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Abstract The literature contains limited and contradic-

tory information regarding the amount of physical effort

and/or emotional stress needed to perform surgery. We

therefore investigated cardiovascular response to psycho-

physical stress in orthopaedic surgeons while they were

performing surgery. We monitored 29 male orthopaedic

surgeons from four university centers while they performed

total hip arthroplasties. Changes in their cardiovascular

parameters were recorded by ambulatory monitoring

methods. Exercise stress testing of each participant was

used as a control state. We compared the cardiovascular

response during surgery to energy requirements of every-

day activities. Preoperative and postoperative testing

showed lower values of cardiovascular parameters than

during physically less difficult parts of the operation;

physically more difficult phases of the operation addition-

ally increased the values of parameters. We concluded

performing total hip arthroplasty increases surgeons’ car-

diovascular parameters because of psychologic stress and

physical effort. Excitement of the cardiovascular system

during total hip arthroplasty appears similar to the

excitement during moderate-intensity daily activities, such

as walking the dog, leisurely bicycling, or climbing stairs.

Introduction

There is no widely accepted agreement on the difficulty of

performing surgery. Studies conducted during the last three

decades that focused on monitoring and analyzing sur-

geons’ work had different findings and reached

contradictory conclusions [6, 7, 9, 11, 12, 15, 16, 22, 23,

30]. The studies were all stress-based and mostly analyzed

cardiovascular parameters, such as heart rate and heart rate

variability. In some of these studies, performing surgery

was shown as ‘‘exhausting for the body’’ or ‘‘increasing

heart rate to more than 150/minutes’’ [12, 15]. In others,

‘‘surgeons did not work physically remarkably hard nor

demonstrated any obvious physiological signs of undue

emotional stress’’ [6]. Some studies concluded experienced

surgeons were well adapted to the particular stress,

although surgeons rated their stress as ‘‘quite severe’’ and

‘‘lasting for hours’’ [6, 23]. Other studies used only heart

rate variability as a surrogate parameter for increased

sympathetic activity, ie, psychologic stress, while per-

forming surgery [11, 12]. Several studies did not specify

the operative procedure during which the monitoring was

performed [6, 16, 22, 23], thus rendering the interpretation

of emotional stress and especially physical demands

impossible. Also, the number of participants-surgeons

included in these studies was relatively small (two to 12;

median, eight) [6, 7, 9, 11, 12, 15, 16, 22, 23, 30],

diminishing the power of the studies and introducing the

possibility of selection bias.

Orthopaedic surgeons use considerable muscle force

while performing some types of operations (likely greater
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than most other surgical professions) and use heavy instru-

ments, such as a mallet or bone saw, so they have one more

factor for increased cardiovascular response in addition to

psychologic stress. Thus, it seems there are major differences

in cardiovascular response during various types of operative

procedures [6, 7, 9, 11, 12, 15, 16, 22, 23, 30].

According to the Croatian Arthroplasty Register, joint

arthroplasty incidence accounts for 26% of all orthopaedic

operative procedures, meaning arthroplasty is orthopaedic

surgeons’ everyday job. Furthermore, this is one type of

operation whose structure is well defined and likely similar

across surgeons. Quantifying the difficulty of performing

THA by measuring cardiovascular parameters may provide an

objective measure of the average level of psychophysical

demand imposed on orthopaedic surgeons during their

everyday work, and on other surgical and medical specialists.

Our primary question was whether surgeons’ cardio-

vascular responses (expressed as metabolic equivalents

[METs]) increased at seven key points during THA and

which parts of THA were most challenging from a car-

diovascular response. We also asked what percentage of

the surgeon’s cardiovascular maximum occurred compared

with a daily activity equivalent and whether the surgeons’

cardiovascular responses depended on age, experience, or

surgical approach.

Materials and Methods

We prospectively assessed 29 male orthopaedic surgeons

(five professors, two assistant professors, three superin-

tendents, 14 specialists, and five senior residents) from four

orthopaedic university centers in Croatia who had agreed to

participate with a response rate of 78%. From among those

initially recruited, three participants were excluded: one

participant had a prior cardiovascular incident and was at

the time taking pharmacologic agents that could have

influenced the cardiovascular results, one participant

refused to participate, and one participant did not perform

THA. The age range of the participants was 28 to 65 years.

We divided participants into three age groups as follows:

the youngest (\ 35 years old, n = 7), middle-aged (36–

50 years old, n = 10), and the oldest ([ 51 years old,

n = 9). According to their surgical experience, the partic-

ipants were classified as inexperienced (\ 100 THAs,

n = 9), moderately experienced (101–1000 THAs, n = 9),

and very experienced ([ 1000 THAs, n = 8).

The sample size calculation was performed with respect

to the primary research question using G*Power software

[13]. For repeated-measures analysis of variance with

seven points of measurement, an alpha level of 0.05, a

power of 80%, and an effect size of 0.2 or more (according

to Cohen [10], an effect size of 0.14 or more can be

considered large), we needed at least 26 participants in the

study. The protocol was approved by the ethics committee,

and every participant provided written informed consent

before the beginning of the study.

During the first part of the investigation, participants

were monitored while performing cementless THA. Other

inclusion criteria were that the patient having surgery had

no prior operation on that hip and the indication for surgery

was osteoarthritis without any other hip problem that could

make the standard operative procedure more difficult (ie,

developmental hip malformation). Furthermore, it had to

be the first operation for a participant that day, and the

participant’s subjective assessment of the operative pro-

cedure had to be medium difficulty (not more or less

difficult than an average THA). All surgeries were per-

formed in standard operating conditions (air conditioned

operating room, with a temperature between 17o and 21� C)

with a team of experienced assistants and nurses.

The participants used the standard surgical approach in

their everyday use, an anteromedial approach with the

patient in a lateral decubitus position (10 participants), or a

lateral approach with the patient in a supine position (16

participants).

The implanted endoprostheses included an SPH-ST

acetabular cup in 14 patients with a C2 femoral stem in 13

patients and an SL femoral stem in one patient (Lima-Lto

SpA Medical Systems, Villanova, Italy); a HI
TM

acetabular

cup with a UNI
TM

femoral stem in nine patients (Plus

Orthopedics AG, Rotkreuz, Switzerland); and a Trilogy1

Acetabular System acetabular cup with a VerSys1 Hip

System Enhanced Taper femoral stem in three patients

(Zimmer, Inc, Warsaw, IN).

While performing surgery, participants were monitored

by an ambulatory blood pressure monitor (90217 ABP

monitor; Spacelabs Medical, OSI Systems, Inc, Redmond,

WA) and an ambulatory Holter ECG digital recorder

(Medilog MR63; Oxford Instruments, Abington, UK),

which were attached at least 30 minutes before and

removed a minimum of 30 minutes after surgery. Moni-

tored parameters were systolic and diastolic blood pressure,

heart rate, rate-pressure product (product of heart rate and

systolic blood pressure), arrhythmias, and signs of possible

ischemic or other cardiovascular disease.

When monitoring started, one observer (MB) docu-

mented every action and part of the surgery and

synchronized it with the time on the monitors. Monitoring

time and data were divided into seven precisely defined key

points of the surgery (Table 1) according to the surgeon’s

activity for proper evaluation of cardiovascular response

during each part of the procedure.

According to the surgeon’s activity and the surgical

instruments he used, key points were considered as either

physically less demanding parts of the operation (ie, using
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scalpel, forceps, scissors, needle holder, and so on) or

physically more demanding parts of the operation (ie, using

a mallet, osteotome, oscillating saw, bone cutting forceps,

bone rongeur, acetabular reamer, femoral rasp, etc).

The energy expenditure (oxygen uptake) required to

produce rate-pressure product equal to that at each key

point for each participant was determined by exercise stress

testing according to the Bruce protocol, a multilevel,

treadmill, symptom-limited, maximal progressive exercise

test [4, 19], performed a few weeks after monitoring of the

surgery. We computed METs to reflect the energy

requirements for psychophysical activities during different

parts of THA. According to exercise testing results and

MET standards, defined as the energy expenditure and

caloric requirement at rest (approximately 3.5 mL oxygen

uptake/kg body weight/minute [4]), we calculated METs

for each key point of the operation. We also compared our

results obtained during THA with the standard METs

during daily activities [2, 3, 14, 17, 24].

Data are shown as mean with 95% confidence interval

(95% CI) and the level of significance in comparison with

postoperative rest and the peak-exciting part of the opera-

tion. We used parametric procedures as the parameter

distribution was normal (Kolmogorov-Smirnov test).

Changes in systolic and diastolic blood pressure, heart rate,

rate-pressure product, and MET were analyzed with repe-

ated-measures analysis of variance. Partial g2 was greater

than 0.7 for all analyzed parameters, indicating large and

significant differences between the values [21]. Analysis

was performed with SPSS 13.0 (SPSS Inc, Chicago, IL),

and the significance level was set at p \ 0.05.

Results

Blood pressure, heart rate, and rate-pressure product

increased but varied during the seven key points. Metabolic

equivalents also varied during the seven key points

(p \ 0.001, Wilks’ lambda = 0.18, F[6,20] = 14.9, partial

g2 = 0.82).

Blood pressure, heart rate, and rate-pressure product

reached their highest values during the implantation of the

femoral endoprosthesis part of the operation (Key Point 5)

and were increased (p \ 0.001 for all) at this key point

compared with their lowest values during the total period of

measurement (Table 2). Metabolic equivalents also were

highest during the femoral endoprosthetic part of the

operation (Key Point 5) and the lowest during the postop-

erative rest time (Key Point 7) (Fig. 1). Key Point 5 was

also the most challenging part of the operation when com-

paring maximum values of rate-pressure product during

exercise testing with the maximum rate-pressure product

during the operation, requiring 41.5% (95% CI, 34.8%–

48.1%) of the surgeon’s cardiovascular maximum. Systolic

blood pressure, heart rate, and rate-pressure product were

higher (p £ 0.008, p £ 0.003, and p \ 0.001, respectively)

during the operative steps (Key Points 2–6) than during the

postoperative 30-minute rest (Key Point 7). We observed no

differences in systolic or diastolic blood pressure between

the most difficult part of THA (Key Point 5) and less dif-

ficult parts of THA (Key Points 3 and 6). Heart rate and rate-

pressure product were higher (p \ 0.001 and p £ 0.031,

respectively) during the most difficult part of THA when

compared with less difficult parts of THA.

When compared with everyday activities, energy

requirements for performing THA were similar to moderate-

intensity physical activity (Fig. 1). Walking at a slow pace,

making a bed, playing a musical instrument, or sweeping a

floor were activities that matched energy requirements from

surgeons in the 30-minute period before and after perform-

ing THA (\ 2.5 METs). Slow dancing, fishing, or walking

the dog matched physically less-demanding parts of THA

(2.5–3 METs), whereas water aerobics, golf (when not

carrying clubs), walking at an average pace, leisurely bicy-

cling, climbing stairs, and table tennis matched physically

more demanding parts of THA (3–4 METs). Performing

THA was far from being a vigorous physical activity, such as

skating, downhill skiing ([ 6 METs), jogging, singles tennis

([ 7 METs), soccer, rowing ([ 8 METs), running, or rope

jumping ([ 10 METs).

Table 1. Key points of monitoring orthopaedic surgeons while they are performing THA

Key point Description

1 Preoperative time, 30 minutes before beginning the operation

2 Beginning of the operation: skin incision, preparation of anatomic structures

3 Exposure of the hip, femoral head subluxation, osteotomy of the femoral neck with an oscillating saw, removing the femoral head

4 Preparing acetabulum, reaming acetabulum, inserting acetabular endoprosthetic part

5 Preparing femur, rasping femoral canal, inserting femoral endoprosthetic part, endoprosthetic reposition

6 Suturing, wound closure, end of the operation

7 Postoperative time: up to 30 minutes after ending the operation
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There was no difference in cardiovascular response

while performing THA according to surgeon’s prior

operative experience or seniority. Surgical approach also

did not affect the results. Overall, we found no extrinsic

factors that influenced surgeons’ cardiovascular response.

Seven participants had cardiac arrhythmias during Holter

monitoring time, which was an unexpected finding. Ar-

rhythmias in six participants were not considered clinically

relevant: four of them had five or fewer isolated supraven-

tricular extrasystoles, and two had five or fewer isolated

ventricular extrasystoles. One participant had 17 ventricular

extrasystoles, one bigeminy, and one supraventricular

extrasystole and was referred for further cardiologic eval-

uation. We found no correlation between arrhythmias and

part of the operative procedure or the magnitude of the

cardiovascular response. No signs of ischemic cardiac dis-

ease or other cardiac problems were observed.

Discussion

Orthopaedic surgeons perform psychophysically demand-

ing operations, such as THA, every day. However, there is

no conclusion regarding how demanding such operations

are with respect to psychophysical effort required from the

surgeon. We determined energy requirements and cardio-

vascular response to physical effort and psychologic stress

during THA and found that the MET level of the most

demanding part of the operation equaled energy require-

ments of a moderate-intensity daily activity, such as

leisurely bicycling, and required approximately 40% of

surgeons’ cardiovascular maximum, which did not vary

with respect to surgeons’ age, operative experience, or

surgical approach.

There are several limitations to our study. Physical

activity and psychologic stress increase cardiovascular

parameters and we could not differentiate the effects of

physical effort from the effects of psychologic stress on

cardiovascular response. This should be considered when

interpreting our data. Furthermore, we did not measure

participants’ cardiovascular response to various other

activities or establish individual baseline cardiac status,

including the presence of arrhythmias, which were an

unexpected finding. In future studies, Holter monitoring for

24 hours before monitoring during surgery could provide

more insight into the cardiovascular response and level of

stress in individual orthopaedic surgeons. Finally, we

analyzed the first operations of the day that were moder-

ately difficult according to participants’ subjective

assessment and not aggravated by any additional operative

or other complications. Certainly, surgeons perform more

difficult operations and more than one operation a day. In

cases where complications develop or where the surgeonT
a

b
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already has performed several operations, the energy

requirements presumably would be higher.

Various factors increase surgeons’ psychophysical stress

in the operating room, such as increased work of breathing

resulting from hyperventilation, airway resistance imposed

by surgical masks, the heat and moisture under the masks,

occlusive garments, and radiation of operating room lights

[12]. However, stress rate for orthopaedic surgeons during

surgery could be decreased because of improvements in hip

designs, surgical techniques, fixation methods, and pro-

phylactic therapies [8]. However, patient expectations of a

perfect operative result because of modern technology

could lead to a higher stress level.

In some studies, heart rate variability was used to

evaluate sympathovagal balance in surgeons while per-

forming surgery [7, 11, 12]. We did not use this parameter

because of considerable controversies regarding heart rate

variability in stress analysis. Although some authors sug-

gest heart rate variability is the most objective and reliable

noninvasive methodology available for accessing psycho-

logic stress [20, 28, 29], others claim it is a gross

oversimplification because results of reliability studies are

heterogeneous and depend on many factors, which is why

the analysis of heart rate variability as a direct window to

autonomic tone is problematic [25, 27] and contains as

much prognostic information as a simple heart rate mea-

surement [1, 18, 31].

Yamamoto et al. concluded intraoperative stress

decreases with experience [30]. Our results did not confirm

this finding. A possible explanation could lie in the dif-

ference in physical strength between older and younger

surgeons. Older and more experienced surgeons may be

less psychologically stressed than their younger and less

experienced colleagues, but they also have less muscular

strength and therefore invest more physical effort.

Psychologic stress is widely accepted as a risk factor for

development of coronary heart disease, hypertension, car-

diac arrhythmias, blood lipid disturbances, and diabetes

mellitus [31]. It could be the reason why, when considering

cardiovascular mortality in the medical profession, sur-

geons seem at especially high risk of dying of ischemic

heart disease [5, 26]. However, recreational physical

activity is considered beneficial for cardiovascular status.

With respect to cardiovascular parameters, ie, metabolic

demands on the heart, performing operations that equal

moderate-intensity physical activity may be compared with

recreational, leisurely bicycling. The psychophysical con-

dition of the orthopaedic surgeons while performing THA

or other physically demanding procedures could be com-

pared with the psychophysical condition of sportsmen

during a competitive challenge; increase in cardiovascular

parameters in either case results from physical activity and

psychologic stress.

The methods we used in our study could be useful in

additional research into energy requirements during dif-

ferent surgeries and in other medical specialties. Although

they may not be used in evaluating cardiovascular demands

as possible cardiovascular risk factors, our methods could

be used in determining the level of psychophysical diffi-

culty of a physician’s job. Such data might ultimately be

useful in assessing the relative roles of stress in various

specialties.

Fig. 1 The METs of orthopae-

dic surgeons while they are

performing THA are shown.

Results are shown as means

and 95% CIs. The daily activi-

ties with equivalent MET values

(energy requirements) are

shown on the right side.
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