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AIMS: 
Surgeons experience a wide range of stressors in the operating room which may increase cognitive workload, degrade performance and jeopardise patient safety (Wetzel et al., 2006). Neuroimaging research of cognitive load in  non-surgical domains suggests a quadratic model of brain activation in which prefrontal cortex (PFC) activity initially scales linearly with mental workload (Ayaz et al., 2012, Izzetoglu et al., 2004), but then diminishes at the highest levels of cognitive burden (Durantin et al., 2014). This highlights the utility of functional neuroimaging as a measure of mental workload, as a potential predictor for excessive mental strain and cognitive disengagement. Whilst neuroimaging techniques have been used to assess surgeons’ brain function, research has focused on understanding the cognitive mechanisms that underpin skills learning (Leff et al., 2008, Ohuchida et al., 2009). The neural correlates of the cognitive processes in surgeons operating under stressful conditions remain to be investigated. Capitalising on functional near infrared spectroscopy (fNIRS), the purpose of this study is to determine patterns of cortical haemodynamic change in the PFC in surgeons performing a minimally invasive surgical task under a high cognitive load condition.
METHODS: 
27 surgeons (median age 32 years; 26 right hand dominant) were asked to laparoscopically suture a 2cm defect in a Penrose drain placed in a bench-top box trainer (Figure 1). Subjects performed the task 5 times (inter-trial rest period of 30 seconds) under two conditions: (1) “self-paced”, in which the surgeons were permitted to take as long as required to tie each knot (low cognitive demand); and (2) “time pressure”, in which they were given a maximum of 2 minutes to tie each knot (high cognitive demand). A 24-channel fNIRS system (ETG-4000, Hitachi Medical Corp., Japan) with optodes arranged in two 3×3 arrays was used. The channels were placed over the bilateral prefrontal cortices using the 10-20 electrode placement system and 3D coordinates of the channels were acquired using an electromagnetic probe positioning digitiser (Polhemus, USA). Subjective workload was quantified using the Surgical Task Load Index and continuous heart rate monitoring was used to measure the physiological stress response. Task progression scores, accuracy scores (distance between needle entry/exit points and pre-marked points on the drain), leak volumes, and tensile strength of the knots were used as surrogates of technical skills. 
Optical data were pre-processed using HOMER (Huppert et al., 2009). Relative changes in light intensities were converted to changes in haemoglobin concentration by applying the modified Beer–Lambert law. A first-pass analysis was performed in which haemodynamic patterns were visually inspected to identify the channels in each subject in which a pronounced task-induced increase or decrease in HbO2 occurred.
RESULTS: 
[bookmark: _GoBack]The time pressure condition led to a significant increase in subjective workload and deterioration in performance. (Table 1). An increase in HbO2 was observed in a similar number of channels in each condition (mean number of channels in self-paced vs time pressure: 7.8 vs 7.3, p=0.736). Likewise, task-related HbO2 decreases were observed in a similar proportion of channels regardless of condition (self-paced vs time pressure: 4.9 vs 5.7, p=0.451). A task-induced increase in HbO2 was observed in left dorsomedial channels in the “self-paced” condition, and in left ventromedial channels in the “time-pressure” condition. A task-induced decrease in HbO2 was observed in ventrolateral channels in both hemispheres during both conditions (Figure 2).   
CONCLUSIONS: 
fNIRS is a suitable modality by which to study surgeons’ brain function during high fidelity tasks, and may elicit a dissociable cortical response to high cognitive load states. Surgeons operating under temporal demands exhibit spatially distinct areas of PFC activation, coupled with a deterioration in performance. 
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