the effect of removal of 
psychological stress by anaesthesia. Other findings 
demonstrated that the longer a patient waited for his
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operation, the more steroid levels tended to rise, 
indicating an increase in psychological stress.

These findings were supported by the subjective data 
of Lader^l who reported that more patients expressed 
anxiety as the time for surgery approached and reached a 
maximum level in the operating room.

This was contrary to the results of M i n c k l e y ^ ^  who 
assessed the affect of prolonged indefinite waiting on 
pre-operative anxiety and post-operative recovery. The 
state of anxiety was measured both physiologically and 
psychologically on the day before and after surgery. 
Physiological measurements included those of palmar sweat 
using a perspiration meter, and finger pulse wave height 
using a plethysmograph, radial pulse rate,and blood 
pressure. Patients also completed a mood word checklist. 
The author was unable to explain the fluctuation in 
palmar sweat and concluded that this may have been caused 
by artefact affecting the perspiration meter which was 
both obtrusive and unstable. More recently Lichtor and 
his colleagues^^ examined the relationship between the 
anxiety witnessed during a pre-operative interview the 
afternoon/evening the day before surgery and the 
patient's state of anxiety one hour prior to surgery. 
Vigor, friendliness and elation, as measured by the
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profile of mood states were significantly lower one hour 
pre-operatively compared with the previous afternoon. 
They concluded that anxiety immediately before surgery 
could be predicted from anxiety levels witnessed at a 
pre-operative interview. This was contrary to the work 
of Lader^l and Burston and Russ^^ where anxiety levels 
increased as time of surgery grew near and peaked in the 
operating room.

Chapman^G investigated the effects of different 
nursing approaches on psychological and physiological 
responses and used two biochemical measures as indicators 
of stress: the level of plasma non-esterified fatty acids 
(NEFA) and circulating eosinophils in the blood. An 
increase in the level of NEFA and a reduction in the 
eosinophil component of the blood were indicative of a 
response to stress. Psychological response to stress 
using an adjective checklist, and post-operative need for 
sedative and analgesic drugs were also monitored, as was 
length of hospitalisation.

Boore^7 also used biochemical methods when she 
assessed the effects of pre-operative preparation on 
post-operative stress and recovery. The two indicators 
of stress measured were 17-hydroxycorticosteroid
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excretion and sodium:potassium ratio in three hour urine 
specimens. Other measures of the patient's condition
were also recorded such as body temperature, analgesic 
requirements, incidence of post-operative complications, 
pain and mental and physical state. The ward sister and 
surgical registrar also provided subjective evaluation of 
the patients' post-operative progress. The experimental 
group showed significantly lower levels of steroid 
hormones than the control group, lending support to the 
hypothesis that preparation of patients prior to surgery 
reduced anxiety and feelings of helplessness while 
helping them to anticipate events and become involved in 
their recovery. However there was no significant 
difference in the urine sodiumrpotassium ratio or other 
variables measured, Boore concluded these measures were 
not sufficiently sensitive. This is an important study 
because it directs attention to the physiological changes 
occurring as a result of stress although it is unable to 
identify the components of pre-operative stress

Elms and Leonard^^ investigated the effects of 
different nursing approaches on admission using the 
physiological variables of systolic blood pressure, 
radial pulse rate, respiration rate and oral temperature. 
Patients' perception of hospitalisation was also assessed
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by structured Interview. The physiological measurements 
of pulse and respiratory rate, and patients* subjective 
reports, supported the hypothesis that a patient-centered 
nursing approach is more appropriate to stress relief 
than one that concentrates on administrative tasks. 
Measurements of blood pressure and temperature were not 
significantly changed by differences in nursing care and 
the authors attributed this, among other factors, to 
their insensitivity or initial failure to identify the 
presence of distress.

Lindeman and Van Aernam^^ introduced structured 
teaching of deep breathing, coughing, and leg exercises 
pre-operatively and measured its effect on post-operative 
ventilatory function, length of hospital stay, and post
operative need for analgesic drugs. Results showed that 
pre-operative structured teaching increased post
operative ventilatory function as measured by vital 
capacity, maximum expiratory flow rate and forced 
expiratory volume. Length of time in hospital also 
decreased but there was no change in post-operative 
requirements for analgesic drugs. These findings were 
confirmed by L i n d e m a n ^ O  in a similar study the following 
year.
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Graham and C o n l e y ^ l  conducted a study to determine 
whether any common signs and behaviours, generally 
accepted as physiological and psychological indices of 
anxiety could be observed with any degree of consistency 
in patients pre-operatively. The study aimed to assist 
in a realistic assessment of manifestations of anxiety 
and identification of common stressors experienced by 
surgical patients. Variables investigated included heart 
rate and systolic blood pressure as well as other 
physical/behavioural signs noted on a criteria check 
list, and completed by an observer who visited the 
patient for 20-30 minutes. The sample consisted of 70 
patients who were admitted to undergo major surgery 
(cholecystectomy, hysterectomy, laminectomy). Of the 
characteristics examined, elevated blood pressure and 
verbal admissions of apprehension were accepted as 
significant indications of pre-operative anxiety. Of the 
patients who admitted to feeling anxious, 34 cited fear 
of the unknown or of anaesthesia, and 3 cited fear of 
pain or nausea as stressors. Six patients were unable to 
explain why they were anxious while 5 wanted to get the 
surgery over and finished. It is relevant to this work 
to note that no significant differences were found in the 
levels of anxiety according to previous hospitalisation 
for major surgery.
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Schmitt and Wooldridge^^ investigated the influence 
of psychological preparation for surgery. Patients 
discussed their concerns and fears and received 
information on what to expect and how to assist in their 
recovery. Verbal, interactional and physiological
variables were measured and included blood pressure, 
pulse, temperature and incidence of vomiting, nausea and 
urinary retention as well as verbal indicators. Results 
showed that the extra preparation decreased anxiety and 
tension and precipitated a speedier recovery. There was 
no difference between the two groups in the incidence of 
nausea or vomiting and while differences in blood
pressure and pulse readings between the two groups were 
only slight, they provided additional cofirmation that 
stress levels were reduced in the experimental group.

Major causes of anxiety

Raginsky72 faced considerable resentment from his
colleagues when he suggested that a knowledge of
psychodynamics and psychotherapy was an essential 
prerequisite to the practice of medicine. He described 
psychosomatic medicine, whose object was - 

"...... to manage the biologic
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and psychic branches of science 
for the benefit of the patient."

A study carried out be Modell and Guerra^^ to examine 
the responses of patients in the post-operative period 
to their anaesthetic experience, and to assess the 
adequacy of pre-operative preparation found that surgical 
patients have concerns and fears that carry through to 
the post-operative period.

It is therefore relevant to the work to be described 
to investigate not only factors that may be a source of 
anxiety pre-operatively, but also those that continue to 
be a source of stress post-operatively, not withstanding 
any new sources of anxiety that may arise.

Anxiety related to anaesthesia
Raginsky72 studied the problems concerned with human 

personality and anaesthesia, emphasising the importance of 
fear of anaesthesia; whether it be due to fear of losing
consciousness, or of loss of life, or of fear of the
unknown, which results in vital changes. Such changes 
were in blood pressure, heart rate, capillary
permeability, urinary output, coronary flow, rate and
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depth of respiration, and carbon dioxide content of the 
blood.

While the degree of response varies for each 
individual, he argued that armed with this knowledge the 
anaesthetist would be able to -

"....quiet the patient more effectively,
use much less of the anaesthetic agent 
and have a smoother anaesthesia with more 
relaxation of the operative field, and a 
better post-anaesthesia recovery."

Raginsky 1948^2

Gorman and his colleagues^^ attempted to evaluate the 
patient's psychological status and his feelings about 
hospitalisation and anaesthetic procedures. Patients were 
interviewed by a psychiatrist pre-operatively and on 
several occasions post-operatively. Frequency of
interviewing depended on length of hospital stay and 
availability of patient. Thirty-four of the 43 patients 
interviewed expressed some pre-operative apprehension. 
Twenty-two patients expressed one or more fears relating 
to anaesthesia and a further 9 patients feared dying in 
the operating room. The authors could find no correlation 
between pre-operative psychological assessment and post-
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operative recovery or between behavioural disorders and
age, sex, religion, kind of surgery, or type of
anaesthetic administered,

Cassidy and Altrocchi^Z investigated the spoken 
concerns of patients about to undergo surgery and
interviewed 40 patients aged between 20 and 60, Fear of 
anaesthesia was not mentioned although fear of death was,

Carnevali^^ believed that the effectiveness of nursing 
care depends on the nurses' ability to accurately perceive 
the patient's response to his illness, and to the 
experience of being ill. Three studies were reviewed in 
an attempt to identify patients' concerns in the pre
operative period. All studies identified patients' 
concern about losing control, many speaking of it in terms 
of anaesthesia,

Wilson^S attempted to identify the pre-operative
concerns of patients who were interviewed at least 24 
hours but no longer than 48 hours prior to surgery. He 
concluded that amid the wide variety of pre-operative 
concerns expressed by patients, anaesthesia ranked 
comparatively low. However nausea due to anaesthesia 
ranked among the five highest concerns, Wilson added that 
the apparent lack of concern for anaesthesia may be due to
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the low educational standard of his sample, (Less than 
25% of those interviewed had a high school diploma and the 
majority viewed anaesthesia as nothing more than going to 
sleep.)

Collins and Moore^^ investigated the effect of pre
operative psychologic preparation on amount of anaesthetic 
required. They believed that effective pre-anaesthetic 
preparation would result in a reduction in dosage of 
anaesthetic agent required. While there was no
significant difference in the amount of thiopentone 
required by the control or experimental group, a definite 
trend was noted with the experimental group requiring 12% 
less thiopentone than the control group.

Contrary to the findings of Carnevali, Franklin^^, in 
a study designed to investigate the problem of anxiety 
experienced by newly admitted surgical patients, found 
only 18% of her sample to be worried about anaesthesia.

Five years after Wilson a link with education and 
specific anxieties was again noted, Haag and Adamski^B 
investigated pre-operative concerns of patients and 
classified them as greatest concerns, moderate concerns 
and least concerns. Having an anaethetic rather than 
anticipated post-operative pain rated as a primary
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moderate concern which was significantly higher among 
those patients with a higher degree than those who had 
less than a high school education. The authors concluded 
that the more highly educated person may be more aware of 
the complicated series of events leading to anaesthesia. 
Almost without exception the greatest concern of patients 
regarded the success of the operation so that they did not 
need another one.

Ramsay79 interviewed 382 patients within 24 hours of 
proposed surgery and prior to premedication, introducing 
himself as an anaesthetist. Following an explanation of 
what anaesthetic and surgical procedures the patients 
would experience, they were asked to express any concerns 
they may have if they had not already done so. Seventy- 
three percent of patients expressed pre-operative fears 
with no statistical difference between men and women. 
Sixty-two percent of patients had fears relating to the 
anaesthetic of whom 19% stated that they were afraid of 
waking up in the middle, or of feeling pain during the 
procedure (16%). Contrary to the findings of Haag and 
Adamski, Ramsay found patients to be more worried about 
the anaesthetic than about the surgery. However he 
concluded that he may have biased the results by 
introducing himself as the anaesthetist.
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Norris and Baird^O interviewed 500 patients pre- 
operatively and found no difference in amount of anxiety 
between males and females. Fear of anaesthesia ranked low 
amongst the anxieties identified by these patients.

H a y w a r d ^ l  attempted to reduce the bias by introducing 
himself as a nurse researcher in a study designed to 
examine the relationship between pre-operative 
information, pain and anxiety in surgical patients. He 
found 77% of anxiety producing situations related to the 
anaesthetic.

Modell and Guerra^^ stressed the need for an 
anaesthetist to be sensitive to the anxieties of the 
patient and aware of the relationship between sleeping and 
dying in the minds of many patients. They emphasised the 
importance of the anaethetist remembering that fear is a 
reaction essential to the survival of the individual and 
that all patients undergoing anaesthesia and surgery will 
experience fear either consciously or subconsciously, 
expressed or unexpressed to the physician. They
identified fear of dying during surgery in 11% of patients 
who admitted to being nervous pre-operatively. The 
authors believed that such a low incidence of this concern
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may reflect repression or denial in the vast majority of 
patients.

In an earlier study of patients* emotional responses 
to surgery and anaesthesia Scheffer and Greifenstein®^ 
demonstrated denial of any fear in connection with 
operation and anaesthesia acting as a defence mechanism in 
62% of all patients studied. Attempts to penetrate this 
defence angered patients.

In a discussion of ways in which nurses can reduce a 
patient*s anxiety and pain, Armitage®^ emphasised the 
element of control over self that is necessary for
reduction of anxiety, stress and pain. It is evident from
the studies discussed that fear of the unknown and loss of 
control have been recurring themes. Because anaesthesia 
deprives patients of any element of control it is 
essential to reduce the anxiety induced by the prospect of 
anaesthesia. Patients have many ideas often quite 
unrealistic on how anaesthesia affects people. Many have 
worries which concern losing control and using bad 
language, or singing during the recovery phase and 
behaving in an antisocial way. Such ideas are usually
derived from films or television and rarely from first 
hand experience. If the patient is offered structured
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realistic information on what to expect some of these 
misconceptions may be avoided.

More recently Bishop®^ attempted to differentiate 
between fear of anaesthesia and fear of surgery in pre
operative patients in order that skilled and 
discriminating care may be given by staff to reduce any 
such anxiety. The results of her study supported the 
hypothesis that pre-operative fear of anaesthesia almost 
certainly causes more stress than fear of surgery.

While the studies discussed here demonstrate fear of 
anaesthesia as a pre-operative stressor, there may be 
instances where an anaesthetic is welcomed.

Scheffer and Greifenstein®^ asked patients to give 
reasons for selecting type of anaesthesia if offered a 
choice of general, spinal, regional or local anaesthetic. 
The reason offered for selecting general anaesthetic (65%) 
was because they would be asleep and unable to hear 
conversation or witness any sights in the operating 
theatre.

Haag and Adamski revealed fear of anaesthesia
wearing off during surgery to be a moderate concern among 
their patients, a fear identified by 19% of those
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expressing fears related to anaesthesia in the work of 
Ramsay79. Haag and Adamski found being unconscious to be 
a low concern although it was more of a stressor to those 
with higher degrees and above than those with less than a 
high school education. They concluded that there was a 
greater unwillingness on the part of more highly educated 
patients to be rendered unconscious and not in control of 
their environment. Those who had not undergone previous 
surgery were also significantly more concerned about this 
aspect than those who had had prior surgery.

Anxiety due to magnitude of surgery

"...in two persons suffering apparently
from the same kind of injury, and with 
the same detriment, one will writhe with 
agony, whilst the other will smile with 
contempt."
Guthrie cited by Beecher 1956^4

Beecher attempted to examine the relationship between the 
significance of wound to the pain experienced. This 
followed work carried out ten years earlier on men 
recently wounded in battle.

The group of soldiers had very extensive wounds, were
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clear mentally,and were not in shock. They had been 
delivered from the battlefield to a field hospital, hence 
Beecher discovered that not surprisingly they were 
optimistic, even cheerful, having been brought from an 
area of desperate anxiety to an area of relative safety. 
The battlefield wound marked the end of disaster for them 
and less than one quarter (21%) of those questioned said 
that they had sufficient pain to need anything done about 
it.

Frequency of pain severe enough to require a narcotic 
was studied in 150 male civilian surgical patients and 
contrasted with similar data obtained from the wartime 
casualties. Civilian patients underwent thoracic,
abdominal or bone surgery and consequent tissue trauma was 
far less than that of wounds in the same regions inflicted 
by high explosive shell fragments. However pain arising 
from the surgeon's wounds was far greater than it was from 
the war wounds,with 55% of civilians desiring narcotic 
analgesic drugs compared to only 21% of soldiers.

Beecher concluded that there was no dependable 
relationship between the extent of a pathological wound 
and the pain experienced and that the intensity of 
suffering was largely determined by what the pain meant to 
the patient. Alteration of mood, for example relief of 
anxiety, can have a beneficial effect on the pain
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experienced. In a situation where high levels of anxiety 
exist such as civilian surgery, Beecher suggested that 
wound pain of a degree sufficient to require narcotics is 
far more common than in a situation where desperate 
anxiety (fear of death on the battlefield) has been 
replaced by a far lesser worry (a wound).

Malmo and Shagass^^ conducted physiological studies of 
the reaction to stress in anxiety and schizophrenia. 
Thermal pain was experimentally induced in normal and 
pathologically anxious patients. Data revealed that the 
more severe the anxiety, the greater the overreaction to 
painful stimuli.

Franksson and Gemzell^^ suggested that an increase in 
the concentration of plasma steroids in the pre-operative 
period was due to psychic tension. They could find no 
correlation between the increase in plasma steroids and 
the magnitude of the operation.

Carnevali^3 attempted to identify patients* fears in 
the pre-operative period and found that after fear of pain 
and of the unknown,destruction of body image was the third 
most common fear identified. Carnevali stated that while 
disturbance over changes in the body resulting from
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surgery was sometimes found to be related to the 
invasiveness of the surgery, it appeared to be a deep 
concern in many patients in whom it might not have been 
anticipated. Patients felt abhorrence at being "cut”, 
with comments such as ”I just won't feel the same even if 
nobody sees the incision.” demonstrating the threat to 
body image that surgical patients may experience.

Volicer and Bohannon^^ produced a hospital stress 
rating scale after asking 261 medical and surgical 
patients to rank order 49 events relating to the 
experience of hospitalisation from least to most stressful 
events. Fear of losing a kidney or other organ was the 
third highest fear followed by the possibility of sight 
loss, and a diagnosis of cancer. Fear of pain following 
procedures/surgery, and fear of a changed appearance after 
hospitalisation were also identified as pre-operative 
concerns of surgical patients.

Fallowfield and her colleagues®^ studied the
psychological needs of patients with breast cancer who 
were either conservatively treated (lumpectomy) or who 
underwent mastectomy. Previous work by Sanger and 
Reznikoff®^ concluded that there was no significant 
difference with respect to body anxiety or general
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psychological adjustment in patients who had undergone 
conservative treatment of breast cancer or modified 
radical mastectomy. These results were challenged by 
Fallowfield and her co-workers who believed that not just 
breast loss but other factors contributed to the 
psychiatric morbidity following mastectomy. Such factors 
included fear of cancer and its possible recurrence, fears 
shared by all patients irrespective of treatment.

Madler et al^B evaluated the anxiety and mood of 
patients with kidney stones undergoing extracorporeal 
shock-wave lithotripsy (ESWL) and invasive therapeutic 
methods. They stressed the importance of the pre
operative emotional state and its influence on sensitivity 
to post-operative pain , and recovery after surgical 
intervention, and the effect of new surgical methods and 
anaesthetic procedures on the patient's attitude. Forty 
patients were studied with 20 treated by ESWL and 20 by 
either surgical operation, litholopaxy or ureteroscopy. 
Except for 5 patients undergoing ESWL with epidural 
anaesthesia, all patients received a general anaesthetic. 
Anxiety was assessed by subjective means.
The ESWL patients exhibited markedly less impairment of 
emotional state ie.anxiety, prior to treatment which the 
authors concluded may be due to the non-invasive nature of
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the procedure. The authors believed that the application 
of a new medical technology together with its accompanying 
circumstances was emotionally more readily accepted by 
patients than procedures that interfere with the integrity 
of their bodies.

The surgically and endoscopically treated patients 
exhibited a poorer general condition on the first day 
after treatment. However in both groups, particularly 
the surgical group, the scores for anxiety and mood were 
greatest before treatment. The authors concluded that the 
expectation of an invasive surgical intervention exerted 
more of a negative effect on emotions and on general 
conditions than unpleasant experiences resulting from the 
post-operative period such as pain and immobilisation.

Anxiety in relation to pain , expectancy and anticipation.

Pain has been described as :
" an abstract concept which refers to
i. a personal private sensation of hurt.
ii, a harmful stimulus which signals 

current or impending tissue damage.
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ill.a pattern of responses which operate 
to protect the Individual from harm.”

Sternbach 1968^^

A fear frequently mentioned by patients pre- 
operatlvely Is that of pain and d l s c o m f o r t ^ ^ ,  and 
M c C a f f e r y ^ O  describes pain as, "whatever the experiencing 
person says It Is, existing whenever he says It does”. 
Volicer and Bohannon^^ asked medical and surgical patients 
to rank order 49 events relating to the experience of 
hospitalisation from most to least stressful. The 8th and 
10th most stressful events were reported as ”not getting 
pain medication when you need It” and ”not getting relief 
from pain medications” respectively. However pain Is more 
than sensation , It Is an emotional experience. Beecher's

p  Aresearch®^ on the pain experienced by soldiers wounded In 
combat Illustrates the role of the appraisal or cognitive 
process In the perception of pain.

Michael de Montalgne^l noted that ”we are more 
sensitive of one little touch of the surgeons lancet than 
of twenty wounds with a sword In the heat of a fight.”

Expectation of pain will affect the degree of the pain 
experienced since In anticipation of pain, tension and
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anxiety increase and can be determining factors in 
increasing the level of pain^^.

Lazarus and Averill^^ described the importance of 
anticipation for research on anxiety and believed it was 
relevant to two critical aspects of emotional processes : 
"the emergency cognitive appraisal by the person of the 
significance of the event i and the time-dependent process 
of evaluating, choosing and bringing into action coping 
activity on which the subsequent emotional level and 
quality depend." Where there is time for the
anticipation of harm, there is opportunity for individuals 
to think through and prepare themselves for the threat 
which can consequently be reduced or mastered. Such was 
the case in patients studied by Janis^® who were better 
able to tolerate post-operative pain following "work of 
worrying" pre-operatively.

Expectations can also affect the intensity of pain. 
They may be built up from previous experience of 
hospitals, illness, medical personnel and hearsay, and can 
affect perceptions of pain^®. Hayward^l demonstrated the 
importance of pre-operative patient education to 
counteract misunderstandings which caused the patients 
anxiety. The severity of post-operative pain took 35% of
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respondents to a questionnaire by surprise. They had not 
been prepared for the degree of discomfort they had 
experienced. Hayward added that warning of pain must be 
tempered by the assurance that analgesic agents will be 
available. Epstein^^ considered the relationship between 
expectancy and reactivity to noxious stimulation and found 
it to be very confusing. Under many circumstances
expectancy reduced anticipatory anxiety and reactivity to 
impact although the opposite could also occur. He
concluded that little was known about the parameters that 
influence the relationship between expectancy and
reactivity.

The confusion about the effect of the accuracy of 
expectations of pain and discomfort on psychological
distress and pain was demonstrated by Wallace^^. One 
hundred and twenty-one adult patients undergoing 
laparoscopic surgery completed pain and mood assessments. 
There was no evidence that greater expected pain was 
associated with more reported pain at return from surgery, 
and the more pain patients expected, the more upset and 
fearful they were. The greater the discrepancy between 
pain expected and pain experienced (where actual pain was 
higher), the greater the distress, but the more pain was 
expected the lower the distress.
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Wallace also evaluated the effect of accurate 
information on expected and experienced pain and symptoms. 
Accurate information about surgery did not influence the 
level of pain expected by patients although those who 
received accurate information reported significantly less 
pain than the control groups.

Freud cited by Epstein^^ demonstrated a relationship 
between expectancy and anxiety when he defined the latter 
as :

” a particular state of expecting the danger 
or preparing for it, even though it may be 
an unknown one."

He added
” Fear requires a definite object of which to 
be afraid. Fright, however , is the name we 
give to the state a person gets into when he 
runs into danger without being prepared for 
it ; it emphasises the factor of surprise,"

Blaylock^S suggested that the body's reaction to 
anxiety is identical to the response to pain and in this 
way increased anxiety will cause increased pain. Whatever 
reduces anxiety will also reduce the subjective intensity
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of the pain. This fact was reiterated by Murray^^ who 
suggested that anticipation, and the resulting anxiety, 
were the basic ingredients of the pain experience.

The sensation of pain is often associated with a 
reaction of anguish or displeasure. These strong feelings 
may predominate in the pain experience and become the most 
relevant aspect for the s u f f e r e r ^ ? .  Intensity of pain 
then can be influenced by the presence of anxiety states 
as well as producing such negative emotions, and the 
patient can find himself in a vicious circle. Hough^B 
noted that "Fear increases the perception of pain; 
discomfort increases the perception of pain; pain itself 
increases the perception of pain "

Malmo and Shagass^^ believed anticipation of pain was 
an extremely important variable in the pain threshold. 
Under conditions which promoted anxiety or fear of pain, 
patients studied tended to overestimate the intensities of 
painful stimuli. In general, the more severe the anxiety, 
the greater the overreaction to pain stimulation.

Matthews and Ridgeway^^ reviewed the influence of 
personality on surgical recovery and established that a 
number of mechanisms may operate which mean that a highly
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anxious group of patients may make a less successful 
recovery after surgery than less anxious patients. 
Highly anxious patients will be more concerned about 
symptoms and make numerous requests for analgesics and 
sedatives. Medical complications could also result where 
such patients were less likely to engage in the required 
exercises post-operatively because of concerns about pain 
and the possible ill effects of exercise.

Seers^OO asked nurses and patients to rate pain and 
pain relief on a verbal rating scale before elective 
abdominal surgery and twice a day post-operatively for 
seven days. State and trait anxiety was also assessed. 
The more pain patients had the lower they rated their 
recovery, and the more pain they reported, the higher 
their anxiety scores were. Conversely the higher their 
anxiety scores, the higher they rated their pain leading 
Seers to suggest that pain was related to how the patient 
felt and how anxious he was. The study also revealed that 
nurses sometimes gave greater consideration to the number 
of days since surgery or the type of operation rather than 
the pain. Patient data revealed that their rating of pain 
could not be predicted by the type of operation or time 
since surgery. Sixteen years earlier Graffam ^^l 
established that although there was congruence in nurse-
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patient expectations of the occurrence of pain and the 
severity with which it was experienced, there was 
significant disparity in nurse-patient ratings of pain 
when it was severe. Where disagreement occurred 80% or
more of the patients judged the pain to be more severe, 
both initially and following a relief measure.

Drain^OZ suggested that the post-operative patient 
with trait anxiety may need more pain medication than the 
patient with state anxiety, not because he is in more 
pain, but because the emotional impact of the pain will be 
greater.

Taenzer and his co-workers^^^ investigated the 
influence of psychological factors on post-operative pain, 
mood, and analgesic requirements by means of a battery of 
psychological tests, a pain visual anologue scale and 
questionnaire,and structured interview. They concluded 
that high levels of trait anxiety and neuroticism were 
associated with increased pain perception, confirming the 
results of Drain. Pre-operative state anxiety did not 
correlate with most of the pain measures, nor did it 
contribute to the prediction of pain levels.
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Brayl04 also noted the Importance of post-operative 
pain and the pain-anxiety cycle and anticipatory pain that 
is fully realised after surgery. She stated that although 
pre-operative instruction would not change the existence 
of post-operative pain, it could reduce its intensity 
because some fear of the unknown would be eliminated.

Johnson^G investigated the effects of structuring 
patients’ expectations on their reactions to threatening 
events in patients admitted for gastroscopy. Patients 
were assigned in a fixed order to one of three groups. 
The first group received a tape recorded description of 
the sensations frequently experienced during the 
procedure. The second group received a description of the 
procedure during gastroscopy. A control group received no 
experimental information. All patients were observed 
during the procedure by an investigator who was unaware 
what, if any, information the patient had received.

Both messages appeared to reduce anticipatory 
distress, indicated by a reduction in the amount of 
tranquilising agent required. However there were
differences between the two experimental groups on 
distress indicators while the tube was being passed and 
while the tube was in situ. Patients who received sensory 
information displayed fewer indications of tension in
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their hands and arms during tube passage than those in 
either of the other two groups.

Patients who received procedural information during 
the examination were most restless while those who had 
received sensory information were least restless. The 
author concluded that preparatory information about the 
sensations frequently experienced during a threatening 
event would lower distress. She added that : "distress is 
experienced when cognitive expectations about sensations 
are discrepant from experience, that the intensity of the 
distress reflects the degree of incongruency between 
expected and experienced sensations..... "

Two years later Johnson and Rice^OS carried out a 
study on the sensory and distress components of pain. 
This study was an extension of the study carried out two 
years earlier by Johnson alone^^. Ischaemic pain was 
induced in 52 male students by inflating a blood pressure 
cuff applied to the upper arm to 250mmHg. Subjects were 
assigned at random to one of four information conditions. 
Information was delivered by tape recording.

Group 1 : False sensory description. The subject
heard sensations unlikely to occur with 
ischaemic pain.
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Group 2 : Partial sensory description, The subject 
heard two of the sensations he could expect 
to experience.

Group 3 : Sensory description. The subject heard all 
the typical sensations experienced.

Group 4 : No sensory description. The procedure was 
explained.

Subjects completed mood adjective checklists and also 
rated the sensations and distress felt.

Conditions 2 and 3 resulted in lower distress ratings 
than the other two conditions. The authors concluded that 
their findings supported the interpretation that accurate 
expectations about sensations reduce emotional reactions 
to painful stimuli when the perception of the degree of 
danger in the situation is held constant,

Voshall^OG conducted a study on the effects of pre
operative teaching on post-operative pain in 30 patients 
undergoing cholecystectomy and randomly assigned to the 
control or experimental group. The control group received 
information on the anatomy and physiology of the gall 
bladder, the incision, and post-operative exercises. The
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experimental group received the same information and in 
addition information on expected sources of discomfort and 
how to control the discomfort. Post-operatively patients 
were asked to rank their pain and distress for two days. 
Analgesic requirements were also monitored for five days.

For the first two days there was no significant 
difference between the two groups for their ranking of 
pain and distress. Over a period of five days there was a 
moderately significant difference in the analgesic
requirements at this time. The experimental group 
required less than the control group, they were also
discharged sooner.

The authors concluded that giving patients control 
over their pain experience by teaching them coping 
mechanisms may have reduced the apprehension and increased 
the tolerance to pain.

However studies on the influence of anxiety on pain
perception are in disagreement, as is demonstrated by 
Bruegel^^^who stated that anxiety did not appear to
influence pain perception in surgical patients. However 
trait anxiety was assessed and not state anxiety. The 
author did not know if state anxiety would exert an effect 
on the post-operative perception of pain.
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The findings of Scott, Clum and Peoples^®® were also 
contrary to those of the previous studies discussed. The
authors attempted to predict post-operative pain from the
pre-operative level of anxiety and the amount of 
information patients possessed regarding surgery. State 
anxiety was demonstrated to be a significant linear 
predictor of post-operative pain while trait anxiety was 
not predictive of any of the pain measures. Information 
about the pending surgery was predictive of higher levels 
of pain and the authors suggested that in addition to
information patients should receive advice on how to cope 
with the situation. This was in accordance with the 
earlier work of H a y w a r d ^ l  which has been discussed
previously.

It would appear that any procedure which reduces 
anxiety, whether by simply providing reassuring 
information or by increasing feelings of personal control, 
may also reduce pain and hasten recovery. The converse is 
also true, and high anxiety levels may increase pain and 
impede recovery. However the amount of pain experienced 
need not be related to the amount of tissue damage. 
Realistic expectations may also reduce the intensity of 
pain with expectations based on accurate sensory and 
procedural information. Anxiety can occur in response to
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unmet expectations and in turn may increase the intensity 
of pain.

Assessment and measurement of pain.
This review has demonstrated that there are numerous 

factors that affect both the perception and intensity of 
pain and for centuries the measurement of pain has 
intrigued clinicians and researchers. Beecher is regarded 
as the father of modern quantitative human analgesic 
assays with clinical pain. While he contributed much to 
the understanding of pain and factors which may affect 
pain, for many years he bitterly attacked and criticised 
the use of experimentally induced pain which he called 
"experimenatally contrived"^^^. Beecher's attacks greatly 
hindered the progress of systematic laboratory pain 
studies during the middle of the twentieth century since 
many investigators were influenced by him and refrained 
from pursuing such experimental projects^^^.

Major problems in measuring pain are the lack of a 
generally accepted definition of pain^^® and of knowledge 
concerning the nature of the adequate stimulus for pain. 
WolffllO emphasised the fact that in discussing pain 
measurement it was not easy to measure anything if one was 
not sure what one was actually measuring. The
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International Association For The Study of Pain Committee 
on Taxonomy defined pain as * an unpleasant sensory and 
emotional experience associated with actual or potential 
tissue damage, or described in terms of such tissue 
d a m a g e . I n  his treatise on pain Sir Thomas Lewis 
(1942)112 acknowledged the problems arising in defining 
pain when he stated that:

’Reflection tells me that I am so far from 
being able satisfactorily to define pain, 
of which I here write, that the attempt could 
serve no useful purpose.*
A sensory process such as pain that is difficult to 

define and influenced by both extrinsic and intrinsic
stimuli will then be problematic in clinical assessment. 
This fact was emphasised by WalfH^ who discussed the 
differences between one’s own and another’s pain and
concluded:-

"Doctors and patients become extremely angry with 
each other when there is a mismatch between 
disease and the amount of pain which the doctor 
expects, especially if the patient has the 
impertinence to fail to respond to my accepted 
therapy. At this point, the doctor begins to 
question if the pain is real or in the mind.
What is this curious question asked by the 
observer but never by the patient in pain?"

Quantitative evaluation and measurement of human pain
probably began with von Frey (1894)H^ who conducted
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psychophysical studies. Horse hairs of varying thickness 
were used to test for the threshold of pain in the skin by 
placing single hairs on the skin and gradually exerting 
pressure until it just started to bend. The pain 
threshold was quantified in terms of the thickness of 
hair. Threshold pain is a sensation of pain of lowest 
intensity, that is when an individual first becomes aware 
of the sensation. Maximum intensity is pain intensity 
beyond which no further discriminations can be made.^^^

In 1944 Cluzek^lG devised a "dolorimeter" to measure 
pain threshold on the flat surface of the middle third of 
the tibia. The subjects leg was placed on a leg rest and 
a plunger surrounded by a metal sleeve ending in a rubber 
bung was rested lightly against the tibia and fixed in 
position. Air was pumped through a guage into the sleeve 
cylinder and forced the plunger against the tibia. Pain 
threshold was expressed as the amount of air pressure 
which first elicited pain by this force.

Five pain response parameters have been i d e n t i f i e d ^ ^  

which are scientifically:-

a) Pain threshold - the point at which pain is 
perceived 50% of the time.
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b) Pain tolerance - the point at which a subject will 
terminate or withdraw from noxious stimulation, 
the upper threshold.

c) Pain sensitivity range - the arithmetical 
difference between the pain tolerance and 
the pain threshold.

d) Drug request point - the point at which the subject 
would take a mild painkiller.

e) Difference Limen or Just Noticeable Difference 
(JND)“ the smallest interval or step which 
can be discriminated during stimulation.

Hardy, Wolff and Goodell^^ determined that there were 
21 discriminable steps of pain and formulated the Dol 
scale of pain in which 1 Dol = 2 JND * s. There were then 
21 JNDs between the threshold sensation and ceiling pain 
but for convenience the pain sensation was adopted as 
equivalent to 2 JND's ie.lDol. The ceiling pain intensity 
therefore had the value of 10% "dois".

The authors noted that such a sensory scale is 
dependent upon the assumption that the sensation evoked by 
a stimulus is equal to the number of the discriminable 
steps from the threshold sensation. Based on experimental

— 93 —



data they identified two advantages, namely
a) the sensory range was clearly defined by the

threshold sensation and the ceiling
pain sensation, 
and

b) the intensity of the pain could be related to an 
easily controlled and reproducible stimulus.

Intensity of pain sensation could be expressed in 
terms of the intensity of the stimulus which evoked it.

Harvey, Wolff and Goodell concluded that although the 
"dol" scale of pain intensity was a scale of equal 
intervals, it could not be assumed that a four "dol" pain
was twice as intense as a two "dol" pain or four times as
intense as a one "dol" pain.

WolffH7 also commented that the "dol" scale was not 
fully validated . Many of the words were too difficult 
for the "average" patient to understand, especially those 
without a college education.

Patients' statements are often used to gauge both the 
severity of pain and its qualitative nature and the 
language used may indicate to the clinician the type of 
injury or damage that has occurred. Melzack^^^ argued 
that there was a need for an assessment method to approach 
the experiental component from a multidimensional
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standpoint and stated that ”To describe pain solely in
terms of intensity is like specifying the visual world 
only in terms of light flux without regard to pattern, 
colour, texture and the many other dimensions of visual 
appearance."(p278) Melzack devised the McGill Pain 
Questionnaire which consists of 78 adjectives arranged in 
20 groups,reflecting similar pain qualities. Patients are 
able to describe their pain on three dimensions: namely, 
sensory, affective and evaluative. The questionnaire 
yields a number of indices : a pain rating index based on 
the score values of words checked; a rank score reflecting 
the rank values within each subgroup of the words checked; 
the number of words checked. Wolff^^ again commented
that many of the words were too difficult for the
"average" patient and suggested that the applicability of 
the questionnaire became rather limited.

Rating scales are the most commonly reported measure 
in clinical pain research^^^ and vary according to the 
nature and number of the anchor points supplied. They may 
take the form of a verbal rating scale (VRS) where the 
patient is asked to rate his pain on a scale 0-10 for
example or visual anologue scales. A visual analogue 
scale (VAS) is usually a line 10cm long with a positive 
statement at one end and a negative statement at the
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other^^®* After the patient understands what it is meant 
to signify he makes a mark somewhere along its length to 
indicate his impression of the strength of that feeling. 
It is customary to measure in mm the distance to the mark 
from one end and to use the figure for analysis. Problems 
arise when the scale is supplied with anchor points 
(points between the two extremes) when the respondent may 
be unable to discriminate reliably between the points on 
the scale^^l.

However VAS have been criticized when used repeatedly 
because although subjects may be able to reliably report a 
pain experience distant in time on different occasions, 
this may be attributed to memory over where the original 
mark was placed. The ratings made on the first scale may 
also dominate those on subsequent scales^^^.

Diary cards have been used to assess pain whereby 
patients are required to complete a card at stated times 
eg. daily, indicating intensity and duration of pain. One 
problem apart from failure to complete the cards 
altogether is the need to control for the possibility that 
they may be completed retrospectively and are then subject 
to distortions of memory.
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All the latter methods of measurement provide purely 
subjective assessment of pain. The search for objective 
indices of human pain has considered involuntary, non
verbal evoked responses which have often centered on the 
autonomic nervous system reactions such as heart rate, 
respiratory rate and galvanic skin response (GSR)^^^. 
Wolff demonstrated that during pain heart rate 
increases,respiration becomes more shallow and GSR 
increases. He also noted that while autonomic nervous 
system (ANS) parameters show a latent response time, while 
the noxious stimulus persists ANS reactivity fades until 
eventually no response is obtained. Adaptation to 
stimulation has occurred. However extraneous stimulation 
such as a sudden loud noise could also effect an ANS 
response independently of the experimental situation, and 
it is apparent that these evoked ANS responses are non
specific and indicate arousal rather than pain. Wolff 
concluded that autonomic nervous system indices were not 
suitable for human psychophysical pain measurement 
procedures which require many repititions of stimuli. 
This confirmed the findings of Hardy and his 
colleagues^^^.

In conclusion, while only a few methods of assessment 
have been discussed, the range of measures available
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suggests that there is no ideal method to monitor and 
measure pain mechanisms.

Readingll^ concluded that :

"While all measures need to address and satisfy 
psychometric criteria of reliability and validity, a quest 
for the ideal method will prove fruitless. This
orientation may be regarded as a legacy of the outmoded 
view of pain as bearing a linear relationship to the level 
of noxious input."
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CHAPTER TWO

THE PHYSIOLOGY OF STRESS

Claude Bernard (1813-1878) one of the foremost 
physiologists of his time, destroyed the concept that the 
body could be regarded as a bundle of organs, each with 
its separate function. He believed that a characteristic 
of all living things was their ability to preserve 
internal conditions despite external change. Bernard
believed that " All vital mechanisms .....  have only one
object, that of preserving constant the conditions of life 
in the internal environment.

A hundred years ago Billings^ emphasised the power of 
belief, faith, imagination or expectant attention to 
affect the material organism of the body. In a series of 
lectures titled "The History of Medicine" he related many 
anecdotal stories to illustrate such a power. One such 
story related to a doctor who was determined to try the 
newly discovered powers of nitrous oxide on a paralysed 
man. Prior to administration of the gas he placed a small 
thermometer under the patient's tongue. The paralytic 
man, unaware of the nature of the treatment but certain of
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its effects announced that he felt the effects of its 
influence throughout his whole body. The procedure was 
repeated on numerous occasions with the same result and 
the patient was finally pronounced cured with no further 
treatment necessary.

In 1910 Osler^ presented his Lumleian Lectures on 
Angina Pectoris and described it as a condition that may 
be associated with extraordinarily high tension and the 
high pressure life and constant worrying of modern days.

The following year Cannon^ demonstrated that
physiological responses could be evoked by emotional 
stimulation. He gave as an example a cat, which when
frightened by a barking dog responded with dilatation of 
the pupils, inhibition of the stomach and intestines, 
rapid heart beat and erection of the hairs on the back and 
tail. The emotional disturbance caused adrenaline to be 
released from the adrenal glands into the blood. Cannon 
concluded that adrenal secretion was under the control of 
the sympathetic nervous system.

In 1914^ he developed the work of Osier and discussed
the emergency function of the adrenal medulla in response
to pain and major emotions. Increased activity of the 
adrenal glands occurred as a result of emotional
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excitation and also central nervous system stimulation via 
the splanchnic nerves. Artificial stimulation of these 
nerves liberated not only adrenaline but also glucose from 
the liver. The same result could not be obtained if 
adrenalectomy was performed. He concluded that emotional 
stimulation that resulted in increased adrenaline 
secretion also gave rise to hyperglycaemia.

When considering the vascular changes produced by 
adrenaline. Cannon stated that the essential organs - "the 
tripod of life" - the heart, lungs and brain, as well as 
the skeletal muscles were abundantly supplied with blood 
taken from organs of less importance in critical moments 
such as the spleen, kidneys and intestines.

Cannon^ discussed the sympathetic division of the 
autonomic nervous system and emphasised its role as the 
primary agency in mobilising the bodily forces in times of 
great fear or rage. He stated that there was no reliable 
evidence that there was any secretion from the adrenal 
glands under restful conditions. His experiments
indicated that under such conditions there was no adrenal 
secretion or a secretion so slight as not to affect the 
denervated heart (an extremely sensitive indicator). 
Adrenaline secretion was not necessary in times of serene 
existence but was secreted in times of great emotional 
stress and under conditions of pain or asphyxia. Such
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circumstances would be associated with a struggle for self 
preservation and the operation of the sympathetic division 
of the autonomic nervous system together with the aid 
which adrenaline afforded would muster the resources of 
the individual to produce the "fight or flight" response. 
Cannon concluded that the emergency theory of the adrenal 
medulla was the only one which "thus far had any 
experimental support".

These findings related to hormonal involvement in 
homeostasis were borne out by Hartmann and his c o - w o r k e r s ^  

who concluded that the adrenal cortical hormone could be 
viewed as a "general tissue hormone", and necessary for 
activity of the various tissues of the body.

In 1909 Karplus and Kreidl® demonstrated that 
sympathetic effects and autonomic responses that 
accompanied certain forms of emotional behaviour such as 
rage, attack and flight could be elicited by electrical 
stimulation of a point in the hypothalamus close to the 
subthalamic nucleus. Maranon^ observed that an emotional 
topic discussed calmly before, elicited a strong emotional 
reaction when discussed following an injection of 
adrenaline.
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Stimulation experiments by Kaada^® attempted to obtain 
information regarding the functional significance of
various medial and basal forebrain structures, most of 
which were commonly assigned to the "rhinencephalon" or 
olfactory area. He suggested that parts of the 
rhinencephalon may be concerned with the neuronal 
organisation of emotional behaviour. The rhinencephalic 
area encompassed the limbic system which, in conjunction 
with the hypothalamus controlled autonomic activity. This 
demonstrated that the concept of a purely olfactory 
function of the area was incorrect.

Von Euler^l discussed the role and function of
noradrenaline and adrenaline and measured their excretion 
in urine. He commented that it was still very difficult 
to estimate amounts of the substances in peripheral blood. 
He demonstrated that noradrenaline was found mainly in the 
post-ganglionic sympathetic (adrenergic) nerves. Release 
of noradrenaline was found to raise the systolic and
diastolic blood pressure without increasing the cardiac 
output. This was in contrast to adrenaline which increased 
cardiac output with only a slight increase in the mean 
pressure. Noradrenaline raised the peripheral vascular 
resistance whereas adrenaline lowered the total resistance 
by causing vasodilatation of the vascular bed of the
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skeletal muscle. Noradrenaline caused vasoconstriction in 
this area.

Von Euler described the vasoconstrictor effect of 
adrenaline on the skin which was far more pronounced than 
that of noradrenaline, A study of their effects on the 
coronary vessels showed that both drugs caused 
vasodilatation in moderate doses, while noradrenaline 
caused vasodilatation even in high doses. Noradrenaline 
was also less wasteful of oxygen consumption than 
adrenaline which raised it by 20% - 30% but was virtually 
unchanged by noradrenaline, A similar difference was 
noted in other metabolic parameters including blood sugar 
and lactic acid.

Von Euler also noted the difference in the psychic 
effects of the drugs. Adrenaline produced feelings of 
anxiety or apprehension not elicited by noradrenaline. He 
demonstrated that adrenaline was selectively released 
during physical or mental stress, and that its actions 
served what has been described by Cannon as the emergency 
functions.

In 1958 Grant^^ and his colleagues measured the 
amount of catechols secreted from the adrenal glands 
concomitant with activation of the sympathetic vasodilator 
outflow by hypothalamic stimulation in cats. Activation
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was accompanied by outbursts of "sham rage" with spitting, 
bearing of teeth, protrusion of claws, and dilatation of 
the pupils, a reaction characteristic of attack and 
defence. Increases in catechol output from the adrenal 
medulla consisted mainly of adrenaline.

Further studies by Mason^^ and Gellhorn^^ ten years 
later supported the hypothesis that mental stress resulted 
in increased hormonal activity. Gellhorn stated that 
there were "literally thousands" of reports on the 
biological foundations of emotion which described numerous 
approaches and techniques of study, from which a great 
deal of conflicting data had emerged. Studies of the 
somatic, autonomic and hormonal efferent discharges 
accompanying many emotional states revealed the biological 
foundations of emotions as did the study of the afferent 
mechanisms which activated the hypothalamus and involved 
peripheral sense organs and the neocortical and limbic 
areas of the brain. Subsequent studies investigated the 
autonomic responses resulting from emotional stress in an 
attempt at quantifying this phenomenon.

A study by Malmo and Shagass^^ observed the 
variability of heart rate in relation to age, sex and 
stress. The stressful stimulus to which patients were
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exposed was thermal pain. Heart rate variability under 
conditions of stress in relation to age showed a linear 
decrease. The authors concluded that it may be explained 
by diminishing autonomic nervous system influences, both 
vagal and sympathetic, occurring with increasing age. 
Females showed a somewhat higher heart rate variability 
than males.

The following year Duncan and his colleagues^^ 
reported on paroxysmal cardiac arrhythmias related to 
emotional disturbances. The life situation and emotional 
state was a significant factor in the occurrence of the 
attacks of arrhythmias in the patients studied. The acute 
onset of the arrhythmias simultaneously with an emotional 
disturbance produced evidence of autonomic nervous system 
activity in precipitation of the arrhythmias. Anxiety was 
often present with somatic manifestations such as palmar 
sweating, cracked voice and tremor. Later work by Von 
Euler^l demonstrated that adrenaline was more likely to 
produce arrhythmias and ectopic excitation than 
noradrenaline.

More recently Lown^^ commented on the abundant 
anecdotal evidence that stressful emotions could 
precipitate sudden death but added that the dearth of
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factual data arose because of ethical dilemmas present in 
developing psychologically stressful procedures that would 
reproducibly provoke arrhythmia. He concluded that an 
appreciation of the role of the central nervous system in 
modulating cardiac electrophysiological properties would 
hasten the day when sudden cardiac death would no longer 
be the leading cause of death in the industrially 
developed world. Two years later Deanfield and his 
c o l l e a g u e s ^ B  tested the hypothesis that an attack of 
angina could be triggered by stress in patients with 
chronic stable angina and coronary artery disease. 
Myocardial perfusion was monitored together with heart 
rate, systolic blood pressure, 12-lead electrocardiogram 
and the presence or absence of angina. Their findings 
indicated that angina arising from emotional upset may be 
only the tip of the iceberg, and that less severe stresses 
were capable of causing myocardial ischaemia. Their 
findings supported those of Lindqvist and his colleagues^^ 
a year earlier who demonstrated increased heart rate 
associated with mental stress in pilots during simulator 
flight manoevres.

Godkin and Rice^O studied the relationship between 
psychological stress and physically manifested illness, 
and demonstrated a relationship between the two. They
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concluded that psychosocial stress leads to illness rather 
than vice versa. This was in accordance with previous 
work of Boore^l which demonstrated increased 
susceptability to infection in patients with higher levels 
of stress.

Goodell, Graham and Wolff^^ considered changes in body 
heat regulation associated with life stress and emotional 
conflict. However their sample was extremely small 
(three) so that results cannot be accurately applied to a 
larger general population, and the means of measuring 
temperature (rectal probe) was inconvenient and would be 
unsuitable for use in other studies. In the same year 
Friedmanns discussed hyperthermia as a manifestation of 
stress. In his experience 30% of patients with
"functional” cardiovascular disease exhibited neurogenic 
hyperthermia, and stressful situations could induce a rise 
in body temperature.

Schachter^^ acknowledged the problem of the 
physiological specificity of emotional behaviour and 
studied fear and anger in hypertensive and normotensive 
patients. These states were characterised by a high level 
of autonomic activation although the degree of involvement 
of indices varied.
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Palmar sweat

Palmar sweat production has been shown to be an index 
of stress and has been used in this thesis. The 
relationship of emotions to sweating was first observed by 
S a n c t o r i u s ^ S  in 1614, Following scientific studies on 
perspiration he noted that :

a body that is at rest whilst the mind
is violently agitated has a stronger 
perspiration and less weight than a 
body that is strongly moved whilst the 
mind is at rest."

Silverman and Powell^^ recognised the confusion that 
may arise because sweating occurs as a parasympathetic 
response in states of increased sympathetic activity, and 
gave as an example the common expression "breaking out in 
a cold sweat". They believed such confusion may arise from 
the arbitrary separation of the autonomic system into the 
parasympathetic and sympathetic divisions which implied a 
reciprocity of action. They concluded that the principle 
of reciprocal innervation of both divisions of the 
autonomic nervous system was not borne out on clinical 
grounds and that it was practically impossible to find a 
pure example of vagotonia or sympathotonia. They added
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that under ordinary conditions palmar sweating was not 
influenced by outside temperatures (unlike other sweat 
glands which have a thermoregulatory functon) and was one 
of the few places where emotional sweating occurred. It 
could be viewed as a cholinergic phenomenon related 
particularly to emotional activities.

Thermal regulation and sweating is initiated by the 
hypothalamus whereas emotional sweating is stimulated from 
the pre-motor cortex via the thalamus and hypothalamus. 
The glands concerned with sweating in man are the eccrine 
glands of which there are two types

a. those on the general body surface serving a 
thermoregulatory function. They respond gradually in 
accordance with the intensity of afferent thermal 
stimulation.

b. the palmar and plantar glands which respond rapidly 
to mental, emotional and sensory stimuli. These glands do 
not usually respond to thermal stimulation unless the 
ambient temperature is sufficiently intense to cause 
emotional sweating.

Kosaka^B was one of the first investigators who 
established clear differentiation of human sweating into 
thermal and mental sweating. He discovered that sweating
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due to mental arithmetic was restricted to the palms and 
the soles of the feet and did not appear on the general 
body surface.

Kuno^y showed that whereas thermal sweating appeared 
with a long latent period after the rise in temperature, a 
period which varied according to the heat sensitivity, 
mental sweating had no latent period for its onset. It 
immediately obtained a certain rate of secretion 
corresponding to the intensity of stimulation. It 
remained as long as the stimulation was present and 
subsided after it eased. He believed that this was 
because the centres for emotional sweating, contrary to 
those for thermal sweating, were constantly in a vigilant 
condition and ready to respond to any stimulation. This 
fact was borne out by the demonstration that such sweat 
glands secreted continuously.

A series of experiments^^ demonstrated that palmar 
sweat diminished during sleep over a temperature range 19® 
- 35®C but recovered at once after waking although in the 
temperature range 29®-35®C sweating on the chest increased 
and subsided on waking. Absence of palmar sweating during 
sleep was due to the interruption of the emotional effect. 
If the ambient temperature was raised so that the 
individual showed a tendency to sweat, sweating due to
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mental excitement was no longer confined to the palms, 
soles and axillae but spread over the whole body. If 
however the temperature rose above a certain limit, mental 
arithmetic became ineffective in causing palmar sweating, 
while general sweating still occurred. However at 
ordinary room temperature and where the mental stimulus 
was weak palmar and plantar sweat glands became active 
while those on the general body surface were insensitive.

The phenomena accompanying emotion such as 
constriction of the skin vessels, 'goose-bumps* and 
hyperglycaemia were found by Kuno to be identical to those 
associated with cooling of the body and contrary to those 
of thermal sweating. He concluded that the difference in 
features of sweating between the thermal and mental 
sweating may be due to a difference in the sweat glands.

Dale and F e l d b e r g ^ O  undertook experiments to test the 
suggestion made by Dale the previous year that the 
secretory nerve fibres of the sweat glands in cats were 
cholinergic. This would provide an exception to the 
general rule that postganglionic sympathetic fibres were 
adrenergic. They concluded that the chemical transmission 
of secretory impulses to the sweat glands of the cat was 
via acetylcholine, and not adrenaline.
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Nearly twenty years later Haimovici^^ made the 
suggestion that human sweat glands may have an adrenergic 
innervation, a view based on the finding that intravenous 
dibenamine (an adrenaline and sympathetic antagonist) 
reduced sweating in the palm, and conversely that 
localised sweating could be elicited by adrenergic agents. 
He concluded that in addition to the known cholinergic 
fibres supplying the sweat glands, there was also an 
adrenergic component in the nervous mechanism of sweating 
in man. In the same year Wada^2 also demonstrated the 
sudorific action of adrenaline on the human sweat glands 
following intradermal injection. Two years later Chalmers 
and Keelers concluded that although sweat glands involved 
in both thermal and emotional sweating were excited by 
adrenaline and noradrenaline, there was no evidence that 
adrenergic nerves played any part in the physiological 
control of sweating. Sweat gland activity continued in 
response to chemical stimuli after sympathectomy.

In the same year Sutarman and Thompson^^ described a 
technique for enumerating active sweat glands in man. 
Counts of functioning sweat glands were obtained from 
plastic impressions of the skin made while sweating. 
Impressions were obtained by applying a plasticizer to the 
skin and removing the cast that was formed. Active sweat
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glands showed up because watery sweat was immiscible with 
the plastic base of the solution. Sites of the secreting 
sweat glands were seen as circles which could be counted 
when viewed under a microscope. This technique was used by 
Harrison and MacKinnon^^ who applied the cast to a 4mm 
square of the middle finger pad over the central whorl. 
The number of active sweat glands was designated the 
Palmar Sweat Index (PSI). Further work by Harrison and 
her colleagues^G investigated the effect of stress and 
hormonal activity on the palmar sweat index and found it 
to be depressed pre- and post-operatively. They concluded 
that while palmar sweat appeared to be associated with 
psychic factors there was also evidence that conscious 
expectation of stress may be accompanied by anticipatory 
activation of the pituitary-adrenal system. Local
injection of adrenaline and noradrenaline was found to 
decrease the palmar sweat index^^ as did raised levels of 
adrenocorticotrophic (A.C.T.H) hormone^^. Intramuscular 
injection of as little as 25 i.u. of ACTH significantly 
depressed the palmar sweat index 5h hours after 
administration^?. MacKinnon suggested that this time 
lapse indicated the participation of an intermediary 
agent, the adrenal cortex, which if stimulated to secrete 
corticol hormones , might itself affect palmar sweating. 
Subsequent investigations of hormones available at that
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time showed that only progesterone exerted an effect on 
palmar sweating. Two years later^B the effect of stress 
on the palmar sweat glands was demonstrated to be 
primarily dne to circulationg catecholamines, independent 
of pituitary-adrenocorticol activation. It was suggested 
the relationship between these two mechanisms remained 
uncertain and open to question^®.

In 1970 Foster and Weiner^^ studied the effects of 
adrenergic blocking agents on the activity of the eccrine 
sweat glands. Only high doses of two of the anti-
adrenergic substances examined (guanethidine and 
phentolamine) produced any consistent and significant 
measure of blockade, and small doses of atropine were as 
effective as these large doses. The authors concluded
that there were only cholinergic fibres innervating 
eccrine sweat glands, and any inhibiting action by
adrenergic substances was due to interaction with
cholinergic receptors in the glands. Five years later Uno 
and Montagna^® demonstrated a loose network of 
catecholamine-containing nerves around the eccrine glands 
of the monkey paw, an observation which revived the theory 
of a dual adrenergic and cholinergic innervation. However 
in a review of the literature on the pharmacology of 
sweating, C o l l i n s ^ l  stated that the possible role of the
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adrenergic component of sweating remains open to question. 
Sato^2 suggests that the control of glandular growth, 
including hypertrophy, and morphological changes in gland 
cells during secretory activity may be a role subserved by 
the B-adrenergic component.

Although the method of evaluating sweat production 
described by Sutarman and Thompson^^ has been widely used 
it is a limited method as it only identifies the number of 
active sweat glands. When the demand for sweat is first 
met glands become active with gradual recruitment of 
inactive sweat glands until all are active. It is only 
when all sweat glands are active giving a maximum palmar 
sweat index that individual sweat gland activity 
increases. However the palmar sweat index does not allow 
for measurement of the quantity of sweat produced.

A much more reliable means of measuring palmar sweat 
is by the galvanic skin response (GSR). In this technique 
sweat acts as a "bridge" in an electrical circuit and the 
degree of electrical impulse that passes through a circuit 
is related to the amount of sweat available. GSR measures 
the amount of sweat produced (which can increase even 
after all sweat glands have become active) whereas the 
palmar sweat index measures the number of sweat glands
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secreting and therefore reaches a maximum when all glands 
are active, despite differences in output. However a 
disadvantage of the GSR method is that it is often 
obtrusive and requires cumbersome equipment.

This problem was overcome with the introduction by 
Nilsson^^ of the Evaporimeter, an instrument which was 
capable of determining the insensible water loss from the 
skin and which is suitable for such measurements in a wide 
range of applications. These include water loss from 
normal skin, that of newborn infants, burned skin and 
mucous membranes. The Evaporimeter is described in
detail in Chapter 3.

Although sensory and psychic stimulation increase 
production of palmar sweat^confusion is still present over 
the mechanism of response to psychic stimulation. A 
sympathetic response to emotional stimulation is more 
usual although a parasympathetic response may also be 
obtained.

Darrow^4 considered the neural mechanisms controlling 
the palmar galvanic skin response (GSR) and palmar 
sweating which he stated was one of the many bodily 
mechanisms of preparation for activity. In situations
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where the body was "at rest" palmar sweating was absent, 
which in the presence of an intact nervous system Darrow 
believed indicated association with activity at a high 
corticol level. He also stated that under conditions of 
strong excitation there was a self limiting effect of 
sympathetic adrenal mechanisms on secretory activity and 
that there was ample evidence that either the 
vasoconstriction or the adrenaline produced by strong 
sympathetic excitation could limit the activity of the 
sweat glands. He observed a marked reduction in palmar 
galvanic reactions to sensory stimulation following 
intravenous administration of small amounts of adrenaline.

More recently Harrison and MacKinnon^® described the 
activation of palmar sweat glands by alerting stimuli but 
a depression of activity by emotional stress. Earlier 
Harrison and her colleagues^^ studied the palmar sweat 
gland activity using the palmar sweat index technique in 
patients undergoing surgery. Results showed a decrease in 
sweat gland activity prior to surgery with a gradual 
return to initial levels after surgery.

Confusion between mental and physical stress continued 
in the work of Munday^^ who measured the palmar sweat 
index in female surgical patients who required the use of
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a bedpan or commode post-operatlvley. Working on the 
hypothesis that the lower the palmar sweat index, the 
higher the level of anxiety, her results showed a decrease 
in the palmar sweat index after using the bedpan. However 
the measure showed great variability and Munday failed to 
consider that the act of micturition involves 
parasympathetic nervous system activity. Her findings 
were however in accordance with those of Lindeman and 
Stetzer^G who assessed the effect of pre-operative visits 
by operating room nurses. The palmar sweat index for both 
the experimental and control group were lower post- 
operatively. The control group palmar sweat index was 
lower than the experimental group who the authors 
concluded were therefore more anxious. However no 
comment was made on the fact that the lower scores post- 
operatively indicated higher levels of anxiety compared 
with pre-operative levels.

MacReynolds, Acker and B r a c k b i l l ^ ?  investigated the 
extent to which subjective and autonomic measures of 
anxiety varied concomitantly over periods of weeks in the 
same individuals (psychiatric patients). Autonomic
measures included palmar skin conductance and palmar 
sweat. Their results showed there was no correlation 
between autonomic and subjective measures within
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individuals. One criticism was that the subjective 
measures tended to reflect how the patient felt generally 
whereas the autonomic measures indicated status at a given 
moment. Similarly palmar sweat changes are generally 
related to transient anxiety rather than the individual's 
general mental state.

Beam^B investigated serial learning and conditioning 
under real-life stress using both psychological and 
physiological tests, with the palmar sweat index used as 
the physiological indicator. Results showed that stress 
interfered with serial learning, demonstrated by an 
increase in the palmar sweat index. This was contrary to 
the work of Lindeman and Stetzer^^ and Munday^^, who used 
a low palmar sweat index to indicate high anxiety levels. 
Beam found no association between the physiological and 
psychological indices of stress used.

Lazarus and his colleagues^^ examined heart rate and 
skin conductance in subjects shown a control and a 
stressor film. While there was a distinct rise in the 
parameters during stressful moments of the film, they 
concluded that the correlation between heart rate and skin 
conductance was negligible, especially under the stressor 
condition (correlation = 0.4).
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Johnson and Dabbs^® enumerated the active sweat glands 
using the technique of Sutarman and Thompson^^ in female 
graduates considered to be exposed to mentally stressing 
situations (statistics examination, mental arithmetic 
exercises). They concluded that physiological indicators 
such as the palmar sweat index could be repeated without 
interrupting ongoing psychological processes, were readily 
quantifiable, and may detect changes that a subject would 
not include in a verbal assessment. Contrary to their 
expectations which were based on the work of Harrison and 
her c o l l e a g u e s ^ G ,  palmar sweating increased at the start 
of the mental arithmetic exercises and decreased a few 
minutes later. Such a decrease they believed may have 
been caused by concentration with the high levels 
reflecting situational anxiety or arousal. This was in 
keeping with the findings of Davis^l who investigated the 
effect of stress on the palmar sweat index in students 
during examination and compared the values with control 
measurements performed one to two weeks before or after 
the examination. Measurements taken during the
examination were significantly higher than control values 
in 75% of the subjects. Davis concluded that stress could 
be related to the index of palmar sweat.
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These results were consistent with those of a small
study conducted by Bishop^^ in which all patients 
demonstrated an increase in palmar sweat production 
associated with emotional distress. This was in
accordance with the earlier work of Engel^^ who studied
stimulus response and individual - response specificity
using physiologic indicators including skin conductance. 
The patients in Engel's study differed significantly from 
one another in all variables measured, but skin
conductance levels rose during each stressor application.

In summary the physiological responses of man to 
emotion are complex and concern the co-ordinated activity 
of both the autonomic and central nervous system. This 
interaction is achieved through the limbic system. The 
hypothalamus has been considered to be one of the central 
elements as it is involved in emotional responses. 
Surrounding it are other sub-cortical structures including 
the pre-optic area, the septum, the paraolfactory area, 
the epithalamus, the anterior nuclei of the thalamus, 
portions of the basal ganglia, the hippocampus and the 
amygdala. The limbic cortex surrounds the limbic system 
and comprises the orbitofrontal area, the cingulate gyrus 
and the hippocampal gyrus, the pyriform area and the uncus 
(see fig. 2.1),
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The limbic system is the primary area of control of 
autonomic function in the forebrain and is concerned with 
behaviour associated with emotions. The main outlet for 
activity of the limbic system is by pathways from the 
hypothalamus to the brain stem and spinal cord (largely 
via the autonomic nervous system) and pathways to the 
pituitary gland and endocrine system (see fig. 2.2).

The adrenal medulla is thought to show increased 
activity by certain emotional states. As yet there is no 
evidence of any interaction between the medulla and the 
cortex of the adrenal glands.
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CHAPTER THREE

DIRECT MEASUREMENT 0F,\WATER 
USING AN EVAPORIMETER.
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CHAPTER THREE.

The Servo Med Evaporimeter was developed in the 
Department of Medical Engineering at Linkoping University, 
Sweden and completed in It was designed to
measure water exchange through human skin and offers a 
high accuracy and improved sensitivity in comparison with 
previous methods^. Earlier methods suffered from the 
disadvantage that they interfered with the microclimate 
near the surface of the skin,thereby influencing the water 
exchange to varying extents. They were often difficult to 
use in clinical situations due to the physical 
construction of the equipment. Further disadvantages of 
earlier methods were that they had a slow response time or 
were inaccurate.

The design of the evaporimeter is based on the fact 
that the value of the vapour-pressure gradient close to 
the surface of the skin, and therefore also the water 
exchange,is approximately proportional to the difference 
between the vapour pressure measured at two separate fixed 
points on a line perpendicular to the evaporating surface. 
The vapour pressure at each point of measurement is 
calculated as a product of the relative humidity and the
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saturated vapour pressure,the latter being a function of 
temperature alone.

The Evaporimeter is a microprocessor unit for the 
quantitative determination of water evaporation, that is 
water transport through diffusion, from or to surfaces in 
contact with the atmosphere. By operating appropriate 
switches, digital indications of three variables can be 
given instantaneously: evaporation rate, range 0-
300g/m^/h., relative air humidity, range 0-100%, and water 
vapour partial pressure, range 0-50mmHg (0-6.65kPa.). 
Accuracy of measurement of water transport is +/- 15% or 
+/-2g/m^h whichever is the greater. For the purposes of 
this work a consistant error does not interfere with the 
results obtained since only changes over time for each 
patient are of interest.

The response time of the evaporimeter is 0.3s and 
readings may be taken every 5 seconds^. The mean latency 
time between stimulus and rise in palmar sweat has been 
demonstrated to be 2.6s while the time for registration of 
peak stimulus is 5.8 seconds^.

The evaporimeter has therefore been shown to be a 
sensitive instrument with a short response time and causes
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minimal disturbance to the microclimate of the skin. 
Accordingly it is well suited to measuring rapid stimulus- 
induced variations in the evaporative water loss and is 
shown in fig.3.1.

The measuring component of the evaporimeter consists 
of a teflon capsule shaped as an open cylinder the purpose 
of which is to protect the measurement area from 
disturbing draughts(Fig.3.2). Two transducers are located 
at different distances from the surface, one which 
measures relative humidity, the other
temperature(Fig.3.3). The signals derived from these 
transducers are computed to produce the partial pressure 
of the water vapour at the two distances from the surface. 
The partial pressure gradient is then calculated and 
finally the evaporation rate, which appears on a digital 
display. The latter is calculated according to Fick’s Law 
of Diffusion (Fick 1855)5. Air movement around the 
measuring site is minimised by use of a gold plated cover 
1cm in circumference and 0.5cm deep. This also ensures 
the probe is always at the same distance from the skin and 
provides protection against contamination of the head and 
particularly the sensor elements by ointments, greases, 
sweat or even water.(Fig.3.4) Calibration of the 
evaporimeter is achieved by placing the probe in the head
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Fig 3.1 The Servo Med evaporimeter and 
measuring probe.
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Fig 3.2 Measuring probe of the 
Servo Med evaporimeter,
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Fig 3.3 Two pairs of transducers within 
the Servo Med evaporimeter probe,
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Fig 3.4 Guard for evaporimeter 
measuring probe.
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space in closed vessels over chemically pure saturated 
salt solutions. The salt solutions act as humidity 
standards and depress aqueous vapour pressure according to 
their hydrophilic properties. Solutions recommended by 
the manufacturers are of Lithium chloride, manganese 
nitrate and potassium sulphate. The equilibrium values of 
the relative humidity over the salt solutions was 
approximately 10%,50% and 100% respectively. Once the. 
appropriate circuit has been calibrated a second is 
adjusted so that zero water evaporation is indicated. 
Relative humidity is dependent on temperature which must 
therefore be kept at equilibrium. For this reason the 
salt flasks should be kept inside a thermo-insulated box 
which will ensure the required temperature range for 
calibration of 20-26®C is maintained.

An early study using the evaporimeter was carried out 
by Rutter and Hull^ who in 1979 measured water loss from 
the skin of term and pre-term babies. They concluded that 
the evaporimeter operates best when the rate of 
evaporation is low and is therefore difficult to measure 
accurately by other methods such as direct weighing of the 
subject. Even at high rates of evaporation, readings from 
the instrument can provide unique information about the 
relative water loss from different areas of the body.
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The following year Wheldon and Monteith^ analysed the 
performance of the evaporimeter and found it displayed an 
accurate figure for the water loss from skin but added 
that this was modified by the probe and therefore not
necessarily the same as the "true" water loss in the 
absence of the probe. At low levels of evaporation in
adults (20g/m^/h) the evaporimeter underestimated the rate 
by only 10%, which is within the manufacturers limits, but 
when the rate of water loss exceeded 80g/m^/h the error
exceeded 50%. Wheldon and Monteith concluded that the
underestimation was trivial and that the manufacturer's 
calibration was valid when the evaporimeter was close to 
basal rate.

In 1982 Scott and his colleagues® compared two 
techniques for the measurement of transepidermal water 
loss using rats as their subjects. The Evaporimeter and a 
ventilated chamber technique were used. According to the 
authors the evaporimeter underestimated higher rates of 
water loss ie. 7.5mg cm“^h” .̂ Although the equipment was 
portable and easy to use they concluded that it could only 
be used for comparative assessments if used in relatively 
constant environmental conditions. They preferred to use 
the more cumbersome ventilated chamber for accurate
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assessments when high rates of transepidermal water loss 
occurred.

Bishops observed when using the evaporimeter that 
fluctuations occurred during measurements. She later 
carried out stability tests^^ to establish that these 
fluctuations were due to disturbances of the microclimate, 
as claimed by the manufacturers, and to ensure that 
significant changes were related to physiological function 
rather than to mechanical error. She demonstrated that 
this was the case and that the evaporimeter was 
mechanically stable.

When assessing patient anxiety there is also a need to 
be able to quantify something which is purely subjective. 
This is achieved when palmar sweat is measured using the 
Servo-Med Evaporimeter.
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CHAPTER FOUR

PREUMINARY STUDY OF PRE- AND POST-OPERATIVE ANXIETY 
IN PATIENTS UNDERGOING SURGERY FOR RENAL CALCULUS DISEASE
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CHAPTER FOUR

Preliminary study of pre- and post-operative anxiety 
in patients undergoing surgery for urinary 

calculus disease

INTRODUCTION,

Pre-operative anxiety is a well documented but little 
understood factor which may affect the outcome of any 
procedure; the problem has not been considered in depth in 
modern urological surgery (see Chapter one).

A study was designed to assess the amount of 
anxiety experienced by patients before and after treatment 
of renal calculus disease. A preliminary study was 
carried out to determine the suitability of the overall 
study design to assess pre- and post-operative anxiety, 
and where possible, to identify specific stressors. (The 
preliminary study is small since it was decided to 
incorporate an additional method for quantifying anxiety 
in a further study.)
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Urinary calculus disease is as old as civilisation 
itself and discussion of the symptoms and treatment has 
appeared from the writings of Hippocrates (460-370 B.C.) 
up until the present day.

As technology has progressed surgery for the treatment 
of urinary calculus disease has moved away from 
conventional open surgery to minimally invasive surgery 
(percutaneous nephrolithotomy (PCNL)) and non-invasive 
treatment (extracorporeal shockwave lithotripsy (ESWL)). 
It has been suggested that these less invasive procedures 
are associated with fewer complications than conventional 
open surgery^. The techniques are discussed briefly.

Percutaneous Nephrolithotomy.(PCNL)

This procedure involves the removal of a renal 
calculus under direct vision through a nephroscope passed 
along a percutaneous nephrostomy tract. Stones can be 
removed by using grasping forceps or stone removing 
baskets.

Percutaneous stone extraction was first performed in 
1941^ although at the time the procedure was performed 
"blind". In 1976^ the procedure was again described with 
visualisation of the stone achieved by bi-plane X-ray.
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Percutaneous nephrostomy was performed using local 
anaesthesia and the tract dilated each day until it was 
large enough to accommodate a stone basket or grasping 
forceps. A catheter was left in situ for 14 days before 
extracting the stone.

Five years later the procedure was performed under 
direct vision by Wickham and Kellet^»^ and in 1983 
dilatation of the tract was achieved at a single session 
with stone extraction performed 2 days later^.

In 1984 Wickham and his colleagues^ concluded that 
percutaneous nephrolithotomy could be performed as a one 
stage procedure. By this time auxiliary techniques such as 
ultrasonic lithotripsy^ and electrohydraulic lithotripsy^ 
had also been developed so that stones too large to be 
extracted whole could be fragmented in vivo. By 1985 one 
stage percutaneous nephrolithotomy was a well established 
technique for removing renal and ureteric calculi, and 
several studies report on its efficiency and advantages 
over conventional open surgery^^,!!.

Compared with traditional stone surgery, percutaneous 
nephrolithotomy is associated with less morbidity and 
mortality, and greater patient acceptance because of its
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less Invasive nature^^. Brannen and his colleagues^^ 
assessed 250 patients undergoing percutaneous surgery and 
100 patients undergoing surgical lithotomy. Hospital 
recovery days and number of narcotic administrations were 
less for those undergoing percutaneous ultrasonic 
lithotripsy and patients also returned sooner to full 
activity.

Extracorporeal shockwave lithotripsy.(ESWL)

In 1980 Chaussy, Brendel and Schmiedt^^ assessed the 
effect of using high energy shock waves to disintegrate 
kidney stones in man. This followed work in 1969 by Hoff 
and Behrendt of Dornier Systems, an East German aircraft 
manufacturing company.

The development of lithotripsy continued in Germany 
and in 1985 the first 50 patients treated by 
extracorporeal shock wave lithotripsy in Britain were 
reviewed^^. The average hospital stay was 3.7 days. Nearly 
all patients resumed normal activity on the day after 
discharge with few complications and little need (8%) for 
additional procedures. Wickham and his colleagues^^ 
concluded that the procedure was safe, cost-effective, 
well received by patients, and superior to all other
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methods of removing kidney stones. All patients developed 
macroscopic haematuria during treatment which resolved in 
a few hours and five developed mild cutaneous bruising at 
the entry site of the shock waves. However it was neither 
painful nor tender and rapidly resolved.

Patients taking part in the study underwent
lithotripsy on the Dornier HM3 Lithotripter under general 
anaesthetic.

Open surgery.

Before the introduction of percutaneous 
nephrolithotomy extracorporeal shockwave lithotripsy for 
the treatment of renal calculi, open nephrolithotomy was 
the only procedure available. Lithotomy is performed
through a lumbotomy or oblique loin incision and, if
necessary, renal clamping protected by intravenous 
administration of a high energy source, the nucleotide
inosine. Inosine was found to protect kidney function 
during clamping of the renal artery and vein and the 
subsequent ischaemia. The procedure was first performed 
on rats^G, and used successfully in human patients in 
1978^7, Open lithotomy is still performed where a 
staghorn calculus has large calyceal components and narrow
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calyceal necks which would not allow adequate drainage of 
stone fragments. If a calculus has caused obstruction to 
the kidney with a subsequent reduction in function to less 
than 10%, then provided that the second kidney is present 
and normal, nephrectomy is performed.

It is evident that there are various procedures
available for renal calculus removal ranging from non-
invasive lithotripsy to invasive open surgery. This study 
attempted to assess patient anxiety before and after
undergoing one of the three procedures described.

Many studies have attempted to identify pre-operative 
stressors (see Chapter 1) in an attempt to improve post
operative recovery. However little work has been carried 
out to establish if pre-operative stressors continue to be 
a source of anxiety post-operatively, or if any new 
stressors are present after surgery.

Egbert and his co-workers^^ demonstrated that 
sufficient pre-operative information reduced the amount of 
analgesia required post-operatively by one-third and the 
length of hospitalisation by three days. Graham and
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Conleyl9 identified fear of the unknown as a causative 
factor of pre-operative anxiety in patients studied and 
more recently Bishop^^ identified fear of anaesthesia as a 
major component of pre-operative anxiety. The latter 
stressor would be absent in patients undergoing 
anaesthesia-free second generation lithotripsy (see 
Chapter 5).

H a y w a r d ^ l  demonstrated that education of patients pre- 
operatively reduced the amount of pain they experienced 
post-operatively although 35% of his sample stated that 
the intensity of pain was unexpected. This was later 
complimented by the work of Johnson^^ who induced 
ischaemia in the upper limb in two groups of patients. 
Both groups were told how ischaemia would be induced but 
only one group were warned of the sensations to expect. 
This group suffered less pain than the control group.

In order that anxiety can be alleviated it is 
important that pre- and post-operative stressors are 
identified. The degree of invasiveness of surgery may be a 
factor that is relevant to pre- and post-operative 
anxiety. Beecherconcluded that "there was no dependable 
relationship between the extent of a pathological wound 
and the pain experienced," and that the intensity of
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suffering was largely determined by what the pain meant to 
the patient. He added that the pain could be relieved by 
an alteration in mood, such as relief of anxiety, which 
could in itself be a stressor. This followed work on the 
significance of the wound size to the pain experienced by 
soldiers wounded in battle and civilian surgical patients.

Madler and his colleagues^^ evaluated the anxiety and 
mood of patients with kidney stones undergoing ESWL and 
invasive therapeutic methods. They concluded that the 
expectation of an invasive surgical intervention exerted 
more of a negative effect on emotions and on general 
conditions than unpleasant experiences resulting from the 
post-operative period such as pain and immobilisation.

While much has been written about the new techniques 
available for stone removal, there would appear to be 
little other work concerning patient anxiety and mood 
state when undergoing these procedures. The study
discussed here was designed to assess pre- and post 
operative anxiety in patients undergoing surgery for renal 
calculus disease, and also attempted through questioning 
of patients to identify pre- and post operative stressors.
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The protocol was approved by the Research and Ethics 
Committees at the St. Peter's Group of Hospitals where the 
study was to be carried out.

METHOD.
Forty-eight men and women about to undergo elective 

surgery were studied. Patients underwent one of three 
procedures :

GROUP 1 : PCNL n=26
13 females,13 males.
mean age 52.2.Range 26 - 72 years.

GROUP 2 : ESWL n=19
8 females, 11 males.
Mean age 51.2.Range 26 - 74 years

GROUP 3 : Open Nephrolithotomy n=3 
1 females, 2 males.
Mean age 48.3. Range 30 - 65 years.

The age distribution of patients is shown in Fig 4.1.
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All patients were admitted to the surgical ward on the 
afternoon before surgery the following morning. The 
investigator wore her Sister's uniform which was familiar 
to all the patients. She introduced herself to the 
patients to be interviewed and explained that she was 
investigating patients' attitudes towards different types 
of 'stone surgery' and also levels of anxiety before and 
after operations. Assessment of anxiety was made using the 
Spielberger state anxiety questionnaire and a self-rating 
visual analogue scale.

The patients were asked to complete the 'A-state 
scale' and then to mark a cross on the analogue scale to 
indicate how anxious they felt about their forthcoming 
operation.

After completing the two subjective measures patients 
were asked if they could identify any specific fears or 
worries.

The investigator returned the following morning at a 
time mutually convenient and repeated the assessment. 
The techniques used for the subjective assessment of 
anxiety are described briefly.
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State-Tralt Anxiety Inventory.

The State-Tralt Anxiety Inventory was developed by 
Spielberger, Gorsucb and Lusbene in 1970^5 and is a brief 
self-report measure of both state and trait anxiety. For 
the purposes of this study only the "A-state scale" was 
used wbicb consists of 20 statements that pertain to the 
patient's feelings at a particular moment in time. Ten of 
the statements concern apprehension, worry or tension, 
while the rest concern the absence of such feelings 
(Appendix 4.1). Patients rate each statement on a 4 point 
scale : - "not at all" to "very much so." Possible scores 
range from a minimum of 20 to a maximum of 80; scores are 
determined with a scoring key.

Visual Analogue Scale.

The analogue scale consists of a 100mm line drawn on 
an A4 sheet of paper with a negative statement of anxiety
at one end of the line and a positive statement of anxiety
at the other (Appendix 4.2). The scale is simple and easy
to use (see literature review) and provides a subjective
index of stress. The patient was asked how much anxiety
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he felt about his treatment and to indicate the level of 
anxiety by marking a cross on the analogue scale.

RESULTS

The mean data for all groups are shown in table 4.1 
and 4.2, and figures 4.2 and 4.3. The absolute data from 
which the results are derived are presented in Appendix 
4.3.

Sixteen patients were able to identify specific fears 
post-operatively.

The mean readings of the *A-state scale* and analogue 
scale were compared within groups using the paired t-test. 
Between group comparisons were made for groups 1 and 2 
using the unpaired t-test. No comparisons were made with 
group 3 since it was such a small group (n=3).

There was a moderately significant reduction in the A- 
state and anologue score after surgery in group 1 
(p<0.05).
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Pre—operative Post—operative
A state S.D. A state S.D.

Group 1 PCNL 37.3 11.6 32.9* 10.6

Group 2 ESWL 36.7 12.0 32.8 8.3

Group 3 Open 38.0 4.3 34.3 3.0

Table 4.1 Mean score for Spielberger and standard deviation 
for all groups pre—  and post-operatively. 
Significant differences between events noted,
* p<0.05

Pre—operative Post—operative
Analogue S.D. Analogue S.D.

Group 1 PCNL 32.0 26.4 23.3* 25.3

Group 2 ESWL 36.2 26.7 21.0* 24.7

Group 3 Open 21 .0 10.8 31 .3 23.8

Table 4.2 Mean score for analogue scale and standard deviation 
for all groups pre— and post-operatively.
Significant differences between events noted,
* p<0.05
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Changes in group 2 were moderately significant for 
the analogue score (p<0,05) but not for the *A-state 
scale *.

There was no significant change in either of the 
variables in group 3 (open surgery).

Comparisons between group 1 (PCNL) and 2 (ESWL) showed 
no significant differences.

Of the sixteen patients able to identify specific 
post-operative stressors 7 mentioned pain. Five had 
undergone PCNL and all stated that their pain was far more 
severe than had been anticipated. Two added that they 
would not have consented to the operation had they known 
how much pain they would experience.

One patient had an unexpected amount of loin pain 
after lithotripsy and one patient mentioned pain as a 
stressor following open nephrolithotomy.

Four patients complained of boredom and of the poor 
quality of hospital food. Other stressors included having 
to use a urinal, missing family and friends and having the 
time of the operation changed. One lady undergoing 
percutaneous nephrolithotomy had a fear of "being cut
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open” and another felt better post-operatlvely than she 
had expected.

DISCUSSION

This preliminary study demonstrated that post-operative 
anxiety scores were below pre-operative levels although 
the changes were only significant in three instances 
(table 4.1&4.2).

It is interesting to note that 5 (approximately 20%) 
of the patients undergoing percutaneous nephrolithotomy 
complained not only of pain after surgery, but of pain far 
more severe than anticipated.

Size of wound may affect expectations which in turn 
have been shown to affect the amount of pain experienced. 
The greater the discrepancy between pain expected and pain 
experienced the greater the distress^G, and increased 
distress and anxiety led to increased pain^^. It may be 
that severe pain following percutaneous nephrolithotomy is 
disproportionate to an almost negligible incision whereas 
a large incision following open surgery may cause the 
patient to expect a higher degree of pain. When it is 
considered that a fifth of the patients undergoing
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percutaneous nephrolithotomy experienced a greater amount 
of pain than they had anticipated, it is surprising that 
post-operative anxiety scores were not higher.

The fact that changes in scores before and after open 
surgery were insignificant may be explained by the small 
number of patients.

The number of observations of Spielberger score and 
analogue score pre- and post-operatively (n=96) made it
suitable for correlation analysis. The correlation was
poor (r=0.65, p<0.0001) and is shown in fig.4.4. The weak 
correlation indicates that each method of measurement is 
attempting to measure a different variable. The "a-state 
scale" while attempting to measure state anxiety may in 
fact be more sensitive to personality trait and not
emotional changes. While completing the questionnaire, 
patients often appeared to respond according to how
anxious they generally perceived themselves to be, and not 
according to how anxious they were about the operation. 
The patient marks the analogue scale in accordance with 
the anxiety that is experienced about the operation. It 
therefore attempts to measure state anxiety. However the 
response may be influenced by the reponses made to the 
preceding questionnaire.

—178—



0)S-,ooOT
0)3bOO1—1cüC<

100 -

90 -

80 9

70

60 

50 -

40 - 

30 _

20 -

10 -

0 I I i I \ I I 1

10 20 30 40 50 60 70 80
Spielberger score

Fig 4.4 Scatter diagram of Spielberger scores and 
analogue scores obtained from 48 patients 
pre— and post—operatively. r=0.65 (p<0.0001

-179-



Both measures provide subjective indices of anxiety which 
may also be influenced if the patient responds according 
to what he is prepared to admit or what he believes is 
expected by the investigator. It was therefore decided 
that the study would be repeated and an objective means of 
measuring anxiety introduced. This took the form of the 
Servo-Med Evaporimeter.
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CHAPTER FIVE.

Quantitative measurement of anxiety in patients 
undergoing surgery for urinary calculus disease

INTRODUCTION

The preliminary study discussed in chapter four was 
designed to assess the amount of anxiety experienced by 
patients before and after undergoing surgery for renal 
calculus disease. The main criticism of the study was 
that the methods used to measure anxiety were unreliable. 
Subjective means of assessment such as the Spielberger 
State Anxiety Questionnaire and the self-rating visual 
analogue scale may be confusing to the patient and open to 
misintepretation. The study was therefore repeated with 
the addition of an objective means of assessment. This 
took the form of the Servo-Med evaporimeter. The study 
was carried out at the St. Peter's Group of Hospitals 
following approval by the ethics and research committees 
for the use of the evaporimeter as an additional method of 
assessing anxiety.
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METHOD

Patients about to undergo percutaneous nephrolithotomy 
(PCNL), extracorporeal piezolithotripsy (EPL), or open 
nephrolithotomy took part in the study.

Patients undergoing lithotripsy were treated on the 
Wolf Piezolith 2300 Lithotripter which was installed at 
the hospital in November 1987, This is known as 2nd 
generation lithotripsy or EPL and differs from the 
treatment received by patients in the preliminary study. 
A different shock wave is used with ultrasound 
visualisation of the stone instead of X-ray visualisation. 
It is also being used to treat patients with gall stones. 
Extracorporeal piezolithotripsy precludes the need for 
general or regional anaesthetic since it purports to be a 
procedure free of pain. Patients are therefore able to be 
treated on an out-patient basis.

Sixty-six patients of whom 35 were female and 31 were 
male, with an age range 22 years to 79 years (mean 
age.47.2yrs) were interviewed.

Patients were grouped according to the type of surgery 
/ treatment they were about to undergo. It was noted 
whether surgical patients had previously undergone
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operations for stone removal.
None of the lithotripsy patients had undergone this 

type of treatment before although some had undergone 
previous surgery. These patients were put in another 
group.

Group 1 : PCNL.

15 females. Mean age 51.6 years.Range 22-77 years. 
11 males. Mean age 45.6 years.Range 24-59 years.

Group 2 : Open Neprolithotomy.

11 females. Mean age 50.2 years.Range 22-79 years. 
5 males. Mean age 50.6 years.Range 34-70 years.

Group 3 : Lithotripsy - no previous surgery.

4 females. Mean age 42.2 years.Range 25-58 years 
10 males. Mean age 41.9 years.Range 28-59 years
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Group 4 : Lithotripsy - previous surgery

5 females. Mean age 46,4 years.Range 26-68 years. 
5 males. Mean age 43 years. Range 25-58 years.

Surgical patients were admitted on the day prior to 
surgery and interviewed after they had been admitted by a 
nurse and visited by a member of the surgical team.

Patients undergoing lithotripsy were visited half-an- 
hour prior to treatment. They had already been approached 
by letter and received a brief explanation of the study. 
They were requested, if they were willing to participate 
in the study, to attend for their treatment half an hour 
early.

Patients being treated with beta-adrenergic blocking 
drugs, psychiatric drugs, suffering from diabetes 
mellitus, or unable to understand English were excluded 
from the study.

All patients were interviewed again on the morning 
following surgery/treatment at a mutually convenient time. 
Anxiety was assessed using the Spielberger state anxiety 
questionnaire and a self-rating visual analogue scale.

—188—



These techniques provide a subjective assessment of 
anxiety and have been discussed in chapter four. An 
objective assessment of anxiety was made by measurement of 
palmar sweat using the Servo-Med evaporimeter. It has 
been demonstrated in chapter three that the response time 
of the evaporimeter and its sensitivity makes it a 
suitable instrument for monitoring the sympathetic 
responses of the eccrine glands in the palm when the 
subject is stimulated.

The investigator interviewed every patient who was 
eligible to take part in the study. All patients were due 
to undergo surgery the following morning. Lithotripsy 
patients underwent treatment at any time beween 9.00a.m. 
and 4.00p.m..

The investigator wore her Sister’s uniform for the 
interviews and explained who she was and what she was 
doing. Patients were then asked if they would be willing 
to participate in the study. No-one refused. Patients 
undergoing lithotripsy were greeted in the Lithotripter 
Unit and given a fuller explanation of the study. All 
patients who had received a letter arrived early and no- 
one refused to participate.
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When consent had been obtained the Evaporimeter was 
connected to the electrical mains supply and the probe was 
demonstrated to the patient. Once a rapport had been 
established the Evaporimeter probe was placed on the palm 
of the patient's open right hand and two base-line 
readings were taken and recorded and the mean score 
calculated. The Brush Clevite pen recorder was switched 
on while the patient discussed how he felt about his 
forthcoming operation/treatment. The probe was held in
position by the investigator but physical contact was 
otherwise avoided. Each patient had three evaporimeter 
measurements calculated and the mean of these used to
indicate the stress response stimulated by talking about 
the operation. The position of the probe on the palm was 
marked with a pen to ensure that post-operative recordings 
were made from the same area of skin.

The patient was then asked to complete the Spielberger 
questionnaire.

Finally the patient was asked to mark a cross on the 
10cm line to indicate how anxious he was about his 
operation. The interview and assessments were repeated 
the morning following surgery.

The patient was also asked if he felt able to identify
any specific anxieties. Opportunity was given for any
such anxieties to be discussed and any questions about
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treatment answered. Any questions that the investigator 
felt unable to answer were referred to ward staff.

Data and personal details were then recorded on an 
individual information sheet (see appendix 5.1).

In patients undergoing lithotripsy additional
recordings of palmar sweat were made once the patient was 
positioned on the machine and continued throughout 
treatment. This data is discussed in Chapter 6.

RESULTS

The age distribution of the total patient population 
is shown in figure 5.1, and the mean data from all the 
variables measured for each group are given in tables 5.1- 
5.3 and figure 5.2.

The mean scores obtained for the A-state scale, 
analogue scale and palmar sweat response were compared 
within groups using the paired t-test as the responses 
fell within a normal distribution. Between group 
comparisons were made using the unpaired t-test except
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Pre—operative Post—operative

A state S.D. A state S.D.

Group 1 PCNL 38.0 10.2 35.9 10.9

Group 2 Open surgery 39.7 11 .7 38.2 9.7

Group 3 Lithotripsy 
(no previous surgery)

34.6 6.9 36.0 12.2

Group 4 Lithotripsy 
(previous surgery)

38.2 10.0 32.7* 9.3

Table 5.1 Mean Spielberger scores and standard deviation 
for each group pre—  and post—operatively. 
Significant difference shown * p<0.05

Pre—operative Post—operative

Analogue S.D. Analogue S.D.

Group 1 PCNL 36.0 28.4 33.1 26.5

Group 2 Open surgery 40.9 28.6
*

29.0 16.5

Group 3 Lithotripsy 
(no previous surgery)

16.1 20.1 22.8 32.5

Group 4 Lithotripsy 
(previous surgery)

29.2 27.9 22.0 25.3

Table 5.2 Mean analogue score and standard deviation 
for each group pre— and post—operatively. 
Significant difference noted * p<0.05
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Pre—operatively

Palmar sweat S.D.

Group 1 PCNL 50.9 16.0

Group 2 Open surgery 51.2 14.2

Group 3 Lithotripsy 51.2 11.1
(no previous surgery)

Post—operatively 

Palmar sweat S.D.

47.2

51 .4

16.7
***

35.4 11.1

16.9

Group 4 Lithotripsy 
(previous surgery)

43.4 13.2 45.9 16.6

Table 5.3 Mean palmar sweat response and standard deviation Tor 
each group pre— and post—operatively. Significant 
difference shown *** p<0.0001

—1 94—



(UL.OUW
L,0)bOL,(D£)
I—I(Ü•H
CL00

50 1

40

30 _

20 -

50
CD
pHCd

40
(D
g) 30o
I—Icd ̂20

10 J

60

JC 50
E
bO 40
-U
cd
CD3:CO 30
L
CdE 1—1 20
cdcu

10

- o

Pre—operative Post—operative

▲  Group 1 ; Percutaneous nephrolithotomy 
A  Group 2 : Open nephrolithotomy 
o Group 3 : Lithotripsy (no previous surgery 
• Group 4 : Lithotripsy (previous surgery)

Fig 5.2 Mean variable scores for each group pre— and post-
operatively. Significant differences noted.
*** p<0.0001, * p<0.05

-195-



where there were unequal variances between groups when a 
Mann-Whitney non-parametric test was used instead.

There was a moderately significant reduction in the 
Spielberger A-state score after treatment (p<0,05) in 
group 4 lithotripsy patients. There was no significant 
change in the other three groups.

There was a moderately significant reduction (p<0.05) in 
the analogue score after surgery in patients who had 
undergone open nephrolithotomy. Once again there was no 
significant change in the other three groups. The palmar 
sweat response was also lower post-operatively in patients 
who had undergone open surgery and this was a highly 
significant reduction (p<0.0001). The changes in the 
other groups demonstrated no statistical difference.

The absolute data from which these results are derived 
are presented in Appendix 5.2.

Between group comparisons.
Straight comparison of the scores obtained for the 

Spielberger A-state scale and analogue scale was possible 
but the scores for the palmar sweat response had to be 
calculated as percentage changes from the mean baselines

-196-



pre- and post-operatively. This was to allow for 
differences in baseline measurements between groups.

There was no significant difference in the Spielberger 
or analogue score (paired t-test) or palmar sweat 
responses (Mann-Whitney) obtained from group 3 & 4
lithotripsy patients. This demonstrates that anxiety 
levels do not appear to be influenced by the presence or 
absence of a history of previous surgery, a point 
previously made by Bishops. The data for group 3 patients 
was therefore amended to include all patients undergoing 
lithotripsy, regardless of previous surgical history, and 
is shown in tables 5.4-5.6 and fig.5.3. The data for 
groups 1 & 2 remained unaltered.

There was no significant difference in pre- and post
operative scores obtained for Spielberger A-state scale, 
analogue scale or palmar sweat response in patients 
undergoing lithotripsy.

The mean palmar sweat responses for each group 
calculated as a percentage change from pre- and post
operative baselines are shown in table 5.7 and fig.5.4

-197-



Group 1 PCNL 

Group 2 Open surgery 

Group 3 Lithotripsy

Pre—operative 

A state S.D

38.0 10.2

39.7 11.7

36.0 8.4

Post—operative 

A state S.D.

35.9 10.9

38.2 9.7

34.6 10.9

Table 5.4 Mean Spielberger score and standard deviation for 
for each group pre— and post—operatively. No 
significant differences noted.

Pre—operative

Analogue S.D.

Group 1 PCNL 36.0 28.4

Group 2 Open surgery 40.9 28.6

Group 3 Lithotripsy 21 .6 24.0

Post—operative 

Analogue S.D.

33.1 26.5

29.0* 16.5

22.5 29.1

Table 5.5 Mean analogue score and standard deviation for 
each group pre— and post-operatively. 
Significant differences noted. * p<0.05

Group 1 PCNL 

Group 2 Open surgery 

Group 3 Lithotripsy

Pre—operative 

Palmar sweat S.D.

50.9 16.0

51.2 14.2

47.9 12.4

Post—operative 

Palmar sweat S.D.

47.2 16.7

35.4*** 11.1

49.1 16.7

Table 5.6 Mean palmar sweat response and standard deviation 
for each group pre— and post-operatively.
Significant difference noted *** p<0.001
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Pre— operative Post— operative

% change S.D. % change S.D.

Group 1 PCNL 16.9 13.5 22.4 18.6

Group 2 Open surgery 18.8 18.9 12.2 18.3

Group 3 Lithotripsy 19.9 20.1 29.6 17.0

Table 5.7 Mean palmar sweat responses and standard deviation 
expressed as percentage change from baseline for 
each group pre— and post—operatively.
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Splelberger A-state Questionnaire.
None of the three groups demonstrated any significant 

difference from each other in scores obtained for the 
Spielberger questionnaire either pre- or post-operatively.

Analogue scale.
Pre-operatively patients undergoing open surgery had 

significantly higher analogue scores (p=0,05) than those 
undergoing lithotripsy. Other differences between groups 
pre-operatively were insignificant.

Post-operatively there were no differences between 
groups in the scores obtained from the analogue scale.

Palmar Sweat Response
There were no significant differences in the 

percentage changes from baseline of palmar sweat in any of 
the groups pre-operatively.

Post-operatively patients undergoing lithotripsy had 
significantly higher percentage changes in the palmar 
sweat response (p<0.01) than patients undergoing open 
surgery. Other changes between groups were unremarkable.
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Stressors identified pre- and post-operatively.

All patients were asked before and after treatment if 
it was possible for them to identify any specific factors 
that were causing them concern.

Only 4 of the patients interviewed (n=66) were able to 
identify specific areas of concern pre-operatively. Most 
patients, when asked if there was anything in particular 
about which they were concerned, replied with a negative 
answer or were very general in their replies with 
statements such as "No, I^m just worried" or that they
would be glad when it was all finished.

Post-operatively 33 patients were able to identify
specific stressors while 8 patients commented on how well
they were.

Pre-operative stressors.

Two patients undergoing percutaneous nephrolithotomy 
identified fears relating to the general anaesthetic. One 
lady stated she was frightened of the anaesthetic because 
she was aware that she was overweight while another lady
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explained that "I know it's silly, but I'm afraid I won't 
wake up•"

Two patients undergoing lithotripsy also made comments 
regarding anaesthesia. One patient preferred not to have 
a general anaesthetic because he felt he would "still be 
in control of things". Conversely another patient stated 
she would rather be anaesthetised because she did not want 
to know what was happening.

Post-operative stressors.

Post-operative pain was the most common stressor which 
patients identified or about which comments were made and 
concerned 24 patients.

Eleven patients (42%) who had undergone percutaneous 
nephrolithotomy stated that they experienced a far greater 
amount of pain than they had expected. The same comment 
was made by 8 (33.3%) patients following lithotripsy and 3 
(18%) who had undergone open surgery. Two of the eleven 
patients who had commented about pain after percutaneous 
surgery had not expected any pain at all. One patient 
experienced less pain than he had expected, and two 
patients felt as well as they had anticipated. Other 
comments made by patients following percutaneous surgery
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concerned not receiving adequate information (n=l) and 
expecting the procedure to be performed in the operating 
theatre instead of the X-ray department (n=l).

Two of the patients who had received lithotripsy 
treatment had not expected to be aware of the shockwave 
while one patient thought the treatment was better than 
expected. One patient did not realise that she would 
require more than one session of lithotripsy and another 
man who was told that he had a hydronephritic kidney 
stated that he was afraid of "losing" it (the kidney).

Of the patients undergoing open surgery 2 patients 
felt as well as they had expected while another felt 
better than expected. One lady stated that she felt 
better than when she underwent percutaneous surgery two 
years earlier. Another lady was frightened that her wound 
would burst if she coughed and two patients complained of 
the poor quality of hospital food.
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DISCUSSION

Statistical analysis of the two baseline measurements 
of palmar sweat obtained pre- and post-operatively 
demonstrated a significant difference (p<0.001) with the 
second measurement higher than the first and is 
demonstrated in Appendix 5.3. The reason for this non
specific response cannot be explained since the stressful 
stimulus of asking a patient to discuss the operation had 
not been introduced at this point. When talking about the 
operation, patients' palmar sweat responses demonstrated a 
further increase. It is possible that patients are so 
anxious about their operation, even after the surgery has 
been performed, that measurements of palmar sweat will 
demonstrate a gradual increase over time, and that two 
baseline measurements recorded over thirty seconds will be 
significantly different. Therefore in view of the need to 
establish a baseline for each patient, and for ease of 
analysis and to replicate the method of previous work^, a 
mean of the two measurements was calculated and used as 
the baseline.

Patients undergoing open surgery had significantly 
lower scores for palmar sweat post-operatively than 
patients who had undergone lithotripsy suggesting they 
were less anxious or experienced less pain. This may be
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due to the difference between groups in the timing of the 
post-operative visit. The fact that the Spielberger score 
demonstrated no significant difference for each group 
post-operatively lends support to the hypothesis that it 
may actually measure trait anxiety and not state anxiety. 
There was also no difference between groups. The scores 
obtained from the Spielberger A-state scale by each group 
indicate that the population fell within the normal 
anxiety (state) values for general, medical and surgical 
patients which are 42.68 +13.76.^

Patients undergoing lithotripsy scored significantly 
lower on the analogue scale pre-operatively than patients 
undergoing open surgery. This might have been predicted 
if one considers that lithotripsy precludes the need for 
an anaesthetic which is known to be a component of pre
operative anxiety ^-5, Lithotripsy is also non-invasive 
so that these patients are not exposed to the threat of a 
change in body image, a threat which is imposed by open 
surgery and which has been found to be a stressor^. When 
these factors are considered it is surprising that 
patients undergoing lithotripsy were not less anxious than 
those undergoing percutaneous nephrolithotomy. Such 
surgery does not require a large incision but patients are 
still required to undergo a general anaesthetic. Although
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only mentioned by one lady, the question arises whether 
patients undergoing lithotripsy would prefer to be 
anaesthetised. While it is acknowledged that anaesthesia 
is a frightening prospect for many patients^> ,  it has 
also been acknowledged that patients sometimes fear waking 
up in the middle of a procedure because the anaesthetic 
has worn off, and having to witness the events happening 
to them^.

The question needs to be addressed as to whether 
patients, while anxious about undergoing an anaesthetic, 
will be less anxious than if told that they will be awake 
throughout a procedure and receive no anaesthetic, 
sedation or analgesic agents. Scheffer and Greifenstein^ 
asked patients to select the type of preferred anaesthesia 
and one of the reasons offered for selecting general 
anaesthetic was that they would be asleep during the 
procedure and unable to hear conversation or witness 
sights in the operating theatre.

Post-operatively there were no differences between 
groups in scores obtained for the analogue scale.

Comparison of post-operative changes in the palmar 
sweat response demonstrated that patients who had 
undergone lithotripsy scored significantly higher than
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those who had undergone open surgery. Patients recovering 
from open surgery had fears relating to the wound (n=l),
and pain which was far greater than expected (n=3).
However the remaining 6 patients who commented on their 
well-being stated that they felt better or as well as they 
had expected and two complained of poor quality hospital 
food. This compared with a third of the patients 
undergoing lithotripsy who stated that the procedure was 
far more painful than they had anticipated and two
patients who had been aware of "something" although not 
actually a sensation of pain.

Pain has been shown to be a component of anxiety as 
has expectancy. Expectation of pain will affect the
degree of the pain experienced since in anticipation of 
pain, tension and anxiety increase and can be determining 
factors in increasing the level of pain^. Expectations 
will also be influenced by information available to 
patients. It has been shown^ that although accurate 
information does not influence the level of pain expected 
by patients, those who receive accurate information, 
report less pain.

It is therefore surprising that patients undergoing 
percutaneous nephrolithotomy were not more anxious, since 
42% stated that they had greater pain than expected and
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two added that they had not expected any pain at all. It 
may be that the pain is not so much severe as unexpected, 
which has the effect of increasing its perceived 
intensity.

The correlation between the two subjective measures 
was poor (r=0.65, p<0.0001). The correlations between the 
subjective measures and the evaporimeter responses were 
not strong (fig.5.5-5.7). The evaporimeter provides an 
objective index of anxiety while the Spielberger 
questionnaire and analogue scale provide a subjective 
means of assessment. The Spielberger questionnaire was 
found to be confusing by some patients. Some of the 
questions appeared to be ambiguous and open to 
misinterpretation, thus providing an unreliable means of 
assessment. As noted in the preliminary study (Chapter 
4), patients demonstrated a tendancy to answer questions 
according to their general character and not always in 
relation to the anxiety generated by the forthcoming 
operation. Patients* responses to the Spielberger 
questionnaire may also have influenced responses to the 
analogue scale. Another recognised problem of visual 
analogue scales is that the patient may be influenced 
post-operatively by memory over where the original mark 
was made pre-operatively. The ratings made on the first
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scale may also dominate those on any subsequent scale^®. 
Given the speed of onset of emotions compared with the 
time required and thought processes involved in completing 
subjective measures, it may be expected that they would be 
more indicative of trait rather than state anxiety. Based 
on this observation, the evaporimeter, which attempts to 
measure state anxiety as indicated by the palmar sweat 
response, and provides a rapid objective assessment of 
anxiety, would not be expected to correlate very well with 
the subjective measures.

Both subjective measures also require the patient to 
be completely honest, both to himself and to the 
investigator and patients may be tempted to answer 
according to how anxious they or the investigator think 
they ought to be. In instances where the patient is 
extremely anxious it may be difficult to admit the fact. 
This may be harder for a male patient with a female 
investigator than a female patient.
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CHAPTER SIX

Perioperative anxiety in patients undergoing 
extracorporeal piezolithotripsy.

INTRODUCTION

Pre- and post-operative anxiety in patients undergoing 
surgery for urinary calculus disease has been discussed in 
chapter 5, and an attempt made to identify possible 
stressors. New technology now makes it possible to treat 
patients using machines such as the second generation Wolf 
Piezolith 2300 Lithotripter which does not require any 
type of anaesthesia and enables the patient to be treated 
as an out-patient.

Previous work^>^ has investigated anxiety states of 
patients during investigative procedures but this is less 
easy in patients who are undergoing surgical procedures 
under anaesthesia. Since patients undergoing
extracorporeal piezolithotripsy (EPL) are awake throughout 
the procedure it is possible to assess their level of 
anxiety. The study population investigated in this 
chapter is the same group of patients undergoing EPL
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discussed in chapter 5 with the addition of continuous 
measurement of palmar sweat made throughout treatment.

METHOD

Twenty-four patients undergoing EPL took part in the 
study, 9 female and 15 male, mean age 43.1 years, range 
25-68 years. None of them had undergone such treatment 
before although some had experienced previous 'stone* 
surgery and have been grouped separately. This is because 
expectations and anticipation which may be influenced by 
previous experience (or lack of it) may in turn affect 
level of anxiety about t r e a t m e n t ^ » P a t i e n t s  were 
therefore divided into two groups:

Group 1. Lithotripsy - no previous surgery.
4 females, mean age 42.25 years, range 25-58 years.
10 males, mean age 41.9 years, range 28-59 years.

Group 2. Lithotripsy - previous 'stone* surgery.
5 females, mean age 46.4 years, range 26-68 years.
5 males, mean age 43 years, range 25-58 years.

The age distribution for each group is shown in fig
6.1.
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Patient anxiety was assessed before and after 
treatment as before (see Chapter 5) using the Spielberger 
State Anxiety Questionnaire, a self-rating visual analogue 
scale, and the Servo-Med Evaporimeter, Measurements of 
palmar sweat were recommenced once the patient was 
positioned on the lithotripter and continued during 
ultrasound localisation of the stone and administration of 
shock waves. Each patient had three evaporimeter 
measurements calculated during each event ie. pre
treatment, during ultrasound localisation of the stone, 
during lithotripsy, and post-treatment after the second 
baseline measurements. The mean of the three measurements 
was calculated to indicate the stress response stimulated 
by each event. Treatment time was approximately one hour. 
Data was recorded on a separate form for each patient 
(appendix 6.1). The paired t-test was applied to data 
obtained from each group to evaluate changes in the level 
of anxiety during a series of events. Each response was 
compared with the response to the preceding event.

Response differences between groups

For within group comparisons patients' responses to 
various events were compared with their individual 
baselines. In order to allow for differences in baseline

-221-



measurements when making comparisons between groups, each 
patient's mean base-line measurement was subtracted from 
all subsequent palmar sweat readings and any increase or 
decrease expressed as a percentage change. As before the 
mean of three measurements for each event was taken to 
indicate the stress response stimulated by that event.

RESULTS

The data obtained from the Spielberger questionnaire 
and the analogue scale has been presented and discussed in 
chapter 5. The mean evaporimeter baseline observations 
before and after treatment for each group are shown in Fig 
6.2 and Fig. 6.3. The mean responses obtained from the 
evaporimeter during each event are shown in table 6.1 and 
fig 6.4.

Both groups showed a significant increase from 
baseline when discussing their forthcoming treatment. 
Patients in group 1 showed a significant increase in 
response during lithotripsy (p<0.05) although not as 
significant as might have been predicted from the graph 
due to a large standard deviation. Patients in group 2
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Group;; 1 n = 14 Group 2 n=1 0

Mean S.D. Mean S.D.

Pre-mean base 43.39 9.44 35.85 8.55

Pre— treatment
***

51.17 11.10
*

43.40 13.17

Localisation 56.10 16.24
**

54.58 16.78

Lithotripsy
*

61 .19 29.85
**

60.62 17.71

Post-̂ Tiean base
***

39.35 11.73
***

36.15 13.75

Post— treatment
***

51 .37 16.99
***

45.92 16.64

Table 6.1 : Mean data for evaporimeter responses at different
events. Significant differences shown *p <0.05, 
** p < 0.01, *** p <0.001.between events.
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showed a significant increase . in response both during 
localisation of the stone (p<0,01) and lithotripsy 
(p<0.01). The mean baseline measurement obtained after 
treatment was completed showed a highly significant 
decrease (p<0.001) for both groups although these were not 
significantly different from pre-treatment baselines. 
Discussion of treatment by each group still produced a 
significant increase in response (p<0.001).

The results obtained from both groups and expressed as 
percentage changes are shown in table 6.2. and fig,6.5.

nThere was no sigificant difference between the two 
groups of patients in the percentage changes in palmar 
sweat before or after treatment. The same was true of the 
percentage changes in palmar sweat during treatment. 
Therefore the data obtained from each group were combined 
to provide one set of data for patients undergoing 
lithotripsy regardless of previous surgical history. This 
took the form of the data recorded in units of g/m^/h 
since comparison of changes over time is a comparison 
within the group and does not need to be expressed as 
percentage changes. The combined data are given in table
6.3 and fig,6,6.
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Pre—treatment 

Localisation 

Lithotripsy 

Post— treatment

Group 1 n=14 

Mean S.D.

18.39

30.67

40.1

30.1

10.8

28.41

35.24

19 . 2

Group 2 n=10 

Mean S.D.

18.37 27.39

52.9 33.07

70.6 38.63

28.99 14.38

Table 6.2 Mean evaporimeter percentage changes from pre— and 
post—treatment baselines for groups 1 and 2. No 
significant differences between groups noted.
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Palmar sweat 
g/m^/h

S.D.

Mean pre—treatment baseline 40.25 9.66

Pre—treatment 47.93*** 12.36

Localisation 55.47** 16.1

Lithotripsy 60.9 *** 19.2

Mean post— treatment baseline 38.0 *** 12.4

Post— treatment 49.1 *** 16.7

Table 6.3 Mean readings of palmar sweat (g/m^/h) obtained
from patients undergoing lithotripsy. Significant

differences between events noted ***p<0.001, ** p<0.01
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The mean baseline reading of palmar sweat was 40.25 
+9.66 g/m^/h. The mean score obtained while the patient 
was discussing his feelings about the treatment prior to 
its start was 47.93 +12.36 g/m^/h. The difference was 
significant (p<0.001).

Once the patient was positioned on the machine the 
mean reading obtained while undergoing ultrasound 
localisation of the stone was 55.47 jĵ l6.Ig/m̂ /h. This was 
a significant increase from the pre-treatment score
(p<0.01).

A significant increase was again noted during 
lithotripsy (p<0.001) with a mean score of 60.9 _+
19.2g/m^/h obtained. This was demonstrated by the fact 
that nearly 50% of the patients studied (n=10) appeared 
to be agitated during treatment. This was confirmed by 
some of the comments made by patients about the treatment 
and which have been discussed in more detail in chapter 5. 
Two of the patients had been aware of the shockwave 
hitting the stone and although they did not judge the 
sensation to be painful, they had not anticipated feeling 
it. A further eight patients judged the treatment to be 
painful. The mean baseline measurement obtained after 
treatment had been completed demonstrated a highly 
significant decrease (p<0.001) although it was no 
different from the pre-treatment mean baseline.
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Discussion of treatment still produced a significant 
increase in response (p<0.001).

The absolute data from which these results are derived 
are presented in Appendix 6.2

DISCUSSION

Discussion with patients of their feelings about the 
procedure they were about to undergo appeared to provoke 
an anxiety response as indicated by the pre-treatment 
palmar sweat response which was significantly higher than 
the mean baseline. It is possible that before treatment 
patients were afraid not only because they had not 
experienced the procedure before, that is fear of the 
unknown, but also because they would be awake throughout 
the procedure and therefore able to feel pain. The need 
to undergo a general anaesthetic is a fear frequently 
identified by patients pre-operatively (see Literature 
Review). However Ramsay^ found that patients were also 
afraid of waking up or of feeling pain during a procedure, 
and when Scheffer and Greifenstein^ asked patients to 
choose a preferred type of anaesthetic 65% selected a
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general anaesthetic because they wished to be asleep and 
did not want to witness events or hear conversation in the 
operating theatre.

Positioning of the patient on the lithotripter and 
ultrasound localisation of the stone also caused a 
significant increase in the measurement of palmar sweat. 
It is not known why this should happen since patients were 
only aware of the ultrasound probe pressing against the 
loin area which they did not report as being 
uncomfortable.

It is demonstrated in the literature review that 
expectation of pain will affect the degree of the pain 
experienced since in anticipation of pain, tension and 
anxiety increase and can be determining factors in 
increasing the level of pain^. Intensity of pain then can 
be influenced by the presence of anxiety and the patient 
can find himself in a vicious circle where fear increases 
the perception of pain, discomfort increases the 
perception of pain and pain itself increases the 
perception of pain^. The intensity of the pain may also 
be increased when it is unexpected. Johnson® concluded 
that preparatory information about sensations frequently 
experienced during a threatening event would lower 
distress. She added that "distress is experienced when
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cognitive expectations about sensations are discrepant 
from experience, that the intensity of the distress 
reflects the degree of incongruency between expected and
experienced sensations ......", This may explain why
values of palmar sweat were so high during lithotripsy.

The patients who judged the treatment to be painful 
felt they had been misled and 'betrayed* by the medical 
staff who had presented the treatment as a painless 
procedure. While acknowledging that the treatment was 
convenient and relatively easy to perform without the need 
for any anaesthetic or analgesic agents, patients believed 
it was inaccurate to describe the technique as pain free.

A study carried out by Smith and Middleton^concluded 
that lithotripsy with the Wolf Piezolithotripter could be 
accomplished without any sedation or anaesthesia in the 
vast majority of patients. One-hundred and sixty three 
patients underwent treatment. One patient required 
treatment for acute anxiety and another required opiate 
analgesia for chronic pain. No other patients received 
any anaesthetic, sedative or analgesic agents. However 
the authors reported that most patients perceived some 
discomfort during treatment and some developed a colic- 
type pain during the latter stages of treatment, which was 
presumed to arise from the passage of dislodged fragments.
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The authors added that appropriate patient preparation and 
education undoubtedly contributed to the ability of the 
patients to tolerate the small amount of pain which 
usually occurred during treatment.

Changes in the values of palmar sweat over time (figs
6.4 & 6.6) demonstrate a similar trend to those obtained 
by BishoplO and Barcroft and Ordman^^ and is shown in
Fig.6.7. This demonstrates that if the methods of
measurement and analysis of responses are replicated, then 
results obtained with the evaporimeter are reproducible. 
It must be noted that the measurement of palmar sweat was 
carried out over a longer period of time in the work 
discussed here (45min-lh) compared with the work of 
BishoplO(io-15min) and Barcroft & Ordman^^(20-30min).

The results of the study discussed in this chapter
support the recommendation that adequate patient 
preparation and education prior to the procedure is 
essential but that the preparation and education must also 
include a warning that some discomfort may occur. In 
addition, while the number of patients studied is, by 
comparison, very small, it is suggested that there may be 
a case for administering an anxiolytic, local anaesthetic, 
or analgesic agent to a small number of patients namely
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those who are either very anxious, or who have a low pain 
threshold.
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CHAPTER SEVEN

Palmar sweat and heart rate changes during lithotripsy 
and the influence of beta-adrenergic blocking agents.

INTRODUCTION

A. Theoretical Considerations

Measurements of palmar sweat and heart rate have been 
used in previous studies as objective physiological 
indices of stress (see literature review, chapter 1 ) and 
both variables have been shown to increase in value when 
an individual is exposed to a stressful or threatening 
event.

The palmar sweat responses obtained during lithotripsy 
in patients studied in chapter six demonstrated individual 
values that were at times as high as 120g/m^/h. It was 
therefore decided to monitor palmar sweat and heart rate 
changes in a group of patients undergoing lithotripsy, and 
to note whether or not, given the high values of palmar 
sweat, the patient developed a corresponding tachycardia.
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Bishops investigated the production of palmar sweat and 
the change In heart rate during stressful conversations 
with patients but was Initially unable to establish a 
significant correlation between the two variables possibly 
because the method of measuring the heart rate, palpation 
of the radial artery, was not sufficiently sensitive. 
However three years later, further work by Bishops 
demonstrated a strong correlation (r=0,83, p<0.001)
between heart rate and palmar sweat responses In patients 
during anaesthesia when the heart rate was more accurately 
measured with a Slmonsen and Weel Dlascope 521 ECG monitor 
which has a response time of two to six seconds, depending 
on the degree of change of heart rate. This corresponds 
well with the mean response time for the registration of 
peak stimulus In palmar sweat which Is 5.8 s e c o n d s . ^  

However a time difference was noted In that the palmar 
sweat response reached Its peak more rapidly than the 
heart rate. Bishop concluded that the significant 
correlation between an established stress response 
(Increased heart rate) and changes In palmar sweat 
production supported the hypothesis that Increased palmar 
sweat could be used as an Index of stress.

When considering heart rate and palmar sweat responses 
to stressful conditions It Is helpful to review briefly

—243—



the physiological responses to stress, the mechanisms of 
palmar sweating, and blood pressure homoeostasis.

Physiological responses to stress.
Under conditions of stress production of adrenaline is 

under the control of the sympathetic nervous system^ and 
is released from the adrenal medulla. Characteristics of 
Cannon's "fight-flight" response are demonstrated which 
include dilatation of the pupils, inhibition of the 
contraction of the stomach and intestinal smooth muscle, 
and an increase in heart beat. Cannon concluded that the 
sympathetic nervous sysytem is the primary factor in 
mobilising the bodily forces in times of great fear or 
rage.

Noradrenaline is found mainly in the post-ganglionic 
sympathetic nerves^ and is also released from the adrenal 
medulla. Noradrenaline increases both systolic and 
diastolic blood pressure without increasing cardiac 
output, whereas adrenaline increases cardiac output with 
little change in blood pressure. Noradrenaline raises 
peripheral vascular resistance whereas adrenaline lowers 
the total resistance by causing vasodilatation of the 
vascular bed of the skeletal muscle. Conversely
noradrenaline causes vasoconstriction in this area. 
Adrenaline also demonstrates a vasoconstrictor effect on
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the skin which is far more pronounced than that of 
noradrenaline. There is also a difference in the psychic 
effects of the hormones with feelings of apprehension or 
anxiety engendered by adrenaline but not by noradrenaline. 
Adrenaline is selectively released during physical or 
mental stress and serves the emergency functions described 
by Cannon^,

Palmar sweat
The relationship of sweating to emotion was 

recognised as long ago as the seventeenth century by 
Sanctorius^. Nearly three hundred years later Dale and 
Feldberg® demonstrated that the chemical transmission of 
secretory impulses to the sweat glands of cats was 
cholinergic and not adrenergic as had previously been 
believed. This observation was confirmed by Silverman and 
Powell^ who described sweating which occurred as a 
parasympathetic response in states of increased 
sympathetic activity. They concluded that palmar sweating 
occurred as a cholinergic phenomenon related particularly 
to emotional activities.

Emotional sweating occurs from eccrine glands and is 
more commonly present on the palms and the soles of the 
feet^O. Emotional sweating, unlike thermal sweating, has
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no latent period of onset but immediately obtains a 
certain rate of secretion that depends on the intensity of 
the stimulus. It remains as long as the stimulus is 
present and subsides as it decreases^.

Studies of the effects of adrenaline and noradrenaline 
demonstrate that they depress the palmar sweat index^^ as 
do raised levels of adrenocorticotrophic hormone 
(A.C.T.H.), Intramuscular injection of small amounts of 
A.C.T.H. has been found to suppress palmar sweat for more 
than 5 hours after administration^^. This suggests the 
involvement of an intermediary agent such as the adrenal 
cortex, which if stimulated to secrete cortical hormones, 
may itself affect palmar sweating. However later work^^ 
has demonstrated that the effect of stress on the palmar 
sweat glands is primarily due to circulating 
catecholamines, independent of pituitary-adrenocortical 
activation.

Blood pressure
The co-ordinating systems that link cardiac and 

vascular responses are located in the brain stem in the 
medulla and pons and the major effect of these centres is 
to regulate the systemic arterial pressure.
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The arterial blood pressure varies as the product of 
the cardiac output and the peripheral resistance. Thus 
any factor which alters either of these will affect blood 
pressure. The degree of contraction of the arterioles 
will determine the peripheral resistance and is under the 
continuous control of the vasomotor centre which is 
located in the medulla. This centre transmits impulses 
downward through the spinal cord to the thoracic or lumbar 
levels, where they synapse with the first neurone of the 
sympathetic nervous system. These neurones go to a 
ganglion and synapse with a second neurone which travels 
to the smooth muscle of the arterioles. The lateral 
portion of the vasomotor centre transmits sympathetic 
nerve impulses continually and maintains a partial state 
of contraction in the blood vessels, referred to as 
vasomotor tone. Sympathetic vasoconstriction in the 
arterial system causes an increase in peripheral 
resistance, while in the venous system it causes increased 
venous return. The medial portion of the vasomotor centre 
does not participate in excitation of the vasoconstrictor 
fibres but instead transmits inhibitory impulses into the 
lateral parts of the vasomotor centre, and decreases the 
degree of sympathetic vasoconstrictor tone and allows 
dilatation of the blood vessels. The vasomotor centre 
also regulates the activity of the heart. The lateral
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portions of the vasomotor centre transmit excitatory 
sympathetic impulses to the heart while the medial portion 
transmits impulses through the parasympathetic fibres of 
the vagus nerve to the heart to decrease the heart rate. 
Therefore the vasomotor centre can either increase or 
decrease heart activity. Other areas of the brain can 
also have profound effects (excitatory or inhibitory) on 
the vasomotor centre and in turn either enhance the degree 
of vasoconstriction or inhibit the vasoconstrictor tone 
and cause vasodilatation. These areas include the cortex 
and hypothalamus.

The baroreceptor nerves also have important effects on 
the vasomotor centre and are situated in the tunica 
adventitia of both the internal carotid artery (especially 
in the carotid sinus) and the transverse part of the 
aortic arch. These areas are linked to the vasomotor 
centre by the sinus nerve and the vagus nerve and respond 
to the degree of stretch of the arterial wall, which in 
turn affects the rate of firing along the nerves to the 
vasomotor centre. A rise in blood pressure and a 
consequent enhancement in stretch of the arterial walls 
intensifies the activity of the baroreceptors and vice 
versa. The normal action of the vasomotor centre on this 
afferent impulse is inhibitory so that increased activity
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of the baroreceptors due to raised blood pressure, leads 
to a decreased sympathetic discharge rate to the blood 
vessels (producing vasodilatation) and to the heart
(causing a decrease in the force and rate of contraction). 
There is also a simultaneous increased parasympathetic 
vagal discharge to the heart which reduces the heart rate.

The net effect is to return the blood pressure to 
normal; vasodilatation reduces the total peripheral
resistance and the decrease in heart rate and reduced 
stroke volume which reduces the cardiac output cause a 
reduction in the arterial blood pressure. If there is a 
fall in blood pressure this process is reversed and a
normal blood pressure tends to be restored.
Chemoreceptors situated in the carotid and aortic bodies 
can also influence the cardiovascular centre but they are 
mainly involved with the regulation of respiration.

Alpha and Beta adrenergic blocking agents.
Within the sympathetic nervous system, the pre

ganglionic neurotransmitter substance is acetylcholine. 
In the parasympathetic nervous system the post-ganglionic 
neurotransmitter substance is acetylcholine the effects of 
which are blocked by atropine. In the sympathetic nervous 
system the neurotransmitter substance within the effector 
organ is noradrenaline at the majority of post-ganglionic
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nerve endings. Here, two different types of membrane 
receptor are present which respond differently to 
circulating amines; alpha (oC) and beta (j3) (adrenergic)
receptors. oC adrenergic receptors are stimulated by 
noradrenaline to a greater extent than adrenaline, whereas 
with ^-adrenergic receptors the reverse is true. It 
should be noted that not all-receptors are alike but are 
subdivided into those which excite (E) and those which 
inhibit (I). The f -receptors of the heart which can cause 
increased force of contraction, and in the liver which 
stimulate glycogen breakdown, are known as the E or I 
receptors. The rest of the f-receptors are referred to as 
^1 or ̂ 2 receptors.

Sympathomimetic agents are drugs which stimulate the
sympathetic nervous system and are classified according to 
the receptor sites ( oC or Ji ) on which they have their
effect. Conversely sympathetic blocking agents inhibit 
the action of adrenaline and noradrenaline and prevent 
their access to receptor sites. Again, the effect can be 
selective for particular types of receptor, hence, oC- 
adrenergic blocking agents and ^ - adrenergic blocking 
agents.

The early experiments of Dale and Feldberg®
demonstrated the cholinergic nature of the sympathetic
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innervation of the sweat glands of the cat. Later work by 
Chalmers and Keele^^ demonstrated the excitatory response 
of human eccrine glands to acetylcholine and the blocking 
effect of atropine. However human eccrine glands were 
shown to respond to intra-arterially administered
adrenaline although the dose required to stimulate 
sweating was rather high^^. Alpha-adrenergic blocking 
agents have been shown to inhibit adrenaline-induced
sweatinglG but also demonstrated anticholinergic
properties.

Sato^^ demonstrated that the isolated eccrine gland 
from the Simian monkey palm responds to 
parasympathomimetic drugs as well as to oC and ̂  adrenergic 
stimulation although acetylcholine produced the most 
powerful stimulant effect. Previously Uno and Montagna^® 
had observed both adrenergic and cholinergic periglandular 
nerves in the palm of the Macaques monkey, although the 
role of the adrenergic nerves remains unclear. In the 
light of these studies Sato^^ suggested that the control 
of glandular growth and morphological changes in gland 
cells during secretory activity may be a role subserved by 
the ̂  -adrenergic component. The effect of the sympathetic 
nervous system and circulating amines on the palmar sweat 
glands remains unclear. When reviewing the pharmacology 
of sweating in man Collins^^ concluded that adrenergic
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blocking agents do not inhibit thermoregulatory or 
emotional sweating although complete inhibition may be 
produced by atropine. The possibility however does exist 
that oC and blocking agents may indirectly affect palmar 
sweating by altering the perfusion of the sweat glands. 
Alpha adrenoceptor blocking drugs produce peripheral 
vasodilatation with a fall in blood pressure and 
associated tachycardia due to unopposed sympathetic drive 
to adrenoceptors.

The main cardiac effects of ^ adrenoceptor blocking 
agents result from diminution of sympathetic drive and are 
reduced heart rate and reduced myocardial contractility. 
With a lowered heart rate the cardiac output is diminished 
and overall oxygen consumption falls. With acute 
administration of these agents peripheral vascular 
resistance tends to rise, probably chiefly as a reflex 
response to a reduced cardiac output. However it has been 
questioned if the effect is also due to the fact that the 
0^ adrenoceptor (vasoconstrictor) effects are no longer 
partially opposed by ̂ -adrenoceptor (dilator) effects.^0

With chronic administration of these drugs, peripheral 
resistance returns to about pre-treatment levels. The 
cold extremities experienced by patients who require long 
term treatment with ^-blocking agents are probably due to 
reduced cardiac output with reduced peripheral blood flow.
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rather than to the blocking of (p2) dilator receptors, for 
the effect occurs, though less commonly, with 
cardioselective (fil selective) blocking members of the 
group.

B Practical considerations.

Owing to the lack of substantive data on the effects 
on palmar sweat of oC and adrenergic blocking agents 
patients receiving treatment with these drugs were 
excluded from the earlier studies presented in this work. 
Although there is a possibility that eccrine palmar sweat 
glands receive both cholinergic and adrenergic innervation 
it appeared unlikely that oC or p adrenergic blocking 
agents would have an effect on palmar sweat production. 
Palmar sweat responses of patients monitored during 
lithotripsy demonstrated individual values that ranged 
from approximately 30g/m^/h to 130g/m^/h. This compared 
with values obtained from patients pre- and post- 
operatively that ranged from approximately 20g/m^/h to 
75g/m^/h. This would imply that patients undergoing 
lithotripsy experienced a great deal of anxiety as 
indicated by the high values obtained when measuring 
palmar sweat.
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The study in this chapter therefore aimed to assess 
heart rate and palmar sweat in patients undergoing 
lithotripsy and establish whether there was any 
correlation between the two variables and to note whether 
or not adrenergic blocking agents had any effect on the 
palmar sweat response.

METHOD
Patients about to undergo treatment on the Wolf 

Piezolith 2300 lithotripter were invited by letter to take 
part in the study (as in chapter 5). Those who agreed
were greeted in the lithotripter unit half an hour before 
treatment where a fuller explanation of the study was 
given and any particular questions answered. The patient 
was informed that the investigator wished to measure 
palmar sweat which may alter according to one's activity 
or the way one is feeling, before during and after
lithotripsy. It was also explained that the investigator 
wanted to measure the patient's heart rate to assess
whether or not it changed in line with palmar sweat, and
that this could be most easily and accurately achieved by 
attaching a cardiac monitor to the patient. It was
important to emphasise that there was no other underlying
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medical reason why the patient should be attached to the 
monitor.

Thirteen patients underwent palmar sweat and heart 
rate monitoring during lithotripsy. Patients were divided 
into two groups: those taking beta-adrenergic blocking
agents and those not taking them.

Group 1 : Not prescribed-adrenergic blocking agents. 
n=8
7 males. 1 females.
Mean age 52.5 years. Range 35-61 years.

Patient 1 Male. Age 35. No medication.
Patient 2 Male. Age 35. - » » -
Patient 3 Male. Age 60. -**-
Patient 4 Male. Age 56.
Patient 5 Female. Age 61.
Patient 6 Male. Age 58.
Patient 7 Male. Age 59. - » » -
Patient 8 Male. Age 56.
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Group 2 : Prescribed^-adrenergic blocking agents, 
n=4
2 males, 2 females.
Mean age 65,25 years. Range 60-69 years.

Patient 9 Male, Age 69, Prescribed :- 
oxprenolol 160mg, 
cyclopenthlazlde 250mcg,
(Trasldrex) 1 tablet b,d,
Adalat retard lOmg b,d, (Nifedipine) 

MORNING DOSES taken 6 hours prior to treatment

Patient 10 Female, Age 65, Prescribed :- 
Propranolol lOmg b,d,
Xlpamlde 20mg b,d 

MORNING DOSES taken 6 hours prior to treatment

Patient 11 Male, Age 60, Prescribed :- 
Atenolol 50mg o,d,
(reduced from lOOmg day before) 
Isosorblde mononitrate 20mg o,d, 

MORNING DOSES taken 7 hours prior to treatment
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Patient 12 Female. Age 67. Prescribed :- 
timolol maleate lOmg, 
bendrofluazide 2.5mg 
(Prestim) 1 tablet, o.d. 

MORNING DOSE taken 4 hours prior to treatment.

Patient 13 was a girl who required sedation prior to 
lithotripsy. This was necessary due to a renal calculus 
which was situated beneath the 12th rib and meant 
lithotripsy was painful. She was aged 26 years and 
received a premedication of Temazepam 20mg orally, 
administered one hour prior to treatment. During the 
initial part of the treatment she reported a great deal of 
pain and was extremely agitated. She did not fall asleep 
until approximately half way through the lithotripsy. 
Results of palmar sweat and heart rate monitoring in 
patient 13 are discussed separately.

Prior to treatment, assessment of palmar sweat was 
made, as in the previous studies, using the Servo-Med 
Evaporimeter, and monitoring continued throughout 
treatment. Heart rate was assessed before and after 
treatment by manually palpating the radial artery for one 
minute. Once positioned on the lithotripter the patient
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was monitored using a Simonsen and Weel DS521 cardiac 
monitor and the heart rate was recorded every minute.

RESULTS
Measurements of palmar sweat and heart rate per minute 

for each patient are shown in appendices 7.1-7.12, Since 
the patient could not be connected to the cardiac monitor 
until positioned on the lithotripter, where localisation 
of the stone was rapidly achieved, it was not always 
possible to obtain any measurements during localisation, 
only during lithotripsy. The mean values of heart rate 
and palmar sweat at each event are shown for individual 
patients in tables 7.1 and 7.2. The mean responses for 
each group at each event are shown in tables 7.3 and 7.4 
and in figures 7.1 and 7.2. The absolute data from which 
the results are derived are presented in Appendices 7.13 
and 7.14.

Evaporimeter Measurements.
Statistical analysis of the two baseline measurements 

of palmar sweat obtained before and afer treatment 
demonstrated a significant difference (p<0.001) with the 
second measurement higher than the first. This is 
illustrated in appendix 7.15. The same finding occurred
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Pre— treatment Localisation Lithotripsy Post—treatment

Patient no.

1 82 86.1 83.2 78

2 82 82.6 85.3 82

3 84 81 .4 81 .2 84

4 78 79.2 78 78

r- 5 75 68.5 69.3 68
0-.
B 6
g

80 71 .6 72

7 74 76 71 .9 64

8 86 — 86.1 86

9 82 87.3 86.3 84

10 72 74.2 75.5 69
C\J
Dh 1 1oo

71 70.6 74 68

o 12 57 60.7 61

-  13 68 76 57.2 64TD
CD
cdT3(DW

Table 7.1 Mean heart rate (bpm) for each patient at given event.
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Patient

Pre-
treatment 
mean base

Pre-
treatment

Localisation Lithotripsy Post- 
treatment 
mean base

; Post- 
treatment

1 78 78 88 81.9 80.5 83

2 33 39 42.4 48.8 40.5 45

3 55 65 58.7 48.5 56.5 59

4 70 70 82.3 96.1 78 79

5 70.5 78 69 69 41 .5 52

6 50 54 — 53 38.5 44

7 52 53 71.6 82.9 63.5 63

8 59.5 59 — 51 .3 42.5 43

9 45 45 52.4 56.2 40.5 41

10 35 25 38.7 46.5 45 45

11 54.5 62 69.6 87.8 49.5 48

12 32 32 — 38.3 35 35

13 37 46 52 45.9 42.5 58

Tâble 1.2 Mean values of palmar sweat (g/m^/h) obtained from 
each patient at given event.
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Group 1 n=8 Group 2 n=4
Mean S.D. Mean S.D.

Pre— treatment base 58.5 14.3 41.6 10.2

Pre—treatment 62.0 * 13.4 41.0 16.2

Localisation 68.6 16.5 53.6 * 15.5

Lithotripsy 66.4 18.6 57.2 21 .7

Post—treatment base 55.2 * 17.2 42.5 6.2

Post— treatment 58.5 * 15.6 42.3 5.6

Table 7.3 Mean measurements of palmar sweat (g/m^/h) for
each group at given event. Significant differences 
between events noted * p<0.05

Group 1 n=8 Group 2 n=4
Mean S.D. Mean S.D.

Pre—treatment 80.1 4.2 70.5 10.3

Localisation 78.9 6.1 77.4 8.8

Lithotripsy 78.3 6.6 74.1 10.5

Post— treatment 76.5 7.8 70.5 9.7

Table 7.4 Mean measurements of hgart rate (bpm) for 
each group at given event. No significant 
differences between events noted.
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Palmar sweat 
g/mVh

70 -r

60 -

50 -

• Group 1 : no medication
o Group 2 : Prescribedadrenergic blocking

agents.
  Time delay

Fig 7.1 Changes in palmar sweat (g/mVh) over time 
in group 1 & 2 patients. Significant 
changes between events noted.* p<0.05
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Heart rate 
bpm

90 _

80 -

70 ■

60  1------------------ r

A>'
.V

V

Group 1 : no medication
Group 2 : prescribed^ adrenergic blocking

agents.
Time delay

Fig 7.2. Changes in heart rate (bpm) over time 
in group 1 & 2 patients.
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In patients studied in chapter 5, For the reasons 
discussed earlier on (chapter 5), and for ease of analysis 
a mean of the two readings was derived and used as a 
baseline. Each patient had three evaporimeter
measurements calculated during each event ie. before 
treatment, during ultrasound localisation of the stone, 
during lithotripsy, and after treatment following a second 
set of baseline measurements. The mean of the three 
measurements was derived to indicate the stress response 
stimulated by each event. The paired t-test was applied 
to the data from each group to evaluate changes in palmar 
sweat over a series of events. Each response was compared 
with the response to the preceding event.

Patients in group 1 who received no medication 
demonstrated a significant increase from baseline in the 
palmar sweat response when discussing the forthcoming 
treatment (p<0,05). This was not evident in patients in 
group 2 prescribed ^-adrenergic blocking agents. There 
were no significant changes in the palmar sweat response 
during lithotripsy in patients in group 1 but a moderately 
significant reduction (p<0,05) was noted in the baseline 
after treatment although it did not differ significantly 
from the pre-treatment baseline. When discussing
treatment after the procedure was completed, there was a 
small increase in palmar sweat from baseline (p<0.05)
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although once again it was not significantly different 
when compared with the same response prior to treatment. 
Patients in group 2 demonstrated an increase in the palmar 
sweat response during localisation of the stone (p<0.05) 
but no other significant changes occurred either during or 
after lithotripsy.

Heart Rate.
Neither group 1 nor group 2 patients demonstrated any 

significant changes in heart rate either during or after 
lithotripsy. However the mean heart rate of group 1 
patients was significantly lower after treatment compared 
with pre-treatment levels (p<0.05). There was no 
difference in the heart rate before and after treatment 
for patients in group 2.

Response differences between groups.

Palmar Sweat Response.
In order to allow for differences in evaporimeter 

readings when making comparisons between groups, each 
patient's mean baseline measurement was subtracted from 
all subsequent palmar sweat readings and any increase or
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decrease expressed as a percentage change. As described 
earlier, the mean of three measurements was taken to 
indicate the stress response stimulated by that event. 
The results obtained from both groups and expressed as 
percentage changes are shown in table 7.5 and figure 7.3.

There were no significant differences between groups 
in percentage changes of palmar sweat before, during or 
after lithotripsy.

Heart rate.
There was no significant difference between groups in 

the mean heart rate before, during or after lithotripsy.

Correlation of variables

From the results of this study, a correlation was 
sought between changes in heart rate and palmar sweat 
responses. It may have been expected that the heart rate 
in patients not receiving any drugs would increase in 
accordance with levels of palmar sweat since heart rate 
variability has been used as an index of stress/anxiety. 
This fact was only demonstrated in one patient (patient 5) 
where a small correlation between heart rate and palmar 
sweat was obtained (r=0.44, p<0.001). One other patient
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Group 1 n=8 Group 2 n=4
Mean S.D. Mean S.D.

Pre—treatment 9.2 8.2 -3.7 17.7

Localisation 18.5 15.2 18.2 8.7

Lithotripsy 15.9 28.1 34.5 18.5

Post— treatment 7.7 8.6 -0.45 1 .8

Table 7.5 Mean evaporimeter percentage changes from pre— 
and post— treatment baseline for groups 1 & 2.

—  267 —



% change in 
palmar sweat.

60

50

40

30

20

0

0

-1 0

• Group 1 : no medication
o Group 2 : prescribedpadrenergic blocking agents 

  Time delay.

Fig 7.3 Mean evaporimeter percentage changes (and standard error 
from baseline for groups 1 and 2 at given events. No 
significant differences noted between groups.
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(patient 4) demonstrated a small negative correlation 
between heart rate and palmar sweat (r=-0.39, p<0.01),
with values of palmar sweat decreasing and heart rate 
increasing. Correlations of 0.33 (p<0.05) and 0.39
(p<0.01) between palmar sweat and heart rate were 
demonstrated in patient numbers lO&ll respectively, who 
were prescribed J3 -blocking agents. Patient 12
demonstrated a negative correlation between the two 
variables (r=-0.51, p<0.01).
In all patients, heart rate varied by no more than 5 beats 
per minute while fluctuations in the palmar sweat response 
were much greater.

Patient 13.

The results of heart rate and palmar sweat monitoring are 
shown in Fig 7.4. Patient 13 had a baseline heart rate of 
68bpm and a palmar sweat response of 46g/m^/h. At the 
start of treatment the patient reported a great deal of 
pain and discomfort and became increasingly agitated. She 
stated that she was anxious that the premedication did not 
appear to have had any effect and at t=5 minutes her heart 
rate had risen to 95bpm with a corresponding palmar sweat 
response of 58g/m^/h. At t=6 minutes the patient appeared
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Fig 7.4 Patient 13: Palmar sweat and heart rate
changes during lithotripsy.
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more settled and reported less discomfort. The heart rate 
had slowed to 60bpm and one minute later (t=7 minutes) the 
palmar sweat response had reduced to 32g/m^/h. However 
the palmar sweat response increased again to 58g/m^/h at 
t=8 minutes. At t=17 minutes the patient fell asleep and 
remained sleeping until the treatment was completed. It 
was not possible to assess heart rate and palmar sweat 
immediately after completion of treatment because the 
patient was distressed and wanted to go to bed and sleep. 
Two hours later heart rate was recorded at 64bpm and 
palmar sweat 58g/m^/h. There was no correlation between 
the measurements of heart rate and palmar sweat during 
lithotripsy.

DISCUSSION

There were minimal changes in the palmar sweat 
response in each group during lithotripsy. This was 
unexpected since the results of patients monitored in 
chapter 6 demonstrated significant increases both during 
ultrasound localisation of the stone and administration of 
shock waves. However the numbers of beta-blocked and un
beta blocked patients studied here is very small, due to 
availability. Similarly heart rate fluctuated very little
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in all patients throughout treatment and varied by a 
maximum of 5bpm at any time. This was to be expected in
patients prescribed beta-adrenergic blocking agents since 
the main cardiac effects of such drugs result from 
diminution of sympathetic drive and are reduced heart rate 
and reduced myocardial contractility. However it may have 
been expected that patients not receiving any medication 
would demonstrate an increased heart rate in accordance 
with an increase in palmar sweat production. This was 
only demonstrated in one patient. However there was poor 
correlation of palmar sweat with heart rate in all the 
patients monitored. This is contrary to the earlier work 
of Bishop who established a strong correlation between 
the variables (r=0.83, p<0.001).

The fact that there were no significant differences ^  &
between the palmar sweat response of ̂  -blocked and un-^

ii !blocked patients adds to the evidence that the eccrine 
palmar sweat glands are not adrenergically innervated. If 
noradrenaline was necessary for stimulation of the glands 
then patients prescribed ^-adrenergic blocking agents 
would be expected to have a lower palmar sweat response.
This is in accordance with the work of Collins^^ who 
suggested that the adrenergic component may not be 
essential for secretory functioning of the gland but plays
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a part in glandular growth and morphological changes that 
occur during secretory activity.

The results of heart rate and palmar sweat monitoring 
of patient 13 deserve comment. Temazepam was prescribed 
as premedication and benzodiazepines are thought to act 
throughout the central nervous system, on the reticular 
activating system (reducing sensory input), the limbic 
system (affect), median forebrain bundle (reward and 
punishment systems) and the hypothalamus. They may alter 
the metabolism of various neurotransmitters, but 
especially serotonin and gamma-aminobutyric acid a 
substance that mediates inhibition. This could account 
for the anxiety-reducing, the hypnotic, the anticonvulsant 
and the muscle relaxing actions of benzodiazepines^^. By 
affecting mood Temazepam may indirectly affect palmar 
sweat but it is not certain if it has a direct effect on 
palmar sweat. The results obtained from patient 13 are 
shown in fig 7.4 (page 270). Both the heart rate and 
palmar sweat reached peak levels at t=5 minutes (95bpm, 
58g/m^/h). During this time the patient appeared to be 
extremely agitated and anxious and stated that she was 
experiencing considerable pain. A sudden increase in 
palmar sweat may be due to increased sympathetic nervous
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system activity in the presence of anxiety resulting in an 
increased heart rate and vasoconstriction (and hence 
increased blood pressure). Adrenaline together with the 
vasoconstriction causes a reduction in the palmar sweat 
response. The increased blood pressure and resistance is 
detected by baroreceptor nerves which, via the vasomotor 
centre, restore the blood pressure and consequently heart 
rate to the previous level so maintaining homeostasis. 
The subsequent vasodilatation may account for the increase 
again in levels of palmar sweat since water evaporation 
may be affected by blood flow. It must be emphasised that 
this is a hypothetical explanation for the responses of 
palmar sweat and heart rate in patient 13. It is not 
certain whether Temazepam had any effect on the indices 
measured

In conclusion, it would appear that ^-adrenoceptor 
blocking agents do not exert an effect on palmar sweat 
gland activity. In addition heart rate may not be a 
very reliable index of stress since a stressful stimulus 
may have to be extremely powerful eg. severe pain, before 
the homeostatic mechanisms that maintain heart rate at a 
stable level are overidden by intense sympathetic nervous 
system activity. To take these particular aspects of this
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thesis further, more work is necessary which may need to 
be laboratory based and is outside the remit and expertise 
of the author.
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CHAPTER EIGHT

GENERAL DISCUSSION AND CONCLUSION
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GENERAL DISCUSSION

This work has attempted to assess patient anxiety in 
relation to the invasiveness of the surgery being 
performed, and based on previous studies (literature 
review) sought to identify specific stressors which may 
occur both before and after surgery and so influence the 
care accorded to patients undergoing surgery for renal 
calculus disease. Only through appreciation of these 
components can nursing or medical staff attempt any kind 
of intervention to relieve anxiety.

The review of the literature regarding pre-operative 
anxiety demonstrates many factors which are considered 
stressful such as fear of anaesthesia, fear of the 
unknown, fear of dying and fear of losing control. 
Factors that may affect patient anxiety post-operatively 
are the magnitude of the surgery, the intensity of the 
pain, and the patient's own expectations for his post
operative recovery. These factors have not been studied 
in depth in modern urological surgery which is moving away 
from highly invasive techniques towards minimal and even 
non-invasive procedures.
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Numerous studies have appeared in the medical press 
citing the advantages of modern techniques over 
conventional open stone surgery^"^, and indeed any 
procedure that reduces patient morbidity must be welcomed. 
However little work has examined the patient*s reaction to 
this new technology in terms of pre- and post-operative 
anxiety. It is well established that fear of anaesthesia 
is a major component of pre-operative anxiety (see 
literature review) and it may be expected that patients 
who undergo anaesthesia-free lithotripsy will be less 
anxious than those who undergo a surgical procedure which 
requires an anaesthetic. There was no significant 
difference in the Spielberger scores or palmar sweat 
responses obtained from lithotripsy patients pre- 
operatively compared with surgical patients although 
scores obtained for the analogue scale were significantly 
lower. However values of palmar sweat increased
significantly during both localisation of the stone and 
administration of shock waves. The question arises 
whether patients, while anxious about having to undergo a 
general anaesthetic, will be less anxious than if informed 
that they will be wide awake throughout a procedure and 
receive no anaesthetic, sedative or analgesic agents. It 
is relevant to note that prior to treatment two patients 
who underwent lithotripsy commented on the absence of a

—281—



general anaesthetic. While one man preferred to be wide 
awake so that he could be "in control of things" a lady 
stated that she would rather be anaesthetised because she 
did not want to know what was happening to her.

Forty-three percent of all the patients interviewed in 
chapter 4 and chapter 5 were able to identify specific 
factors that had been stressful to them post-operatively. 
While thirty-one patients (63%) identified pain as a post
operative stressor it was disturbing to note that twenty- 
four ( 77%) described the pain as far more severe than
anticipated. Sixteen patients had undergone percutaneous 
nephrolithotomy and eight lithotripsy. Pain has been 
shown to be a component of anxiety as has expectancy. 
Expectation of pain will affect the degree of the pain 
experienced since in anticipation of pain tension and 
anxiety increase and can be determining factors in 
increasing the intensity of pain.^ Similarly if pain is 
unexpected, it may have the effect of increasing the 
perceived intensity resulting in tension and anxiety and a 
further increase in intensity of pain so that the patient 
finds himself in a vicious circle.

Expectations of the medical and nursing staff may also 
affect a patient’s reaction to and perception of pain.
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Personal experience suggested that surgeons viewed 
percutaneous procedures and lithotripsy as great advances 
in surgical techniques which indeed they are. These 
opinions may be reflected in the manner in which the 
techniques are explained to a patient and do not 
necessarily take into account the severe renal colic that 
can follow both types of treatment, the feeling of having 
been "kicked in the side" that sometimes follows 
percutaneous surgery, or the discomfort and pain that can 
be experienced during lithotripsy. It is possible that 
the acute pain of renal colic which may occur following 
percutaneous surgery or the loin/muscle pain resulting 
from the formation of a nephrostomy is not consistent with 
a small incision (l-2cm). Conversely patients recovering 
from open surgery may expect more pain since they have 
required a much larger incision.

It is relevant to note that two ladies, both of whom 
had children, and one of whom had undergone two caesarean 
deliveries, stated that they would not have consented to 
the surgery (PCNL) had they known how much pain they would 
suffer.

The results obtained from the subjective measures used 
in the study are disappointing in their lack of 
correlation with palmar sweat. This may be an indication
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that palmar sweat changes are not necessarily indicative 
of stress, or that the subjective measures used are 
inappropriate for the quantification of state anxiety. 
Based on the results discussed in Chapter 5 it is 
reasonable to deduce that the latter is the case and that 
the palmar sweat responses are indicative of stress and 
that the evaporimeter is a sensitive means by which 
emotion can be quantified. It has been demonstrated that 
if the methods of measurement and analysis of results are 
replicated then results obtained with the evaporimeter are 
reproducible. The trend for changes over time in patients 
monitored in chapter six is shown to be similar to that 
demonstrated in the work of Bishops and Barcroft and 
Ordman^,

Monitoring of heart rate and palmar sweat 
simultaneously indicated that the former may not be as 
good an indicator of stress as previously thought, and 
lends support to the findings of Maryniak & Bishop^^, The 
fact that there were no differences between the palmar 
sweat responses of ̂  -blocked and un-J5 blocked patients 
adds to the evidence that suggests eccrine palmar sweat 
glands do not require an adrenergic component for their 
secretory function^^.

It must be noted that most of the nursing staff 
expressed interest in this study and are now in a better
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position to allay patient anxieties • Patients are now 
warned that the pain experienced after percutaneous 
nephrolithotomy can be quite intense although adequate 
analgesics will be available, and also that some patients 
do find lithotripsy an uncomfortable and sometimes painful 
procedure.
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CONCLUSION

It was the aim of this work to assess anxiety in 
relation to the type of treatment performed for the 
removal of a renal calculus and, where possible, to 
isolate factors which predispose to anxiety pre- and post- 
operatively. Fear of the need to have a general 
anaesthetic was a stressor identified by patients pre- 
operatively and pain was the most common source of anxiety 
post-operatively, often much more severe than had been 
anticipated. The results suggest that while the medical 
profession welcomes the development of new techniques the 
patient who has experienced such procedures may be 
slightly more cautious or reticent.

It has also been demonstrated that anxiety can be 
quantified accurately using the evaporimeter and that the 
results are reproducible. This is in accordance with the 
findings of Oberg and his colleagues^^ who concluded that 
the evaporimeter offers a highly accurate means of 
measuring water exchange through a semi-permeable membrane 
such as skin and improved sensitivity in comparison with 
previous methods.

-286-



The basic aims of this work have been fulfilled and 
increased knowledge has been obtained regarding 
measurement technique, physiology and patient anxieties. 
The true validity of the work can only be obtained if the 
findings are disseminated and the implications considered 
and incorporated in patient care.

Medical advances and new techniques are often 
expensive although the money spent may be recouped by a 
shorter hospital stay for the patient or indeed treatment 
carried out on a solely out-patient basis. Improved 
counselling and preparation of a patient prior to 
treatment so that he knows what to expect may make these 
new techniques equally acceptable to both the patient and 
the surgeon. At the moment this is not necessarily the 
case and it is to this end that this work is presented.
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Not at Moderately Somewhat Very much
all. so. so.

9. 
1 0 , 

11 , 
1 2 ,

13,
14,
15,
16,
17,
18,
19,
20 ,

I feel calm ....................
I feel secure ..................
I am tense .....................
I am regretful .................
I feel at ease .................
I feel upset ...................
I am presently worrying over 
possible misfortunes ..........
I feel rested ..................
1 feel anxious .................
I feel comfortable .............
I feel self-conscious .........
1 feel nervous .................
1 am jittery ...................
I feel high-strung .............
I am relaxed ...................
I feel content .................
I am worried ...................
I feel overexcited and 'rattled*
I feel joyful ..................
I feel pleasant ................

Appendix 4.1 Spielberger State Anxiety Questionnaire
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Not at all

Very much so

Appendix 4.2 Visual Analogue Scale
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1 F 67 p 44

y
V

46 42

4T

45

2 F 51 F 45 73 35 32

3 F 68 P 35 32 33 3

4 F 67 P 21 22 27 7

5 M 58 P 24 43 30 14

6 M 67 P 34 12 36 24

7 F 26 P 41 23 29 7

8 M 44 P 39 50 32 9

9 F 27 P 37 18 50 34

10 F 56 P 39 4 23 4

11 M 64 P 23 57 34 74

12 M 54 P 45 2 21 4

13 M 28 P 21 26 28 7

14 M 39 P 41 21 30 19

15 M 35 P 30 16 23 4

16 M 61 P 32 5 23 2

17 F 42 P 24 16 39 39

18 F 62 P 37 5 31 9

19 F 65 P 27 5 25 3

20 F 72 P 40 43 24 8

21 M 61 P 68 98 65 87

22 M 41 P 38 60 32 71

23 F 35 P 50 25 49 55

24 F 53 P 31 5 23 0

Ï?
f

Appendix 4.3 cont’d/
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0°

/
25

4

F - 50
/
P

r ^

Æ f
40 40

/
23

y #
4

26 M 64 P 64 87 48 42

27 F 67 L 31 30 26 11

28 F 68 L 35 32 26 3

29 F 67 L 27 7 21 7

30 M 58 L 24 43 26 8

31 F 26 L 27 8 36 3

32 M 44 L 27 8 51 20

33 F 27 L 36 73 37 97

34 M 57 L 29 23 47 44

35 M 59 L 28 23 31 5

36 F 52 L 32 23 32 6

37 M 60 L 36 20 30 13

38 F 74 L 34 40 37 28

39 M 38 L 40 43 34 50

40 F 46 L 68 98 24 8

41 F 54 L 38 60 25 3

42 F 45 L 50 25 36 0

43 M 33 L 31 5 43 14

44 M 37 L 40 40 24 0

45 F 69 L 64 87 39 50

46 M 65 0 40 9 31 10

47 F 30 G 41 30 35 57

48 M 50 G 33 24 37 27

p : Percutaneous nephrolithotomy 
L : Extracorporeal shockwave lithotripsy 
0 ; Open surgery
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NAME ___
AGE ___
TREATMENT
HOSP.NO
DATE

PRE-TREATMENT

Evap. Base 1

Evap. Base 2

Mean

Analogue

Evap. scores

Spielberger

POST-TREATMENT

Evap. Base 1

Evap. Base 2

Mean

Analogue

Evap. scores

Spielberger

Appendix 5.1 Data collection sheet.
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Appendix. 5.3 Two baseline measurements obtained from all patients
pre— and post—operatively. Significant differences shown.
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LITHOTRIPSY PATIENTS

NAME

AGE

HOSP.NO,

DATE

PRE-TREATMENT

Evap. Base 1

Evap. Base 2

Mean

Analogue

LOCATING STONE (on Lithotripter)

LITHOTRIPSY

Evap. scores

Spielberger

Evap. scores

Evap. scores

POST-TREATMENT

Evap. Base 1

Evap. Base 2

Mean

Analogue

Evap. scores

Spielberger

Appendix 6.1 Data collection sheet,
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1 44 M N 23 3 45 52 51 5 6 .8  61 51

/

6 0 .9  58 63

/

5 9 .5  44 52 54

'■ / /

59 6 3 .4  75

/ é  /

27 2

2 50 M N 31 7 38 56 51 67 69 27 28 29 24 2 4 . 8 28 21 24 24 26 31 22 3

3 45 F N 31 43 56 61 64 71 62 69 73 .5 92 104 7 6 .3 99 57 63 70 87 99 35 48

4 28 M N 33 3 47 55 53 5 7 .9 66 63 70 .3 88 79 8 5 . 5 84 33 44 44 5 7 .2 64 62 84

5 45 M N 34 5 47 52 62 63 .4 64 68 56 .6 64 67 6 5 .7 88 26 38 37 38 .4 43 33 3

6 39 M N 42 15 41 47 48 51 .3 52 40 50 .2 53 40 49 52 31 39 38 45 52 34 10
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8 42 M N 30 3 37 38 42 43 .3 43 38 38 .5 45 48 4 4 .6 51 23 27 25 2 5 .9 24 24 1

9 58 F N 45 49 47 51 43 46 .6 50 54 66 .5 73 90 84 68 49 61 65 76 78 38 27

10 41 M N 50 61 37 32 49 46 .4 50 46 56.1 84 49 45 .5 63 47 42 51 5 0 . 8 54 56 100

11 41 F N 36 3 35 40 42 47 .5 51 56 70 .9 71 74 7 9 .5 80 34 42 58 42 52 32 4

12 35 M N 29 0 28 34 35 3 7 .2 37 46 46 .5 47 46 47 .9 49 27 31 28 41 .2 45 23 0 ^
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Appendix 7.1 Patient 1 : Palmar sweat and heart rate changes
during lithotripsy
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Appendix 7.2 Patient 2: Palmar sweat and heart rate changes
during lithotripsy.
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Appendix 7.3 Patient 3: Palmar sweat and heart rate changes
during lithotripsy.
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Appendix 7.4. Patient 4: Palmar sweat and heart rate changes
during lithotripsy.
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Appendix 7.5 Patient 5: Palmar sweat and heart rate changes
during lithotripsy.
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Appendix 7.6 Patient 6. Palmar sweat and heart rate changes
during lithotripsy.
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Appendix 7.7 PAtient 7. Palmar sweat and heart rate changes
during lithotripsy .
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Appendix 7.8 Patient 8 : Palmar sweat and heart rate changes
during lithotripsy.
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Appendix 7.9 Patient 9: Palmar sweat and heart rate changes
during lithotripsy.
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Appendix 7.10 Patient 10: Palmar sweat and heart rate changes
during lithotripsy.
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Appendix 7.11 Patient 11 : Palmar sweat and heart rate changes
during lithotripsy.
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Appendix 7.12 Patient 12: Palmar sweat and heart rate changes
during lithotripsy.
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Patient 1 Patient 2 Patient 3 Patient 4
PS HR PS HR PS HR PS HR

rime(min)

L 1 74 78 39 84 62 83 72 81
0 2 80 82 44 80 56 78 80 80
C
A 3 87 89 45 82 67 82 78 79
L 4 87 89 43 86 76 82 82 78
I
s 5 89 86 45 83 65 86 87 78
A 6 93 87 44 81 75 79 93 79
T
I 7 104 90 1 42 80 1 53 81 r'89~ " " 7 9
0 8 100 88 1 49 92 L 80 Î 90 79
N 9 90 82 49 92 49 83 102 80

10 120 82 30 83 51 78 103 79
11 107 83 43 88 53 82 93 79
12 104 88 34 84 46 82 96 82
13 88 83 42 87 61 82 92 82
14 100 81 41 90 59 80 101 77
15 98 87 42 86 59 86 104 78
16 99 84 33 82 54 85 89 87
17 90 81 26 95 53 85 100 79

L 18 101 80 43 90 56 85 103 76
I
T 19 95 83 43 82 49 79 102 77
H 20 105 84 47 86 43 86 92 77
0
T 21 90 82 43 83 47 82 81 82
R 22 93 82 45 82 53 83 106 79
I
P 23 75 86 41 95 45 84 103 82
S 24 92 84 46 87 46 79 82 76
Y 25 98 80 42 82 47 82 106 77

26 94 78 33 79 52 85 107 78
27 99 84 37 84 41 79 99 78
28 90 80 33 88 47 77 105 77
29 90 78 34 86 54 79 92 77
30 102 84 47 84 43 77 98 76

PS : Palmar sweat (g/mVh) 
HR : Heart rate (bpm)

Appendix 7.14 Measurements obtained during localisation and lithotripsy

cont'd/
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Patient 1 Patient 2 Patient 3 Patient 4
PS HR PS HR PS HR PS HR

Time(min)
31 83 83 46 83 51 77 93 77
32 89 78 34 81 49 78 99 78
33 72 87 39 84 43 81 97 74

77 86 41 82 45 80 101 77
T 35 70 86 43 83 36 80 104 75

0 36 69 85 45 87 50 80 126 75
T 37 66 84 41 85 49 84 119 76
J 38 71 81 44 83 37 80 96 78
P 39 66 86 21 83 47 78 109 77

Y 70 84 49 88 47 79 114 77
41 70 90 42 86 43 81 107 75
42 63 84 42 85 44 81 99 78
43 75 84 28 82 49 79
44 73 84 43 81 49 84
45 69 81 38 87

Appendix 7.14 cont'd.
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Patient 5 Patient 6 Patient 7 Patient 8
PS HR PS HR PS HR PS HR

(mins)
1 70 67 1 " ^ 3 80 ! 56 79 ! 85
2 80 70 1 81 1 67 77 1 53 90
3 68 70 1 77 1 92 72 1 55 86
4 55 68 I 94 82 81 76 69 85
5 73 68 1 82 81 93 75 50 86
6 78 68 1 71 86 106 74 57 90
7 77 71 . 78 83 71 73 53 83
8 81 69 70 78 101 75 60 86
9 85 71 90 73 102 77 59 87
10 74 71 94 73 100 78 60 88
11 73 73 99 71 100 74 62 86
12 78 71 85 69 94 73 63 87
13 77 73 91 75 106 72 55 93
14 82 71 98 68 100 74 59 89
15 64 68 80 67 96 75 59 85
16 63 70 82 67 113 73 63 81
17 71 67 83 67 98 72 67 82
18 67 70 65 68 95 69 62 83
19 73 70 89 72 95 71 56 86
20 75 71 73 68 95 70 54 84
21 68 68 89 66 106 70
22 78 72 88 64 99 71
23 77 71 39 65 104 71
24 76 70 60 72 107 74
25 74 70 70 69 97 71
26 66 72 53 71 86 71
27 63 67 59 71 74 72
28 61 70 58 73 96 71
29 63 69 48 68 83 69
30 57 69 66 70 83 71

Patients 6 & 3 : no measurements obtained during localisation

Appendix 7.1.4 con’d
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Patient 5 Patient 6 Patient 7
PS HR PS HR PS HR

Time (mins)
31 51 68 59 77 75 70
32 60 70 58 67 75 69
33 58 68 48 65 72 70
34 57 67 44 67 77 68
35 65 69 20 62 89 68
36 57 68 43 65 75 72
37 69 67 73 71
38 67 66 71 70
39 68 67 84 72
40 70 67 79 70
41 73 65 77 70
42 66 67

Appendix 7.14 con’d
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Patient 9 

PS HR

Patient 10 

PS HR

Patient 11 

PS HR

Patient 12 

PS HR

Time(min)

1 45 90 30 70 71 68 j 44 60
L 2 43 89 42 76 63 70 i 48 59
0 3 44 82 41 75 75 74 1 55 60
C
A ^ 55 88 42 76 J 74 72 41 62
^ 5 63 86 42 75 74 71 34 60
I
S 6 51 88 48 74 59 73 35 61
A 7 55 86 42 79 112 73 36 60
T
I 8 61 87 41 77 97 74 34 59
0 9 53 88 43 76 108 72 38 60
N

10 63 89 45 78 95 73 29 62
11 58 87 j 46 77 98 74 34 61
12 63 87 50 76 86 71 38 62
13 77 86 44 75 95 74 43 61
14 80 85 42 76 96 75 41 59
15 78 86 45 76 100 77 37 60
16 79 86 47 75 101 69 45 60
17 91 86 47 76 106 75 39 61
18 74 86 48 75 93 77 39 60

L 19 72 85 37 43 83 75 42 62
I 20 75 86 47 74 96 74 36 64
T
H 21 65 85 44 75 109 76 35 62
0 22 67 86 53 76 75 76 39 61
T
R 23 78 84 56 76 76 78 34 60
I 24 78 86 45 76 76 74 38 61
P
S 25 74 86 52 75 89 72 29 62
Y 26 65 86 52 76 101 76 34 59

27 61 85 55 77 91 73 41 63
28 62 87 51 76 92 78 39 61
29 52 87 47 78 87 79 47 61
30 57 88 61 76 72 75 39 60

Patient 12 : no measurements obtained during localisation.

Appendix 7.14 cont’d
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Patient 9 Patient 10 Patient 11 Patient 12

PS HR PS HR PS HR PS HR

Time(min)

31 57 85 53 76 76 70 32 59
32 56 87 50 76 73 75 33 58
33 57 87 51 75 85 74 29 62
34 55 84 57 75 78 70 33 62
35 53 86 51 74 94 75
36 50 80 54 74 94 75
37 50 88 52 75 90 70
38 54 88 49 75 80 73
39 47 87 50 74 90 76
40 51 87 50 74 97 74
41 52 87 49 75 100 77
42 47 88
43 53 87
44 46 86
45 47 87
46 37 87
47 44 86

Appendix 7.14 cont'd
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Patient 13
PS HR

; (mins) 
1 49 61
2 52 62
3 48 73
4 53 89
5 58 95
6 42 60
7 32 56
8 58 61
9 41 62
10 49 60
11 51 67
12 47 58
13 50 63
14 50 57
15 53 57
16 42 60
17 45 56
18 49 56
19 54 59
20 61 55
21 42 54
22 49 63
23 47 54
24 55 53
25 45 54
26 60 51
27 49 57
28 47 55
29 48 54
30 45 53
31 47 52

Appendix 7.14 con’d
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Appendix 7.15 Two baseline measurements obtained from all patients
before and after treatment. Significant differences shown
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ADDENDUM

In a previous discussion of the nature of this research three 

specific questions were raised.

1. Does the presence of anxiety produce an increase in 

palmar sweat?

2. Is the evaporimeter a reliable instrument to accurately 

measure changes in palmar sweat?

3. Was the statistical analysis sound?

These questions are fundamental and this paper, which is attached 

as an addendum to the thesis, answers these points specifically.

Does the presence of anxiety produce an increase in palmar sweat?

In order to understand the relationship between palmar sweating and 

anxiety, it is necessary to review briefly the physiological process involved in 

increased sweat production.

There are three types of exocrine gland in the human skin - eccrine, 

apocrine and sebaceous. Apocrine and sebaceous glands are associated with 

hairs while eccrine are not. There are two functional types of eccrine gland in 

man consisting of those on the general body surface which respond to 

temperature stimulation and respond in accordance with the intensity of 

afferent thermal stimulation, and those on the palms and soles of the feet. The



latter respond to emotional, mental and sensory stimuli.̂  Mental sweating is 

restricted to the palms and soles of the feet and does not appear on the general 

body surface. This fact was established over forty years earlier by Kosaka who 

was one of the first investigators to establish the clear differentiation of human 

sweating into thermal and "mental" sweating.

The secretory fibres of the sweat glands of the human are almost 

exclusively sympathetic although they also appear to be parasympathetic in 

nature, as demonstrated by Dale and Feldberg^ who showed that the post

ganglionic fibres supplying the sweat glands in the cat are cholinergic in nature.

More recently Uno and Montagna^ demonstrated a loose network of 

catecholamine containing nerves around the eccrine glands of the Macaques 

monkey paw, and revived the long-standing theory of dual adrenergic and 

cholinergic innervation, first proposed when catecholamines were found to have 

a secretory effect on the eccrine sweat glandŝ "̂ . Kuno^ suggested that with 

their evolutional development the cholinergic sympathetic neurons underwent 

a transition from noradrenergic to cholinergic function and that the adrenergic 

innervation of the sweat glands has degenerated and become entirely inefficient 

in the eccrine glands of the human being and the cat. However both the receptor 

mechanisms remain in the secretory cells so that adrenaline is effective when 

administered locallŷ . Foster and Weiner® stated that while some anti- 

adrenergic substances administered intravenously had an inhibitory action at 

the sweat gland site, the effect was "very feeble" and concluded that only 

cholinergic fibres innervated the eccrine glands and any inhibitory action by 

anti-adrenergic substances was due to interaction with cholinergic receptors in



the glands. More recent work by Landis and Keefê  on the rodent foot pad 

demonstrated that sympathetic noradrenergic axons undergo a transition from 

noradrenergic to cholinergic function during development.

Satô O suggested that the control of glandular growth (including 

hypertrophy) and morphological changes that occur during secretory activity 

may be a role subserved by the adrenergic component. Collinŝ  ̂concluded that 

adrenergic blocking agents do not inhibit thermoregulatory or emotional eccrine 

sweating although complete inhibition may be produced by atropine. The palmar 

sweat glands have been demonstrated to increase their activity under conditions 

of increased sympathetic nervous system activity. Although they are 

sympathetically innervated the post-ganglionic neurotransmitter substance is 

acetylcholine and not noradrenaline.

The sympathetic division of the autonomic nervous system and its role as 

the primary agency in mobilising the body forces in times of great fear and rage 

is well established̂ .̂ In states of anxiety with increased autonomic nervous 

system activity, palmar sweat gland activity will increasê .̂ Numerous 

investigators have investigated the relationship between subjective and 

autonomic measures of anxiety using skin conductance and measurements of 

palmar sweat̂ "̂ "̂  ̂and found the values to increase under stressful conditions.

These studies demonstrate an increase in autonomic nervous system 

activity in states of anxiety with a subsequent increase in palmar sweat gland 

activity. Despite this some authors have interpreted a decrease in palmar sweat 

as an increase in anxiety^̂ ”̂ .̂ The effect on patients of pre-operative visits by



operating room nurses was assessed using a reduction in the palmar sweat index 

(PSI) as an indication of an increase in anxietŷ  ̂The PSI was lower for both the 

experimental and the control group post-operatively. The control group PSI was 

lower than the experimental group who the authors therefore concluded were 

more anxious. However no comment was made regarding the hypothesis that used 

reduced PSI as an index of increased anxiety which would indicate that both 

groups were more anxious post-operatively.

Stress has also been measured in surgical patients using the palmar sweat 

index and skin conductance levels (SCL)̂ ®. Again a reduced PSI was interpreted 

as increased anxiety. Thomas and Korr̂ ,̂ and more recently Nilsson̂ ® have 

shown a good positive correlation of the PSI with SCL (r=+0.899, r=+0.938 

respectively). Vogele and Steptoê ^ were unable to demonstrate a significant 

correlation (r=0.606) which may indicate that one of their measurements may have 

been inaccurate. They concluded that sweat gland activity was reduced by the 

stress of surgery and closely followed the pattern of distress and pain. However 

their numbers are small (n=15) and, they admit, "inferences from the study must 

be tentative". They also concluded that it was not possible to exclude the 

potential influence of anti-emetic, tranquiliser or analgesic agents administered 

post-operatively.

A criticism of palmar sweat is that it is difficult to differentiate between 

arousal and anxiety. With reference to arousal Munday^^ stated that "The 

identity of anxiety in a situation depends on the presence of the physiological 

syndrome generally termed arousal and the subjective appreciation of being

anxious."



Faust and Melamed compared anxiety level and amount of information 

retained in children admitted for same day surgery and prepared immediately 

before with those admitted one day earlier. The experimental group whatched 

a film about a boy undergoing surgery and the control group a film about fishing. 

Variables measured included intellectual level, information retained, anxiety 

and arousal. Arousal was assessed using PSI and heart rate. Patients admitted 

for same day surgery showed an increase in PSI and no reduction in self-report 

anxiety after the hospital film which the authors concluded may indicate 

increased anticipatory anxiety. When recovery from surgery was assessed 

children undergoing same day surgery demonstrated a reduced PSI following the 

hospital film and a significant reduction in the number of days in hospital. 

Children in this group who had an increased PSI had a greater incidence of 

vomiting and wound complications. In all of the instances where an increase in 

PSI occurred, so did subjective anxiety and vice versa, suggesting that while 

increased PSI implies arousal, it was accompanied by a subjective feeling of 

anxiety.

While skin conductance has been used to measure arousal and anxiety, it 

has also been used to measure depression. Richter investigated the skin 

conductance of psychiatric patients and found that those who felt ’definitely 

depressed’ had low conductance levels. This was in accordance with later work 

which demonstrated a reduction in palmar sweat gland activity in eighteen 

depressed female patientŝ .̂ In 1966 Lader and Wing^^ compared the galvanic 

skin response (GSR) of patients categorised as ’anxiety state’ or ’anxiety 

neurosis’ and demonstrated an increase in skin conductance when compared with 

controls. Three years later̂  ̂they recorded the GSR's to auditory stimuli from



35 depressed patients who were subdivided into 17 agitated (in which anxiety is 

extreme), 13 retarded and 5 uncomplicated depressives. A clear cut difference 

was found between the agitated and retarded groups, the agitated groups having 

a higher skin conductance level.

It is concluded that there will be diminished palmar sweat gland activity 

in the presence of a depressive state in the absence of anxiety. An increase in 

the activity of the palmar sweat glands occurs when anxiety is present whether 

or not there is an existing underlying depressive state.

The use of palmar sweat in the detection of deception by means of a 

polygraph also provides support for its use as an index of anxiety. Over twenty 

years ago Thackray and Orne^^ reported that little systematic research had been 

conducted in detection of deception which was unfortunate since the lie detector 

was very useful for the investigation of physiological responses to affective 

stimuli. They therefore compared various physiological indices used in the 

detection of deception including systolic blood pressure (BP), galvanic skin 

response (GSR), skin potential response (SPR), finger volume (FV), and pulse 

volume (PV). They commented that under circumstances of criminal investigation 

the value of GSR was largely discounted because, they presumed, under 

emotionally charged circumstances, the GSR was too sensitive and would fail to 

respond to the critical and control questions. Thirty male undergraduates 

underwent a lie detector test with the stimulus of personal words made relevant 

in the context of a mock crime. Only GSR, SPR, and FV consistently discriminated 

better than chance with GSR and SPR significantly superior to FV.



p QFive years later a review of the use of the polygraph concluded that the 

skin resistance and relative blood pressure provided the essential diagnostic

information. Both values increased in instances when the subject was lying.
29This was in agreement with the work of Cutrow and his colleagues who 

evaluated a whole battery of physiological tests for their effectiveness in 

detecting deception on 63 college students. Tests included finger pulse volume 

(FPV), heart rate (HR), palmar galvanic skin response (GSRp) and volar galvanic 

skin response (GSRv). The GSRp performed reliably and was the most dependable 

indicator of deception.

Ten years later (1982) Gudjonsson^^ evaluated electrodermal responsivity 

(skin resistance response) to interrogation questions and its relation to self- 

reported emotional disturbance in 24 females and 24 males. The mean within 

subject correlations were significant for both groups which, the author 

suggested, indicated that electrodermal responses to interrogation questions 

were significantly related to the extent to which the subjects found such 

questions disturbing.

In conclusion palmar sweat can be used as a reliable index of anxiety when 

it will increase under the influence of increased sympathetic nervous system 

activity.



Is the evaporimeter a reliable instrument to measure accurately changes in 

palmar sweat?

In order to place the evaporimeter in context a historical review of 

previous attempts at palmar sweat measurement should be considered.

Techniques described for the study of palmar sweating include 

colorimetric methods, studying the galvanic skin reaction, collecting sweat 

directly such as with blotting paper, and measurement of skin conductance 

levels, and the palmar sweat index.

A colorimetric technique for measuring palmar sweating has been 

described and depends on the interaction of a chemically treated paper with 

sweat containing a leaching salt. The area of the palm or finger is first dried 

and a solution of ferric chloride applied. The area is again dried and contact 

immediately made with paper that has been soaked in a solution of tannic acid 

and dried. Since sweat is 99% water it will carry with it readily soluble ferric 

chloride. Tannic acid reacts with iron to form a stain on the paper ranging 

between grey-blue and blue-black. The prints can be interpreted according to 

the intensity of the response. The technique was easy to perform, practical, 

economical and results were reproducible. Records obtained were stable and able 

to be stored. Eight years later the technique was refined̂  ̂and sweat glands 

were enumerated by a plastic paint technique. A plastic cast of the left middle 

finger pad was obtained and sites of secreting sweat glands marked by holes 

readily seen when magnified xlO. The technique was used by Harrison and 

MacKinnon who applied the cast to a 4mm square of the middle finger pad over



the central whorl. The number of active sweat glands was designated the palmar 

sweat index (PSI). The method was simple to use and although it does not afford 

direct information about the quantity of sweat secreted Thomas and Korr^^ 

found a high correlation between numbers of active glands and electrical skin 

resistance. Electrical skin resistance (ESR) was measured by applying a chosen 

voltage to an indifferent electrode (cathode) fastened to the earlobe and contact 

made with the tissues using an exploring electrode (anode). Contact was made 

using a conductive paste and a microammeter or galvanometer included in the 

circuit. Measurements were achieved by making brief firm contact of the 

electrode to the skin and observing the stable value of current flow. 

Resistances or conductances were calculated according to Ohm's Law. Sweat 

gland activity will have the effect of lowering the ESR and hence increasing 

conductivity. The technique used is similar when measuring the galvanic skin 

response which measures conductance instead of resistance and was described
nby Kuno . Two non-polarizable electrodes are placed on the skin separated by 

l-2cm. A galvanic current is allowed to flow for 3-5s and deflections of the 

galvanometer noted. Features of galvanic conductivity vary according to 

sweating, an increase with the onset of sweating which continues in proportion 

to the increase in the rate of sweating.

While both the GSR and ESC can produce accurate measurements of 

sweat gland activity the equipment required can be obtrusive and cumbersome 

in a clinical environment. The problem of cumbersome equipment was overcome 

with the introduction by Nilsson̂  ̂of the evaporimeter.



The evaporimeter is an instrument which is capable of determining the 

insensible water loss from the skin and which is suitable for such measurements 

in a wide range of clinical applications. The design of the evaporimeter is based 

on the fact that the value of the vapour pressure gradient close to the surface 

of the skin, and therefore the water exchange, is approximately proportional to 

the difference between the vapour pressure measured at two separate fixed 

points on a line perpendicular to the evaporating surface. The vapour pressure 

at each point of measurement is calculated as a product of the relative humidity 

and the saturated vapour pressure, the latter being a function of temperature 

alone. The evaporimeter is capable of measuring the evaporation rate, relative 

air humidity, and water vapour partial pressure. The response time is 0.3s. The 

mean latency time between stimulus and rise in palmar sweat is 2.6s and the time 

for registration of peak stimulus is 5.8s A more detailed description of the 

evaporimeter and its method of use has been reported elsewhere^®’̂^

Rutter and Hull̂  ̂used the evaporimeter to measure the water loss from 

the skin from 18 different sites in term and pre-term babies, and concluded that 

it provided unique information about the relative water loss from different 

areas of the body, even at high rates of evaporation. An evaluation of the 

evaporimeter the following year^̂  concluded that at low levels of evaporation 

in adults (<20g m~̂  ̂ -1) the evaporimeter underestimated the rate by 10% but that 

this was trivial and the manufacturers calibration was valid. Very rapid 

evaporation of >80g m~̂  h~̂  eg. from burns was underestimated because the 

presence of the probe restricted the flux of vapour when the skin resistance was 

of the same order as the diffusion resistance of the probe. This was in 

accordance with the work of Scott and his colleagues who reported that the
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evaporimeter underestimated higher rates of water loss ie. >7.5 mg cm“̂  h~̂  when 

compared with trans-epidermal water loss measured using the ventilated 

chamber technique. They concluded however that "the convenient evaporimeter 

is ideal for measurement of the net water loss under ambient conditions for rates 

of water loss up to 7.5 mg cm~^ h~̂ ".

An evaluation of the relationship between evoked skin conductance 

response and evaporative water loss measured using the evaporimeter 

demonstrated a positive correlation between the two of 0.938 The relative 

amplitudes of skin conductance responses were closely correlated with that of 

skin evaporative water losses and the evoked skin conductance response 

proportionally related to sweat gland activity in terms of evoked water loss 

response. There is therefore no doubt that the evaporimeter provides an 

accurate means of measuring changes in palmar sweat.

Fluctuations that occur during measurements made with the evaporimeter 

have undergone stability testinĝ  ̂and been shown to be due to disturbances in 

the microclimate of the skin, as claimed by the manufacturers. Significant 

changes are related to physiological function and not to mechanical 

error.Accuracy of measurement of water transport is +/- 15% or +/- 2g/m~̂ h~̂ , 

whichever is the greater̂ .̂

The research reported supports the use of the evaporimeter as an 

instrument well suited to measuring stimulus-induced variations in the 

evaporative water loss. It has been shown to be mechanically stable and
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provides an accurate measurement of palmar sweat gland activity which has to 

date not been disputed.

In conclusion the palmar sweat glands are under the control of the 

sympathetic nervous system and in the presence of anxiety the production of 

palmar sweat has been shown to increase 2,7,10-11,13-16̂  The behaviour of the 

palmar sweat glands is a therefore a reliable indicator of emotional 

distress/anxiety. There is ample evidence to support the use of the evaporimeter 

as an accurate and reliable instrument with which to measure palmar sweat^̂ "^̂

Was the statistical analysis sound?

When assessing anxiety with the evaporimeter two baseline 

measurements were first recorded fifteen seconds apart and the mean calculated 

to provide a baseline with which subsequent responses could be compared. A 

mean of the two measurements was calculated since previous methods of use of 

the evaporimeter were duplicated̂ .̂ Analysis of these baseline measurements 

demonstrated a significant difference between the two with the second one 

usually higher than the first. The criticism has been made that the mean of two 

significantly different measurements should not have been used. However 

previous studies have demonstrated that when a patient is very anxious 

measurements of palmar sweat will continuously fluctuate and since the 

evaporimeter is such a sensitive instrument these variations may be recorded.
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Psychometric and skin conductance data were recorded on 34 

depressed in-patients prior to a course of electro-convulsive therapy (ECT)̂ ®. 

Measurements were also made during a time when the patient was required to 

perform mental arithmetic. Skin conductance fluctuations were counted each 

minute during the resting period and every three seconds during the arrithmetic. 

Low skin conductance correlated significantly with the severity of depression 

and high scores on ratings for depressed mood and retardation. A reduction in 

spontaneous fluctuations correlated with high scores for depressed mood and 

retardation. Retarded depressives had significantly fewer skin conductance 

fluctuations than agitated depressives.

These findings were similar to those of Lader and Wing who found 

agitated patients had more fluctuations than retarded patients and normal 

subjects. Habituation rate was also measured which the authors report is known 

to follow an exponential course ie. responses diminish more rapidly at the start 

of the stimulation sequence than at the end. Response sequences in the retarded 

depressives were too short for a habituation rate to be calculated while the 

agitated patients showed no GSR habituation on average. A few patients in whom 

retardation and agitation were apparent simultaneously ie. increased 

purposeless activity and decreased purposeful activity, showed low but 

continuing reactivity in the form of GSR’s to the stimuli and many small 

fluctuations.

This is similar to their previous findingŝ  ̂when the response of 

skin conductance to auditory stimulation was assessed in normal subjects and 

patients diagnosed with anxiety state. In the anxious patients skin resistance
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was much lower. Definite palmar galvanic responses were seen in response to the 

stimuli and many spontaneous fluctuations occurred. The traces gave the 

impression of unceasing anxiety.

From these studies, although few, it is suggested that the patients 

interviewed in this thesis were so anxious that the palmar sweat glands 

demonstrated unceasing activity and that measurements of palmar sweat will not 

stabilise and two measurements recorded fifteen seconds apart will be 

significantly different.

Correlation of variables.

Anxiety was also assessed using two subjective methods: the 

Spielberger State Anxiety Questionnaire and a visual analogue scale. Since 

these two measures and the evaporimeter were used to measure state anxiety 

correlations of the results obtained by each technique with each other were 

sought. Results were however disappointing. Scores obtained with the 

evaporimeter did not correlate with either those obtained with the Spielberger 

questionnaire or the analogue scale. Scores obtained with the Spielberger and 

analogue scale demonstrated a correlation of 0.65,p<0.0001. The accuracy and 

stability of the evaporimeter has been questioned but conclusive studies have 

demonstrated its accuracy and stability and have been reviewed.The most 

likely explanation is that the two subjective techniques did not measure what 

they set out to measure ie.state anxiety.
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The Spielberger questionnaire was found to be highly amusing by 

some patients and difficult to understand by others. Questions such as "I feel 

overexcited and rattled" and "I feel joyful" were usually greeted with laughter 

while questions such as "I feel jittery" and "I feel regretful" were not 

understood. Other questions were interpreted as if trait anxiety was being 

assessed. For example in response to "I feel high-strung" or "I feel 

pleasant/content" the response varied according to how contended or pleasant 

a person the patient perceived him/herself to be. If the questions are 

interpreted in this manner then the patient is assessing his own trait anxiety 

and not state anxiety. The reliability of a questionnaire that is perceived as 

amusing must also be questioned.

Having completed a questionnaire which was at best found to be 

confusing the patient then had the relatively simple task of indicating with a 

cross marked on a 10cm line the extent of his/her anxiety. The key factor in the 

validity of such a technique lies in the patient responding in an honest way and 

not according to what he thinks is expected of him. Further problems arise when 

the exercise is repeated. Although patients may be able to reliably report 

anxiety on two occassions, the second assessment may be attributed to memory 

of where the original mark was placed. Indeed many patients tried to remember 

where they had marked the analogue scale pre-operatively when deciding where 

to mark it post-operatively. The patients willingness to supply a carefully 

considered and honest response to the analogue scale may also be influenced by 

his reaction to the previous questionnaire.
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In conclusion, the use of the subjective forms of anxiety assessment 

in this thesis was considered inappropriate for the group of patients studied 

because of their lack of sensitivity. An advantage of using an objective means 

of assessment such as the evaporimeter is that the patient is less likely to 

influence his own response. Previous work^^ has demonstrated its accuracy and 

sensitivity in assessing patients undergoing surgery.

The author believes that the Spielberger questionnaire measured 

both state and trait anxiety and that the response to this questionnaire would 

also affect the attitude to the analogue scale. Scores obtained using these 

techniques could not then reliably be expected to correlate with those obtained 

with the evaporimeter which can be used to objectively assess state anxiety.

Statistical advice was received during the preparation of this thesis 

from the resident statistician, Dr William North, at Guy's Hospital and reviewed 

again prior to the preparation of this addendum. On both occassions the 

statistical approach was considered to be appropriate and correct.
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Quantitative measurement of anxiety in patients undergoing surgery for 
renal calculus disease
The anxiety experienced by patients undergoing surgical procedures is well 
documented and may affect the outcome of any operation. This has not been 
considered in modem urological surgery which is moving away from highly- 
invasive techniques towards minimal and even non-invasive procedures. Little 
work has been carried out to examine the patient's reaction to this new 
technology. This work has two aims: to assess patient anxiety before and after 
different procedures for renal calculus removal and to identify, where possible, 
factors that contribute to pre- and post-operative anxiety. The main method of 
quantifying stress was the measurement of palmar sweat by means of an 
evaporimeter. Other measurements used were a bi-polar visual analogue scale 
and the Spielberger State Anxiety Questionnaire. The results of the study 
demonstrated a highly significant reduction in the palmar sweat production 
(P< 0-0001) and score obtained for the analogue scale (P< 0-05) following open 
surgery, but no changes before and after treatment in any of the variables in 
patients undergoing percutaneous nephrolithotomy or lithotripsy. Analysis of 
the data in relation to the surgery demonstrated a significantly higher pre
operative analogue score in patients undergoing open surgery compared with 
lithotripsy (P< 0-05). Fost-operatively, patients undergoing lithotripsy had a 
significantly higher palmar sweat response compared with patients undergoing 
open surgery (P< 0-01). Pre-operatively, fear of a general anaesthetic was 
identified as a factor contributing to anxiety and post-operatively, pain was the 
most commonly identified stressor. The implications of these results to the 
patient and to both nursing and medical staff in terms of practice are discussed. 
This must include a careful pre-operative explanation,

I N T R O D U C T I O N  calculus disease. As technology has progressed, surgery for
Pre-operative anxiety is a well-documented but little the treatment of urinary calculus disease has moved away
understood factor which may affect the outcome of any from conventional open surgery to minimally invasive
procedure; the problem has not been considered in depth in surgery (percutaneous nephrolithotomy (PCNL)) and non
modem urological surgery. invasive treatment (extracorporeal shockwave lithotripsy
A  study was designed to assess the amount of anxiety (ESWL)). It has been suggested that these less invasive

experienced by patients before and after treatment of renal procedures are associated with fewer complications than
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conventional open surgery (Charig et al. 1986). The 
techniques are discussed briefly.

Percutaneous nephrolithotomy

This procedure involves removal of a renal calculus under 
direct vision through a nephroscope passed along a percu
taneous nephrostomy tract. Stones can be removed using 
grasping forceps or stone removing baskets. Auxilliary 
techniques such as ultrasonic lithotripsy (Marberger et al 
1982) and electrohydraulic lithotripsy (Miller et al 1984) 
have also been developed so that stones too large to be 
extracted whole can be fragmented in vivo.
Percutaneous nephrolithotomy is a well-established 

technique for removing renal and ureteric calculi, and 
several studies report on its efficiency and advantages 
over conventional open surgery (dayman et al 1984, 
Charig et al 1986).

Extracorporeal piezolithotripsy

Lithotripsy destroys stones within the urinary tract by 
focusing shockwaves generated outside the body. The 
shockwave imposes mechanical stresses that exceed the 
strength of the kidney stone. Transmission of mechanical 
energy occurs through water and is propagated through 
the human body without damage to tissues or areas 
surrounding the kidney stone. In first generation litho
tripsy, extracorporeal shockwave lithotripsy, focusing and 
positioning of the stone is achieved using fluoroscopy or 
ultrasound. The need for a contact medium to transmit the 
shockwave requires the patient to be submerged in a water 
bath so that the loin area is covered. Shockwave therapy is 
painful and requires an anaesthetic.
The introduction of second generation lithotripsy, 

extracorporeal piezolithotripsy (EPL), uses a different 
shockwave generator and the patient is positioned over a 
much smaller water bath or in contact with gel or a water 
bag. The shockwave is weaker, has a smaller focus and has a 
wider aperture at the skin surface. For these reasons, it 
purports to be a pain-free procedure and precludes the need 
for anaesthesia. Continuous visualization of the stone is 
required due to the smaller focal area and is achieved using 
ultrasound.
Patients taking part in this study underwent treatment 

on the Wolf Piezolith 2300 Lithotripter, available at this 
hospital since December 1987.

Open surgery

Prior to the introduction of PCNL, ESWL or EPL for the 
treatment of renal calculi, open nephrolithotomy was the

only procedure available. Lithotomy is performed via a 
lumbotomy or oblique loin incision and, if necessary, renal 
clamping protected by intravenous administration of 
Inosine (Fernando et al 1976, Wickham et al 1978). Open 
lithotomy is still performed where a staghom calculus has 
large calyceal components and narrow calyceal necks 
which would not allow adequate drainage of stone frag
ments. If a calculus has caused obstruction to the kidney 
with a subsequent reduction in function to less than 
10%, then provided that the second kidney is present and 
normal, nephrectomy is considered.

CAUSES OF ANXIETY

Many studies have attempted to identify pre-operative 
stressors in an attempt to improve post-operative recovery. 
However, little work has been carried out to establish if 
pre-operative stressors continue to be a source of anxiety 
post-operatively, or if any new stressors are present after 
surgery.
Egbert and his colleagues (1964) demonstrated that 

sufficient pre-operative information reduced the amount of 
analgesia required post-operatively by one-third and the 
length of hospitalization by 3 days. Graham & Conley 
(1971) identified fear of the unknown as a causative factor 
of pre-operative anxiety in patients studied and more 
recently Bishop (1986) identified fear of anaesthesia 
as a major component of pre-operative anxiety. The 
latter stressor would be absent in patients undergoing 
anaesthesia-free second generation lithotripsy.
Hayward (1973) demonstrated that education of 

patients pre-operatively reduced the amount of pain they 
experienced post-operatively, although 35% of his sample 
stated that the intensity of pain was unexpected. This was 
later complimented by the work of Johnson (1972) who 
induced ischaemia in the upper limb in two groups of 
patients. Both groups were told how ischaemia would be 
induced but only one group were warned of the sensations 
to expect. This group suffered less pain than the control 
group.

Stressors

In order that anxiety can be alleviated, it is important that 
pre- and post-operative stressors are identified. The degree 
of invasiveness of surgery may be a factor that is relevant 
to pre- and post-operative anxiety. Beecher (1956) con
cluded that 'there was no dependable relationship between 
the extent of a pathological wound and the pain experi
enced,' and that the intensity of suffering was largely 
determined by what the pain meant to the patient. He
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added that the pain could be relieved by an alteration in 
mood, such as relief of anxiety, which could in itself be a 
stressor. This followed work on the significance of the 
wound size to the pain experienced by soldiers wounded in 
battle and civilian surgical patients.
Madler and his colleagues (1986) evaluated the anxiety 

and mood of patients with kidney stones undergoing 
ESWL and invasive therapeutic methods. They concluded 
that the expectation of an invasive surgical interven
tion exerted more of a negative effect on emotions and 
on general conditions than unpleasant experiences result
ing from the post-operative period such as pain and 
immobilization.
While much has been written about the new techniques 

available for stone removal, there would appear to be little 
other work concerning patient anxiety and mood state 
when undergoing these procedures. The study discussed 
here was designed to assess pre- and post-operative 
anxiety in patients undergoing surgery for renal calculus 
disease, and also attempted through questioning of 
patients to identify pre- and post-operative stressors.

METHOD

Patients about to undergo percutaneous nephrolithotomy 
(PCNL), extracorporeal piezolithotripsy (EPL), or open 
surgery took part in the study.
Anxiety was assessed using the Spielberger State 

Anxiety Questionnaire, a visual analogue scale, and the 
Servo-Med Evaporimeter which measures palmar sweat. 
The methods of assessment are briefly described.

Spielberger State Anxiety Questionnaire

The State-Trait Anxiety Inventory was developed by 
Spielberger and his colleagues in 1970 and is a brief self- 
report measure of both state and trait anxiety. For the 
purposes of this work, only the 'A-state scale' was used 
which consists of 20 statements that pertain to the patient's 
feelings at a particular moment in time. Ten of the state
ments concern apprehension, worry or tension, while the 
rest concern the absence of such feelings. Patients rate each 
statement on a 4-point scale: 'not at all' to 'very much so'. 
Possible scores range from a minimum of 20 to a maximum 
of 80; scores are determined with a scoring key.

Visual Analogue Scale

The analogue scale consists of a 100 m m  line drawn on an 
A4 sheet of paper with a negative statement of anxiety at 
one end and a positive statement of anxiety at the other.

The scale is simple and easy to use and provides a subjec
tive index of stress. The patient is asked how much anxiety 
he feels about his treatment and to indicate the level of 
anxiety by marking a cross on the analogue scale.

The Servo-Med Evaporimeter

Palmar sweat has been used in previous studies as an index 
of stress and was measured using the evaporimeter. Kosaka 
(1956) established a clear differentiation between thermal 
sweating which occurred over the whole body surface and „ 
mental sweating which was restricted to the palms and 
soles of the feet. In the same year, Kuno showed that 
whereas thermal sweating appeared with a long latent 
period after a rise in temperature, mental sweating immedi
ately obtained a certain rate of secretion corresponding to 
the intensity of the stimulation.
The palmar sweat glands are under the control of the 

sympathetic nervous system although they are cholinergic 
in their response. Problems have arisen over measurement 
of palmar sweat since methods used have been inaccurate 
or cumbersome and unsuitable for use outside the labora
tory. This problem was overcome with the introduction by 
Nilsson in 1977 of the evaporimeter. It is designed to 
measure water exchange through human skin and offers a 
high degree of sensitivity and accuracy in comparison with 
previous methods.
The evaporimeter is a micro-processor unit for the 

quantitative determination of water evaporation, that is 
water transport by diffusion from or to surfaces in contact 
with the atmosphere. By operating appropriate switches, 
digital indications of three variables can be given instan
taneously: evaporation rate, range 0-300 g/m̂ /h, relative 
humidity, range 0-100%, and water-vapour partial 
pressure, range 0-50 mmHg (0-6 65 kPa). The response 
time of the evaporimeter is 0 3 seconds and readings may 
be taken every 5 seconds (Nilsson 1977). The mean latency 
time between stimulus and rise in palmar sweat is 2-6 s 
while the time for registration of peak stimulus is 5-8 s 
(Nilsson 1977). Accuracy of measurement of water 
evaporation is +15% or +2g/mVh, whichever is the 
greater. For the purposes of this work, a consistent error 
does not interfere with the results since only changes over 
time for each patient are of interest. The response time of  ̂
the evaporimeter and its sensitivity makes it a suitable 
instrument for monitoring sympathetic responses of the i 
eccrine glands of the palm when the subject is stimulated.
Surgical patients were admitted on the day prior to 

surgery and interviewed after they had been admitted by a 
nurse and visited by a member of the surgical team. 
Patients undergoing lithotripsy were visited half an hour
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Table 1 Patient groups
Group Sex («) Mean age (yr) Range (yr)

1: PCNL Female (15) 516 22-77
Male (11) 456 24-59

2: Open surgery Female (11) 50-2 22-79
Male (5) 50-6 34-70

3: Lithotripsy Female (9) 44-3 25-68
Male (15) 42-4 25-59

prior to treatment. They had already been approached by 
letter and received a brief explanation of the study. They 
were requested, if they were willing to participate in the 
study, to attend for their treatment half an hour early.

Excluded patients

Patients being treated with beta-adrenergic blocking 
drugs, psychiatric drugs, suffering from diabetes mellitus, 
or unable to understand English were excluded from the 
study.
All patients were interviewed again on the morning 

following surgery/treatment at a mutually convenient 
time. Sixty-six patients of whom 35 were female and 31 
were male, with an age range 22 years to 79 years (mean 
age 47-2 years), were interviewed.
Patients were grouped according to the type of 

surgery/treatment they were about to undergo. None 
of the lithotripsy patients had undergone this type of 
treatment before although some had undergone previous 
surgery. Initial analysis of results demonstrated that 
level of anxiety about the procedure did not appear to be 
affected by whether or not the patient had previously 
undergone 'stone' surgery. Therefore, patients undergoing 
lithotripsy were grouped together regardless of previous 
surgical history (Table 1).
The investigator interviewed every patient who was 

eligible to take part in the study. All patients were due 
to undergo surgery the following morning. Lithotripsy 
patients underwent treatment at any time between 
9.00 a.m. and 4.00 p.m. The investigator wore her ward 
sister's uniform for the interviews and explained who she 
was and what she was doing. Patients were then asked if 
they would be willing to participate in the study. No one 
refused. Patients undergoing lithotripsy were greeted in 
the Lithotripter Unit and given a fuller explanation of the 
study. All patients who had received a letter arrived early 
and no one refused to participate.

Consent

When consent had been obtained, the evaporimeter was 
connected to the electrical mains supply and the probe was 
demonstrated to the patient. Once a rapport had been 
established, the evaporimeter probe was placed on the 
palm of the patient's open right hand and two baseline 
readings were taken and recorded and the mean score cal
culated. The Brush Clevite pen recorder was switched on 
while the patient discussed how he felt about his 
forthcoming operation/treatment. The probe was held in 
position by the investigator but physical contact was 
otherwise avoided. Each patient had three evaporimeter 
measurements calculated and the mean of these used to 
indicate the stress response stimulated by talking about the 
operation. The position of the probe on the palm was 
marked with a pen to ensure that post-operative recordings 
were made from the same area of skin. The patient was then 
asked to complete the Spielberger questionnaire.
Finally, the patient was asked to mark a cross on the 

10 cm line to indicate how anxious he was about his 
operation. The interview and assessments were repeated 
the morning following surgery.
The patient was also asked if he felt able to identify any 

specific factors, that is stressors, that made him anxious. 
Opportunity was given for any such stressors to be dis
cussed and any questions about treatment answered. Any 
questions that the investigator felt unable to answer were 
referred to ward staff. Data and personal details were then 
recorded on an individual information sheet.

RESULTS

The mean data from all the variables measured for each 
group are given in Tables 2 to 4 and Figure I.
The mean scores obtained for the A-state scale, 

analogue scale and palmar sweat response were compared 
within groups using the paired f-test as the responses fell 
within a normal distribution. Between-group comparisons
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Table 2 Mean Spielberger 
score and standard deviation 
for each group, pre- and post- 
operatively

No significant differences noted.

Table 3 Mean analogue score 
and standard deviation for 
each group, pre- and post- 
operatively

Significant differences noted. 
T<0-05.

Table 4 Mean palmar sweat 
response and standard 
deviation for each group, pre- 
and post-operatively

Significant differences noted. 
"*P<0001.

Pre-operative Post-operative

A state SD A state SD

Group 1: PCNL 38-0 10-2 35-9 10-9
Group 2: Open surgery 39-7 11-7 38-2 9-7
Group 3: Lithotripsy 36-0 8-4 346 10-9

Pre-operative Post-operative

Analogue SD Analogue SD

Group 1: PCNL 36-0 28-4 33-1 26-5
Group 2: Open surgery 40-9 28-6 29-0* 16-5
Group 3; Lithotripsy 21-6 240 22-5 29-1

Pre-operative Post-operative

Palmar sweat SD Palmar sweat SD

Group 1: PCNL 50-9 16-0 47-2 16-7
Group 2: Open surgery 51-2 14-2 354"** 11-1
Group 3: Lithotripsy 47-9 124 49-1 16-7

were made using the unpaired f-test, except where there 
were unequal variances between groups when a Mann- 
Whitney non-parametric test was used instead.
There was no significant change in the Spielberger 

A-state score before and after treatment in any of the three 
groups of patients. There was a moderately significant 
reduction (P<0-05) in the analogue score after surgery 
in patients who had undergone open surgery. Once 
again, there was no significant change in the other three 
groups. The palmar sweat response was also lower post- 
operatively in patients who had undergone open surgery 
and this was a highly significant reduction (P< 0-0001). 
The changes in the other groups demonstrated no 
statistical difference.

Group comparisons

Straight comparison of the scores obtained for the 
Spielberger A-state scale and analogue scale was possible 
but the scores for the palmar sweat response had to be

calculated as percentage changes from the mean baselines 
pre- and post-operatively. This was to allow for differences 
in baseline measurements between groups.
The mean palmar sweat responses for each group calcu

lated as a percentage change from pre- and post-operative 
baselines are shown in Table 5 and Figure 2.

Spielberger A-state Questionnaire

None of the three groups demonstrated any significant 
difference from each other in scores obtained for the 
Spielberger questionnaire either pre- or post-operatively.

Analogue scale

Pre-operatively, patients undergoing open surgery had 
significantly higher analogue scores (P<0-05) than those 
undergoing lithotripsy. Other differences between groups 
pre-operatively were insignificant.
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Figure 1 Mean variable scores for each group, pre- and post- 
operatively. À = group 1: PCNL; A = group 2: open surgery; 
0=  group 3: lithotripsy. Significant differences noted. 
"''T<0 00I.T<005.

Post-operatively, there were no differences between 
groups in the scores obtained from the analogue scale.

Palmar sweat response

There were no significant differences in the percentage 
changes from baseline of palmar sweat in any of the groups 
pre-operatively.
Post-operatively, patients undergoing lithotripsy had 

significantly higher percentage changes in the palmar 
sweat response (P<0*01) than patients undergoing 
open surgery. Other changes between groups were 
unremarkable.

Stressors identified pre- and post-operatively

Only four of the patients interviewed {n = 66) were able to 
identify specific stressors pre-operatively. Most patients, 
when asked if there was anything in particular about which 
they were anxious, replied with a negative answer or were 
very general in their replies with statements such as 'No, 
I'm just worried' or that they would be glad when it was all 
finished.

Post-operatively, 33 patients were able to identify 
specific stressors while eight patients commented on how 
well they were.

Pre-operative stressors

Two patients undergoing percutaneous nephrolithotomy 
identified stressors relating to the general anaesthetic. One 
lady stated she was frightened of the anaesthetic because 
she was aware that she was overweight while another lady 
explained that 'I know it's silly, but I'm afraid I won't wake 
up'.
Two patients undergoing lithotripsy also made com

ments regarding anaesthesia. One patient preferred not to 
have a general anaesthetic because he felt that by remain
ing conscious he would 'still be in control of things'. 
Conversely, another patient stated she would rather be 
anaesthetized because she did not want to know what was 
happening.

Post-operative stressors

Post-operative pain was the most common stressor and 
was identified by 24 patients. Eleven patients (42%) who 
had undergone percutaneous nephrolithotomy stated that 
they experienced a far greater amount of pain than they 
had expected. The same comment was made by eight 
(33-3%) patients following lithotripsy and three (18%) who 
had undergone open surgery. Two of the 11 patients 
who had commented about pain after percutaneous 
surgery had not expected any pain at all. One patient 
experienced less pain than he had expected, and two 
patients felt as well as they had anticipated. Other com
ments made by patients following percutaneous surgery 
concerned not receiving adequate information (n = 1) and 
expecting the procedure to be performed in the operating 
theatre instead of the X-ray department {n = 1).
Two of the patients who had received lithotripsy treat

ment had not expected to be aware of the shockwave, 
while one patient thought the treatment was better than 
expected. One patient did not realise that she would 
require more than one session of lithotripsy and another 
man who was told that he had a hydronephritic kidney 
stated that he was afraid of 'losing' it (the kidney).
Of the patients undergoing open surgery, two felt as 

well as they had expected while another felt better than 
expected. One lady stated that she felt better than when 
she underwent percutaneous surgery 2 years earlier. 
Another lady was frightened that her wound would burst if 
she coughed and two patients complained of the poor 
quality of hospital food.
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Table 5 Mean palmar sweat 
responses and standard 
deviation expressed as 
percentage change from base
line for each group, pre- and 
post-operatively

Pre-operative Post-operative

% change SD % change SD

Group 1: PCNL 16-9 13-5 22-4 18-6
Group 2: Open surgery 18-8 18-9 12-2 18-3
Group 3: Lithotripsy 19-9 20-1 29-6 17-0

p 20

X
Base Pre-operative Base Post-operative

Figure 2 Mean palmar sweat response expressed as a percentage 
change from baseline for each group, pre- and post-operatively. 
▲ = group 1: PCNL; A = group 2: open surgery; O = group 3: 
lithotripsy. = time lapse.

been found to be a stressor (Camevali 1966). When these 
factors are considered, it is surprising that patients 
undergoing lithotripsy were not less anxious than those 
undergoing percutaneous nephrolithotomy. Such surgery 
does not require a large incision but patients are still 
required to undergo a general anaesthetic. Although only 
mentioned by one lady, the question arises whether 
patients undergoing lithotripsy would prefer to be anaes
thetized. While it is acknowledged that anaesthesia is a 
frightening prospect for many patients (Bishop 1986, 
Ramsay 1972), it has also been acknowledged that patients 
sometimes fear waking up in the middle of a procedure 
because the anaesthetic has worn off, and having to witness 
the events happening to them (Ramsay 1972).

DISCUSSION

Patients undergoing open surgery had significantly lower 
scores for palmar sweat post-operatively than patients who 
had undergone lithotripsy, suggesting they were less 
anxious or experienced less pain. This may be due to 
the difference between groups in the timing of the post
operative visit. The fact that the Spielberger score 
demonstrated no significant difference for each group post- 
operatively lends support to the hypothesis that it may 
actually measure trait anxiety and not state anxiety. There 
was also no difference between groups. The scores 
obtained from the Spielberger A-state scale by each group 
indicate that the population fell within the normal anxiety 
(state) values for general, medical and surgical patients, 
which are 42-68 ± 13-76 (Spielberger 1983).
Patients undergoing lithotripsy scored significantly 

lower on the analogue scale pre-operatively than patients 
undergoing open surgery. This might have been predicted 
if one considers that lithotripsy precludes the need for an 
anaesthetic which is known to be a component of pre
operative anxiety (Corman et al. 1958, Ramsay 1972, 
Hayward 1973).
Lithotripsy is also non-invasive so that these patients are 

not exposed to the threat of a change in body image, a 
threat which is imposed by open surgery and which has

Anaesthetic

The question needs to be addressed as to whether patients, 
while anxious about undergoing an anaesthetic, will be less 
anxious than if told that they will be awake throughout a 
procedure and receive no anaesthetic, sedation or analgesic 
agents. Sheffer & Greifenstein (1960) asked patients to 
select a type of preferred anaesthesia when given a choice 
of general, spinal, regional or local, and one of the reasons 
offered for selecting general anaesthetic (65%) was that 
they would be asleep during the procedure and unable to 
hear conversation or witness sights in the operating 
theatre.
Post-operatively, there were no differences between 

groups in scores obtained for the analogue scale. Com
parison of post-operative changes in the palmar sweat 
response demonstrated that patients who had undergone 
lithotripsy scored significantly higher than those who had 
undergone open surgery. Patients recovering from open 
surgery had fears relating to the wound {n = 1), and pain 
which was far greater than expected (n = 3). However, the 
remaining six patients who commented on their well-being 
stated that they felt better or as well as they had expected 
and two complained of poor-quality hospital food. This 
compared with a third of the patients undergoing litho
tripsy, who stated that the procedure was far more painful
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than they had anticipated and two patients who had been 
aware of 'something' although not actually a sensation of 
pain.
Pain has been shown to be a component of anxiety as 

has expectancy. Expectation of pain will affect the degree 
of the pain experienced, since in anticipation of pain, ten
sion and anxiety increase and can be determining factors in 
increasing the level of pain (Bird 1955). Expectations will 
also be influenced by information available to patients. It 
has been shown that although accurate information does 
not influence the level of pain expected by patients, those 
who receive accurate information report less pain (Wallace 
1985).
It is therefore surprising that patients undergoing 

percutaneous nephrolithotomy were not more anxious, 
since 42% stated that they had greater pain than expected 
and two added that they had not expected any pain at all. It 
may be that the pain is not so much severe as unexpected, 
which has the effect of increasing its perceived intensity.

Spielberger questionnaire

The Spielberger questionnaire was found to be confusing 
by some patients. Some of the questions appeared to be 
ambiguous and open to misinterpretation, thus providing 
an unreliable means of assessment. When completing the 
questionnaire, patients demonstrated a tendency to answer 
questions according to their general character and not 
always in relation to the anxiety generated by the forth
coming operation. Patients' responses to the Spielberger 
questionnaire may also have influenced responses to the 
analogue scale. Another recognized problem of visual 
analogue scales is that the patient may be influenced post- 
operatively by memory over where the original mark was 
made pre-operatively. The ratings made on the first scale 
may also dominate those on any subsequent scale (Wolff 
1984). Given the speed of onset of emotions compared 
with the time required and thought processes involved in 
completing subjective measures, it may be expected that 
they would be more indicative of trait rather than state 
anxiety. Based on this observation, the evaporimeter, 
which attempts to measure state anxiety as indicated by 
the palmar sweat response, and provides a rapid objective 
assessment of anxiety, would not be expected to correlate 
very well with the subjective measures. Correlations were, 
in fact, poor.
Both subjective measures also require the patient to be 

completely honest, both to himself and to the investigator, 
and patients may be tempted to answer according to how 
anxious they or the investigator think they ought to be. In 
instances where the patient is extremely anxious, it may be

difficult to admit the fact. This may be harder for a male 
patient with a female investigator than a female patient.

CONCLUSION

Anxiety about the need to undergo a general anaesthetic 
was a stressor identified by patients pre-operatively, and 
pain was the most common source of anxiety identified 
post-operatively, often much more severe than had been 
anticipated. The results suggest that while the medical 
profession welcomes the development of new surgical 
techniques, the patient who has experienced such pro
cedures may be slightly more cautious or reticent. 
Improved counselling and preparation of a patient prior to 

treatment so that he knows what to expect may make these 
techniques equally acceptable to both the patient and the 
surgeon. At the moment, this is not necessarily the case.
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Peri-operative anxiety in patients undergoing extracorporeal 
piezolithotripsy
Twenty-four patients undergoing extracorporeal piezolithotripsy took part in 
this study and underwent treatment on a Wolf Piezolith 2300 Lithotripter, which 
does not require any type of anaesthesia and enables the patient to be treated as 
an out-patient. Previous work has investigated anxiety states of patients during * 

' investigative procedures and found that information given prior to the procedure 
is beneficial in reducing the levels of anxiety reported. Modem urological , 
surgery carried out to remove kidney stones has progressed to non-invasive 
techniques with the introduction of extracorporeal piezolithotripsy (EPL). 
However, little work has examined the patient's reaction to this new procedure. 
Since patients undergoing EPL are awake throughout the procedure, it is possible 
to perform continuous assessment of anxiety by measurement of palmar sweat. 
The results demonstrated significantly increased levels of palmar sweat 
throughout treatment, with a return to pre-treatment levels afterwards. This was 
demonstrated by just under 50% (n =  10) of patients who appeared to be agitated 
during treatment, and by the comments made by patients about their treatment. 
One-third of patients [n =  8) described pain as far more severe than had been 
anticipated when asked if they could identify a cause for anxiety. It is 
recommended that adequate patient preparation and education prior to the 
procedure should be provided, but that such education must also include a 
warning that some discomfort may occur.

IN T R O D U C TIO N  Previous work has identified many factors that may

The aim of this study is to assess patient anxiety P̂ ^̂ dispose to patient anxiety.
before, during and after liftiotripsy and wtiere possible Camevali (1966) reviewed three studies in an attempt to
to identify factors contributing to anxiety. The data pre- identify patients’concems in the pre-operative period.?^
sented here are taken from a larger study which examined ^  iscomort were mentione most equenty y
pre- and post-operative anxiety in patients undergoing Pfents.-In all three stuÆes, concern was also expressed
surgery for urinary calculus disease including percutaneous  ̂ osing contro, wit many patients spea 'ng o it in
nephrolithotomyandopennephrolithotomy(BrownI990). Abhorrance at being cut and disturb-

ances over a threat to body image were also concerns.
These last two stressors would not be expected to be rel
evant to pktients undergoing extracorporeal piezolitho- 

Many studies have attempted to identify pre-operative tripsy since the procedure is non-invasive and precludes

BACKGROUND

stressors in an effort to improve post-operative recovery, the need for a general anaesthetic. 
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Fears relating to a general anaesthetic were also high
lighted by Ramsay (1972) who interviewed 382 male and 
female patients pre-operatively and asked them to identify 

_ any specific worries. Sixty-two per cent identified fears
I relating to a general anaesthetic, of whom 23% feared notI waking up and 20% worried about the induction technique.
" Patients were also afraid of waking up in the middle of the

anaesthetic (19%) and of feeling pain during the operation.
Sheffer & Greifenstein (1960) asked 100 adult surgical 

patients to list their reasons for selecting a preferred type of 
anaesthetic: 65% preferred a general anaesthetic. This may 
be an important factor to remember for patients undergoing 
lithotripsy who are awake throughout the procedure.
Studies that have investigated anxiety states of patients 

during investigative procedures are also relevant when 
considering patient anxiety during lithotripsy. Wilson- 
Barnett (1978) investigated the effect of informing patients 
about barium X-rays on their emotional reactions before 
and during the procedure. In patients who underwent a 
barium enema, the informed group reported significantly 
less anxiety during the procedure than the control group. 
Similar work by Johnson 6 years earlier (1972) demon
strated that patients undergoing gastroscopy, who 
received information on the sensations that could be 
expected during the procedure, displayed fewer indi
cations of tension in their hands and arms during tube 
passage than those who received only information about 
the procedure, or who received no information.

POPULATION

Patients who took part in this study underwent extra
corporeal piezolithotripsy on the Wolf Piezolith 2300 
Lithotripter. This is known as second generation litho
tripsy and has been discussed in an earlier paper (Brown 
1990). In first generation lithotripsy, extracorporeal shock- 
wave lithotripsy, focusing and positioning of the stone is 
achieved using fluoroscopy or ultrasound. The introduction 

^ of second generation lithotripsy, extracorporeal piezolitho
tripsy (EPL), uses a different shockwave generator from 
first generation lithotripsy. The patient is positioned over a 

4 much smaller water bath or in contact with gel or a water 
bag. The shockwave is weaker, has a smaller focus and has a 
wider aperture at the skin surface. For these reasons, it 
purports to be a pain free procedure and precludes the need 
for anaesthesia. Continuous visualization of the stone is 
required due to the smaller focal area and is achieved using 
ultrasound.
While much is written about the new techniques avail

able for stone removal, there would appear to be little other 
work concerning patient anxiety and mood state when

undergoing these procedures. Since patients undergoing 
EPL are awake throughout the procedure, continuous 
assessment of anxiety is possible.

METHOD

Twenty-four patients undergoing EPL took part in the 
study, nine female and 15 male, mean age 43T years, range 
25-68 years. None of them had undergone such treatment 
before although some had experienced previous 'stone' 
surgery. Expectations and anticipation which may be 
influenced by previous experience (or lack of it) may in turn 
affect level of anxiety about treatment (Graham & Conley 
1971). Initial analysis of results demonstrated that there 
was no significant difference in the level of anxiety experi
enced by those patients who had undergone previous 
'stone' surgery and those who had not. This finding is in 
accordance with the work of Bishop (1986) who was unable 
to demonstrate any correlation between anxiety and 
number of previous anaesthetics. Results have been 
analysed for all patients together, regardless of previous 
surgical history.
Patient anxiety was assessed by measuring palmar sweat 

using the Servo-Med Evaporimeter. The technique of 
measurement is discussed briefly.

Measurement of palmar sweat

Palmar sweat has been used in previous studies as an 
index of stress and was measured using the Servo-Med 
Evaporimeter. As indicated earlier (Brown 1990) Kosaka 
(1956) established a clear differentiation between thermal 
sweating which occurred over the general body surface 
and mental sweating which was restricted to the palms and 
soles of the feet. Problems have occurred, however, over 
measurement of palmar sweat and these have been over
come with the introduction by Nilsson of the evaporimeter 
in 1977. It is designed to measure water exchange through 
human skin and offers high accuracy and sensitivity in 
comparison with previous methods.
The evaporimeter is a micro-processor unit for the quan

titative determination of water evaporation, that is water 
transport through diffusion, from or to surfaces in contact 
with the atmosphere (see Brown 1990).

Research procedure

When consent had been obtained, the evaporimeter was 
connected to the electrical mains supply and the probe was 
demonstrated to the patient. Once a rapport had been 
established, the evaporimeter probe was placed on the
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Table 1 Mean readings of palmar sweat (g/m̂ /h) and standard 
deviation obtained from patients undergoing lithotripsy

Palmar sweat 
(g/mVh) SD

Mean pre-treatment baseline 40-25 9-66
Pre-treatment 4 7 .9 3 »*» 12-36
Location 55-47" 16-1
Lithotripsy 60-9'" 19-2
Mean post-treatment baseline 38-0"' 12-4
Post-treatment 49-1'" 16-7

Significant changes between events noted: ***P<0 001, **P<001.

palm of the patient's open right hand and two baseline 
readings were taken at 15-second intervals and recorded, 
and the mean score was calculated. The Brush Clevite pen 
recorder was switched on while the patient discussed how 
he felt about his forthcoming treatment. The probe was 
held in position by the investigator but physical contact was 
otherwise avoided. Each patient had three evaporimeter 
measurements calculated and the mean of these used to 
indicate the stress response stimulated by talking about the 
operation. The position of the probe on the palm was 
marked to ensure that subsequent measurements of palmar 
sweat were made from the same area of skin.
The patient was also asked if he felt able to identify any 

specific anxieties. Opportunity was given for any such 
anxieties to be discussed and any questions about treat
ment answered. Any questions that the investigator felt 
unable to answer were referred to the ward staff.
Additional recordings of palmar sweat were made once 

the patient was positioned on the lithotripter and 
continued throughout treatment. Three measurements 
were calculated during ultrasound location of the stone and 
during lithotripsy.
The patient was interviewed again once treatment was 

completed and further measurements of palmar sweat were 
obtained.

RESULTS

The paired f-test was applied to the data to evaluate 
changes over time. The mean readings of palmar sweat 
obtained from patients undergoing lithotripsy are shown 
in Table 1 and Figure 1.
The mean baseline reading of palmar sweat was 

40-25 + 9-66 g/m̂ /h. The mean score obtained while the 
patient was discussing his feelings about the treatment
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Figure 1 Mean readings of palmar sweat (and SEM) obtained from 
patients undergoing lithotripsy. Significant changes between 
events noted: 0-001, **P<0-01. A = mean pre-treatment
baseline; B = pre-treatment; C = location; D = lithotripsy;
E = mean post-treatment baseline; F = post-treatment.

prior to its start was 47-73 +12-36 g/m̂ /h. The difference 
was highly significant (P< 0-001).

Once the patient was positioned on the machine, the 

mean reading obtained while undergoing ultrasound 

location of the stone was 55-47+16-1 g/m Vh. This 

was a significant increase from the pre-treatment score 
(P<0-01).
A significant increase was again noted during lithotripsy 

(P <  0-001) when a mean score of 60-9 + 19-2 g/m V h was 

obtained. Baseline measurements obtained after treatment 
demonstrated a significant reduction (38-0 g/m^/h, 

P <  0-01) although it was no different to the pre-treatment 
mean baseline. Discussion of the treatment again caused 
a significant increase in the reading of palmar sweat 
(49-1 g /m V h ,P <  0-001).

DISCUSSION

Discussion with patients of their feelings about the pro
cedure they were about to undergo appeared to provoke 
an anxiety response as indicated by the significant increase 
in the pre-treatment palmar sweat response from the mean 
baseline.
Positioning of the patient on the lithotripter and ultra

sound location of the stone caused a significant increase in 
the measurement of palmar sweat. It is not known why this 
should happen since patients were only aware of the ultra
sound probe pressing against the loin area which they did 
not report as being uncomfortable. Lader (1971) showed 
that more patients expressed anxiety as the time for sur
gery approached and this reached a maximum level in the 
operating room. This may explain the fact here, where
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anxiety increases as the time for administration of 
shockwaves approaches.
Measurements of palmar sweat during lithotripsy con

tinued to significantly increase (P<0-00I) and this was 
 ̂ demonstrated by just under 50% of the patients (n= 10)
; who appeared to be agitated during treatment. Mean base-
i line scores after treatment had significantly reduced, and

talking about the treatment still produced an anxiety 
response as indicated by the significant increase in palmar 
sweat. Some of these results may be explained by the 
comments offered by patients.
Two of the patients had been aware of the shockwave 

hitting the stone and, although they did not judge the 
sensation to be painful, they had not anticipated feeling it. 
A further eight patients judged the treatment to be painful. 
Expectation of pain will affect the degree of the pain experi
enced since in anticipation of pain, tension and anxiety 
increase and can be determining factors in increasing the 
level of pain (Flaherty & Fitzpatrick 1978). Thus, intensity 
of pain can be influenced by the presence of anxiety and the 
patient can find himself in,a vicious circle where fear 
increases the perception of pain, discomfort increases the 
perception of pain and pain itself increases the perception 
of pain (Hough 1986).
The patients who judged the treatment to be painful also 

felt they had been misled and 'betrayed' by the medical 
staff who had presented the treatment as a painless pro
cedure. While acknowledging that the treatment was con
venient and relatively easy to perform without the need for 
any anaesthetic or analgesic agents, patients believed it 
was inaccurate to describe the technique as pain free.

Anaesthesia

Two patients also made comments regarding anaesthesia. 
One patient preferred not to have a general anaesthetic 
because he felt he would 'still be in control of things' while 
another stated that she would rather be anaesthetized 
because she did not want to know what was happening.
A study carried out by Smith & Middleton (1989) con

cluded that lithotripsy with the Wolf piezolithotripter 
 ̂ could be accomplished without any sedation or anaesthesia

in the vast majority of patients. However, the authors 
reported that most patients perceived some discomfort 
during treatment and some developed a colic-type pain 
during the latter stages of treatment, which was presumed 
to arise from the passage of dislodged fragments. The 
authors added that appropriate patient preparation and 
education undoubtedly contributed to the ability of the 
patients to tolerate the minimal amount of pain which 
usually occurred during treatment.

CONCLUSION

Measurement of palmar sweat as an index of anxiety 
demonstrated a significant increase throughout treatment. 
The most common reason cited by patients for anxiety was 
pain. More importantly perhaps was the element of sur
prise, in that the pain experienced was reported as being far 
more severe than had been expected. The results of the 
study support the recommendation made by Smith & 
Middleton (1989) that adequate patient preparation and 
education prior to the procedure is essential but that it must 
also include a warning that some discomfort may occur.
In addition, while the number of patients studied is, by 

comparison, very small, it is suggested that there may be a 
case for administering an anxiolytic, local anaesthetic, or 
analgesic agent to a small number of patients, i.e. those 
who are either very anxious, or who have a low pain 
threshold. The question also arises whether patients, 
although anxious about the need for an anaesthetic, are less 
anxious than if told they will be awake throughout a pro
cedure and therefore able to hear, feel and see everything.
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