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Abstract

Background Our objective was to compare the surgical staff’s feelings of fatigue between laparoendoscopic single-
site adrenalectomy (LESS-A) and conventional laparoscopic adrenalectomy (CLA) before and after surgery.
Method Data were collected for surgical procedures performed between June 2011 and September 2017 (57 LESS-A
and 37 CLA). Each procedure in both groups was performed by the same chief surgeon. The subjective fatigue
feelings of the key members of the surgical team (chief surgeon, scopist, assistant surgeon) were assessed using the
“Jikaku-sho shirabe” questionnaire, which contained questions about work-related feelings of fatigue. It consisted of
25 subjective items for 5 factors drawn from factor analysis (drowsiness, instability, uneasiness, local pain or
dullness, and eyestrain). For each item, the participants were requested to estimate the intensity of their feelings using
a five-point rating scale before and after surgery.

Results There was no significant difference in operative time (p = 0.231) between the LESS-A and CLA procedure
groups. For the chief surgeon, local pain or dullness (p = 0.603) and eyestrain (p = 0.086) were similar between the
LESS-A and CLA procedures. The scopists and assistant surgeons in the LESS-A group did not suffer local pain or
dullness (p = 0.793 and p = 0.240, respectively). They did, however, suffer more eyestrain than those in the CLA
group (p = 0.001 and p = 0.001, respectively).

Conclusion Although LESS-A is generally considered to be a technically difficult procedure, the results of this study
demonstrate that the feelings of physical fatigue are roughly equivalent between LESS-A and CLA procedures.

Introduction

Laparoscopic surgery has become the standard for many
surgical interventions as there is less postoperative pain,
recovery is faster, the hospital stay is shorter, and cosmetic
outcomes are improved compared with open surgery [1-3].
Surgical procedures involve a complex series of manual
and psychological tasks that can require precise hand—eye
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coordination. They include lengthy and demanding cogni-
tive tasks in which attention, memory, and response time
play very important roles. Surgeons need to maintain
concentration during surgery in order to avoid complica-
tions, but fatigue can make this difficult [4]. It has thus
been suggested that surgeons may sometimes consider
musculoskeletal problems they have experienced during
surgery when selecting a surgical approach [5].

The field of minimally invasive surgery (MIS) is con-
stantly evolving. Novel techniques, such as laparoendo-
scopic single-site (LESS) surgery, typically have greater
benefits for the patient than the surgeon [6]. LESS urologic
surgery minimizes postoperative wound pain and improves
cosmetic outcomes [7]. It has been performed for various
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urological diseases, and studies have shown that, compared
with conventional laparoscopic surgery, there is less pain,
shorter hospital stays, and excellent cosmetic outcomes [8].
A previous study on the effect of the patient’s opinion on
the approach selected for urologic MIS found that young
women prefer MIS such as transumbilical LESS surgery
[9]. However, LESS surgery is technically challenging,
which limits its widespread application [10]. The surgeon
faces many difficulties that are not present in conventional
laparoscopic procedures, including the lack of instrument
triangulation, collisions between instrument shafts, and the
need for ambidexterity [11]. LESS surgery may thus
impose a greater physical workload on surgeons than
conventional laparoscopic surgery.

The objective of this study was to compare the feelings
of fatigue between laparoendoscopic  single-site
adrenalectomy (LESS-A) and conventional laparoscopic
adrenalectomy (CLA) for each of the key members of the
surgical team (chief surgeon, scopist, assistant surgeon)
before and after surgery.

Methods
Data collection

Data were prospectively collected for surgical procedures
(57 LESS-A and 37 CLA) performed between June 2011
and September 2017 at Hiroshima University Hospital.
Each procedure in both groups was performed by the same
chief surgeon (S.I.) with the assistance of a scopist, an
assistant surgeon, and other surgical staff. (S.I. had previ-
ously performed only three CLA procedures and ten LESS-
A procedures.) The LESS-A procedures were performed
between June 2011 and March 2016. To establish a control
group, the same surgeon performed CLA procedures on 37
patients between November 2012 and September 2017.
Thirty-three of the CLA procedures (89%) were performed
after the period during which the LESS-A ones were per-
formed; that is, the CLA procedures were performed
mainly in the latter half of the data collection period. There
were 3 scopists and 15 assistant surgeons in the LESS-A
group and 10 scopists and 15 assistant surgeons in the CLA
group. All participants consented to take part in this study.
The team positioning during the LESS-A procedures is
illustrated in Fig. 1. The scopist sat while everyone else
stood. The team positioning during CLA procedures was
similar to LESS-A procedure except that everyone
including the scopist stood. Figure 2 shows the port
placement in CLA procedure.
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Fig. 1 Surgical team positioning for LESS-A procedures (LESS-A:
laparoendoscopic single-site adrenalectomy)
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Fig. 2 Port placement in CLA procedures (CLA: conventional
laparoscopic adrenalectomy)

Protocol

The subjective feelings of fatigue of the key members of
the surgical team were assessed before and after surgery by
using the “Jikaku-sho shirabe” questionnaire (Table 1)
[12] assembled by the Industrial Fatigue Research Com-
mittee of Japanese Occupational Health. It was designed to
assess fatigue and has been widely used in Japan as a
reliable tool to assess fatigue in workers [13, 14], including
nurses and care workers [15, 16] and surgeons [17]. It
consists of 25 subjective items for 5 factors (I: feeling of
drowsiness; II: feeling of instability; III: feeling of
uneasiness; IV: feeling of local pain or dullness; V: feeling
of eyestrain). For each item, the participants were asked to
estimate the intensity of their feeling using the following
scale: “disagree completely”, ‘“agree scarcely”, “agree
slightly”, “agree considerably”, and “agree strongly”.
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Table 1 “Jikaku-sho shirabe” questionnaire used to collect data on feelings of fatigue

Factor Fatigue feelings Disagree

completely

Agree
scarcely

Agree
slightly

Agree
considerably

Agree
strongly

1II 01. I feel heavy in the head

I 02. I feel nervous

A\ 03. I feel dry eyes

1 04. I feel ill

1I 05. I feel restless

11T 06. I feel a pain in the head
\Y% 07. I feel a pain in the eyes

v 08. I feel stiff in the neck and shoulders
III 09. I feel the hot or muddled in the brain

I 10. I feel like yawning

v 11. I feel a pain in the hands or fingers
I 12. 1 feel dizzy

1 13. I feel drowsy

1 14. 1 feel a lack of desire to do something
I 15. I feel anxious

v 16. I feel blurry eyed

I 17. 1 feel tired in the whole body

1I 18. I feel depressed

10056  19. I feel dullness in the arms

1I 20. I feel difficulty

1 21. I feel a desire to lie down

\Y% 22. 1 feel eyestrain

v 23. 1 feel a lower back pain

\Y% 24. 1 feel like blinking

e S S e e S S e e S S e -y

v 25. 1 feel tired in the legs

[SS 2NN NS T NS R NS T NS (O R NS T NS RS S R S 2 S SR S R S e S S N I SRR ST S "I S S )
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w
N

I: feeling of drowsiness; II: feeling of instability; III: feeling of uneasiness; IV: feeling of local pain or dullness; V: feeling of eyestrain

These five intensities were assigned scores of 1-5 points,
respectively (maximum: 125 points).

This research protocol was approved by the Institutional
Review Board of Hiroshima University Hospital (IRB No.
449). Informed consent was confirmed by the IRB.

Statistical analysis

Only the data for complete responses both before and after
each surgical procedure were analysed. The total number of
points for all items was defined as the perceived level of
fatigue. The higher the fatigue level (i.e. score), the higher
the degree of fatigue due to surgery.

The data were analysed in accordance with each
approach using the chi-squared test and the Mann—Whitney
U test. For all tests, a p value of < 0.05 was considered
statistically significant. All values are shown as means. The
survey data were analysed using Wilcoxon’s signed rank
sum test and the Mann—Whitney U test. They were also
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analysed using JMP 15 software (SAS Institute, Cary, NC,
USA).

Results
Surgeon characteristics

As mentioned, all the procedures in both groups were
performed by the same chief surgeon. The age of the chief
surgeon and mean age of the assistant surgeons were sig-
nificantly lower for the LESS-A group than for the CLA
group (38.3 vs. 41.8 years, p = 0.001; 31.1 vs. 34.1 years,
p = 0.011). In contrast, the mean age of the scopists was
higher for the LESS-A group than for the CLA group (43.1
vs. 37.3 years, p = 0.001) (Table 2).
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Table 2 Surgical team data

LESS-A CLA p-value
n Age n Age
Chief surgeon 1 383+02 1 418+0.2 0.001
Scopist 3 4314+£06 10 373+0.7 0.001
Assistant surgeon 15 31.1 £0.8 15 341 +£09 0.011

LESS-A: laparoendoscopic single-site adrenalectomy; CLA: conven-
tional laparoscopic adrenalectomy

Table 3 Patient characteristics

LESS-A CLA p value
Case 57 37
Gender (male: female) 26:31 22:15 0.189
Laterality (right: left) 26:31 19:18 0.586
Age, mean (years) 524+ 1.8 50.1 £2.2 0.428
BMI, mean (kg/mz) 244 £+ 0.6 249 £+ 0.8 0.667
Tumour size (mm) 25.6 £ 2.7 264 + 3.3 0.838
Operative time (minutes) 112.1 =42 1040 £52 0.231
Estimated blood loss (mL) 284 + 17.4 803 £ 21.5 0.064
Preoperative diagnosis
PA 30 18
Pheochromocytoma 7 12
SCS 8 4
CS 5 2
Non-function 7

LESS-A: laparoendoscopic single-site adrenalectomy, CLA: con-
ventional laparoscopic adrenalectomy, BMI: body mass index, PA:
primary aldosteronism, SCS: subclinical Cushing’s syndrome, CS:
Cushing’s syndrome

Demographic characteristics

There were no conversions to open surgery for any of the
procedures. However, one LESS-A procedure was con-
verted to a CLA procedure due to the need to place three
additional trocars to repair an inferior vena cava injury.
This case was excluded from the study. There were no
significant between-group differences in patient character-
istics. The operative time was 112.1 min for the LESS-A
group and 104.0 min for the CLA group (p = 0.231).
Estimated blood loss was higher for the CLA group than
for the LESS-A group (80.3 ml vs. 28.4 ml; p = 0.064)
(Table 3).

Between-group comparison of fatigue scores
before and after surgery

We compared the overall fatigue scores between the LESS-
A and CLA groups before and after surgery (Fig. 3) and
found no significant differences in the overall scores for the
chief surgeon (p = 0.115), scopists (p = 0.231), and assis-
tant surgeons (p = 0.775). That is, the overall fatigue score
was roughly equivalent between the LESS-A and CLA
groups for each of the key members of the surgical team
(chief surgeon, scopist, and assistant surgeon).

The fatigue scores before and after surgery by the five
factors are shown in Fig. 4. There were no significant
between-group differences in the scores for local pain or
dullness before and after surgery for the chief surgeon. The
score increased from 5.91 to 16.98 for the LESS-A group
and from 5.13 to 16.73 for the CLA group (p = 0.603).
There were also no significant between-group differences
for the scopists (p =0.793) and assistant surgeons
(p = 0.240). Although the LESS-A procedure is considered
to be technically difficult, these results indicate that local
pain or dullness was roughly equivalent between the LESS-
A and CLA procedures for all of the key members of the
surgical team (chief surgeon, scopist, and assistant
surgeon).

There were no significant between-group differences in
the scores for eyestrain before and after surgery for the
chief surgeon (p = 0.086); these scores increased signifi-
cantly more for the LESS-A group for the scopists
(p = 0.001) and assistant surgeons (p = 0.001). There was
also no significant between-group difference in the scores
for drowsiness before and after surgery for the chief sur-
geon (p = 0.787); these scores increased significantly more
for the CLA group for the scopists (p = 0.001) and assis-
tant surgeons (p = 0.013). These results indicate that a
LESS-A procedure tends to create severe eyestrain for the
scopist and assistant surgeon but not drowsiness.

There were no significant between-group differences in
the scores for instability before and after surgery for the
chief surgeon (p = 0.115) and scopists (p = 0.752); the
scores were significantly higher for the CLA group for the
assistant surgeons (p = 0.001). The scores for uneasiness
were significantly higher before and after surgery for the
CLA group for the chief surgeon (p = 0.001) and scopists
(p = 0.001); there was no significant difference in these
scores for the assistant surgeons (p = 0.637).

In addition, with the aim of investigating the effect of
aging by the chief surgeon, we divided the data collection
period into 2 equal sub-periods. We then compared the
increases in the feelings of fatigue between sub-periods
(data not shown). The increases in the score for local pain
or dullness were significant for both sub-periods for the
LESS-A group. It was greater for the second sub-period
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Fig. 4 Comparison of fatigue scores by five factors before and after surgery (CLA: conventional laparoscopic adrenalectomy, LESS-A:
laparoendoscopic single-site adrenalectomy, *p < 0.05)

(from 6.00 to 18.62) than for the first (from 5.82 to 15.29)
(p = 0.007). For the CLA group, there was no significant
difference between sub-periods (p = 0.081).

We also compared the feeling of eyestrain between sub-
periods. For the LESS-A group, the score increased sig-
nificantly more for the second sub-period (from 5.34 to
11.21) than for the first sub-period (from 5.21 to 8.00)
(p = 0.001). Again, for the CLA group, there was no sig-
nificant difference between sub-periods (p = 0.368).

@ Springer

Consideration of factors that affected fatigue score

We divided the patients on the basis of whether their
tumour was pheochromocytoma or non-pheochromocy-
toma for the purpose of investigating the effect of the
patient’s condition on the feelings of fatigue. Tumour size
was significantly larger in the patients with pheochromo-
cytoma (39.7 vs. 21.1 mm; p = 0.001); however, there
were no significant differences in the insufflation time
(p = 0.558) and estimated blood loss (p = 0.218) between
the two conditions. For the LESS-A group, there was no
significant difference in the evaluation of the overall scores
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for feelings of fatigue between conditions for the chief
surgeon (p = 0.054), scopists (p = 0.564), and assistant
surgeons (p = 0.421). For the CLA group, there was no
significant difference in the overall fatigue scores for the
chief surgeon (p =0.154) and scopists (p = 0.938),
whereas these scores were significantly higher for the
pheochromocytoma condition for the assistant surgeons
(p = 0.040). For the patients with pheochromocytoma, the
overall fatigue scores were significantly lower in the LESS
group than the CLA group for the chief surgeon
(p = 0.010), whereas there was no significant difference in
the overall fatigue scores between both groups for the
scopists (p = 0.303) and assistant surgeons (p = 0.068).
For the patients with non-pheochromocytoma, there was no
significant difference in the overall fatigue scores for the
chief surgeon (p =0.648) and assistant surgeons
(p = 0.108), whereas the overall fatigue scores were sig-
nificantly lower in the LESS group than the CLA group for
the scopists (p = 0.034) (Fig. 5a).

Furthermore, we divided the patients on the basis of
whether their tumour was large (> 5 cm) or small. For the
LESS-A group, there was no significant difference in the
overall fatigue scores for the chief surgeon (p = 0.860) and

assistant surgeons (p = 0.593), whereas the scores were
significantly higher for the large tumour condition for
scopists (p = 0.028). For the CLA group, there was no
significant difference in the overall fatigue scores for the
chief surgeon (p =0.163) and scopists (p = 0.890),
whereas the scores were significantly higher for the large
tumour condition for the assistant surgeons (p = 0.014).
For the patients with the large tumour, there was no sig-
nificant difference in the overall fatigue scores between the
LESS-A and the CLA for the chief surgeon (p = 0.153),
scopists (p = 0.487) and assistant surgeons (p = 0.109).
For the patients with the small tumour, there was no sig-
nificant difference in the overall fatigue scores between
both groups for the chief surgeon (p = 0.234), whereas the
overall fatigue scores were significantly lower in the LESS
group than the CLA group for the scopists (p = 0.017) and
assistant surgeons (p = 0.026) (Fig. 5b).

We also divided the patients on the basis of whether
their bleeding was massive (> 200 mL) or not. For the
LESS-A group, there were no cases in which the bleeding
was massive. For the CLA group, there was no significant
difference in the overall fatigue scores between massive
and non-massive bleeding for the chief surgeon
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Fig. S Comparison of overall fatigue scores between CLA and LESS-A procedures according to the factor (A: pheochromocytoma, B: tumour
size, CLA: conventional laparoscopic adrenalectomy, LESS-A: laparoendoscopic single-site adrenalectomy, *: p < 0.05)
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(p = 0.320), scopists (p = 0.754), and assistant surgeons
(p = 0.573).

Comparison of scores between groups in terms
of sense of accomplishment

The sense of accomplishment was assigned scores of 1-5
points by each of the key members of the surgical team
only after surgery. We compared the scores between
groups (Fig. 6) and found them to be significantly higher
for the LESS-A group than the CLA group for the chief
surgeon (4.11 vs. 3.10; p = 0.001) and scopists (3.70 vs.
3.06; p = 0.006). In contrast, for both groups, the assistant
surgeons felt a lower sense of accomplishment (1.60 vs.
2.00; p = 0.098). These findings suggest that the work-re-
lated fatigue score associated with the difficulty of the
LESS-A procedure may have been reduced by the feeling
of accomplishment.

Discussion

Although laparoscopic surgery significantly improves
patient comfort, the surgeon must operate in a completely
different biomechanical environment, one that is much
more demanding than the one for open surgery. Well-
known difficulties include the limited freedom of move-
ment and the lack of tactile feedback [18]. A surgeon
performing a laparoscopic procedure usually stands and
maintains a fixed head and neck position, which places
more strain on the upper body muscles. Despite the
growing use of laparoscopic surgery for a range of treat-
ments, little has been done to improve the surgeon’s
working environment and reduce the physical stresses and
strains. Although ergonomics has been addressed for many
occupations, priority has not been given to the changes
needed to reduce the stress of the laparoscopic
environment.

Many laparoscopic techniques have been developed to
reduce the size and number of ports placed during mini-
mally invasive operations in response to the demand for

MIS. LESS surgery has been performed for various uro-
logical diseases, and studies have shown that there is less
postoperative pain, recovery is faster, hospital stays are
shorter, and cosmetic outcomes especially are better com-
pared with conventional approaches [8]. Much effort has
been made to further reduce the invasiveness of laparo-
scopic surgery, but an incision is ultimately needed to
extract the specimen [19]. A common target in LESS
surgery is the adrenal gland as it is relatively small, and
laparoscopic adrenalectomy has become a common pro-
cedure. LESS surgery remains a difficult procedure, espe-
cially with the transumbilical approach, because
incomplete triangulation and more complex movements of
the articulating instruments limit effective dissection [20].
Therefore, the LESS procedure may impose a greater
physical workload on the surgeon. To our knowledge, this
is the first study to compare the feelings of fatigue between
LESS-A and CLA procedures for each of the three main
roles in laparoscopic surgery (chief surgeon, scopist,
assistant surgeon).

Several ergonomic studies have revealed that surgeons
face multiple restrictions during laparoscopic surgery that
are directly related to risk factors for exacerbating mus-
culoskeletal disorders (MSDs) [21]. Additional studies
found that the percentage of MSD prevalence is as high as
87-88% among chief surgeons who perform MIS [22, 23].
These numbers are excessively high compared with those
for the general population. Laparoscopic surgeons mainly
complain of pain or dullness in their neck, back, shoulders,
wrists, and thumbs. Symptoms associated with these dis-
orders mainly include fatigue, pain, stiffness, and numb-
ness. Such symptoms may affect surgical outcomes [24]
and may indirectly affect patient safety, which is a major
surgical priority.

Despite reports of the physical burden of laparoscopic
surgery [25], there has been barely any reduction in the
physical workload imposed on the surgeon. This may be
because a laparoscopic approach is generally preferred by
patients [26]. It is commonly believed that the physical
workload is “part of the job” for surgeons and must be
tolerated. Several studies have found that surgeons believe

Fig. 6 Comparison of sense of :
Chief surgeon
accomplishment scores (CLA: 5 9
conventional laparoscopic p = 0.001
adrenalectomy, LESS-A: 4
laparoendoscopic single-site
adrenalectomy) 3 T
2
1
LESS-A CLA

Scopists Assistant surgeons
p =0.006 p = 0.098
T
1
LESS-A CLA LESS-A CLA
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that the injury or pain they suffer may negatively affect
surgical outcomes [27, 28] and that their physical com-
plaints might affect their choice of surgical approach [5]. In
fact, one report has shown that, although LESS surgery is
often requested by patients, surgeons may not select this
approach because of its technical difficulties [7, 9].
Therefore, the number of LESS procedures has not
increased to meet demand.

Mental fatigue is a psychobiological condition caused
by prolonged severe stress [29] and is ubiquitous in clinical
practice. However, this condition is difficult to define, and
there is no standardized way to assess mental fatigue in an
objective manner. Cognitive function during extremely
stressful work in life and death situations is particularly
important and can be affected by mental fatigue. In this
study, the feeling of instability was considered to reflect the
feeling of mental fatigue, and the scores for the chief
surgeon and scopists were equivalent between groups. The
feeling of drowsiness and uneasiness was also considered
to reflect the feeling of mental fatigue. The scores for
drowsiness before and after surgery were significantly
higher for the CLA group for the scopists, and the scores
for uneasiness before and after surgery were significantly
higher for the CLA group for the chief surgeon and sco-
pists. In addition, the feelings of physical fatigue were
almost the same between groups. The sense of accom-
plishment after surgery was significantly higher for the
LESS-A group than for the CLA group. This suggests that
the positive effect of a higher sense of accomplishment
may have reduced the feelings of both mental and physical
fatigue for the chief surgeon.

Ocular symptoms, such as eyestrain, accommodative
difficulties, dry eye, and visual discomfort not only cause
the surgeon to feel uncomfortable during laparoscopic
surgery [30, 31] but also have subtle effects on the sur-
geon’s visual functions and thus require more attention.
Decreased depth perception and spatial orientation due to
the lack of natural binocular vision on a 2D display also
cause emergent pain and muscular fatigue [32]. In this
study, the degree of the feeling of eyestrain for the scopists
was higher for the LESS-A group than for the CLA group.
This is attributed to image blurring caused by using an
articulating scope in the LESS-A procedures to avoid
internal and external collisions (an articulating scope was
used in the LESS-A procedures, and a rigid one was used in
the CLA procedures).

Our study has six specific limitations. First, the sample
size was very small. Second, evaluation was performed
using only subjective measurement, not objective mea-
surement. That is, we did not perform ergonomic mea-
surements to assess the objective factors related to the
feelings of fatigue. Ergonomic measurements would be
helpful as they would provide data that could be correlated

with the results. Third, the “Jikaku-sho shirabe” ques-
tionnaire used to collect the data is used only in Japan and
has not been validated in other countries, cultures, and
practice situations. Fourth, this study would benefit by
having more data as the reporting instrument is based on
subjective “feelings” of fatigue. There would be a benefit
to collecting data on sleep hours, nutritional intake prior to
surgery, and the time when surgery was performed. We did
not collect data on these factors and did not consider the
effect of these factors on the feelings of fatigue. Fifth, this
study was performed over a long period (nearly 7 years).
Our comparison of the feelings of fatigue between the two
sub-periods for each procedure showed that, for the LESS-
A group, the scores for the feeling of local pain or dullness
were significantly higher for the second sub-period. This
indicates that aging by the chief surgeon may have
aggravated the score for the feeling of local pain or dull-
ness. Sixth, randomized trials are needed to compare fati-
gue scores before and after surgery.

LESS-A is commonly thought to be a technically diffi-
cult procedure, and we had the same belief. However, our
results revealed that for each of the three main roles in
laparoscopic surgery, physical fatigue such as the feeling of
local pain or dullness was roughly equal between the
LESS-A and CLA groups. Although LESS-A has been
reported to result in better cosmetic outcomes, the number
of LESS-A procedures being performed is actually stag-
nant. Despite the technical difficulties of LESS-A, the
actual feelings of fatigue were equivalent to those for CLA.
Since LESS-A is generally preferred by patients, efforts
should be made to educate surgeons about the actual
physical effects of performing LESS-A so that patient
demands can be met.

Conclusion

This study addressed the assumption that LESS-A is a
technically difficult procedure by comparing the feelings of
fatigue between LESS-A and CLA procedures for each of
the key members of the surgical team before and after
surgery. The results showed that physical fatigue such as
local pain or dullness was basically the same for each
member between the two procedures. This means that
surgeons should not be constrained by concerns about
feelings of fatigue and select LESS-A more often in con-
sideration of patients’ demands.
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