Appendix 2

Assessment of the effect of BIS<40 for >5 min on mortality, MI and stroke

Introduction

To properly assess the effect of BIS <40 for >5 min among patients randomized to the BIS group, one has to control, to the degree possible, for the numerous pre-monitoring covariates that may have influenced such values occurring, whether the value was intentionally targeted by the anesthesiologist or whether it resulted from the preoperative status of the patient. Propensity scoring is a technique employed to control for numerous baseline covariates using a single covariate, the propensity score, which is the probability of receiving “treatment” given the baseline covariates.  In this setting, “treatment” is the event that the BIS was <40 for >5 min.  

Propensity scoring adjustment can be applied in a number of ways. Here we employed an implementation using inverse probability weighting called “marginal structural modeling.”19 We chose this method over stratification or matching because, for analysis of survival times via Cox regression or binary outcomes via logistic regression, only  inverse probability weighting produces estimates of the “causal” parameter that would be estimated in a randomized trial of BIS<40 for >5 min versus other BIS, with perfect blinding, compliance and no loss to follow-up. Such a parameter is called a marginal effect: stratification and matching produce estimates of conditional effects which generally differ from the marginal effects in these situations. 20 Note that propensity scoring analysis alone does not necessarily enable causal interpretation: there are explicit assumptions which must be met, including the requirement that the propensity score model is correct.

Methods 

 We estimated a propensity score model for “treatment” (i.e. BIS <40 for >5 min) using the following pre-BIS-monitoring characteristics: number of patients randomized at center and its square, number of days since trial commencement and its square, age and age-squared, patient sex, ASA status, whether patients were in  risk categories of hypotension, hypovolemia, prior awareness, alcohol dependence, benzodiazepine or opioid dependence, emergency status, planned extent of surgery, whether cardiac surgery was planned, whether cesarean delivery was planned, whether propofol maintenance was chosen, whether nitrous oxide was chosen, and interactions of age with all other patient characteristics. The percentage of patients in each center with BIS never <40 for >5 min ranged between 17% and 67% (except for two centers that recruited 3 patients each where all patients recorded BIS <40 for >5 min). Inverse probability weights were then computed as 1/(propensity score) for patients with BIS <40 for >5min and as 1/(1-propensity score) for other BIS patients.  Regression analyses were then performed using a model with BIS <40 for >5 min as the only predictor, and with weights as the inverse probability weights.  In general, the effect of this form of weighting is to create a “pseudo-population” in which all covariates are balanced across treatment arms (as in a randomized trial), and for which the unadjusted effect estimate is equal to the marginal causal effect estimate in the original population under study. 

Results

Table A2-1 displays summary statistics for each covariate by study arm (i.e. BIS <40 for >5 min or not), for the original data and for the weighted data using the inverse probability weights computed as above. To facilitate comparison, a standardized measure is provided which is computed as the difference in means between study arms divided by an estimate of the pooled standard deviation.21 Standardized differences of >10% are regarded as representing meaningful imbalances. It is apparent in Table A2-1 that the standardized differences were all reduced, often dramatically, when the weights were applied. Results of the unweighted and weighted regression analyses are presented in Table A2-2. 

Discussion

The propensity weighting process produced hazard ratios and odds ratios for mortality, myocardial infarction and stroke that were consistent with, but not exactly the same as, the unweighted/unadjusted values. This should not be interpreted as the pre-monitoring covariates not having any confounding effects individually; rather, the amalgam of their individual confounding effects produces only a small amount overall confounding.   
Table A1 -1: Pre-monitoring factors predicting BIS <40 for >5 min

	
	Unweighted
	Propensity Weighted

	Factor
	BIS <40 

for >5mins
	Other BIS
	STD*
	BIS <40 

for >5mins
	Other BIS
	STD*

	Center size* (mean)
	141.2
	112.7
	+32.1%
	133.8
	137.2
	-3.9%

	Calendar date (mean)
	09 Nov 2001
	17 Oct 2001
	+10.3%
	02 Nov 2001
	06 Nov 2001
	-1.7%

	Age (mean) 
	58.1
	58.0
	+0.6%
	58.0
	57.5
	3.1%

	Male sex
	61.9%
	60.2%
	+3.5%
	61.1%
	61.3%
	-0.6%

	ASA physical status
	
	
	
	
	
	

	1-2
	19.8%
	33.3%
	-30.9%
	23.6%
	22.5%
	+2.6%

	3
	46.2%
	39.6%
	+13.4%
	44.4%
	44.4%
	+0.0%

	4-5
	34.1%
	27.1%
	+15.2%
	32.1%
	33.1%
	-2.1%

	Extent of surgery
	
	
	
	
	
	

	minor
	7.5%
	11.0%
	-12.1%
	8.5%
	8.6%
	-0.4%

	intermediate
	16.0%
	21.8%
	-14.9%
	17.7%
	16.9%
	+2.1%

	major
	76.6%
	67.2%
	+21.0%
	73.8%
	74.5%
	-1.6%

	Emergency surgery
	14.8%
	14.4%
	+1.1%
	14.7%
	16.9%
	-6.1%

	Cardiac surgery
	47.4%
	29.7%
	+37.1%
	42.4%
	41.2%
	+2.4%

	Propofol maintenance
	48.5%
	31.1%
	+36.05
	43.7%
	41.8%
	+3.8%

	Nitrous oxide
	31.7%
	44.4%
	-26.3%
	35.1%
	37.1%
	-4.2%

	Awareness risk factor
	
	
	
	
	
	

	Anticipated hypotension
	23.3%
	28.8%
	-12.6%
	24.9%
	24.8%
	+0.2%

	Alcohol dependence
	5.6%
	6.2%
	-3.0%
	5.7%
	4.9%
	+3.3%

	Benzodiazepine or

opioid dependence
	11.8%
	7.3%
	+15.3%
	10.6%
	12.4%
	-5.7%

	Cesarean Section
	3.7%
	13.6%
	-35.7%
	6.3%
	6.2%
	+0.3%

	Past history awareness
	7.2%
	6.2%
	+4.1%
	7.1%
	7.6%
	-2.1%


BIS = bispectral index; STD = standardized difference; ASA = American Society of Anesthesiology.  N = 871 patients with BIS <40 for >5 min and n = 354 for Other BIS patients. * Number of patients randomized at that center.


Table A2-2: Unweighted and propensity weighted regression analyses

	
	Unweighted
	Propensity weighted

	Outcome
	HR/OR*
	95% CI
	P
	HR/OR*
	95% CI
	P

	Mortality
	1.28
	0.97-1.70
	0.084
	1.41
	1.02-1.95
	0.039

	MI
	1.81
	1.09-2.99
	0.021
	1.94
	1.12-3.35
	0.018

	Stroke
	3.31
	1.40-7.81
	0.006
	3.23
	1.29-8.07
	0.012


HR = hazard ratio; OR = odds ratio; CI = confidence interval; MI = myocardial infarction *Ratios comparing “bispectral index <40 for >5min” to “other bispectral index values”; HR for mortality and odds ratio for MI and stroke

