
101 
 

analytic technique assessing directed connectivity (Lee et al., 2013).  The authors demonstrated 

that each of these molecularly and neurophysiologically diverse anesthetics disrupted feedback 

connectivity (Lee et al., 2013).  Another technique for identifying the breakdown of cortical 

connectivity and communication is the perturbational complexity index (PCI).  PCI assesses the 

EEG’s response to transcranial magnetic stimulation and is an index of the level of information 

contained in the response of the brain to the perturbation of the stimulus (Casali et al., 2013).  

The findings indicated that PCI successfully demonstrated the breakdown of cortical 

communication in anesthetized patients (Casali et al., 2013).  These two recent studies have 

demonstrated that in humans undergoing anesthesia, it is possible to demonstrate a disruption of 

cortical connectivity and communication across all major classes of anesthetics.   

Patient Monitoring Towards the Eradication of Awareness – The Next Steps 

 We have demonstrated that there is no discriminating threshold at the population-based 

level below which (aaMAC) or above which (BIS) AWR is eradicated (Shanks et al., 2014).  

Therefore, it is imperative to revise the assumptions that there is one set value for all patients to 

prevent AWR towards an individualized patient-based approach.  This study has demonstrated 

the need for patient-based algorithms in the prevention of AWR and the need to incorporate the 

neurobiology of consciousness (and unconsciousness).   One way to develop and validate a 

patient-based alerting algorithm, is to use a multivariate logistic regression model that will 

determine independent predictors of AWR.  Individual risk factors that have already been 

associated with an increased incidence of AWR will be covariates in the model, including: 

patient history of AWR (Aranake et al., 2013), high risk surgery, volume status, chronic use of 

alcohol, chronic use of opioids (either as a Boolean concept or the morphine equivalents for 

current opioid consumption), chronic use of sedative hypnotics, acute use of amphetamines, 
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female sex, age (binned by decade of life), obesity (categorized by the World Health 

Organization standards) and multiple approaches to assessing depth of anesthesia (Schneider et 

al., 2014).  The multivariate logistic regression model would need to be developed on a set of 

patients with prospectively collected data in an AIMS as well as post-operative Brice interviews 

to document the AWR event.  This would require a minimum of 200 AWR patients in the 

development database as well as another 200 patients in the validation database to follow the rule 

of 10 which was developed to prevent overfitting the logistic regression model and states that for 

every covariate placed into a model, there must be at least 10 patients with the outcome of 

interest (AWR) (Harrell et al., 1984).  When a model is overfit, the results may be “fitting” the 

noise and not the actual signal or the true underlying covariates that are independent predictors 

of AWR and can be used in patient-based alerting algorithms.  Currently there are no trials that 

have been conducted that would allow this level of modeling to be performed properly.  Once the 

data are available, the independent risk factors that are identified, and validated, can then be 

programmed into an AIMS system to risk-adjust and alert clinicians on a patient-based level for 

the prevention of AWR.   
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Appendix I: Actual SQL code for Alerting Algorithms   

Below is the actual SQL code running in real-time within the Centricity (GE Healthcare®) 

database to alert providers when the median anesthetic concentration <0.5 or the median BIS 

value was >60 for a 5 minute period 

Anesthetic Concentration Alert Algorithm 

IF @age_in_years <= 39 
    SELECT  @sevo_mac = 2.4 , 
            @iso_mac = 1.3 , 
            @halo_mac = 0.9 , 
            @des_mac = 7.0 , 
            @nitrous_mac = 105 
IF @age_in_years >= 40    AND @age_in_years <= 59 
    SELECT  @sevo_mac = 1.7 , 
            @iso_mac = 1.1 , 
            @halo_mac = 0.75 , 
            @des_mac = 6.0 , 
            @nitrous_mac = 105 
IF @age_in_years >= 60    AND @age_in_years <= 79 
    SELECT  @sevo_mac = 1.5 , 
            @iso_mac = 1.0 , 
            @halo_mac = 0.7 , 
            @des_mac = 5.2 , 
            @nitrous_mac = 105 
IF @age_in_years >= 80 
    SELECT  @sevo_mac = 1.2 , 
            @iso_mac = 0.8 , 
            @halo_mac = 0.65 , 
            @des_mac = 4.5 , 
            @nitrous_mac = 105 
 
 
SELECT  @total_mac = ( ( @sevo_conc / @sevo_mac ) + ( @iso_conc / @iso_mac ) 
                       + ( @des_conc / @des_mac ) + ( @nitrous_conc 
                                                      / @nitrous_mac ) )  
 
 
IF @total_mac <= @mac_threshold 
    BEGIN 
     
  --GET THE CURRENT DEX Rate 
  
        IF @dex_rate >= 0.2 
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            AND @dex_rate IS NOT NULL 
            BEGIN 
 
                SELECT  @total_mac = ( ( ( @sevo_conc / @sevo_mac ) * 2 ) 
                                       + ( ( @iso_conc / @iso_mac ) * 2 ) 
                                       + ( ( @des_conc / @des_mac ) * 2 ) 
                                       + ( ( @nitrous_conc / @nitrous_mac ) 
                                           * 2 ) )  
  
            END 
    END  
 
IF @Total_mac <= @mac_threshold 
    BEGIN 
        IF @et_co2 < 5 
            BEGIN 
   -- looks like mon cap is dead or that there is no sampling going on.   
   -- no need to alert 
                SELECT  @no_etco2 = 1 
            END 
        ELSE 
            SELECT  @no_etco2 = 0  
 
    END 
 
IF @total_mac <= @mac_threshold AND @no_etco2 = 0 
    BEGIN 
        
    --GET THE CURRENT Propofol Infusion Rate 
  
 
        IF @propofol_rate <> 0 
            AND @propofol_rate IS NOT NULL 
            SELECT  @total_mac = @total_mac + ( @propofol_rate / 150 ) 
 
--     print 'in propofol' 
--     select @propofol_rate, @patient_sys, @visit_sys, @op_sys, 
@op_date, @time_end 
    END 
 
if @total_mac <= @mac_threshold and @no_etco2=0 
   begin 
  -- check to see if there is a recent propofol, midaz, etomidate, thiopental bolus 
   
 
  --if exists recent propofol, midaz, etomidate, thiopental bolus 
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   SELECT @hypnotic_bolus_yn=1 
  --else 
   select @hypnotic_bolus_yn =0 
    end  
 
 
if @room_number_int % 2 = 0  --Even Rooms 
  begin 
 
    select @bis_room_yn =1 
    select @mac_room_yn = 0 
 
  end 
  else --Odd Rooms 
  begin 
 
    select @bis_room_yn =0 
    select @mac_room_yn =1 
 
  END 
   
 
if @total_mac <= @mac_threshold   and @no_etco2=0  
  select @mac_alert_yn=1 
 
IF @mac_room_yn = 1 AND @mac_alert_yn = 1 
BEGIN 
 
 --If user has NOT choosen to "suspend" alerts for 15 minutes: 
 
 --Page user of a MAC alert 
END 
 
BIS Alert Algorithm 

if @bis_value > @bis_threshold  
  select @bis_alert_yn=1 
 
IF @bis_room_yn = 1 AND @bis_alert_yn = 1 
BEGIN 
 --If user has NOT choosen to "suspend" alerts for 15 minutes: 
 
 --Page user of a BIS alert 
END 
 
 
--Insert alert into log table of all alerts. 
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Appendix II: Actual SPSS outputs for Chapter 4 MACS Trial 

BIS_MAC_org * Definite_Awareness 

Crosstab 

 
Definite_Awareness 

Total No 

Definite 

Awareness 

BIS_MAC_org BIS Count 9452 8 9460 

% within BIS_MAC_org 99.9% .1% 100.0% 

% within Definite_Awareness 50.2% 42.1% 50.2% 

% of Total 50.2% .0% 50.2% 

MAC Count 9365 11 9376 

% within BIS_MAC_org 99.9% .1% 100.0% 

% within Definite_Awareness 49.8% 57.9% 49.8% 

% of Total 49.7% .1% 49.8% 

Total Count 18817 19 18836 

% within BIS_MAC_org 99.9% .1% 100.0% 

% within Definite_Awareness 100.0% 100.0% 100.0% 

% of Total 99.9% .1% 100.0% 
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Chi-Square Tests 

 
Value df 

Asymp. Sig. (2-

sided) 

Exact Sig. (2-

sided) 

Exact Sig. (1-

sided) 

Pearson Chi-Square .501a 1 .479   

Continuity Correctionb .229 1 .632   

Likelihood Ratio .503 1 .478   

Fisher's Exact Test    .501 .317 

Linear-by-Linear Association .501 1 .479   

N of Valid Cases 18836     

a. 0 cells (.0%) have expected count less than 5. The minimum expected count is 9.46. 

b. Computed only for a 2x2 table 

 

 

Risk Estimate 

 
Value 

95% Confidence Interval 

Lower Upper 

Odds Ratio for BIS_MAC_org 

(BIS / MAC) 

1.388 .558 3.452 

For cohort 

Definite_Awareness = No 

1.000 .999 1.001 

For cohort 

Definite_Awareness = Definite 

Awareness 

.721 .290 1.791 

N of Valid Cases 18836   
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BIS_MAC_org * Awareness 

Crosstab 

 
Awareness 

Total No Definite Possible 

BIS_MAC_org BIS Count 9442 8 10 9460 

% within BIS_MAC_org 99.8% .1% .1% 100.0% 

% within Awareness 50.2% 42.1% 55.6% 50.2% 

% of Total 50.1% .0% .1% 50.2% 

MAC Count 9357 11 8 9376 

% within BIS_MAC_org 99.8% .1% .1% 100.0% 

% within Awareness 49.8% 57.9% 44.4% 49.8% 

% of Total 49.7% .1% .0% 49.8% 

Total Count 18799 19 18 18836 

% within BIS_MAC_org 99.8% .1% .1% 100.0% 

% within Awareness 100.0% 100.0% 100.0% 100.0% 

% of Total 99.8% .1% .1% 100.0% 
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Chi-Square Tests 

 
Value df 

Asymp. Sig. (2-

sided) 

Pearson Chi-Square .706a 2 .703 

Likelihood Ratio .708 2 .702 

Linear-by-Linear Association .006 1 .937 

N of Valid Cases 18836   

a. 0 cells (.0%) have expected count less than 5. The minimum expected  

 

BIS_MAC_org * Definite_or_Possible_Awareness 

Crosstab 

 

Definite_or_Possible_Awareness 

Total No 

Definite or 

Possible 

Awareness 

BIS_MAC_org BIS Count 9442 18 9460 

% within BIS_MAC_org 99.8% .2% 100.0% 

% within 

Definite_or_Possible_Awarene

ss 

50.2% 48.6% 50.2% 

% of Total 50.1% .1% 50.2% 

MAC Count 9357 19 9376 

% within BIS_MAC_org 99.8% .2% 100.0% 

% within 

Definite_or_Possible_Awarene

ss 

49.8% 51.4% 49.8% 
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% of Total 49.7% .1% 49.8% 

Total Count 18799 37 18836 

% within BIS_MAC_org 99.8% .2% 100.0% 

% within 

Definite_or_Possible_Awarene

ss 

100.0% 100.0% 100.0% 

% of Total 99.8% .2% 100.0% 

 

Chi-Square Tests 

 
Value df 

Asymp. Sig. (2-

sided) 

Exact Sig. (2-

sided) 

Exact Sig. (1-

sided) 

Pearson Chi-Square .037a 1 .848   

Continuity Correctionb .001 1 .978   

Likelihood Ratio .037 1 .848   

Fisher's Exact Test    .871 .489 

Linear-by-Linear Association .037 1 .848   

N of Valid Cases 18836     

a. 0 cells (.0%) have expected count less than 5. The minimum expected count is 18.42. 

b. Computed only for a 2x2 table 
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Risk Estimate 

 
Value 

95% Confidence Interval 

Lower Upper 

Odds Ratio for BIS_MAC_org 

(BIS / MAC) 

1.065 .559 2.031 

For cohort 

Definite_or_Possible_Awaren

ess = No 

1.000 .999 1.001 

For cohort 

Definite_or_Possible_Awaren

ess = Definite or Possible 

Awareness 

.939 .493 1.788 

N of Valid Cases 18836   

 

New_groups * Definite_Awareness 

Crosstab 

 
Definite_Awareness 

Total No 

Definite 

Awareness 

New_groups MAC Count 9365 11 9376 

% within New_groups 99.9% .1% 100.0% 

% within Definite_Awareness 49.8% 57.9% 49.8% 

% of Total 49.7% .1% 49.8% 

BIS with BIS Count 6073 3 6076 

% within New_groups 100.0% .0% 100.0% 

% within Definite_Awareness 32.3% 15.8% 32.3% 
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% of Total 32.2% .0% 32.3% 

BIS no BIS Count 3379 5 3384 

% within New_groups 99.9% .1% 100.0% 

% within Definite_Awareness 18.0% 26.3% 18.0% 

% of Total 17.9% .0% 18.0% 

Total Count 18817 19 18836 

% within New_groups 99.9% .1% 100.0% 

% within Definite_Awareness 100.0% 100.0% 100.0% 

% of Total 99.9% .1% 100.0% 

 

Chi-Square Tests 

 
Value df 

Asymp. Sig. (2-

sided) 

Pearson Chi-Square 2.589a 2 .274 

Likelihood Ratio 2.857 2 .240 

Linear-by-Linear Association .000 1 .989 

N of Valid Cases 18836   

a. 1 cells (16.7%) have expected count less than 5. The minimum expected 

count is 3.41. 
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New_groups * Awareness 

Crosstab 

 
Awareness 

Total No Definite Possible 

New_groups MAC Count 9357 11 8 9376 

% within New_groups 99.8% .1% .1% 100.0% 

% within Awareness 49.8% 57.9% 44.4% 49.8% 

% of Total 49.7% .1% .0% 49.8% 

BIS with BIS Count 6071 3 2 6076 

% within New_groups 99.9% .0% .0% 100.0% 

% within Awareness 32.3% 15.8% 11.1% 32.3% 

% of Total 32.2% .0% .0% 32.3% 

BIS no BIS Count 3371 5 8 3384 

% within New_groups 99.6% .1% .2% 100.0% 

% within Awareness 17.9% 26.3% 44.4% 18.0% 

% of Total 17.9% .0% .0% 18.0% 

Total Count 18799 19 18 18836 

% within New_groups 99.8% .1% .1% 100.0% 

% within Awareness 100.0% 100.0% 100.0% 100.0% 

% of Total 99.8% .1% .1% 100.0% 
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Chi-Square Tests 

 
Value df 

Asymp. Sig. (2-

sided) 

Pearson Chi-Square 12.229a 4 .016 

Likelihood Ratio 11.290 4 .023 

Linear-by-Linear Association 2.525 1 .112 

N of Valid Cases 18836   

a. 2 cells (22.2%) have expected count less than 5. The minimum expected 

count is 3.23. 

 

 

New_groups * Definite_or_Possible_Awareness 

Crosstab 

 

Definite_or_Possible_Awareness 

Total No 

Definite or 

Possible 

Awareness 

New_groups MAC Count 9357 19 9376 

% within New_groups 99.8% .2% 100.0% 

% within 

Definite_or_Possible_Awarene

ss 

49.8% 51.4% 49.8% 

% of Total 49.7% .1% 49.8% 

BIS with BIS Count 6071 5 6076 

% within New_groups 99.9% .1% 100.0% 

% within 32.3% 13.5% 32.3% 
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Definite_or_Possible_Awarene

ss 

% of Total 32.2% .0% 32.3% 

BIS no BIS Count 3371 13 3384 

% within New_groups 99.6% .4% 100.0% 

% within 

Definite_or_Possible_Awarene

ss 

17.9% 35.1% 18.0% 

% of Total 17.9% .1% 18.0% 

Total Count 18799 37 18836 

% within New_groups 99.8% .2% 100.0% 

% within 

Definite_or_Possible_Awarene

ss 

100.0% 100.0% 100.0% 

% of Total 99.8% .2% 100.0% 

 

Chi-Square Tests 

 
Value df 

Asymp. Sig. (2-

sided) 

Pearson Chi-Square 10.139a 2 .006 

Likelihood Ratio 9.942 2 .007 

Linear-by-Linear Association 1.565 1 .211 

N of Valid Cases 18836   

a. 0 cells (.0%) have expected count less than 5. The minimum expected 

count is 6.65. 
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Definite_Awareness 

 
Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid No 18817 99.9 99.9 99.9 

Definite Awareness 19 .1 .1 100.0 

Total 18836 100.0 100.0  

 

USE ALL. 

COMPUTE filter_$=(Definite_or_Possible_Awareness = 1). 

VARIABLE LABEL filter_$ 'Definite_or_Possible_Awareness = 1 (FILTER)'. 

VALUE LABELS filter_$ 0 'Not Selected' 1 'Selected'. 

FORMAT filter_$ (f1.0). 

FILTER BY filter_$. 

EXECUTE. 

 

CROSSTABS 

  /TABLES=New_groups BY Distress_Awareness_Class 

  /FORMAT=AVALUE TABLES 

  /STATISTICS=CHISQ 

  /CELLS=COUNT ROW COLUMN TOTAL 

  /COUNT ROUND CELL. 

 

 

 

 

 



117 
 

New_groups * Distress_Awareness_Class Crosstabulation 

 
Distress_Awareness_Class 

Total 0 1 

New_groups MAC Count 16 3 19 

% within New_groups 84.2% 15.8% 100.0% 

% within 

Distress_Awareness_Class 

57.1% 33.3% 51.4% 

% of Total 43.2% 8.1% 51.4% 

BIS with BIS Count 2 3 5 

% within New_groups 40.0% 60.0% 100.0% 

% within 

Distress_Awareness_Class 

7.1% 33.3% 13.5% 

% of Total 5.4% 8.1% 13.5% 

BIS no BIS Count 10 3 13 

% within New_groups 76.9% 23.1% 100.0% 

% within 

Distress_Awareness_Class 

35.7% 33.3% 35.1% 

% of Total 27.0% 8.1% 35.1% 

Total Count 28 9 37 

% within New_groups 75.7% 24.3% 100.0% 

% within 

Distress_Awareness_Class 

100.0% 100.0% 100.0% 

% of Total 75.7% 24.3% 100.0% 
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Chi-Square Tests 

 
Value df 

Asymp. Sig. (2-

sided) 

Pearson Chi-Square 4.220a 2 .121 

Likelihood Ratio 3.705 2 .157 

Linear-by-Linear Association .363 1 .547 

N of Valid Cases 37   

a. 4 cells (66.7%) have expected count less than 5. The minimum expected 

count is 1.22. 

FILTER OFF. 

USE ALL. 

EXECUTE. 

FREQUENCIES VARIABLES=Class_Awareness 

  /ORDER=ANALYSIS. 

Frequencies 

Class_Awareness 

 
Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid   18799 99.8 99.8 99.8 

1 16 .1 .1 99.9 

2 8 .0 .0 99.9 

2D 4 .0 .0 100.0 

3 3 .0 .0 100.0 

3D 2 .0 .0 100.0 

4 1 .0 .0 100.0 
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4D 2 .0 .0 100.0 

5D 1 .0 .0 100.0 

Total 18836 100.0 100.0  

 

COMPUTE filter_$=(gas_analyzer_problem = 0). 

VARIABLE LABELS filter_$ 'gas_analyzer_problem = 0 (FILTER)'. 

VALUE LABELS filter_$ 0 'Not Selected' 1 'Selected'. 

FORMATS filter_$ (f1.0). 

FILTER BY filter_$. 

EXECUTE. 

* Custom Tables. 

CTABLES 

  /VLABELS VARIABLES=New_groups medianMAC DISPLAY=LABEL 

  /TABLE New_groups BY medianMAC [MEAN, STDDEV, MEDIAN, PTILE 25, PTILE 75, VALIDN F40.0] 

  /CATEGORIES VARIABLES=New_groups ORDER=A KEY=VALUE EMPTY=INCLUDE. 

 

Custom Tables 

 
medianMAC 

Mean 

Standard 

Deviation Median Percentile 25 Percentile 75 Valid N 

New_groups MAC .9391 .2648 .9400 .7905 1.1110 9083 

BIS with BIS .9372 .2599 .9400 .8105 1.1110 5956 

BIS no BIS .9108 .2771 .9400 .7690 1.0760 3272 
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*Nonparametric Tests: Independent Samples. 

NPTESTS 

  /INDEPENDENT TEST (medianMAC) GROUP (New_groups) 

  /MISSING SCOPE=ANALYSIS USERMISSING=EXCLUDE 

  /CRITERIA ALPHA=0.05  CILEVEL=95. 

 

Nonparametric Tests 

 

* Custom Tables. 

CTABLES 

  /VLABELS VARIABLES=New_groups Induction_propofol DISPLAY=LABEL 

  /TABLE New_groups [C] BY Induction_propofol [MEAN, STDDEV, MEDIAN, PTILE 25, PTILE 75, VALIDN 

    F40.0] 

  /CATEGORIES VARIABLES=New_groups ORDER=A KEY=VALUE EMPTY=INCLUDE. 
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Custom Tables 

 
Induction_propofol 

Mean 

Standard 

Deviation Median Percentile 25 Percentile 75 Valid N 

New_groups MAC 156 67 160 120 200 9225 

BIS with BIS 158 66 160 120 200 6021 

BIS no BIS 153 68 150 120 200 3319 

 

*Nonparametric Tests: Independent Samples. 

NPTESTS 

  /INDEPENDENT TEST (Induction_propofol) GROUP (New_groups) 

  /MISSING SCOPE=ANALYSIS USERMISSING=EXCLUDE 

  /CRITERIA ALPHA=0.05  CILEVEL=95. 

 

Nonparametric Tests 
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* Custom Tables. 

CTABLES 

  /VLABELS VARIABLES=New_groups Intraop_propofol DISPLAY=LABEL 

  /TABLE New_groups [C] BY Intraop_propofol [MEAN, STDDEV, MEDIAN, PTILE 25, PTILE 75, VALIDN 
F40.0] 

  /CATEGORIES VARIABLES=New_groups ORDER=A KEY=VALUE EMPTY=INCLUDE. 

 

Custom Tables 

 
Intraop_propofol 

Mean 

Standard 

Deviation Median Percentile 25 Percentile 75 Valid N 

New_groups MAC 167 78 170 130 200 9225 

BIS with BIS 171 77 180 130 200 6021 

BIS no BIS 164 79 170 120 200 3319 

 

 

*Nonparametric Tests: Independent Samples. 

NPTESTS 

  /INDEPENDENT TEST (Intraop_propofol) GROUP (New_groups) 

  /MISSING SCOPE=ANALYSIS USERMISSING=EXCLUDE 

  /CRITERIA ALPHA=0.05  CILEVEL=95. 
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Nonparametric Tests 

 

* Custom Tables. 

CTABLES 

  /VLABELS VARIABLES=New_groups Total_Midaz_use DISPLAY=LABEL 

  /TABLE New_groups [C] BY Total_Midaz_use [MEAN, STDDEV, MEDIAN, PTILE 25, PTILE 75, VALIDN 
F40.0] 

  /CATEGORIES VARIABLES=New_groups ORDER=A KEY=VALUE EMPTY=INCLUDE. 

 

Custom Tables 

 
Total_Midaz_use 

Mean 

Standard 

Deviation Median Percentile 25 Percentile 75 Valid N 

New_groups MAC 2.99 3.09 2.00 2.00 4.00 9225 

BIS with BIS 3.12 3.35 2.00 2.00 4.00 6021 

BIS no BIS 2.97 2.98 2.00 2.00 4.00 3319 
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*Nonparametric Tests: Independent Samples. 

NPTESTS 

  /INDEPENDENT TEST (Total_Midaz_use) GROUP (New_groups) 

  /MISSING SCOPE=ANALYSIS USERMISSING=EXCLUDE 

  /CRITERIA ALPHA=0.05  CILEVEL=95. 

 

Nonparametric Tests 

 

* Custom Tables. 

CTABLES 

  /VLABELS VARIABLES=New_groups Intraop_Fentanyl DISPLAY=LABEL 

  /TABLE New_groups [C] BY Intraop_Fentanyl [MEAN, STDDEV, MEDIAN, PTILE 25, PTILE 75, VALIDN 
F40.0] 

  /CATEGORIES VARIABLES=New_groups ORDER=A KEY=VALUE EMPTY=INCLUDE. 
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Custom Tables 

 
Intraop_Fentanyl 

Mean 

Standard 

Deviation Median Percentile 25 Percentile 75 Valid N 

New_groups MAC 203.0 193.2 175.0 100.0 250.0 9225 

BIS with BIS 216.3 214.9 200.0 100.0 250.0 6021 

BIS no BIS 188.7 196.0 150.0 100.0 250.0 3319 

 

*Nonparametric Tests: Independent Samples. 

NPTESTS 

  /INDEPENDENT TEST (Intraop_Fentanyl) GROUP (New_groups) 

  /MISSING SCOPE=ANALYSIS USERMISSING=EXCLUDE 

  /CRITERIA ALPHA=0.05  CILEVEL=95. 

 

Nonparametric Tests 
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* Custom Tables. 

CTABLES 

  /VLABELS VARIABLES=New_groups Intraop_Morphine DISPLAY=LABEL 

  /TABLE New_groups [C] BY Intraop_Morphine [MEAN, STDDEV, MEDIAN, PTILE 25, PTILE 75, VALIDN 
F40.0] 

  /CATEGORIES VARIABLES=New_groups ORDER=A KEY=VALUE EMPTY=INCLUDE. 

 

Custom Tables 

 
Intraop_Morphine 

Mean 

Standard 

Deviation Median Percentile 25 Percentile 75 Valid N 

New_groups MAC 2.7 4.4 .0 .0 5.0 9223 

BIS with BIS 3.0 4.7 .0 .0 5.0 6019 

BIS no BIS 2.1 4.1 .0 .0 3.0 3318 

 

*Nonparametric Tests: Independent Samples. 

NPTESTS 

  /INDEPENDENT TEST (Intraop_Morphine) GROUP (New_groups) 

  /MISSING SCOPE=ANALYSIS USERMISSING=EXCLUDE 

  /CRITERIA ALPHA=0.05  CILEVEL=95. 
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Nonparametric Tests 

 

* Custom Tables. 

CTABLES 

  /VLABELS VARIABLES=New_groups PACU_time DISPLAY=LABEL 

  /TABLE New_groups [C] BY PACU_time [MEAN, STDDEV, MEDIAN, PTILE 25, PTILE 75, VALIDN F40.0] 

  /CATEGORIES VARIABLES=New_groups ORDER=A KEY=VALUE EMPTY=INCLUDE. 

 

Custom Tables 

 
PACU_time 

Mean 

Standard 

Deviation Median Percentile 25 Percentile 75 Valid N 

New_groups MAC 112.64 69.13 98.00 66.00 140.00 8401 

BIS with BIS 109.48 65.84 95.00 64.00 138.00 5473 

BIS no BIS 107.27 63.37 94.00 64.00 133.00 2990 
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*Nonparametric Tests: Independent Samples. 

NPTESTS 

  /INDEPENDENT TEST (PACU_time) GROUP (New_groups) 

  /MISSING SCOPE=ANALYSIS USERMISSING=EXCLUDE 

  /CRITERIA ALPHA=0.05  CILEVEL=95. 

 

Nonparametric Tests 

 

CROSSTABS 

  /TABLES=New_groups BY PACU_Nausea_yn PACU_Vomit_yn 

  /FORMAT=AVALUE TABLES 

  /STATISTICS=CHISQ RISK 

  /CELLS=COUNT ROW COLUMN TOTAL 

  /COUNT ROUND CELL. 
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Crosstabs 

New_groups * PACU_Nausea_yn 

Crosstab 

 
PACU_Nausea_yn 

Total None Yes 

New_groups MAC Count 6184 511 6695 

% within New_groups 92.4% 7.6% 100.0% 

% within PACU_Nausea_yn 49.4% 50.5% 49.5% 

% of Total 45.7% 3.8% 49.5% 

BIS with BIS Count 4042 324 4366 

% within New_groups 92.6% 7.4% 100.0% 

% within PACU_Nausea_yn 32.3% 32.0% 32.3% 

% of Total 29.9% 2.4% 32.3% 

BIS no BIS Count 2286 177 2463 

% within New_groups 92.8% 7.2% 100.0% 

% within PACU_Nausea_yn 18.3% 17.5% 18.2% 

% of Total 16.9% 1.3% 18.2% 

Total Count 12512 1012 13524 

% within New_groups 92.5% 7.5% 100.0% 

% within PACU_Nausea_yn 100.0% 100.0% 100.0% 

% of Total 92.5% 7.5% 100.0% 
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Chi-Square Tests 

 
Value df 

Asymp. Sig. (2-

sided) 

Pearson Chi-Square .554a 2 .758 

Likelihood Ratio .556 2 .757 

Linear-by-Linear Association .553 1 .457 

N of Valid Cases 13524   

a. 0 cells (.0%) have expected count less than 5. The minimum expected 

count is 184.31. 

 

New_groups * PACU_Vomit_yn 

Crosstab 

 
PACU_Vomit_yn 

Total None Yes 

New_groups MAC Count 7149 83 7232 

% within New_groups 98.9% 1.1% 100.0% 

% within PACU_Vomit_yn 49.7% 49.4% 49.7% 

% of Total 49.2% .6% 49.7% 

BIS with BIS Count 4617 52 4669 

% within New_groups 98.9% 1.1% 100.0% 

% within PACU_Vomit_yn 32.1% 31.0% 32.1% 

% of Total 31.7% .4% 32.1% 

BIS no BIS Count 2608 33 2641 

% within New_groups 98.8% 1.2% 100.0% 
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% within PACU_Vomit_yn 18.1% 19.6% 18.2% 

% of Total 17.9% .2% 18.2% 

Total Count 14374 168 14542 

% within New_groups 98.8% 1.2% 100.0% 

% within PACU_Vomit_yn 100.0% 100.0% 100.0% 

% of Total 98.8% 1.2% 100.0% 

 

Chi-Square Tests 

 
Value df 

Asymp. Sig. (2-

sided) 

Pearson Chi-Square .280a 2 .869 

Likelihood Ratio .275 2 .871 

Linear-by-Linear Association .096 1 .757 

N of Valid Cases 14542   

a. 0 cells (.0%) have expected count less than 5. The minimum expected 

count is 30.51. 

 

FILTER OFF. 

USE ALL. 

EXECUTE. 
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Median_BIS 

Mean 

Standard 

Deviation Median Percentile 25 Percentile 75 Valid N 

New_groups MAC 41.2 10.5 40.0 34.0 46.0 3816 

BIS with BIS 40.4 8.7 40.0 35.0 44.5 6021 

BIS no BIS . . . . . 0 

 

USE ALL. 

COMPUTE filter_$=(TIVA = 1). 

VARIABLE LABELS filter_$ 'TIVA = 1 (FILTER)'. 

VALUE LABELS filter_$ 0 'Not Selected' 1 'Selected'. 

FORMATS filter_$ (f1.0). 

FILTER BY filter_$. 

EXECUTE. 

 

* Custom Tables. 

CTABLES 

  /VLABELS VARIABLES=New_groups Intraop_propofol_infusionCC DISPLAY=LABEL 

  /TABLE New_groups [C] BY Intraop_propofol_infusionCC [MEAN, STDDEV, MEDIAN, PTILE 25, PTILE 75] 

  /CATEGORIES VARIABLES=New_groups ORDER=A KEY=VALUE EMPTY=INCLUDE. 
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Custom Tables 

 

 
Intraop_propofol_infusionCC 

Mean 

Standard 

Deviation Median Percentile 25 Percentile 75 

New_groups MAC 107.1053 72.7028 94.2820 51.3970 144.8070 

BIS with BIS 120.4140 107.4353 84.8270 50.5570 157.3660 

BIS no BIS 69.2697 43.6690 57.9475 37.1250 100.3430 

 

*Nonparametric Tests: Independent Samples. 

NPTESTS 

  /INDEPENDENT TEST (Intraop_propofol_infusionCC) GROUP (New_groups) 

  /MISSING SCOPE=ANALYSIS USERMISSING=EXCLUDE 

  /CRITERIA ALPHA=0.05  CILEVEL=95. 

 

Nonparametric Tests 
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USE ALL. 

COMPUTE filter_$=(TIVA = 1). 

VARIABLE LABELS filter_$ 'TIVA = 1 (FILTER)'. 

VALUE LABELS filter_$ 0 'Not Selected' 1 'Selected'. 

FORMATS filter_$ (f1.0). 

FILTER BY filter_$. 

EXECUTE. 

* Custom Tables. 

CTABLES 

  /VLABELS VARIABLES=New_groups Intraop_propofol_infusionCC DISPLAY=LABEL 

  /TABLE New_groups [C] BY Intraop_propofol_infusionCC [S][MEAN, STDDEV, MEDIAN, PTILE 25, PTILE 
75, VALIDN F40.0, TOTALN F40.0] 

  /CATEGORIES VARIABLES=New_groups ORDER=A KEY=VALUE EMPTY=INCLUDE. 

 

Custom Tables 

 

 
Intraop_propofol_infusionCC 

Mean 

Standard 

Deviation Median Percentile 25 Percentile 75 Valid N Total N 

New_groups MAC 107.1053 72.7028 94.2820 51.3970 144.8070 129 131 

BIS with BIS 120.4140 107.4353 84.8270 50.5570 157.3660 58 58 

BIS no BIS 69.2697 43.6690 57.9475 37.1250 100.3430 42 42 
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APPENDIX III: Actual SPSS outputs for Chapter 5 

New_groups * Definite_or_Possible_Awareness Crosstabulation 

 Definite_or_Possible_Awareness Total 

No Definite or Possible 

Awareness 

New_groups 

MAC 

Count 8021 15 8036 

% within New_groups 99.8% 0.2% 100.0% 

% within 

Definite_or_Possible_Awareness 
50.0% 46.9% 50.0% 

% of Total 49.9% 0.1% 50.0% 

BIS with 

BIS 

Count 5169 5 5174 

% within New_groups 99.9% 0.1% 100.0% 

% within 

Definite_or_Possible_Awareness 
32.2% 15.6% 32.2% 

% of Total 32.2% 0.0% 32.2% 

BIS no BIS 

Count 2846 12 2858 

% within New_groups 99.6% 0.4% 100.0% 

% within 

Definite_or_Possible_Awareness 
17.7% 37.5% 17.8% 

% of Total 17.7% 0.1% 17.8% 

Total 

Count 16036 32 16068 

% within New_groups 99.8% 0.2% 100.0% 

% within 

Definite_or_Possible_Awareness 
100.0% 100.0% 100.0% 

% of Total 99.8% 0.2% 100.0% 
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Crosstabs 

 

Definite_Awareness * BIS_60_alert_triggered_yn 

Crosstab 

 BIS_60_alert_triggered_yn Total 

No BIS >60 BIS >60 at least 

once 

Definite_Awareness 

No 

Count 3750 1401 5151 

% within Definite_Awareness 72.8% 27.2% 100.0% 

% within 

BIS_60_alert_triggered_yn 
99.9% 99.9% 99.9% 

% of Total 72.8% 27.2% 99.9% 

Definite Awareness 

Count 2 1 3 

% within Definite_Awareness 66.7% 33.3% 100.0% 

% within 

BIS_60_alert_triggered_yn 
0.1% 0.1% 0.1% 

% of Total 0.0% 0.0% 0.1% 

Total 

Count 3752 1402 5154 

% within Definite_Awareness 72.8% 27.2% 100.0% 

% within 

BIS_60_alert_triggered_yn 
100.0% 100.0% 100.0% 

% of Total 72.8% 27.2% 100.0% 
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Chi-Square Tests 

 Value df Asymp. Sig. (2-

sided) 

Exact Sig. (2-

sided) 

Exact Sig. (1-

sided) 

Pearson Chi-Square .057a 1 .811   

Continuity Correctionb .000 1 1.000   

Likelihood Ratio .055 1 .815   

Fisher's Exact Test    1.000 .614 

Linear-by-Linear 

Association 
.057 1 .811 

  

N of Valid Cases 5154     

a. 2 cells (50.0%) have expected count less than 5. The minimum expected count is .82. 

b. Computed only for a 2x2 table 

 

 

Risk Estimate 

 Value 95% Confidence Interval 

Lower Upper 

Odds Ratio for Definite_Awareness 

(No / Definite Awareness) 
1.338 .121 14.771 

For cohort BIS_60_alert_triggered_yn 

= No BIS >60 
1.092 .491 2.431 

For cohort BIS_60_alert_triggered_yn 

= BIS >60 at least once 
.816 .165 4.045 

N of Valid Cases 5154   
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Definite_Awareness * BIS_70_yn 

Crosstab 

 BIS_70_yn Total 

.00 1.00 

Definite_Awarenes

s 

No 

Count 4744 407 5151 

% within 

Definite_Awareness 
92.1% 7.9% 100.0% 

% within BIS_70_yn 99.9% 100.0% 99.9% 

% of Total 92.0% 7.9% 99.9% 

Definite Awareness 

Count 3 0 3 

% within 

Definite_Awareness 
100.0% 0.0% 100.0% 

% within BIS_70_yn 0.1% 0.0% 0.1% 

% of Total 0.1% 0.0% 0.1% 

Total 

Count 4747 407 5154 

% within 

Definite_Awareness 
92.1% 7.9% 100.0% 

% within BIS_70_yn 100.0% 100.0% 100.0% 

% of Total 92.1% 7.9% 100.0% 
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Chi-Square Tests 

 Value df Asymp. Sig. (2-

sided) 

Exact Sig. (2-

sided) 

Exact Sig. (1-

sided) 

Pearson Chi-Square .257a 1 .612   

Continuity Correctionb .000 1 1.000   

Likelihood Ratio .494 1 .482   

Fisher's Exact Test    1.000 .781 

Linear-by-Linear 

Association 
.257 1 .612 

  

N of Valid Cases 5154     

a. 2 cells (50.0%) have expected count less than 5. The minimum expected count is .24. 

b. Computed only for a 2x2 table 

 

Risk Estimate 

 Value 95% Confidence Interval 

Lower Upper 

For cohort BIS_70_yn = .00 .921 .914 .928 

N of Valid Cases 5154   
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Definite_Awareness * BIS_80_yn 

Crosstab 

 BIS_80_yn Total 

.00 1.00 

Definite_Awarenes

s 

No 

Count 5017 134 5151 

% within 

Definite_Awareness 
97.4% 2.6% 100.0% 

% within BIS_80_yn 99.9% 100.0% 99.9% 

% of Total 97.3% 2.6% 99.9% 

Definite Awareness 

Count 3 0 3 

% within 

Definite_Awareness 
100.0% 0.0% 100.0% 

% within BIS_80_yn 0.1% 0.0% 0.1% 

% of Total 0.1% 0.0% 0.1% 

Total 

Count 5020 134 5154 

% within 

Definite_Awareness 
97.4% 2.6% 100.0% 

% within BIS_80_yn 100.0% 100.0% 100.0% 

% of Total 97.4% 2.6% 100.0% 
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Chi-Square Tests 

 Value df Asymp. Sig. (2-

sided) 

Exact Sig. (2-

sided) 

Exact Sig. (1-

sided) 

Pearson Chi-Square .080a 1 .777   

Continuity Correctionb .000 1 1.000   

Likelihood Ratio .158 1 .691   

Fisher's Exact Test    1.000 .924 

Linear-by-Linear 

Association 
.080 1 .777 

  

N of Valid Cases 5154     

a. 2 cells (50.0%) have expected count less than 5. The minimum expected count is .08. 

b. Computed only for a 2x2 table 

 

Risk Estimate 

 Value 95% Confidence Interval 

Lower Upper 

For cohort BIS_80_yn = .00 .974 .970 .978 

N of Valid Cases 5154   
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Definite_Awareness * BIS_90_yn 

Crosstab 

 BIS_90_yn Total 

.00 1.00 

Definite_Awarenes

s 

No 

Count 5113 38 5151 

% within 

Definite_Awareness 
99.3% 0.7% 100.0% 

% within BIS_90_yn 99.9% 100.0% 99.9% 

% of Total 99.2% 0.7% 99.9% 

Definite Awareness 

Count 3 0 3 

% within 

Definite_Awareness 
100.0% 0.0% 100.0% 

% within BIS_90_yn 0.1% 0.0% 0.1% 

% of Total 0.1% 0.0% 0.1% 

Total 

Count 5116 38 5154 

% within 

Definite_Awareness 
99.3% 0.7% 100.0% 

% within BIS_90_yn 100.0% 100.0% 100.0% 

% of Total 99.3% 0.7% 100.0% 
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Chi-Square Tests 

 Value df Asymp. Sig. (2-

sided) 

Exact Sig. (2-

sided) 

Exact Sig. (1-

sided) 

Pearson Chi-Square .022a 1 .881   

Continuity Correctionb .000 1 1.000   

Likelihood Ratio .044 1 .833   

Fisher's Exact Test    1.000 .978 

Linear-by-Linear 

Association 
.022 1 .881 

  

N of Valid Cases 5154     

a. 2 cells (50.0%) have expected count less than 5. The minimum expected count is .02. 

b. Computed only for a 2x2 table 

 

Risk Estimate 

 Value 95% Confidence Interval 

Lower Upper 

For cohort BIS_90_yn = .00 .993 .990 .995 

N of Valid Cases 5154   
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Definite_Awareness * BIS_50_yn 

Crosstab 

 BIS_50_yn Total 

.00 1.00 

Definite_Awarenes

s 

No 

Count 2489 2662 5151 

% within 

Definite_Awareness 
48.3% 51.7% 100.0% 

% within BIS_50_yn 100.0% 99.9% 99.9% 

% of Total 48.3% 51.6% 99.9% 

Definite Awareness 

Count 1 2 3 

% within 

Definite_Awareness 
33.3% 66.7% 100.0% 

% within BIS_50_yn 0.0% 0.1% 0.1% 

% of Total 0.0% 0.0% 0.1% 

Total 

Count 2490 2664 5154 

% within 

Definite_Awareness 
48.3% 51.7% 100.0% 

% within BIS_50_yn 100.0% 100.0% 100.0% 

% of Total 48.3% 51.7% 100.0% 
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Chi-Square Tests 

 Value df Asymp. Sig. (2-

sided) 

Exact Sig. (2-

sided) 

Exact Sig. (1-

sided) 

Pearson Chi-Square .270a 1 .604   

Continuity Correctionb .000 1 1.000   

Likelihood Ratio .276 1 .599   

Fisher's Exact Test    1.000 .525 

Linear-by-Linear 

Association 
.270 1 .604 

  

N of Valid Cases 5154     

a. 2 cells (50.0%) have expected count less than 5. The minimum expected count is 1.45. 

b. Computed only for a 2x2 table 

 

 

Risk Estimate 

 Value 95% Confidence Interval 

Lower Upper 

Odds Ratio for Definite_Awareness 

(No / Definite Awareness) 
1.870 .169 20.636 

For cohort BIS_50_yn = .00 1.450 .293 7.184 

For cohort BIS_50_yn = 1.00 .775 .348 1.726 

N of Valid Cases 5154   
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Definite_or_Possible_Awareness * BIS_60_alert_triggered_yn 

Crosstab 

 BIS_60_alert_triggered_yn Total 

No BIS >60 BIS >60 at least 

once 

Definite_or_Possible_Awarene

ss 

No 

Count 3748 1401 5149 

% within 

Definite_or_Possible_Awarenes

s 

72.8% 27.2% 100.0% 

% within 

BIS_60_alert_triggered_yn 
99.9% 99.9% 99.9% 

% of Total 72.7% 27.2% 99.9% 

Definite or Possible 

Awareness 

Count 4 1 5 

% within 

Definite_or_Possible_Awarenes

s 

80.0% 20.0% 100.0% 

% within 

BIS_60_alert_triggered_yn 
0.1% 0.1% 0.1% 

% of Total 0.1% 0.0% 0.1% 

Total 

Count 3752 1402 5154 

% within 

Definite_or_Possible_Awarenes

s 

72.8% 27.2% 100.0% 

% within 

BIS_60_alert_triggered_yn 
100.0% 100.0% 100.0% 

% of Total 72.8% 27.2% 100.0% 
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Chi-Square Tests 

 Value df Asymp. Sig. (2-

sided) 

Exact Sig. (2-

sided) 

Exact Sig. (1-

sided) 

Pearson Chi-Square .131a 1 .717   

Continuity Correctionb .000 1 1.000   

Likelihood Ratio .140 1 .709   

Fisher's Exact Test    1.000 .586 

Linear-by-Linear 

Association 
.131 1 .717 

  

N of Valid Cases 5154     

a. 2 cells (50.0%) have expected count less than 5. The minimum expected count is 1.36. 

b. Computed only for a 2x2 table 

 

 

Risk Estimate 

 Value 95% Confidence Interval 

Lower Upper 

Odds Ratio for 

Definite_or_Possible_Awareness (No / 

Definite or Possible Awareness) 

.669 .075 5.989 

For cohort BIS_60_alert_triggered_yn 

= No BIS >60 
.910 .587 1.411 

For cohort BIS_60_alert_triggered_yn 

= BIS >60 at least once 
1.360 .236 7.857 

N of Valid Cases 5154   
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Definite_or_Possible_Awareness * BIS_70_yn 

Crosstab 

 BIS_70_yn Total 

.00 1.00 

Definite_or_Possible_Awarenes

s 

No 

Count 4742 407 5149 

% within 

Definite_or_Possible_Awareness 
92.1% 7.9% 100.0% 

% within BIS_70_yn 99.9% 100.0% 99.9% 

% of Total 92.0% 7.9% 99.9% 

Definite or Possible 

Awareness 

Count 5 0 5 

% within 

Definite_or_Possible_Awareness 
100.0% 0.0% 100.0% 

% within BIS_70_yn 0.1% 0.0% 0.1% 

% of Total 0.1% 0.0% 0.1% 

Total 

Count 4747 407 5154 

% within 

Definite_or_Possible_Awareness 
92.1% 7.9% 100.0% 

% within BIS_70_yn 100.0% 100.0% 100.0% 

% of Total 92.1% 7.9% 100.0% 
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Chi-Square Tests 

 Value df Asymp. Sig. (2-

sided) 

Exact Sig. (2-

sided) 

Exact Sig. (1-

sided) 

Pearson Chi-Square .429a 1 .512   

Continuity Correctionb .000 1 1.000   

Likelihood Ratio .823 1 .364   

Fisher's Exact Test    1.000 .663 

Linear-by-Linear 

Association 
.429 1 .512 

  

N of Valid Cases 5154     

a. 2 cells (50.0%) have expected count less than 5. The minimum expected count is .39. 

b. Computed only for a 2x2 table 

 

 

Risk Estimate 

 Value 95% Confidence Interval 

Lower Upper 

For cohort BIS_70_yn = .00 .921 .914 .928 

N of Valid Cases 5154   
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Definite_or_Possible_Awareness * BIS_80_yn 

Crosstab 

 BIS_80_yn Total 

.00 1.00 

Definite_or_Possible_Awarenes

s 

No 

Count 5015 134 5149 

% within 

Definite_or_Possible_Awareness 
97.4% 2.6% 100.0% 

% within BIS_80_yn 99.9% 100.0% 99.9% 

% of Total 97.3% 2.6% 99.9% 

Definite or Possible 

Awareness 

Count 5 0 5 

% within 

Definite_or_Possible_Awareness 
100.0% 0.0% 100.0% 

% within BIS_80_yn 0.1% 0.0% 0.1% 

% of Total 0.1% 0.0% 0.1% 

Total 

Count 5020 134 5154 

% within 

Definite_or_Possible_Awareness 
97.4% 2.6% 100.0% 

% within BIS_80_yn 100.0% 100.0% 100.0% 

% of Total 97.4% 2.6% 100.0% 

 

 

 

 

 

 



151 
 

Chi-Square Tests 

 Value df Asymp. Sig. (2-

sided) 

Exact Sig. (2-

sided) 

Exact Sig. (1-

sided) 

Pearson Chi-Square .134a 1 .715   

Continuity Correctionb .000 1 1.000   

Likelihood Ratio .264 1 .608   

Fisher's Exact Test    1.000 .877 

Linear-by-Linear 

Association 
.134 1 .715 

  

N of Valid Cases 5154     

a. 2 cells (50.0%) have expected count less than 5. The minimum expected count is .13. 

b. Computed only for a 2x2 table 

 

Risk Estimate 

 Value 95% Confidence Interval 

Lower Upper 

For cohort BIS_80_yn = .00 .974 .970 .978 

N of Valid Cases 5154   
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Definite_or_Possible_Awareness * BIS_90_yn 

Crosstab 

 BIS_90_yn Total 

.00 1.00 

Definite_or_Possible_Awarenes

s 

No 

Count 5111 38 5149 

% within 

Definite_or_Possible_Awareness 
99.3% 0.7% 100.0% 

% within BIS_90_yn 99.9% 100.0% 99.9% 

% of Total 99.2% 0.7% 99.9% 

Definite or Possible 

Awareness 

Count 5 0 5 

% within 

Definite_or_Possible_Awareness 
100.0% 0.0% 100.0% 

% within BIS_90_yn 0.1% 0.0% 0.1% 

% of Total 0.1% 0.0% 0.1% 

Total 

Count 5116 38 5154 

% within 

Definite_or_Possible_Awareness 
99.3% 0.7% 100.0% 

% within BIS_90_yn 100.0% 100.0% 100.0% 

% of Total 99.3% 0.7% 100.0% 
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Chi-Square Tests 

 Value df Asymp. Sig. (2-

sided) 

Exact Sig. (2-

sided) 

Exact Sig. (1-

sided) 

Pearson Chi-Square .037a 1 .847   

Continuity Correctionb .000 1 1.000   

Likelihood Ratio .074 1 .786   

Fisher's Exact Test    1.000 .964 

Linear-by-Linear 

Association 
.037 1 .847 

  

N of Valid Cases 5154     

a. 2 cells (50.0%) have expected count less than 5. The minimum expected count is .04. 

b. Computed only for a 2x2 table 

 

 

Risk Estimate 

 Value 95% Confidence Interval 

Lower Upper 

For cohort BIS_90_yn = .00 .993 .990 .995 

N of Valid Cases 5154   
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Definite_or_Possible_Awareness * BIS_50_yn 

Crosstab 

 BIS_50_yn Total 

.00 1.00 

Definite_or_Possible_Awarenes

s 

No 

Count 2488 2661 5149 

% within 

Definite_or_Possible_Awareness 
48.3% 51.7% 100.0% 

% within BIS_50_yn 99.9% 99.9% 99.9% 

% of Total 48.3% 51.6% 99.9% 

Definite or Possible 

Awareness 

Count 2 3 5 

% within 

Definite_or_Possible_Awareness 
40.0% 60.0% 100.0% 

% within BIS_50_yn 0.1% 0.1% 0.1% 

% of Total 0.0% 0.1% 0.1% 

Total 

Count 2490 2664 5154 

% within 

Definite_or_Possible_Awareness 
48.3% 51.7% 100.0% 

% within BIS_50_yn 100.0% 100.0% 100.0% 

% of Total 48.3% 51.7% 100.0% 
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Chi-Square Tests 

 Value df Asymp. Sig. (2-

sided) 

Exact Sig. (2-

sided) 

Exact Sig. (1-

sided) 

Pearson Chi-Square .138a 1 .710   

Continuity Correctionb .000 1 1.000   

Likelihood Ratio .140 1 .709   

Fisher's Exact Test    1.000 .532 

Linear-by-Linear 

Association 
.138 1 .710 

  

N of Valid Cases 5154     

a. 2 cells (50.0%) have expected count less than 5. The minimum expected count is 2.42. 

b. Computed only for a 2x2 table 

 

Risk Estimate 

 Value 95% Confidence Interval 

Lower Upper 

Odds Ratio for 

Definite_or_Possible_Awareness (No / 

Definite or Possible Awareness) 

1.402 .234 8.400 

For cohort BIS_50_yn = .00 1.208 .413 3.536 

For cohort BIS_50_yn = 1.00 .861 .421 1.763 

N of Valid Cases 5154   
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New_groups * AAMAC_0.4_yn 

Crosstab 

 AAMAC_0.4_yn Total 

No AAMAC<0.4 
alerts 

1+ AAMAC <0.4 
alerts 

New_group
s 

MAC 

Count 6397 1639 8036 

% within 
New_groups 

79.6% 20.4% 100.0% 

% within 
AAMAC_0.4_yn 

74.3% 71.6% 73.8% 

% of Total 58.7% 15.0% 73.8% 

BIS no 
BIS 

Count 2209 649 2858 

% within 
New_groups 

77.3% 22.7% 100.0% 

% within 
AAMAC_0.4_yn 

25.7% 28.4% 26.2% 

% of Total 20.3% 6.0% 26.2% 

Total 

Count 8606 2288 10894 

% within 
New_groups 

79.0% 21.0% 100.0% 

% within 
AAMAC_0.4_yn 

100.0% 100.0% 100.0% 

% of Total 79.0% 21.0% 100.0% 
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Chi-Square Tests 

 Value df Asymp. Sig. (2-

sided) 

Exact Sig. (2-

sided) 

Exact Sig. (1-

sided) 

Pearson Chi-Square 6.795a 1 .009   

Continuity Correctionb 6.656 1 .010   

Likelihood Ratio 6.712 1 .010   

Fisher's Exact Test    .009 .005 

Linear-by-Linear 

Association 
6.794 1 .009 

  

N of Valid Cases 10894     

a. 0 cells (.0%) have expected count less than 5. The minimum expected count is 600.25. 

b. Computed only for a 2x2 table 

 

Risk Estimate 

 Value 95% Confidence Interval 

Lower Upper 

Odds Ratio for New_groups (MAC / 

BIS no BIS) 
1.147 1.034 1.271 

For cohort AAMAC_0.4_yn = No 

AAMAC<0.4 alerts 
1.030 1.007 1.054 

For cohort AAMAC_0.4_yn = 1+ 

AAMAC <0.4 alerts 
.898 .829 .973 

N of Valid Cases 10894   
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New_groups * AAMAC_0.5_yn 

Crosstab 

 AAMAC_0.5_yn Total 

No AAMAC<0.5 
alerts 

1+ AAMAC <0.5 
alerts 

New_group
s 

MAC 

Count 5673 2363 8036 

% within 
New_groups 

70.6% 29.4% 100.0% 

% within 
AAMAC_0.5_yn 

74.2% 72.7% 73.8% 

% of Total 52.1% 21.7% 73.8% 

BIS no 
BIS 

Count 1969 889 2858 

% within 
New_groups 

68.9% 31.1% 100.0% 

% within 
AAMAC_0.5_yn 

25.8% 27.3% 26.2% 

% of Total 18.1% 8.2% 26.2% 

Total 

Count 7642 3252 10894 

% within 
New_groups 

70.1% 29.9% 100.0% 

% within 
AAMAC_0.5_yn 

100.0% 100.0% 100.0% 

% of Total 70.1% 29.9% 100.0% 
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Chi-Square Tests 

 Value df Asymp. Sig. (2-

sided) 

Exact Sig. (2-

sided) 

Exact Sig. (1-

sided) 

Pearson Chi-Square 2.911a 1 .088   

Continuity Correctionb 2.831 1 .092   

Likelihood Ratio 2.897 1 .089   

Fisher's Exact Test    .091 .046 

Linear-by-Linear 

Association 
2.911 1 .088 

  

N of Valid Cases 10894     

a. 0 cells (.0%) have expected count less than 5. The minimum expected count is 853.15. 

b. Computed only for a 2x2 table 

 

Risk Estimate 

 Value 95% Confidence Interval 

Lower Upper 

Odds Ratio for New_groups (MAC / 

BIS no BIS) 
1.084 .988 1.189 

For cohort AAMAC_0.5_yn = No 

AAMAC<0.5 alerts 
1.025 .996 1.054 

For cohort AAMAC_0.5_yn = 1+ 

AAMAC <0.5 alerts 
.945 .887 1.008 

N of Valid Cases 10894   
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New_groups * AAMAC_0.6_yn 

Crosstab 

 AAMAC_0.6_yn Total 

No AAMAC<0.6 
alerts 

1+ AAMAC <0.6 
alerts 

New_group
s 

MAC 

Count 4759 3277 8036 

% within 
New_groups 

59.2% 40.8% 100.0% 

% within 
AAMAC_0.6_yn 

74.0% 73.4% 73.8% 

% of Total 43.7% 30.1% 73.8% 

BIS no 
BIS 

Count 1672 1186 2858 

% within 
New_groups 

58.5% 41.5% 100.0% 

% within 
AAMAC_0.6_yn 

26.0% 26.6% 26.2% 

% of Total 15.3% 10.9% 26.2% 

Total 

Count 6431 4463 10894 

% within 
New_groups 

59.0% 41.0% 100.0% 

% within 
AAMAC_0.6_yn 

100.0% 100.0% 100.0% 

% of Total 59.0% 41.0% 100.0% 
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Chi-Square Tests 

 Value df Asymp. Sig. (2-

sided) 

Exact Sig. (2-

sided) 

Exact Sig. (1-

sided) 

Pearson Chi-Square .450a 1 .502   

Continuity Correctionb .421 1 .517   

Likelihood Ratio .450 1 .502   

Fisher's Exact Test    .507 .258 

Linear-by-Linear 

Association 
.450 1 .502 

  

N of Valid Cases 10894     

a. 0 cells (.0%) have expected count less than 5. The minimum expected count is 1170.85. 

b. Computed only for a 2x2 table 

 

Risk Estimate 

 Value 95% Confidence Interval 

Lower Upper 

Odds Ratio for New_groups (MAC / 

BIS no BIS) 
1.030 .945 1.123 

For cohort AAMAC_0.6_yn = No 

AAMAC<0.6 alerts 
1.012 .977 1.049 

For cohort AAMAC_0.6_yn = 1+ 

AAMAC <0.6 alerts 
.983 .934 1.034 

N of Valid Cases 10894   
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New_groups * AAMAC_0.7_yn 

Crosstab 

 AAMAC_0.7_yn Total 

No AAMAC<0.7 
alerts 

1+ AAMAC <0.7 
alerts 

New_group
s 

MAC 

Count 3653 4383 8036 

% within 
New_groups 

45.5% 54.5% 100.0% 

% within 
AAMAC_0.7_yn 

73.9% 73.7% 73.8% 

% of Total 33.5% 40.2% 73.8% 

BIS no 
BIS 

Count 1293 1565 2858 

% within 
New_groups 

45.2% 54.8% 100.0% 

% within 
AAMAC_0.7_yn 

26.1% 26.3% 26.2% 

% of Total 11.9% 14.4% 26.2% 

Total 

Count 4946 5948 10894 

% within 
New_groups 

45.4% 54.6% 100.0% 

% within 
AAMAC_0.7_yn 

100.0% 100.0% 100.0% 

% of Total 45.4% 54.6% 100.0% 
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Chi-Square Tests 

 Value df Asymp. Sig. (2-

sided) 

Exact Sig. (2-

sided) 

Exact Sig. (1-

sided) 

Pearson Chi-Square .040a 1 .842   

Continuity Correctionb .032 1 .859   

Likelihood Ratio .040 1 .842   

Fisher's Exact Test    .844 .429 

Linear-by-Linear 

Association 
.040 1 .842 

  

N of Valid Cases 10894     

a. 0 cells (.0%) have expected count less than 5. The minimum expected count is 1297.56. 

b. Computed only for a 2x2 table 

 

Risk Estimate 

 Value 95% Confidence Interval 

Lower Upper 

Odds Ratio for New_groups (MAC / 

BIS no BIS) 
1.009 .926 1.099 

For cohort AAMAC_0.7_yn = No 

AAMAC<0.7 alerts 
1.005 .959 1.053 

For cohort AAMAC_0.7_yn = 1+ 

AAMAC <0.7 alerts 
.996 .958 1.035 

N of Valid Cases 10894   
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New_groups * AAMAC_0.8_yn 

Crosstab 

 AAMAC_0.8_yn Total 

No AAMAC<0.8 
alerts 

1+ AAMAC <0.8 
alerts 

New_group
s 

MAC 

Count 2460 5576 8036 

% within 
New_groups 

30.6% 69.4% 100.0% 

% within 
AAMAC_0.8_yn 

74.1% 73.6% 73.8% 

% of Total 22.6% 51.2% 73.8% 

BIS no 
BIS 

Count 859 1999 2858 

% within 
New_groups 

30.1% 69.9% 100.0% 

% within 
AAMAC_0.8_yn 

25.9% 26.4% 26.2% 

% of Total 7.9% 18.3% 26.2% 

Total 

Count 3319 7575 10894 

% within 
New_groups 

30.5% 69.5% 100.0% 

% within 
AAMAC_0.8_yn 

100.0% 100.0% 100.0% 

% of Total 30.5% 69.5% 100.0% 
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Chi-Square Tests 

 Value df Asymp. Sig. (2-

sided) 

Exact Sig. (2-

sided) 

Exact Sig. (1-

sided) 

Pearson Chi-Square .308a 1 .579   

Continuity Correctionb .282 1 .595   

Likelihood Ratio .308 1 .579   

Fisher's Exact Test    .586 .298 

Linear-by-Linear 

Association 
.308 1 .579 

  

N of Valid Cases 10894     

a. 0 cells (.0%) have expected count less than 5. The minimum expected count is 870.73. 

b. Computed only for a 2x2 table 

 

Risk Estimate 

 Value 95% Confidence Interval 

Lower Upper 

Odds Ratio for New_groups (MAC / 

BIS no BIS) 
1.027 .936 1.127 

For cohort AAMAC_0.8_yn = No 

AAMAC<0.8 alerts 
1.019 .955 1.087 

For cohort AAMAC_0.8_yn = 1+ 

AAMAC <0.8 alerts 
.992 .965 1.020 

N of Valid Cases 10894   
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New_groups * AAMAC_0.9_yn 

Crosstab 

 AAMAC_0.9_yn Total 

No AAMAC<0.9 
alerts 

1+ AAMAC <0.9 
alerts 

New_group
s 

MAC 

Count 1433 6603 8036 

% within 
New_groups 

17.8% 82.2% 100.0% 

% within 
AAMAC_0.9_yn 

73.8% 73.8% 73.8% 

% of Total 13.2% 60.6% 73.8% 

BIS no 
BIS 

Count 509 2349 2858 

% within 
New_groups 

17.8% 82.2% 100.0% 

% within 
AAMAC_0.9_yn 

26.2% 26.2% 26.2% 

% of Total 4.7% 21.6% 26.2% 

Total 

Count 1942 8952 10894 

% within 
New_groups 

17.8% 82.2% 100.0% 

% within 
AAMAC_0.9_yn 

100.0% 100.0% 100.0% 

% of Total 17.8% 82.2% 100.0% 

 

 

 

 



167 
 

Chi-Square Tests 

 Value df Asymp. Sig. (2-

sided) 

Exact Sig. (2-

sided) 

Exact Sig. (1-

sided) 

Pearson Chi-Square .001a 1 .978   

Continuity Correctionb .000 1 1.000   

Likelihood Ratio .001 1 .978   

Fisher's Exact Test    .999 .501 

Linear-by-Linear 

Association 
.001 1 .978 

  

N of Valid Cases 10894     

a. 0 cells (.0%) have expected count less than 5. The minimum expected count is 509.48. 

b. Computed only for a 2x2 table 

 

 

Risk Estimate 

 Value 95% Confidence Interval 

Lower Upper 

Odds Ratio for New_groups (MAC / 

BIS no BIS) 
1.002 .896 1.120 

For cohort AAMAC_0.9_yn = No 

AAMAC<0.9 alerts 
1.001 .914 1.097 

For cohort AAMAC_0.9_yn = 1+ 

AAMAC <0.9 alerts 
1.000 .980 1.020 

N of Valid Cases 10894   
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USE ALL. 

COMPUTE filter_$=(New_groups = 1). 

VARIABLE LABELS filter_$ 'New_groups = 1 (FILTER)'. 

VALUE LABELS filter_$ 0 'Not Selected' 1 'Selected'. 

FORMATS filter_$ (f1.0). 

FILTER BY filter_$. 

EXECUTE. 

* Custom Tables. 

CTABLES 

  /VLABELS VARIABLES=quarter_org Percent_case_actual_alerted DISPLAY=LABEL 

  /TABLE quarter_org BY Percent_case_actual_alerted [MEAN, SEMEAN] 

  /CATEGORIES VARIABLES=quarter_org ORDER=A KEY=VALUE EMPTY=EXCLUDE. 

 

Table 1 

 Percent_case_actual_alerted 

Mean Standard Error of 

Mean 

quarter_org 

1 2.3247 .2532 

2 2.3491 .2201 

3 1.8286 .1830 

4 1.9109 .1375 

5 2.2568 .1981 

6 2.5781 .2420 
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7 2.5031 .2652 

8 3.7266 .3937 

 

GRAPH 

  /ERRORBAR(STERROR 2)=Percent_case_actual_alerted BY quarter_org. 

MAC only actual alerting 
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GRAPH 

  /ERRORBAR(STERROR 2)=Percent_BIS_60 BY quarter_org. 

 

BIS alerting 

 

 

* Custom Tables. 
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CTABLES 

  /VLABELS VARIABLES=quarter_org Percent_BIS_60 DISPLAY=LABEL 

  /TABLE quarter_org [C] BY Percent_BIS_60 [MEAN, SEMEAN] 

  /CATEGORIES VARIABLES=quarter_org ORDER=A KEY=VALUE EMPTY=EXCLUDE. 

Table 1 

 Percent_BIS_60 

Mean Standard Error of 

Mean 

quarter_org 

1 4.10 .52 

2 3.48 .41 

3 4.28 .47 

4 3.04 .35 

5 3.23 .33 

6 3.25 .34 

7 3.98 .36 

8 3.57 .36 

 

FILTER OFF. 

USE ALL. 

EXECUTE. 

USE ALL. 

COMPUTE filter_$=(New_groups = 1 OR New_groups = 3). 

VARIABLE LABELS filter_$ 'New_groups = 1 OR New_groups = 3 (FILTER)'. 

VALUE LABELS filter_$ 0 'Not Selected' 1 'Selected'. 

FORMATS filter_$ (f1.0). 
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FILTER BY filter_$. 

EXECUTE. 

GRAPH 

  /ERRORBAR(STERROR 2)=Percent_case_actual_alerted BY quarter_org 

  /PANEL COLVAR=New_groups COLOP=CROSS. 
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GRAPH 

  /ERRORBAR(STERROR 2)=Percent_case_actual_alerted BY quarter_org BY New_groups. 

 

 

FILTER OFF. 

USE ALL. 

EXECUTE. 

DATASET ACTIVATE DataSet1. 

SAVE OUTFILE='D:\amysha\Desktop\MACS '+ 

    'alerting\BIS_dissertation_merged_with_deletions_NO_PROPOFOL_INFUSIONS_21Aug12.sav' 

 /COMPRESSED. 
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USE ALL. 

COMPUTE filter_$=(New_groups = 1 OR  New_groups = 3). 

VARIABLE LABELS filter_$ 'New_groups = 1 OR  New_groups = 3 (FILTER)'. 

VALUE LABELS filter_$ 0 'Not Selected' 1 'Selected'. 

FORMATS filter_$ (f1.0). 

FILTER BY filter_$. 

EXECUTE. 

 

*Nonparametric Tests: Independent Samples. 

NPTESTS 

  /INDEPENDENT TEST (Percent_case_actual_alerted) GROUP (New_groups) 

  /MISSING SCOPE=ANALYSIS USERMISSING=EXCLUDE 

  /CRITERIA ALPHA=0.05  CILEVEL=95. 

 

Nonparametric Tests 

 

USE ALL. 

COMPUTE filter_$=(New_groups = 1 OR  New_groups = 3). 

VARIABLE LABELS filter_$ 'New_groups = 1 OR  New_groups = 3 (FILTER)'. 
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VALUE LABELS filter_$ 0 'Not Selected' 1 'Selected'. 

FORMATS filter_$ (f1.0). 

FILTER BY filter_$. 

EXECUTE. 

* Custom Tables. 

CTABLES 

  /VLABELS VARIABLES=New_groups quarter_org Percent_case_actual_alerted DISPLAY=LABEL 

  /TABLE New_groups > quarter_org BY Percent_case_actual_alerted [MEAN] 

  /CATEGORIES VARIABLES=New_groups ORDER=A KEY=VALUE EMPTY=INCLUDE 

  /CATEGORIES VARIABLES=quarter_org ORDER=A KEY=VALUE EMPTY=EXCLUDE. 

 

Custom Tables 

Table 1 

 Percent_case_actual_

alerted 

Mean 

New_groups MAC quarter_org 

1 2.3247 

2 2.3491 

3 1.8286 

4 1.9109 

5 2.2568 

6 2.5781 

7 2.5031 

8 3.7266 
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BIS with BIS quarter_org 

1 . 

2 . 

3 . 

4 . 

5 . 

6 . 

7 . 

8 . 

BIS no BIS quarter_org 

1 3.0432 

2 2.5724 

3 2.7104 

4 3.3431 

5 3.0498 

6 3.6249 

7 3.0340 

8 3.2933 

 

FILTER OFF. 

USE ALL. 

EXECUTE. 

SORT CASES  BY quarter_org. 

SPLIT FILE LAYERED BY quarter_org. 

USE ALL. 

COMPUTE filter_$=(New_groups = 1 OR  New_groups = 3). 
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VARIABLE LABELS filter_$ 'New_groups = 1 OR  New_groups = 3 (FILTER)'. 

VALUE LABELS filter_$ 0 'Not Selected' 1 'Selected'. 

FORMATS filter_$ (f1.0). 

FILTER BY filter_$. 

EXECUTE. 

 

*Nonparametric Tests: Independent Samples. 

NPTESTS 

  /INDEPENDENT TEST (Percent_case_actual_alerted) GROUP (New_groups) 

  /MISSING SCOPE=ANALYSIS USERMISSING=EXCLUDE 

  /CRITERIA ALPHA=0.05  CILEVEL=95. 

 

quarter_org = 1 
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quarter_org = 2 

 

quarter_org = 3 

 

quarter_org = 4 
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quarter_org = 5 

 

quarter_org = 6 

 

quarter_org = 7 
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quarter_org = 8 
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ALGORITHMS (BISPECTRAL INDEX GUIDED OR ANESTHETIC 

CONCENTRATION GUIDED) IN REAL-TIME DECISION SUPPORT TO 
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by 
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Degree: Doctor of Philosophy 

Background: Intraoperative awareness with explicit recall (AWR) is a feared 

complication of surgery that can lead to significant psychological distress.  Several large 

prospective trials have been completed comparing two methods of monitoring anesthetic depth 

[minimum alveolar concentration (MAC) or electroencephalography (EEG) monitoring using the 

bispectral index (BIS)] for the prevention of AWR.  However, these trials were conducted in 

high risk populations, limiting generalizability. 

Research Hypothesis: Real-time decision support with Anesthesia Information 

Management System alerts based on a novel anesthetic concentration algorithm (incorporating 

the use of intravenous anesthetics) or an EEG-guided algorithm will reduce the known incidence 

of AWR. 
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Methods:  First, a MAC-equivalent alerting algorithm that incorporates the use of 

intravenous anesthetics was developed and retrospectively applied to previously collected data.  

A threshold was calculated that demonstrated optimal sensitivity and specificity for detecting 

AWR.  Next, a large prospective randomized controlled trial was performed in an unselected 

surgical population to compare the MAC-equivalent or a BIS alerting algorithm for the 

prevention of AWR.  Finally, discrete intraoperative data collected during that trial were 

analyzed to determine which specific threshold for MAC or BIS demonstrated optimal sensitivity 

and specificity in the eradication of AWR. 

Results:  Retrospective analysis revealed that a MAC-equivalent of <0.5 was associated 

with the highest positive likelihood ratio; this was used as the threshold in the prospective trial.  

No difference was detected between BIS or MAC-equivalent alerting algorithms in the reduction 

of AWR.  Post hoc analysis revealed that BIS, when compared to routine clinical care without 

alerts, demonstrated a 4.7 fold reduction in definite or possible AWR.  By secondary analysis, 

neither MAC nor BIS demonstrated a discrete population-based threshold with optimal 

sensitivity and specificity in the prevention of AWR.   

Conclusion:  No difference was detected in the reduction of AWR between BIS or MAC 

alerting.  However, BIS alerting when compared to standard of care reduced the incidence of 

AWR.   There were no discriminating thresholds of MAC or BIS values at the population level 

associated with the eradication of AWR.  In conclusion, real-time decision support reduces the 

incidence of AWR but individualized patient-based alerting algorithms will be required for its 

eradication. .   
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