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INTRODUCTION 

The ability to maintain attention and concentration when 

operating under high-pressure conditions is critical in 

order to maintain performance and protect the safety of 

patients. 

 

The prefrontal cortex is integral to executive function and 

plays an important role in attention, concentration and 

performance monitoring1. However, literature from other 

fields suggests that stressful conditions leads to a loss of 

prefrontal activation and a deterioration in task 

performance2, 3. 

 

The aim of this study was to determine the effect of time 

pressure on prefrontal activation, using an autoregressive 

method to solve the general linear model (GLM), and 

technical performance during a laparoscopic suturing 

task.  

 

MATERIALS & METHODS 

33 general surgery trainees (ST3-Post-CCT fellow) were 

asked to perform a laparoscopic suturing task under (1) 

‘self-paced’ conditions, in which subjects were permitted 

to take as long as require to tie each knot, and (2) ‘time 

pressure’ conditions, in which a time limit of 2 minutes 

per knot was imposed. Participants were required to tie 5 

interrupted knots in each condition, with an inter-trial rest 

period of 30 seconds. Subjective workload was measured 

using the validated Surgical Task Load Index (SURG-

TLX) questionnaire. Prefrontal activation responses were 

inferred from changes in cortical haemoglobin species, 

measured using a 24-channel functional near-infrared 

spectroscopy system (ETG-4000, Hitachi Medical Corp., 

Japan). Technical performance was assess using task 

progression scores (au), error scores (mm), leak volumes 

(ml), and knot tensile strengths (N). 

 

Anatomical Co-registration: The geometric 

configuration of the probes placed bilaterally on the PFC 

was co-registered to a standard head volume (Colin27 

MRI atlas4) in order to establish the approximate 

prefrontal regions from which data was collected. Co-

registration was performed using an open source 

toolbox5. Probe coordinates were captured using a 3D 

digitizer and were used to project the channel locations 

onto a cortical surface. Sensitivity of each channel in 

terms of depth of brain tissue that near-infrared light 

could penetrate was estimated by modelling photon 

migration within the head volume. 

 

General Linear Model (GLM): The haemodynamic 

response to the functional stimulus was analysed using a 

boxcar function, designed on the basis of timeline and 

type of stimulus events. A linear model of an evoked 

response is given as Y=Xβ, where X is the design matrix, 

and β is the estimate of the magnitude of brain activity. 

A limited number of coefficients (β) are used to enable 

statistical testing of differences in brain activity between 

different task conditions. An iteratively whitened 

weighted least-squares regression model along with 

canonical repressors of the stimulus task was employed 

to estimate the expected response as described by Barker 

et al6. 

 

RESULTS 

Subjective Workload and Heart Rate 

Subjective workload was significantly greater in the time 

pressure compared to the self-paced condition [mean 

SURG-TLX score ± SD: 136.6 ± 47.0 vs 183.4 ± 51.8; 

t(30) = -7.3, paired samples t-test p<0.001]. There was no 

significant difference between conditions in the change 

in heart rate from rest to task (Figure 1). 

 

Technical Performance 

Time pressure led to a significant deterioration in task 

progression score [median task progression score (IQR): 

self-paced = 6.0 (0.2) vs time pressure = 5.0 (1.6); z=-

4.5, Wilcoxon Signed Ranks p<0.001], and a significant 

increase in error score [median error score (IQR): self-

paced = 2.0 (2.2) mm vs time pressure = 3.0 (2.2) mm; 

z=-2.0, Wilcoxon Signed Ranks p=0.041], leak volume 

[mean leak volume ± SD: self-paced = 17.4 ± 2.0 ml vs 

time pressure = 18.8 ± 2.5 ml; t(30) = -3.1, paired samples 

t test p=0.004], and knot tensile strength [mean knot 

tensile strength ± SD: self-paced = 40.4 ± 17.3N vs time 

pressure = 18.5 ± 19.0N; t(30) = 5.2, paired samples t test 

p<0.001] (Figure 1). 

 

Cortical Brain Function 
The mixed–effect model revealed diminished prefrontal 

activation in the time pressure condition as compared to 

the self-paced condition on the group level for the cohort 

of surgical trainees.  This is evident in Figure 2, where 

the colour of the channels (straight lines connecting the 

optodes) depicts t-values computed using a student’s t-
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test with a Bonferroni correction (p<0.05). The non- 

significant channels are shown using dotted lines.  

 

Relative to self-paced performance, operating under time 

pressure, manifest as a 40% decline in activation.  

 
DISCUSSION 

Our findings suggest intra-operative temporal demands 

lead to performance decline and attenuation in prefrontal 

excitation. This implies that under pressure trainees fail 

to adequately recruit prefrontal resources and maintain 

task engagement. Future work should seek to develop 

training strategies and/or innovations (e.g. 

metacognition/mental rehearsal) that mobilise prefrontal 

regions, enhance task engagement and improve 

surgeons’ performance under pressure. 
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Figure 1.  Normalised subjective workload, change in heart rate 

and performance scores in self-paced (blue bars) and time 

pressure (red bars) conditions. SURG-TLX: Surgical Task 

Load Index; HR: Heart Rate. *p<0.05.  

Figure 2.  Whole group brain activation maps obtained using 

the GLM for (a) self-paced and (b) time pressure condition. 

Channels are highlighted using colour coded straight lines 

joining a source-detector pair. The colour bar is indicative of 

the t-values (red indicates high t-value, whilst blue indicates 

low t-values). Non-siginificant channels are shown as dotted 

lines.     


