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The error rate was modeled from country, time, case mix and autopsy rate using a logistic model with a random study effect.  Case mix and country were treated as categorical effects.  More specifically, if X1, X2, ... are the above predictor variables, Ne the number of errors found for a study with Na autopsies, then the error rate p  (Ne / Na) is modeled as 1 / (1 + e-) where   = 0 + 1X1 + 2X2 + ... + u  with the random study effect, u,  having a normal distribution with mean 0 and variance 2.  Computations were done using the SAS NLMixed procedure. [SAS software, version 8.2, SAS Institute: Cary, NC.]

In the tables and analysis below, Case Mix (CM) was categorized as follows:

1. General inpatients or general adult inpatients

2. Adult medical

3. Adult ICU

4. Adult or pediatric surgery

5. Pediatric inpatients

6. Neonatal or pediatric ICU

7. Other

Country was treated as a dichotomous variable, with U.S. studies assigned the value –1 and non-U.S. studies =1.

Time was defined as the midpoint of the study period (using whole or half years) and centered with 1980 as T=0. Thus a study reporting autopsies over the calendar year 1979 would be centered at –0.5; a study with a 2-year study period including 1982 and 1983 would be centered at +3. 

Autopsy rates were also centered, using the unweighted mean autopsy rate for the included studies, which was 44.3% for studies reporting Class I and major errors.

For each of the error definitions (Class I, major errors, discrepant major ICD disease classifications), the analysis began with a model that included all predictors–study period, autopsy rate, case mix (general adult inpatients, medical patients, surgical parents, pediatric, etc.) and country (U.S., non-U.S.).  We then compared this model with models in which one variable at a time was dropped.  

The differences between the results produced by these models and the more complete model above were not statistically significant for Class I errors, but they were for the other two error definitions (data not shown). Even for Class I errors, the contributions of these other factors (autopsy rate, country, case mix) were noticeable, even if not statistically significant, and were clearly plausible. Therefore, we used the more complete model to compute the mean error rate and the range of error rates shown in the analyses and tables below for all three error definitions.  

A. Class I Error Rates
Model 1: Time, Autopsy rate, Country and Case Mix
	Variable
	Estimate
	Standard Error
	Odds Ratio
	Lower 

95% CI
	Upper 

95% CI
	P-value

	Intercept
	-2.2622
	0.2175
	0.10412
	0.06699
	0.1618
	<.0001

	Time
	-0.8122
	0.6007
	0.44389
	0.1313
	1.5008
	0.1848

	Autopsy rate
	-0.03041
	0.01825
	0.97005
	0.9348
	1.0066
	0.1044

	Country
	-0.09338
	0.1322
	0.91085
	0.6967
	1.1909
	0.4844

	CM 2 vs 1
	0.4969
	0.3513
	1.64370
	0.8061
	3.3516
	0.1658

	CM 3 vs 1
	0.1985
	0.3121
	1.21955
	0.6476
	2.2968
	0.5289

	CM 4 vs 1
	0.3589
	0.3449
	1.43173
	0.7114
	2.8815
	0.3050

	CM 5 vs 1
	-0.3306
	0.6389
	0.71850
	0.1966
	2.6254
	0.6080

	CM 6 vs 1
	0.03348
	0.3634
	1.03405
	0.4948
	2.1610
	0.9271

	CM 7 vs 1
	-0.4348
	0.4007
	0.64742
	0.2873
	1.4592
	0.2851


 I. Time Trend
Coefficient for Year = -0.03041   ( -0.3041 to use decade as unit of analysis instead of single year

Odds ratio = exp (–0.3041)= 0.7378

<Subtract above from 1.0 to obtain relative decreases>

( 0.2622

Class I error rates showed relative decrease of 26.2% per decade  (p=0.1044)

95% CI = exp (-0.3041 (  2*0.1825)

= exp (-0.3041 ( 0.3650)

= exp (0.0609, -0.6691)

= (1.0628,0.5122) 

<Subtract above from 1.0 to obtain relative decreases>

(  (-0.0628,0.4878)

( Class I error rates showed relative decrease of 28.0% (95% CI: 48.8% decrease to 6.3% increase) per decade  

II. Relationship to Autopsy Rate
Coefficient Autopsy Rate = -0.8122      

(-0.8122/10 = -0.08122 to calculate relationship as per 10% change in Autopsy Rate

Odds ratio = exp (-0.08122) = 0.9220

<Subtract above from 1.0 to obtain relative decrease>

(0.0780)

For every 10% increase in autopsy rate, Class I error rate decreased by 7.8% (p=0.1848) 

95% CI = exp (-0.08122 (2*0.6007/10)

= exp (-0.08122 (0.12014)

= exp (-0.20136, 0.03892)

= 0.8176, 1.04 

<Subtract above from 1.0 to obtain relative decreases>

(-0.0400, 0.1824)

(Class I error rate exhibited 7.8% relative decrease (95% CI: 18.2% decrease to 4.0% increase) for each 10% increase in autopsies. 

III. Calculation of “mean” Class I error rate 

Because error rates varied with time and autopsy rate (as well as case mix, though to a lesser extent), a true “mean” error rate does not exist. However, we can estimate a “base error rate,” if the predictor variables are all set to their base values (i.e., time=1980, autopsy rate = mean rate of 44.3%, country=U.S., and case mix=general autopsies).  

A point estimate for the base error rate can then be obtained from the regression equation,

Prob (Class I error) = 1 / (1 + e-) where   = 0 + 1X1 + 2X2 + ... + u

Intercept= -2.2622 and,  for the base probability, the terms for time, autopsy rate and case mix all equal zero, because the equation is centered on these values.

Therefore, 

= -2.2622 + (1980-1980)(–0.03041) + (-0.8122)(0.443-0.443) + (-0.09338)(-1), where the –1 in the country term reflects the value assigned to U.S. (non-U.S.=+1).

Thus, = -2.16882, so that base prob (Class I error) = 1 / (1 + e‑(-2.16882))

( Base prob (Class I error) = 0.10258( 10.2%

Base error and 95% CI obtained from software were: 0.1023 and (0.06701, 0.1532)
Therefore, base rate of Class I errors was: 10.2% (95% CI: 6.7-15.3%)
Because the trends over time and the relationship to autopsy rate were not statistically significant for Class I errors, this base error rate provides a reasonable overall mean rate for Class I errors. It is clear, though (as shown in Table below), that the effects of study period (time) and autopsy rate are noticeable enough (even if not statistically significant for Class I errors). Therefore, a true “mean error rate” is not meaningful in the absence of stipulated values for time and autopsy rate. The table below shows how the Class I error rate varies with time and autopsy rate using the regression model above, with country equal to U.S. and case mix equal to general autopsies.

	Autopsy Rate
	1970
	1980
	1990
	2000

	5%
	17.6%
	13.6%
	10.4%
	7.9%

	10%
	17.0%
	13.1%
	10.0%
	7.6%

	15%
	16.5%
	12.7%
	9.7%
	7.3%

	20%
	15.9%
	12.2%
	9.3%
	7.1%

	25%
	15.4%
	11.8%
	9.0%
	6.8%

	30%
	14.9%
	11.4%
	8.7%
	6.5%

	40%
	13.9%
	10.6%
	8.0%
	6.1%

	50%
	12.9%
	9.9%
	7.5%
	5.6%

	60%
	12.0%
	9.2%
	6.9%
	5.2%

	70%
	11.2%
	8.5%
	6.4%
	4.8%

	80%
	10.4%
	7.9%
	5.9%
	4.5%

	100%
	9.0%
	6.8%
	5.1%
	3.8%


B. Class I Errors: U.S. only       

Model 1: Time, Autopsy rate and Case Mix  

	Variable
	Estimate
	Standard Error
	Odds Ratio
	Lower 

95% CI
	Upper 

95% CI
	P-value

	Intercept
	-2.0678
	0.2501
	0.12647
	0.07477
	0.2139
	<.0001

	Time
	-1.6629
	1.2590
	0.18958
	0.01346
	2.6703
	0.2031

	Autopsy rate
	-0.05501
	0.02860
	0.94647
	0.8913
	1.0051
	0.0704

	CM 2 vs 1
	0.1857
	0.5808
	1.20405
	0.3554
	4.0796
	0.7529

	CM 3 vs 1
	0.3223
	0.3966
	1.38027
	0.6000
	3.1754
	0.4270

	CM 4 vs 1
	0.5144
	0.6996
	1.67261
	0.3846
	7.2734
	0.4717

	CM 5 vs 1
	-0.2763
	0.5884
	0.75861
	0.2204
	2.6113
	0.6443

	CM 6 vs 1
	0.01320
	0.6391
	1.01329
	0.2646
	3.8802
	0.9837

	CM 7 vs 1
	-0.3228
	0.4533
	0.72410
	0.2794
	1.8769
	0.4855


Coefficient for Time is –0.05501     

( -0.5501 to use decade as unit of analysis instead of single year

odds ratio = exp (–0.5501)=  0.57689

<Subtract above from 1.0 to obtain relative decrease>

( 0.42311

( Error rate showed relative decrease of 42.3% per decade, but this relationship was not statistically significant (p=0.07)

Coefficient Autopsy Rate = -1.6629

( -1.6629/10 = -0.16629 to calculate relationship as per 10% change in Autopsy Rate

odds ratio = exp (-0.166291) =  0.8468

<Subtract above from 1.0 to obtain relative decrease>

( For every 10% increase in autopsy rate, error rate decreases by approximately 15.3%, but this relationship was not statistically significant (p=0.2).
Prob (Class I error) = 1 / (1 + e-) where   = 0 + 1X1 + 2X2 + ... + u  
Intercept= -2.0678

For base probability, time, autopsy and case mix terms all equal zero and there is no country terms in the analysis restricted to U.S. only, so

= -2.0678 
Therefore, 

( Base prob (Class I error) = 1 / (1 + e‑(-2.0678))
( Base prob (Class I error) = 0.1117( 11.2%

The value calculated using the statistical software corroborated this estimate and provided the corresponding confidence interval. 
Thus, the mean Class I error rate using data from U.S. only is 11.2% (95% CI: 6.9-17.5%).

Summary 

In the model adjusting for study period, variations in autopsy rates, differences in case mix and study country (U.S. vs. non-U.S.), the probability of the autopsy detecting a Class I error in a given case was 10.2% (95% CI: 6.7-15.3%). Restricting the analysis to data from U.S. institutions only, yielded a similar point estimate, but a slightly wider confidence interval, 11.2% (95% CI: 6.9-17.5%).
The expected inverse correlation between error rate and study period (i.e., the more recent the study the lower the error rate) was modest and statistically significant. Specifically, the probability of a Class I error showed a relative decrease of 28.0% per decade (p=0.1; 95% CI: 48.8% decrease to 6.3% increase).

The expected inverse correlation between error rate and autopsy rate (i.e., the higher the autopsy rate, the lower the error rate) was relatively weak and not statistically significant. Specifically, for every 10% increase in autopsies, the Class I error rate exhibited a relative decrease of 7.8% (p=0.2).
C. Major Errors     

Model 1: Time, Autopsy Rate, Country and Case Mix  

	Variable
	Estimate
	Standard Error
	Odds Ratio
	Lower 95% CI
	Upper 95% CI
	P-value

	Intercept
	-0.9773
	0.1238
	0.37633
	0.2931
	0.4831
	<.0001

	a_rate
	-1.2846
	0.3211
	0.27677
	0.1448
	0.5291
	0.0003

	year
	-0.03288
	0.01131
	0.96766
	0.9458
	0.9900
	0.0058

	country
	0.08833
	0.07323
	1.09235
	0.9423
	1.2663
	0.2345

	cm2
	0.2505
	0.2024
	1.28464
	0.8538
	1.9329
	0.2228

	cm3
	0.09321
	0.1796
	1.09770
	0.7639
	1.5773
	0.6065

	cm4
	0.7518
	0.1969
	2.12083
	1.4254
	3.1555
	0.0004

	cm5
	-0.7406
	0.2842
	0.47680
	0.2687
	0.8461
	0.0126

	cm6
	0.01956
	0.2773
	1.01975
	0.5827
	1.7847
	0.9441

	cm7
	-0.2192
	0.1781
	0.80320
	0.5607
	1.1506
	0.2253


I. Time Trend
Coefficient for Time is –0.03288 ( -0.3288 to use decade as unit of analysis instead of single year

Odds ratio = exp (–0.3288 ) =  0.719787

<Subtract above from 1.0 to obtain relative decrease>

( 0.2802

( Major error rates showed decrease of 28.0% per decade (p=0.0058) relative to the base time period of 1980. 

Coefficient Autopsy Rate = -1.2846      

10% change ( -1.2846/10= -0.12846

Odds ratio = exp (-0.12846) = 0.879449

<Subtract above from 1.0 to obtain relative decrease>

( 0.120551

For every 10% increase in autopsy rate, major error rate decreases by 12.0% (p=0.0003)

The models dropping case mix, country and autopsy rate (one at a time) produced results with statistically significant differences from the above. Consequently, we used Model 1 (including autopsy rate, country, case mix as predictors of major errors) to compute the mean error rate and the range of error rates shown in the table below and the mean major error rate of 25.6% (95% CI: 20.8-31.2%). The point estimate can be obtained manually using the calculation shown below and was compared with the value generated by the statistical software. (The software was required to calculate the confidence interval.) 

Prob (major error) = 1 / (1 + e-) where  = 0 + 1X1 + 2X2 + ... + u  
Substituting inIntercept (0)= -0.9773 

and base values of time (1980), autopsy rate (overall mean rate of 44.3%), country (U.S.=-1) and case mix (general autopsies, so that case mix terms CM2,…,CM7 all equal zero), then

= -0.9773 + (–0.02223)(1980-1980)  + (-0.9603)(0.443-0.443) + (0.08833)(-1)

= -1.06563 

( Base prob (major error) = 1 / (1 + e‑(-0.88867))
( Base prob (major error) = 0.256235 ( 25.6%

Calculation performed with statistical software confirmed this estimate and provided the corresponding confidence interval of (0.2077, 0.3116).

Thus, base probability of major error was: 25.6% (95% CI: 20.8-31.2%)

	Autopsy Rate
	1970
	1980
	1990
	2000

	5%
	44.3%
	36.4%
	29.2%
	22.9%

	10%
	42.7%
	34.9%
	27.9%
	21.8%

	15%
	41.2%
	33.5%
	26.6%
	20.7%

	20%
	39.6%
	32.1%
	25.4%
	19.7%

	25%
	38.1%
	30.7%
	24.2%
	18.7%

	30%
	36.6%
	29.4%
	23.0%
	17.7%

	40%
	33.7%
	26.8%
	20.8%
	15.9%

	50%
	30.9%
	24.3%
	18.8%
	14.3%

	60%
	28.2%
	22.0%
	16.9%
	12.8%

	70%
	25.7%
	19.9%
	15.2%
	11.4%

	80%
	23.3%
	17.9%
	13.6%
	10.2%

	100%
	19.0%
	14.5%
	10.8%
	8.1%


D.  Major Errors: U.S. Studies Only             

Model 1 – Time, Autopsy Rate, Case-mix 

	Variable
	Estimate
	Standard Error
	Odds Ratio
	Lower 

95% CI
	Upper 

95% CI
	P-value

	Intercept
	-1.1499
	0.2002
	0.31666
	0.2098
	0.4779
	<.0001

	Time
	-1.0411
	0.5382
	0.35306
	0.1168
	1.0673
	0.0640

	Autopsy rate
	-0.02460
	0.01844
	0.97570
	0.9394
	1.0134
	0.1937

	CM 2 vs 1
	-0.00791
	0.4640
	0.99212
	0.3823
	2.5750
	0.9865

	CM 3 vs 1
	0.1429
	0.2625
	1.15363
	0.6726
	1.9787
	0.5908

	CM 4 vs 1
	0.6615
	0.3243
	1.93774
	0.9950
	3.7738
	0.0516

	CM 5 vs 1
	-0.7628
	0.3381
	0.46637
	0.2328
	0.9344
	0.0327

	CM 6 vs 1
	0.2219
	0.4953
	1.24850
	0.4510
	3.4561
	0.6578

	CM 7 vs 1
	-0.2093
	0.2599
	0.81118
	0.4754
	1.3841
	0.4281


Coefficient for Time is –0.0246 ( -0.246 to use decade as unit of analysis instead of single year

Odds ratio = exp (–0.246)= 0.78192

( Error rate exhibited relative decrease of 21.8% per decade, but this relationship was not statistically significant (p=0.2).

Coefficient Autopsy Rate =  -1.0411

10% change ( -1.0411/10 = -0.10411

Odds ratio = exp (-0.10411) =  0.90113

For every 10% increase in autopsy rate, the major error rate decreased by 9.9% (p=0.06)

Summary 

In the model adjusting for study period, variations in autopsy rates, differences in case mix and study country (U.S. vs. non-U.S.), the base probability of the autopsy detecting a major error in a given case was 25.6% (95% CI: 20.8-31.2%). Using data from U.S. institutions only, the base probability of the autopsy detecting a major error was slightly lower at 24.0%, but with an almost entirely overlapping confidence interval (95% CI: 17.3-32.3%).
The expected inverse correlation between error rate and autopsy rate (i.e., the higher the autopsy rate, the lower the error rate) was relatively weak, but in contrast to the results for Class I errors, this relationship was statistically significant. Specifically, for every 10% increase in the autopsy rate, the major error rate decreased by 12.0% (95% CI: 6.2-17.5%). 

The expected inverse correlation between error rate and study period (i.e., the more recent the study the lower the error rate) was modest and, in contrast to the results for Class I errors, this relationship was statistically significant. Specifically, the probability of a major error exhibited a relative decrease of 28.0% per decade (95% CI: 9.8-42.6%).

E. ICD Disease Category Discrepancies

Nb: for the analysis below, time was centered at 1975, rather than 1980, as the study periods ranged from 1970-1980. Also, all of the studies using this error classification involved general inpatients or adult inpatients (Case Mix = 1), so case mix was not included in the models below.  

Model 1: Time, Autopsy Rate, Country (Error definition 3)

	Variable
	Estimate
	Standard Error
	Odds Ratio
	Lower 

95% CI
	Upper 

95% CI
	P-value

	Intercept
	-2.0252
	0.1024        
	0.132
	0.103
	0.170
	<.0001

	Time
	0.2468
	0.02098
	1.280
	1.216
	1.347
	<.0001

	Autopsy rate
	-0.2642
	0.1541
	0.768
	0.527
	1.119
	0.1373

	Country
	0.4187
	0.08126
	1.520
	1.246
	1.854
	0.0021


Intercept= -2.0252; Standard error =  0.1024         

95% CI= -2.0252 ( 2*0.1024 ( -2.230, -1.8204

probability of error = 0.1166 (95% CI:  0.0971 -0. 1394)

Coefficient for Time is 0.2468

Odds ratio = exp (0.2468)=  1.2800

( Error rate increased by roughly 28% per year (p<0.0001).

Coefficient Autopsy Rate = -0.2642

5% change ( -0.2644/20 = -0.01321

Odds ratio = exp(-0.01321) =  0.9869

For every 5% increase in autopsy rate, error rate decreases by approximately 1.4%, but this relationship was not statistically significant (p=0.1)

Summary 

In the model adjusting for study period, variations in autopsy rates, study country (U.S. vs. non-U.S.), the autopsy and clinical diagnoses fell in different major ICD in 11.7% (95% CI:  9.7% -13.9%) of cases in this base time period and country and at the base autopsy rate.

In contrast with the other two definitions of errors, ICD discrepancies showed an increase over time, and this relationship was statistically significant.  Specifically, the error rate increased by roughly 28% per year (p<0.0001). 

The relationship between the ICD discrepancies and autopsy rate did have the expected inverse correlation (as with the other two definitions of errors), but the relationship was weak and not statistically significant. For every 5% increase in autopsy rate, error rate decreases by approximately 1.4%, but this relationship was not statistically significant (p=0.1). 
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