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Abstract

Background Intermittent work breaks are common in

fields with high workload but not yet for surgeons during

operations. We evaluated the effects of intraoperative

breaks during complex laparoscopic surgery (5 min every

half hour) on the surgeon.

Methods Fifty-one operations were randomized to a

scheme with intraoperative breaks and release of the

pneumoperitoneum (intermittent pneumoperitoneum (IPP))

or conventional conduct (CPP). Stress hormones and

a-amylase were determined in the surgeon’s saliva pre-,

intra-, and postoperatively. Mental performance and error

scores, musculoskeletal strain, and continuous ECG were

secondary endpoints.

Results Regular intraoperative breaks did not prolong the

operation (IPP vs. CPP group: 176 vs. 180 min, p [ 0.05).

The surgeon’s cortisol levels during the operation were

reduced by 22 ± 10.3% in the IPP vs. the CPP group

(p \ 0.05). There were significantly fewer (p \ 0.05)

intraoperative events in the IPP vs. the CPP group, which

yielded higher a-amylase peaks. The pre- to postoperative

increase in the error rates of the bp-concentration test was

fourfold reduced in the IPP group (p = 0.052). The rele-

vant locomotive strain-scores were grossly reduced by IPP

(p \ 0.001).

Conclusions Our data support the idea that work breaks

during complex laparoscopic surgery can reduce psycho-

logical stress and preserve performance without prolonga-

tion of the operation time compared with the traditional

work scheme.

Keywords Intermittent pneumoperitoneum � Work

breaks � Complex laparoscopic surgery � Stress hormones �
Concentration–error performance

In many work environments where a high performance has

to be delivered over a sustained time period, short, inter-

mittent breaks are used to control workload and reduce

error. Air traffic controllers or U.N.-simultaneous transla-

tors are supposed to have breaks every 20 min [1, 2]. This

is not yet common practice for long operations. The image

of the infatigable surgeon has powerful sociocultural roots

that extend from historical novels to contemporary broad-

casts [3].

However, the demands to the surgeon have changed

since video techniques have added a high spatial recogni-

tion task load to the classical demands of persistence and

precision [4]. It results from the constant switch between a

two-dimensional televised feedback and three-dimensional

instrument operation. The visual input is further restricted

by smoke from diathermy and oligochrome color defini-

tion. Processing the incoming sensory information, real-

time decision making [5], and the required motor output

may add up to a maximal recruitment of operator
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resources. An experienced onlooker may recognize this

‘‘work load red line’’ [6, 7]; the operator perseveres or

proceeds to a false move.

Incident prevention is one, fatigue the other, less spec-

tacular issue of high workload: the effort has to be raised to

maintain performance constant during an entire procedure

[8, 9]. Many will confirm the observation that the devel-

opment of fatigue is correlated with difficulty [10]: i.e.,

after an hour of difficult laparoscopy one may feel ‘‘drained

of energy’’ but may yet have barely started on the day’s

operating list.

Breaks are the oldest method to counteract fatigue.

Alpinists discuss break schemes as a key success factor for

the historic first climb on Mt. Everest; traditional climbing

involved a long break every 4 h. Contrastingly, the suc-

cessful party in 1953 moved according to the so-called

‘‘Sherpa scheme,’’ which means 50 min fast climb fol-

lowed by a mandatory break of 10 min (Reinhold Messner,

e-mail 10/2007).

Inspired by this scheme, we tested the hypothesis that

breaks during long duration laparoscopic operations lower

the surgeon’s stress response and improve performance and

well-being [11].

Methods

We designed a randomized, controlled trial in which

complex laparoscopic operations (Table 1, inclusion cri-

teria) in children were subjected to a break scheme con-

sisting of 25-min work periods followed by 5-min

unstructured breaks (Fig. 1), during which the pneumo-

peritoneum was released (IPP group). The control group

consisted of operations performed without breaks, termed

CPP group (continuous pneumoperitoneum).

Surgeon endpoints

Surgeons (n = 7, 6 man/1 woman), all with [300 laparo-

scopic procedures experience), were monitored biometri-

cally, by task measures, and by use of behaviorally

anchored self-report questionnaires. The primary endpoint

was the hormonal stress response of the operating surgeon.

The strain markers, cortisol, amylase (served as surrogate

parameter for adrenal activation [12]), and testosterone,

including the control dehydroepiandrosterone (DHEA),

were measured from the surgeon’s saliva [13]. Sample

collection was performed by passing unused straws behind

the surgeons mask. Sample moments were placed after the

breaks/events according to the physiological kinetics of

hormones in saliva (Fig. 1).

Steroids were determined using competitive chemilumi-

nescence immunoassays (IBL, Hamburg, Germany www.

IBL International, Hamburg/Germany; www.ibl-international.

com). Alpha-amylase was essayed by ELISA (Roche

Diagnostics, Mannheim/Germany; www.roche.com). Detailed

time-resolved mission protocols from each operation scenario

were recorded [14]. Analysis of the results was focused on the

interval where fatigue first becomes relevant (beginning 1 h

after the start of the operation).

Secondary endpoints for the surgeon included:

1. Biometry by continuous ECG (Getemed Cardio

Memory software, Berlin-Teltow, Germany). Sudden

intraoperative ‘‘events’’ were defined by a heart-rate

increase [30% or [20 bpm plus a specified context

from the mission scenario record (loss of exposure,

bleeding, difficulties in performing a motor action,

such as dissection or knot tying).

2. Psychometric studies: concentration and performance

were tested pre- and postoperatively for 3 min each

(bp-test [15]). In the bp-test the error rate (concentra-

tion) is defined as the percentage of false out of the

Table 1 Cohort data

IPP CPP

Patients

Total 26 25

Age \ 1 yr 11 10

Procedure

Hepatojejunostomy/Kasai 3 8

Duodenal reconstruction 1 0

(redo) Fundoplication 8 6

Partial nephrectomy 7 5

Pyeloplasty 7 6

Past history

Previous abdominal surgery 7 8

IPP intermittent pneumoperitoneum, CPP conventional conduct

5`

70‘ minutes55‘

operation
start break

Saliva sampling

break break

40‘

25 min 25 min 25 min5` 5`

Fig. 1 IPP break scheme protocol. Operations were structured into

successive 30-min blocks. These consisted each of 25 min of work

followed by a 5-min break with release of the pneumoperitoneum.

Saliva was sampled just before and 10 min after the break.

Preoperative samples were taken at 7.30 a.m. and before the incision

was made
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total number of completed markings. The test is

designed as supramaximal task (the number of ran-

domly compiled rows of b and p signs is higher than

the tested subject can conclude in the given time), such

as the overall capacity can also be determined.

Self-ratings of own satisfaction, performance and fatigue

were measured with Likert item rating scales using ques-

tionnaires derived from the NASA Task load index [16].

To eliminate possible selection bias, scales were behav-

iorally anchored (scale plus explicit verbally descriptive

answer) where appropriate [17].

3. Musculoskeletal system (MSS) and ophthalmologic

strain: wear-off effects of the relevant MSS elements

were evaluated in detail on rating scales [6] ranging

from 1–10 (1 = uninfluenced; 10 = maximum

fatigue).

General:

The trial was approved by Hannover Medical School

ethical committee (No. 4165; 3-2-2006) and registered

(ClinicalTrials.gov; NCT 01009372). Informed, written

consent was obtained from parents and the operators.

Randomization was done in the operating room before the

incision by a research fellow uninvolved with clinical

duties by picking one sealed envelope containing the group

information.

The insufflation pressure for the pneumoperitoneum was

p = 8 mm mercury provided by an Electronic Endoflator

(www.karlstorz.de). Operations started in the morning

(10:29 a.m. ± 1:44 (IPP) vs. 10:38 a.m. ± 1:44 (CPP)).

The duration of the operations (incision–skin closure) was

corrected for their complexity by multiplication with a

correction factor1 assigned to each type of procedure (e.g.,

fundoplication vs. choledochal cyst).

Statistics and computing: The sample size was calcu-

lated for the primary endpoint saliva steroids to n = 21

patients per group based on preliminary experiments with

five operations by IPP and CPP (software: nQuery,

http://www.statsol.ie). The source database was closed

February 2008. The independent t test and for small sam-

ples the Mann–Whitney test were performed using SPSS

(www.spss.com). Correlations were determined according

to Pearson’s algorithm. For integrations (determinations of

the area under the curve, AUC), we employed Microcal

origin version 7.5. (www.microcal.com).

Results

IPP and CPP operations were equally distributed among the

surgeons (nIPP/nCPP: A = 11/12, B = 6/4, C = 5/4,

D = 2/1, E = 0/1, F = 1/3); also the groups were com-

parable regarding other human factors (tobacco/coffee/

tea-consumption, meals; data not shown).

Surgeon’s primary endpoints: saliva stress hormones

The saliva cortisol levels of surgeons operating without

breaks were significantly higher by 22% than those of

surgeons operating with breaks (from 55 to 100 min after

the start of the operation, p \ 0.05; Fig. 2).

DHEA levels were not altered significantly (AUC:

30.3 ± 12 (IPP) vs. 35.2 ± 18 (CPP), p [ 0.05). Corrected

for interindividual baseline variations testosterone showed

a graph comparable to cortisol (AUC 21 ± 11 (IPP) vs.

26 ± 13 (CPP), p [ 0.05). For the female surgeon, there

were highly significant differences in favor of the IPP

scheme (AUC: 33.1 ± 9 (IPP) vs. 88 ± 6 (CPP), n = 7,

p \ 0.001).

Saliva hormones and intraoperative events: There were

significantly more intraoperative events in the CPP group

(nIPP = 64 vs. nCPP = 91, p \ 0.05) and event-related

alpha amylase peaks were higher in the IPP group

(164 ± 73 u/l vs. 152 ± 69 u/l (CPP), p [ 0.05). Inver-

sely, the event-related cortisol concentrations in saliva
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Fig. 2 Saliva cortisol graphs over time for the intermittent (IPP) and

continuous (CPP) pneumoperitoneum groups. The start of the

operation was normalized to zero. The area under the curve in the

interval from 55 to 100 min after the start of the operation decreased

by 22% (AUCt = ?55 min-t125 min = 57.8 ± 29 (IPP) vs. 70.4 ± 37;

p \ 0.05)

1 Correction factor for complexity (cf): Mean results for every

procedure were referenced to the most abundant operation in this

series (pyeloplasty, which was assigned the factor 1.0).

Cf ¼ over all mean durationðoperation typeÞ
over all mean durationpyeloplasty

RcfIPP or CPP�group=noperations IPP or CPP group

¼ mean cfIPP or CPP group

mean cfIPP or CPP group �mean durationIPP or CPP group

¼ corrected duration
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were lower in the IPP group (87 ± 39 mmol/l (IPP) vs.

103 ± 59 mmol/l (CPP), p \ 0.05). The first derivation of

the amylase time–concentration graph (marker for steadi-

ness in the graph/operative conduct) has more zero-cross-

ings in the CPP than in the IPP group (n = 4.5 ± 1.8 (CPP)

vs. n = 3.7 ± 1.9 (IPP), p = 0.06). The saliva results are

summarized in Table 2.

Surgeon’s secondary endpoints

For the biometry by continuous ECG we found a signifi-

cantly higher start–end variability in the conventional

group (0.9 ± 9 (IPP) vs. 6 ± 10.7 (CPP), p \ 0.05). Other

parameters did not significantly differ among groups.

The concentration and performance test results (d2-test)

in the CPP group from pre- to postoperatively have a

decreased performance score and increased error rate. In

contrast, the IPP break scheme maintained the overall

performance and error rates. The intergroup differences for

‘‘performance’’ were significant (p \ 0.05), and those for

‘‘error’’ were at the threshold to significance (p = 0.06)

because of one tested individual’s problem solving

behavior, which markedly traded off accuracy for speed

[18]. However, the IPP error rate was threefold lower than

the CPP error rate (Fig. 3).

Instantaneous self assessment scales (Fig. 4) showed a

lesser increase in fatigue from pre- to postoperation in the

IPP group (?15% ± 9% (IPP) vs. ?28% ± 17% (CPP),

p \ 0.005). The perceived impairment by fatigue was

lower in the IPP group. There also was a decrease in per-

ceived stress.

For the musculoskeletal strain and pain scores, signifi-

cant improvements (p \ 0.001) were recorded throughout

the upper extremities locomotive and the trunk’s static

elements (summary scores in Fig. 5). The fatigue score for

the eyes improved by 50% from 1.92 ± 2.48 (CPP) to

0.96 ± 1.27 (IPP) (p = 0.09).

General data

The mean complexity factors of the surgical procedures

(0.98 ± 0.98 (IPP break scheme) vs. 1.01 ± 0.33 (CPP))

were comparable (p [ 0.05) between groups. The mean

operation time corrected for complexity was 176 ± 45 min

in the IPP versus 180 ± 49 min in the CPP group

(p [ 0.05). There were two postoperative complications

(none of it infectious) and two conversions to open surgery

in each group.

Discussion

The work routine under review in this paper is nothing less

than the traditional surgical operation. Our data provide for

the first time a rational basis for compulsory breaks within

surgical operations. A part of the biometry relies on saliva

hormone and enzyme data. In the past the majority of

saliva measurements were performed only after the task

was completed [19]. The present samples were obtained

during the operation with a straw from behind the sur-

geon’s mask, which proved to be a low intrusion on the
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Fig. 3 Pre- to postoperative results of the d2 concentration–perfor-

mance test. A Pre- to postoperative changes in the concentration score

in the IPP vs. CPP group. B Pre- to postoperative change of the error

rate referred to the baseline. p values are stated for the intergroup

difference CPP vs. IPP

Table 2 Summary of saliva results

IPP CPP p Value

Cortisol . m \0.05

DHEA . m NS

Testosterone . m \0.001

Amylase m . NS

Arrows indicate pre- to postoperative evolution of the parameter;

m increase, .decrease

NS not significant
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primary task. In all instances, the surgeon continued to

observe the monitor while being sampled. This method

may be recommended for future use.

Cortisol, the classical hormone involved in stress [20], is

liberated into the saliva independently of the saliva flow

rate [21]. Our results were corrected for the circadian

effects of different starting times. They demonstrate for the

group making regular breaks significantly lower cortisol

liberation from approximately 1 h after the start of the

operation and onwards—the time interval where fatigue

effects commonly occur. The differences persist to the end

of the operation, even though the statistical significance is

lost due to fluctuating CPP/IPP group sizes because—with

time—some operations are finished, whereas others

continue.

Besides its proverbial role in the achievement of com-

plex tasks, testosterone is increasingly regarded as a valid

workload-marker, especially in women [22, 23]. We con-

firmed our cortisol results; there was a strong trend toward

lower intraoperative testosterone levels in those surgeons

operating according to the IPP break scheme. For the

female values, not impeded by the strong interindividual

baseline variations of the males, this difference in favor of

the IPP scheme was highly significant.

The time–concentration graph of dehydroepiandroster-

one (DHEA) termed ‘‘anti-stress’’ hormone or a ‘‘func-

tional’’ negative control did not differ significantly between

the IPP and CPP groups [24].

We next looked at sudden threatening ‘‘events’’ defined

by the context and a significant HR increase. Many readers

will confirm from their own experience that such ‘‘events’’

do induce changes in saliva composition; perceptions range

from ‘‘bitterness in the mouth’’ to ‘‘thickened saliva.’’

These subjective sensations corresponded to measurable

changes: (1) in the IPP group, the total number of events

was significantly lower than in the conventional group; and

(2) in the amylase time-concentration graph, there were

fewer slope changes pointing to a ‘‘quieter’’ conduct of the

intervention. Mean cortisol after events was higher in the

CPP group. However, rather surprisingly the amylase peaks

(a surrogate parameter for adrenergic activation) associated

to events were higher (p = 0.06). This is a new observation

and may indicate that an operator working according to a

break scheme retains a higher capacity for adrenergic

reaction to unexpected adversities than a fatigued one.

The continuous trace ECG showed that there was a

significantly less heart rate increase from start to the end of

the operation in those participating in the IPP break scheme

[25]. Because the ECG is prone to contamination by anx-

iety and physical activity we may only conclude, very

broadly, that IPP decreased both physical and mental

fatigue [26].

Postoperative performance–concentration measurements

indicated a conservation of performance and significantly

lower error rates in those surgeons adhering to the IPP

scheme. The importance of this IPP effect on the objective

performance markers is underlined by the fact that its

statistical significance was not ablated by the interindi-

vidual differences in the d2 test problem-solving approa-

ches among the tested surgeons, which increased data

variance [18]. The importance of the concentration–per-

formance study results is underlined by the fact that sur-

gery, compared with many other fields, is a domain with

very high penalty for error in instantaneous signal detec-

tion/vigilance tasks on sensory channels [27].
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Subjective performance markers, postoperative satis-

faction with the procedure, fatigue, and well-being were

evaluated on behaviorally anchored rating scales. In our

study preoperative values were identical among both

groups, whereas postoperatively in the IPP group fatigue

and perceived impairment by fatigue were significantly

reduced. The maximal perceived stress also was decreased,

which can be explained by the fact that fatigue raises the

workload [6, 28].

The surgeon’s pain and strain scores of the muscular

skeletal system after IPP operations were highly signifi-

cantly lower than those after CPP surgery. This was a

consistent finding even from those operators who disliked

the IPP break scheme in whom an emotional contamination

toward the opposite direction could be expected.

It was finally of major concern whether the benefits for

the surgeon were at the cost of the patient. Surprisingly, the

breaks did not prolong the operating time at all.

In conclusion, the IPP break scheme decreased the

surgeon’s stress hormones, the count of intraoperative

events, and the objective error–performance scores. It

increased the surgeon’s well-being without any disadvan-

tageous prolongation of the operation time.

The effect sizes reported were all seen only for the

surgeon. We are currently evaluating the effect of breaks

and the interruption of the pneumoperitoneum on pediatric

patients.
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