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Psychophysiologic responses of invasive cardiologists
in an academic catheterization laboratory
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Background This study examined the psychophysiologic responses of invasive cardiologists during cardiac
catheterizations. Because occupations are most stressful when one is not in control, the effect of a teaching versus an
autonomous role on the psychophysiologic response of invasive cardiologists was investigated.

Methods The subjects were 9 invasive cardiologists. Psychophysiologic variables such as state anxiety and salivary
cortisol levels were measured before and after each invasive cardiologist performed 7 cardiac catheterizations. Heart rate
was measured before, during, and after procedures. Three procedures were studied while invasive cardiologists were in the
primary operator (autonomous) role with full responsibility and control, whereas 4 were studied while the subjects were in the
secondary assistant (teaching) role with full responsibility and no control.

Results There were no significant differences in physiologic arousal (heart rate and salivary cortisol levels) between
catheterizations performed in the autonomous role versus those in the teaching role. However, the perceived anxiety scores
were higher when in the teaching role versus when in the autonomous role. There were significant differences in
psychophysiologic measurements of stress between less experienced cardiologists (out of training b5 years) and more
experienced cardiologists (out of training N5 years). Less experienced invasive cardiologists had significantly higher trait
anxiety (38.4 vs 31.7, P = .001), baseline salivary cortisol levels (0.51 vs 0.33, P = .01), and heart rate change (50.1 vs
27.4 beats/min, P = .001) during procedures compared with more experienced cardiologists.

Conclusions Although there were no overall differences in the physiologic response to the autonomous and teaching
roles, there was a higher perceived state of anxiety when in the teaching role. Less experienced invasive cardiologists had
higher psychophysiologic measurements of stress during invasive procedures than did more experienced cardiologists.
(Am Heart J 2006;151:522-8.)
Levels of stress1-3 and anxiety in physicians’ lives

are increasing, given the changing demands of the practice4 - 6

and the influence of multiple external environmental factors

that affect physicians.7 Continued and prolonged exposure to

stressful situations may have detrimental effects on perfor-

mance as well as harmful long-term psychological and physical

consequences.8 -11 Both surgeons and invasive cardiologists are

in occupations of high stress because they are exposed to a

constant mental strain as well as a fast tempo of thought

process and action.

In addition to increasing occupational stress, it is the

responsibility of academic cardiologists to train young physi-

cians. Procedures training is an integral part of all cardiovas-
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cular training programs. Attending physicians are expected to

train young physicians in various hands-on techniques but are

also directly responsible for the care and safety of patients. One

of the most stressful occupational environments is one in

which demands are high and the ability to control the situation

is low.12,13 Therefore, the training of inexperienced invasive

cardiologists may cause significant physiologic and

psychological stress on academic staff cardiologists. Although

prior studies have delineated the relationship between physi-

ologic arousal and specific situations encountered by health

care providers,10,14 minimal research have examined the

physiologic response to stress that health care providers

experience in situations of criticality, especially when there is

loss of control such as that which occurs in the teaching

situation.

The purpose of this study was to examine the psychophys-

iologic responses of invasive cardiologists during the perfor-

mance of cardiac catheterizations to determine if there are

differences in the physiologic and psychological responses

during procedures performed in the autonomous role (full

control) versus those performed in the teaching role (loss of

control).
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Methods
Study participants

After obtaining institutional review board approval, the

cardiac catheterization laboratory director invited invasive

cardiologists to participate in the study. He also identified

experienced ( last 2 weeks of training) and inexperienced (first

2 weeks of training) cardiac fellows as prospective trainee

participants. Nine male invasive cardiologists (N = 9) volun-

teered. None of the cardiologists were taking medications.

Tests and measures
Psychological measures

Speilberger state/trait anxiety inventory. The trait version

of this questionnaire was administered at the outset of the

study to the invasive cardiologists to measure their predispo-

sition to view life events as threatening or anxiety provoking.

The state version of this questionnaire indicates the subjects’

specific state of anxiety at the time the survey was completed.

The state version of anxiety was administered within 5 minutes

before entering the procedure room and within 5 minutes after

completing the procedure. Both trait and state measures have

high validity and reliability. Total possible scores range from 20

to 80, with higher scores indicating more severe anxiety. The

average state anxiety score for men is 35.7 F 10.4 and the

average trait anxiety score is 34.9 F 9.2.15

Evaluation of difficulty of procedure. Attending cardiolo-

gists rated their perceptions of the technical difficulty of the

procedures and the patients’ conditions on a 5-point Likert

scale. The subjects rated technical difficulty between 1 ( least

difficult) and 5 (most difficult) using their past experience of

the least and most difficult diagnostic angiogram cases that they

had encountered in their career as a staff consultant. A patient’s

condition was rated between 1 (stable) and 5 (most critical)

using a similar rating scale based on the subjects’ past

experience. These ratings were made by each cardiologist

immediately after the procedure.

Physiologic measures

1. Blood pressure, pulse rate, and respirations were recorded

before and after procedures.

2. Electrocardiogram (ECG) monitoring. Invasive cardiologists

wore a 3-electrode telemetry system (strapped at the waist

and positioned at back) to obtain a continuous lead II ECG

heart rate (HR) signal (Figure 1).

3. Salivary cortisol levels. These levels were taken within

5 minutes of entering the procedure room and within

5 minutes of completing the procedure. Invasive cardiolo-

gists provided 5 mL of saliva per sample, obtained by

chewing on a cotton salivette. Gloved research assistants

placed the saliva in a syringe before squeezing it into a

sterile tube. Samples were cooled, frozen, and sent to a

laboratory for radioimmunoassay. Results are expressed in

micrograms per deciliter and salivary cortisol level scores

N2.5 times baseline are considered to indicate a meaningful

stimulation of the hypothalamus-pituitary adrenal axis.16 - 20
Other measures. A continuous video and audio recording

of the procedure was performed for purposes of analyzing

offline the technical difficulty of the procedure and the

potential complications encountered during the procedure.

There was a video camera that recorded the movements of the

invasive cardiologist as well as a portable microphone that was

worn by each cardiologist throughout the procedure.

Cardiac catheterization protocols
Catheterization procedures are performed under 2 different

protocols in the Mayo Clinic cardiac catheterization laboratory.

1. The standard protocol is a teaching approach in which a

cardiovascular fellow (trainee) is the primary operator. The

primary operator obtains vascular access, manipulates the

catheter to engage the coronary arteries, and moves the

patient under the x-ray machine to obtain diagnostic

pictures. The attending invasive cardiologist serves as

secondary assistant to assist with catheter changes and to

inject contrast through the catheter into the coronary artery.

Attending cardiologists assume the role of a mentor and

supervisor to optimize the fellow’s technique. During the

execution of this protocol, the attending cardiologist is

responsible for patient safety and ensures that all diagnostic

information is obtained.

2. In the second protocol, the attending cardiologist is the

primary operator and a skilled technician assists. The

attending invasive cardiologist has no teaching responsi-

bilities and is both in full control and responsible for

the outcome.

Procedure
Elective diagnostic coronary angiographic procedures were

selected for this study. If an intervention was performed after

a diagnostic procedure, the study was ended at the termina-

tion of the diagnostic procedure. A signed consent was

obtained from cardiologists before starting the study and

verbal consent was obtained from patients when cardiologists

explained the procedure. No individual datum was collected

on patients, who remained anonymous to investigators.

Patients were advised that data would be obtained from their

attending invasive cardiologist during their procedure. Car-

diologists were studied on 3 occasions when performing

cardiac catheterization in the primary operator (autonomous)

role (period 1), on 2 occasions in the secondary assistant

(teacher) role with an experienced cardiac trainee (period 2),

and on 2 occasions in the secondary assistant teacher role

with an inexperienced trainee (period 3). Heart rate telemetry

monitors were placed on cardiologists before they scrubbed

and ECG, video, and audio signals were recorded during

all procedures.

A baseline trait anxiety score was obtained from all

cardiologists before initiation of the study. State anxiety, HR,

respiratory rate, blood pressure, and salivary cortisol levels

were obtained within 5 minutes before entering the procedure

room and within 5 minutes of completing the procedure.

Invasive cardiologists rated each procedure in terms of

difficulty and patient criticality immediately after the case.



Figure 1

This figure depicts an interventional cardiologist performing a cardiac catheterization. The cardiologist is wearing a 3-electrode ECG telemetry
unit. The transmitted signal of a lead II EGG tracing is detected by the receiver and the tracing is integrated with the videotape-recorded
procedure.
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Statistical analysis
Data were analyzed using descriptive statistics. Data are

presented as the mean F SD. Grouped differences in vital signs,

salivary cortisol levels, and state anxiety before and after

procedures were analyzed using a paired t test for those with a

gaussian distribution and a signed-rank test for those with a

non–gaussian distribution. When determining differences be-

tween periods 1, 2, and 3, using a paired t test, the threshold of

statistical significance was set at a = .05 and all tests were

2 sided. A Bonferroni adjustment was made for both 3 and

2 comparisons (comparing period 1 vs either period 2 or

period 3). Differences in parameters comparing those obtained

in the autonomous role versus those in the teaching role were

made using a non–paired t test.

Results
Baseline data

The 9 male attending cardiologists had a mean age of

42 years (34-54 years) and an average of 11 years

(2-25 years) of experience. All cardiologists were board

certified and had a major commitment to the catheter-

ization laboratory, as all performed more than 300 diag -

nostic procedures each year. The mean trait anxiety
score was 37. The mean baseline cortisol level was 1.1 F
1.2 Ag/dL with a wide range (0.23-4.10 Ag/dL).

Overall effect of the procedure
The mean difficulty score for the procedure as

assessed by each interventional cardiologist was 2.3 F
1.1 (1 = least difficult, 5 = most difficult). The mean

criticality score of the patients was 1.8 F 0.6 (1 = most

stable, 5 = most critical). There were no significant

changes in the cardiologists’ vital signs of HR, blood

pressure, or respiratory rate before versus after the

procedure. There was no significant difference in the

parameters of salivary cortisol levels or state anxiety

comparing those before versus those after the procedure

(Table I). A significant increase in salivary cortisol level

(2.5� the baseline) occurred in only 7% of all cases.

Teaching role (loss of control) versus autonomous role
(full control)

To determine if loss of control during the teaching role

affected the psychophysiologic responses of attending

cardiologists, the parameters were analyzed during the

3 periods (period 1 = autonomous function, period 2 =



Table I. Overall changes in psychophysiologic parameters of
stress before and after a cardiac catheterization procedure

Parameter Before After P

HR (beats/min) 73 F 12 76 F 15 NS
Salivary cortisol (Ag/dL) 0.41 F 0.27 0.45 F 0.45 NS
State anxiety 34 F 8.7 34 F 9.2 NS

Table II. Changes in HR comparing period 1 (autonomous),
period 2 (teaching experienced fellows), and period 3 (teaching
inexperienced fellows)

Subject Period 1 Period 2 Period 3

1 26.6 24.0 19.5
2 29.7 26.5 31.5
3 20.7 41.0 31.5
4 31.0 29.0 20.5
5 24.3 24.0 24.0
6 38.0 24.5 33.5
7 43.6 41.5 45.5
8 48.3 60.0 48.5
9 47.0 59.5 62.5
N 9 9 9
Mean F SD 34.4 F 10.2 36.7 F 14.7 35.2 F 14.3

Table III. State anxiety score and procedure duration
comparing the autonomous role versus the teaching role during
invasive procedures

Autonomous
role

Teaching
role P

State anxiety score 31.8 F 6.8 35.7 F 9.7 .05
Procedure

duration (min)
17.2 F 11.7

(6-55)
32.5 F 33.0

(8-192)
.03

Table IV. Mean scores on the psychophysiologic parameters
of less experienced cardiologists versus those of more
experienced cardiologists

Less
experienced
cardiologists

More
experienced
cardiologists P

Trait anxiety score 38.4 34.7 b.01
Salivary cortisol

(Ag/dL)
0.51 0.33 b.01

Change in HR
during procedure
(beats/min)

50.1 27.4 b.01
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teaching role with experienced trainee, and period 3 =

teaching role with inexperienced trainee). There were

no significant differences in the change in vital signs,

state anxiety, or salivary cortisol before and after

procedures during the 3 periods. There were no

significant differences in the cardiologists’ rating of the

technical difficulty of the procedures or of the patients’

conditions between the 3 periods, although there was a

trend toward more technically difficult procedures

(period 1 = 2.6 F 1.0, period 2 = 2.3 F 1.1, period 3 =

2.2 F .6) and more critically ill patients (period 1 = 2.1 F
1.1, period 2 = 1.8 F 1.0, period 3 = 1.5 F .7) in the

autonomous mode (period 1).

The maximum change in HR during procedures is

shown for the 3 periods (Table II ). There was no

significant overall difference in the change in HR

when examining all subjects during the 3 periods.

The difference in the change in HR was �2.3 F
10.3 beats/min (comparing period 1 with period 2),

�0.9 F 8.2 beats/min (comparing period 1 with

period 3), and 1.4 F 7.3 beats/min (comparing period 2

with period 3); none of these differences were statisti-

cally significant. The heart rhythm was sinus rhythm

throughout all the procedures for all subjects. There

were no episodes of ventricular tachycardia, supra-

ventricular tachycardia, or frequent premature beats

(defined as 6 beats/min).

The baseline state anxiety score was significantly

higher when in the teaching role versus when in the

autonomous role (35.7 F 9.7 vs 31.8 F 6.8, P = .05).

This was associated with a longer procedure time
when in the teaching role versus when in the auto-

nomous role (32.5 F 33 minutes vs 17.2 F 11.7 minutes,

P = .03) (Table III ).

Effect of experience of the interventional cardiologist
There were 6 cardiologists who had been attending

invasive cardiologists for N5 years. The other 3 invasive

cardiologists had completed their training b5 years

before the study. When comparing the more experi-

enced cardiologists with the less experienced

cardiologists, there were baseline differences in trait

anxiety scores and salivary cortisol levels (Table IV).

The less experienced cardiologists had a significantly

higher trait anxiety score (38.4 vs 31.7, P = .001) and

a higher baseline salivary cortisol level (0.51 vs 0.33,

P = .01) compared with the more experienced

cardiologists. There was a higher change in HR during

a procedure in less experienced cardiologists compared

with the more experienced cardiologists (50.1 vs

27.4 beats/min, P b .001).
Discussion
Invasive cardiologists are in a profession where they

are exposed to a high degree of stress for long

periods.1 - 11 The hours in a typical catheterization

laboratory are unpredictable because emergency proce-

dures occur at any time of the day or night. Most

laboratories are high volume and, even with elective

cases, the hours spent directly in procedures or

combined with clinical practice are frequently more
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than would be expected in other medical specialties.

Although routine procedural protocols usually result in a

good outcome, major life-threatening complications may

occur unexpectedly and without warning. There is the

constant expectation of skillful execution of complex

psychomotor skills combined with an astute decision-

making thought process.7,12,21-23

A prolonged state of high arousal is common to both

invasive cardiologists and surgeons. High levels of serum

cortisol have been documented in some surgeons during

procedures, providing objective evidence of a high

arousal state,2 - 10 which may have long-term detrimental

effects. For example, Swedish surgeons have a 2:1

greater risk of dying from ischemic heart disease than

general practitioners.8 These surgeons experienced

greater mental strain, worked more hours at a faster

tempo, and were less able to relax than general

practitioners.8 Prior studies of the HR response of

invasive cardiologists during catheterization have shown

significant individual variation in mean HR11 and have

suggested that some invasive cardiologists may be at risk

for the negative effects of prolonged arousal, which

accumulate as a consequence of daily exposure.10,11,14 It

is thus important to determine the factors that influence

the degree of stress that invasive cardiologists may

experience in their practice. Because stress is defined as

a substantial imbalance between environmental demand

and response capability,12 a stressful occupational

environment (when demands are high and the ability to

control the situation is low)2,10,13 may occur when

teaching cardiac trainees to perform invasive proce-

dures. Trainees must have a hands-on experience while

learning to perform a procedure, but the attending

cardiologist is still responsible for patient safety. This

loss of control may be particularly difficult for invasive

cardiologists, who are sometimes described as having a

surgical personality (competitive, independent, domi-

nant, and with a need for power).1,2,5,6,8 -11

The results of this study did not show an overall

difference in the measured parameters of physiologic

arousal to stress between the periods when there was

full control (autonomous role) and when there was no

control (teaching role). The physiologic response to

stress was measured by recording HR (the response to

epinephrine secreted via the sympathoadrenal medul-

lary axis) and cortisol levels (a response of stimulation of

the hypothalamus-pituitary adrenal cortical axis)

(Figure 2). There was no significant difference in the HR,

blood pressure, or salivary cortisol levels before and

after procedures comparing the periods in the autono-

mous role and in the teaching role. However, despite the

trend toward a perception of a more technically difficult

procedure while in the autonomous role, there was a

higher state anxiety level when in the teaching role

versus when in the autonomous role, indicating a

subjective feeling of increased stress for the invasive
cardiologists. There was also a significantly longer

procedure time when cardiologists were in the teaching

role versus when in the autonomous role, which may

further have increased the perception of being in a

stressful situation.

The lack of objective physiologic findings overall, as a

measure of stress, could be related to the level of

complexity and difficulty of the procedures studied. In

this current investigation, to limit the confounding effect

of procedure difficulty, only diagnostic coronary angio-

graphic procedures were studied, which may account

for the lack of overall difference in measured parameters

between the autonomous and loss of control situations.

The cardiologists assigned a low score for both the

technical difficulty of these procedures as well as the

criticality of these patients. More significant differences

in the measured parameters between these 2 situations

might have emerged if difficult interventional proce-

dures were studied with more critically ill patients.

In this study, there were significant differences in the

baseline measures of stress in the less experienced

attending cardiologists (out of training b5 years) com-

pared with the more experienced cardiologists (out of

training N5 years). Less experienced cardiologists tended

to have higher baseline cortisol levels, anxiety scores,

and HRs. Dienstbier,24,25 after reviewing stress and

physiologic response in animals and human beings,

concluded that an organism’s response to repeated

stress can be adaptation. Whether less experienced

cardiologists adapt when exposed to continually high

levels of stress as a function of experience is unclear

from the current study.

Another unanswered question is whether day-to-day

exposure to stress is good or bad. Stress (depicted

as a noun, an adjective, and/or a verb) is complex and

has positive (eustress) and negative (distress)

effects.12,14,21,26 -32 It is not clear whether high arousal

negatively or positively affects performance in the

cardiac catheterization laboratory. For example, high

state anxiety predicted a poorer endotracheal suctioning

performance in critical care nurses compared with the

performance of less anxious colleagues.14 Conversely,

studies on ice hockey goalies showed that, in some

goalies, fast HR was associated with an optimal perfor-

mance.14,26 Heightened awareness may be necessary to

address the need for intermittent urgent intervention

with complex psychomotor skills that have life or death

consequences.14,12,26 However, high levels of prolonged

arousal have been shown to negatively affect visual

spatial organizing ability or other characteristics predic-

tive of surgical proficiency.23,30 It will be important to

study the relationship between indices of high arousal

and adaptation or the acquired resiliency24,25 that may

accompany repeated performance of both the

autonomous and the teaching protocols used in

catheterization procedures.



Figure 2

This figure depicts the stress stimulus and its effect on both the sympathoadrenomedullary axis and the hypothalamus-pituitary adrenal
cortical axis.
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A major limitation in this study is the small number of

cardiologists (N = 9) studied. The sample size was

determined by the number of invasive cardiologists

available to participate from any single academic

catheterization laboratory. In such a small sample, a

type II statistical error may occur in which a true

difference is not identified. The stratification of groups

by years of experience was a retrospective analysis and

thus the results of increased psychophysiologic stress in

younger cardiologists will need to be confirmed in larger

prospective studies. The lower rating for technical

difficulty of diagnostic angiography, especially in stable

patients, may have masked hypothesized differences

between the effect of an autonomous mode versus that

of a teaching mode. This lack of differences precluded

analysis of the effect of underlying psychological profiles

on the ability to adapt to stressful situations. The

assessment of the difficulty of the procedure was

subjective and the Likert scale used was not previously

validated. There was no objective documentation of the
difficulty of the procedure, such as the number of

catheter changes or specific analysis of the tortuosity of

the great vessels or anatomic variations of the coronary

ostia. The effect of video recording the procedure itself

was not analyzed because it was done on all procedures,

but this recording may have enhanced the stress

response of the cardiologists and should be an area for

future study.

This study is the first to examine the psychological

and physiologic responses of interventional cardiologists

in an autonomous and a teaching role. There were no

differences overall in the objective biologic stress

response in the control and lack of control roles.

However, the most perceived stressful situations

occurred when cardiologists were supervising trainees.

This preliminary study also showed that invasive cardio-

logists, recently out of training, may be under more

stress than more experienced invasive cardiologists.

The emphasis of most clinical research has been on the

effect of invasive procedures on patients, not on health
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care providers. Nevertheless, we believe that it is also

important to identify the psychophysiologic cost to

those performing invasive procedures, such as inter-

ventional cardiologists.7 Understanding the factors that

contribute to prolonged stressful environments will lead

to identification of interventions that will decrease the

degree of stress and anxiety. This line of inquiry is

important not only to the health of cardiologists

performing procedures but also to the patients on whom

the procedures are being performed.
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