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Target audience: MRI scientists, neuroscience researchers, physiologist and anesthesiologist 
Introduction: Isoflurane is an inhalational anesthetic widely used in surgical or non-surgical procedures and in vivo imaging researches. Previous 
studies reported that long-duration isoflurane administration would interfere with memory function in adult rats [1] and may cause brain cell death, 
neurocognitive decline in immature rats [2]. Also, it is demonstrated that repeated exposure to anesthesia and surgery in children is an important 
factor of learning disabilities [3], and the duration of general anesthesia is correlated with the risk of postoperative morbidity and mortality [4]. 
However, the effect of long-duration isoflurane administration on cerebral physiology still remains poorly understood. Non-human primates (NHP) 
resemble most aspects of humans and are widely used in preclinical studies and various neuroscience researches. In the present study, adult rhesus 
monkeys were used to examine the long-duration effect of isoflurane in cerebral cortex using the continuous arterial spin-labeling (CASL) perfusion 
MRI [4].  
Methods: Adult female rhesus monkeys (n=5, 7-11 years old) were employed. The 
animals were anesthetized with ~1% isoflurane (~0.8 MAC) mixed with oxygen for 
about 4 hours. O2 saturation, blood pressure, heart rate, respiration rate, body 
temperature and PaCO2, etc, were monitored continuously. All the physiological 
parameters were recorded and maintained in normal ranges. Isoflurane dosage was 
measured continuously with an anesthesia monitor (GE Datex-ohmeda 
Cardiocap/5). CBF data were acquired ~15 minutes after animals were moved into 
the scanner (Siemens 3T Trio with a Tx/Rx volume coil). The MRI parameters 
were: TR/TE = 4000ms/25ms, FOV= 96 mm × 96 mm, data matrix = 64 × 64, 16 
slice with slice thickness = 1.5 mm, post-labeling delay = 0.8 s, labeling duration= 
2.0 s. 80 pairs of control and labeling images were acquired and repeated 6 times at 
each session. Data analyses were performed using home-built Matlab scripts 
(MathWorks, MA) and Stimulate software (http://www.cmrr.umn.edu/stimulate 
[5]. The CBF maps at the starting and end time points are shown in Fig.1.  The bilateral caudate, putamen, globus pallidus (GP), anterior cingulated 
cortex (ACC), posterior cingulate cortex (PCC), thalamus, cerebellum, white matter (WM) and grey matter (GM) were selected as regions of interest 
(ROIs) for data analysis. Paired t-test was performed for statistical analysis. 
Results: The CBF change in monkey brains maintained under ~1% isoflurane for 4 hours is illustrated in Fig 1. CBF decreased significantly in grey 
matter and thalamus (p<0.01), ACC, WM, PCC and cerebellum (p<0.05), and increased in putamen (Fig 2). No obvious changes in mean arterial 
pressure (MAP) were observed during the 4-hour anesthesia though MAP showed decreasing trend (Table 1). Heart rates decreased significantly 
(Table 1).  
Discussion and conclusion: The results demonstrated general and significant CBF reduction in most brain areas under maintenance dosage of 
isoflurane with long duration, except for putamen in which CBF showed significant increase. Previous monkey study suggests the 0.75-1.5% 

maintenance doses isoflurane results in dose-dependent CBF increase mostly in subcortical structures [5]. The present result indicates that long-
duration isoflurane exposure causes general CBF reduction in both the cortical and subcortical structures. Such CBF reduction may be one of main 
factors for the reduction of cognitive function because significant correlation was observed between CBF reduction and cognitive function in clinic 
[6] and Long-duration isoflurane exposure can cause neurocognitive dysfunction in neonatal brains [2]. In another hand, long duration isoflurane 
cause decreased autonomic nervous system activity which might also contribute to the wide reduction of CBF. Significant decrease in heart rate 
might indicate  the cardiovascular depression which is seen in clinic under isoflurane anesthesia [7]. The potential mechanism of association between 
the long-duration isoflurane and CBF changes need to be further elucidated.  
In conclusion, Long-duration administration of isoflurane under maintenance dosage might cause general CBF reduction in most brain areas. As 
maintenance of CBF is essential for normal brain functionality, the CBF reduction may affect cognitive performance and vascular reactivation, 
indicating the effect of long-duration anesthesia should be considered in both clinical and preclinical neuroscience researches and medical 
interventions.  
Reference:  [1] Culley, D. J., et al. Anesthesiology (2004). [2] Stratmann, G., et al. Anesth Analg (2009). [3] Flick, R.P., et al., Pediatrics (2011). [4] 
Phillips, B.T., et al., Ann Plast Surg, (2012). [5] Li, C.X., et al., Neurosci Lett (2013). [6] Shiraishi, H., et al., J Clin Neurosci (2004). [7] Kato, M., et 
al., Anesthesiology (1992). 
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Fig 2. CBF changes in selected ROI after using 4 hours 1% isoflurane in normal monkeys, n=4,
error bar is indicated standard deviation, **, p<0.01; * p<0.05 vs 0h. 1% isoflurane. h, hour. 

Figure1. Representive CBF 
maps of a monkey brain 
under 1% isoflurane in the 
beginning (top row), and 4 
hours (middle row) acquired 
with the pseudo continuous 
ASL (pCASL) technique at 
3T.  The difference map 
between them is shown at 
bottom row.  

 

 MAP (mmHg)  Heart rate (beat/min) 

0 h isoflurane 89±10  149±7 

4 h isoflurane 79±7  137±8* 

Table 1. Blood pressure and heart rate changes in monkeys maintained with 
~1% isoflurane for 4 hours. Data are reported as means ± SEM,*p<0.05 
compared to starting time point, MAP: mean arterial pressure. h: hour 
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