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ABSTRACT

Quality management is an essential component of patient care in all healthcare
systems. Historically, the medical autopsy has been considered the gold standard of
diagnostic medicine. Discordance rates between autopsy and clinical diagnoses iden-
tify opportunities to strengthen patient care and guide healthcare quality improvement
strategies. The purpose of this study was to combine a decade of data and analyses
of discordance and concordance between autopsy and clinical diagnoses. Within our
study, the autopsy rate of all in-patient deaths was approximately 6%. Among the 441
cases included in the study, 79 were discordant (17.9%), 342 were concordant (77.6%),
and 20 were inconclusive (4.5%). The discordance rate ranged from 9.7% in 2007 to
26.3% in 2011. Hospital autopsies continue to contribute to clinical knowledge and pati-
ent care and should therefore be utilized to their fullest potential in healthcare quality
improvement.
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INTRODUCTION

The diagnostic process is of vital importance for appropriate medical care
(Olsen 2018). Inaccuracies in the diagnostic process lead to significant con-
sequences, negatively impacting patient morbidity and mortality (Berner and
Graber, 2008; Bunting and Groszkruger 2016). The autopsy has been an
essential diagnostic tool for more than 3000 years (Aalten et al. 2006),
and it remains the diagnostic golden standard in identifying pathologies and
causes of death (Marshall and Milikowski 2017). Additionally, clinicians
can use the results of autopsies to improve diagnostic skills and processes
(Graber 2005). Unfortunately, the rate of hospital autopsies has declined glo-
bally from approximately 60% in the 1960’s to less than 10% in modern
medicine (Kalra et al. 2010; Roulson et al. 2005; Scordi-Bello et al. 2010).
The decline of the autopsy rates is attributable to a multitude of contributing
factors, including fear of medicolegal trouble, limited resources, clinician and
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patient hesitancy, lack of minimum autopsy rates for hospital accreditation,
and advances in diagnostic imaging modalities (Scordi-Bello et al. 2010;
Tavora et al. 2008; Tai et al. 2001).

Discordance rates between clinical and autopsy diagnoses vary conside-
rably across studies and across continents. In our previous studies, we have
shown the discordance rate between autopsy and clinical diagnoses in the
Saskatoon Health Region (SHR) to be 12.7% from 2006 to 2008 (Kalra
et al. 2019) and 20.9% from 2002 to 2004 (Kalra et al. 2010). Studies from
various countries have reported discordance rates from as low as 9.3% in
India (Moorchung et al. 2013) to 19.8% in the USA (Tai et al. 2001) and as
high as 48.4% in Jamaica (Gibson et al 2004). Systematic reviews and meta-
analyses have revealed several different ranges for discordance rates including
4.1-49.8% (Shojania et al. 2003), 5-15% (Tudela et al. 2017), 10-15% (Schiff
et al. 2009) and 10-20% (Graber 2013). The significant variability between
the studies can be explained in part by the differences in study populations
and contexts associated with each study. The purpose of our study was to
combine and analyze over a decade of clinical and autopsy data to iden-
tify overall rates and trends of concordance and discordance rates among
university and community hospitals in Saskatoon, Saskatchewan, Canada.

METHODS

The rates of discordance and concordance between clinical and autopsy dia-
gnoses were determined via a retrospective chart review by three independent
researchers on 441 patients who passed away between January 1, 2000 to
December 31, 2011, while admitted to one of three hospitals in the SHR
including Royal University Hospital (RUH), St. Paul’s Hospital (SPH) and
Saskatoon City Hospital (SCH). Inclusion criteria included being over the
age of 16 at the time of death and having a clinician or family-requested
autopsy performed. The data from the year 2005was not fully available at the
time of analysis and was not included in our study. Other exclusion criteria
included medicolegal autopsies, pediatric autopsies, and coroner’s autopsies,
as well as any incomplete charts. Data from admission records, discharge
summaries, and autopsy reports were analyzed. Discordance was defined as
non-agreement between the clinical diagnosis premortem and autopsy fin-
dings post-mortem. Concordance was defined as agreement between pre- and
post-mortem diagnoses for the cause of death. Occasionally, cases were dee-
med to be inconclusive if there were insufficient information to classify the
case as either concordant or discordant.

To further understand diagnostic errors, cases of discordance were subclas-
sified according to implications of the error. This subclassification was
originally introduced by Goldman et al. (1983). Their subclassifications are
operationally defined as follows: Class 1 are discrepancies of major diagnoses
in which knowledge of the diagnosis would have led to changes in trea-
tment and/or management with the potential to prolong survival (Goldman
et al. 1983). Class 2 are discrepancies of major diagnoses, but the knowledge
of the diagnoses would not have changed survival or patient management
(Goldman et al. 1983). Class 3 are discrepancies of minor diagnoses that did
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not directly relate to the cause of death but were associated with the terminal
disease (Goldman et al. 1983). Class 4 are discrepancies of minor diagno-
ses that may have had the potential to influence prognosis or eventually
contribute to the cause of death and may have epidemiological significance
(Goldman et al. 1983). Since its original publication, a 5th classification has
been added (Aalten et al. 2006; Veress 1988). Class 5 cases indicate com-
plete agreement between autopsy and clinical diagnoses (Aalten et al. 2006;
Veress 1988).

RESULTS

After inclusion and exclusion criteria were applied to, a total of 441 cases
were eligible for analysis in this study (Figure 1).

The overall concordance rate between 2000 and 2011 was 77.6%
(342/441), whereas the discordance rate was 17.9% (79/441). There were
20 cases (4.5%) for which there was not enough information to classify as
either concordant or discordant and were thus labelled inconclusive. The
concordance rate in the SHR ranged from 67.7% in 2003 to 90.3% in 2007
(Figure 2).

Looking at the subclassification of diagnostic errors in cases of discordance
as introduced by Goldman et al. (1983) and modified by Aalten et al. (2006),
Class 1 rates ranged from 3% in 2007 to 26% in 2011. Class 2 cases ranged
from 0% in 2011 to 12% in 2002. Class 3 cases ranged from 0% in 2010
to 19% in 2009. Class 4 cases ranged from 7% in 2000 to 32% in 2008.
Finally, Class 5 cases ranged from 42% in 2011 to 68% in 2000 (Figure 3).

Of the over 13,000 patient-deaths that occurred in the SHR from 2000
to 2011 about 6,061 occurred at SPH (46.2%), 4,654 occurred at RUH
(35.5%), and 2,395 at SCH (18.3%). A total of 785 autopsies were per-
formed for an autopsy rate of about 6%. With regards to the included cases,
274 autopsies took place at RUH (62.1%), 150 took place at SPH (34.0%),
and 17 took place at SCH (3.9%). About 59.4% of cases were male, and
40.6% were female, and the average age at the time of death was 65 ± 15
years. The average length of stay in hospital was 12 ± 21 days. The loca-
tion of death within the hospital was also evaluated. The place of death in
hospital for 49.9% (224/441) of patients was the Intensive Care Unit (ICU),
36.3% (163/441) on the wards, and 12.0% (54/441) were other locations in
the hospital.

The concordance rate ranged from 74.0% at SPH to 94.1% at SCH, while
the discordance rate varied from 5.9% at SCH to 23.3% at SPH. Of the
inconclusive cases, 16 occurred at RUH and 4 occurred at SPH (Table 1).
Utilizing Goldman’s classification system reveals Class 1 errors range from
14% at SPH to 6% at SCH. Similarly, Class 2 errors range from 0% at SCH
to 9% at SPH. Class 3 errors ranged from 12% at SCH to 8% at RUH. Class
4 cases ranged from 12% at SCH to 24% at SPH. Class 5 cases ranged from
71% at SCH to 44% at SPH. Overall, the number of minor discrepancies
(Class 3 and Class 4) was just over 1.5 times higher than the number of
major discrepancies (Class 1 and Class 2) with 29% and 18%, respectively,
as shown in Table 1.
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Figure 1: Flow chart of the number of hospital admissions, deaths, total autopsies, and
eligible cases in SHR from 2000 to 2011.

Figure 2: Concordance and discordance rates between clinical and autopsy diagnoses
for all hospitals in the SHR from 2000 to 2011.

The cardiovascular and respiratory systems were the most common organ
systems involved with the cause of death in our population, with 31.3% and
19.3%, respectively. The cardiovascular and gastrointestinal systems were
the most common organ systems involved with discordant cases, accoun-
ting for 33% and 20% of discordant cases, respectfully. Relative discordance
rates were calculated as the number of discordant cases involving a particular
organ system divided by the total number of cases involving that particu-
lar organ system. For example, of the 36 gastrointestinal cases, 16 were
discordant, resulting in a relative discordance rate of 44.4%. Organ systems
with the highest rates of relative discordance included the gastrointestinal
system with 44.4% and the hematological system with 33.3%, as shown in
Table 2.
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Figure 3: Classification of the types of discordance between clinical and autopsy dia-
gnoses according to the Goldman’s criteria (1983) as modified by Aalten et al. (2006)
of hospitals in the SHR from 2000 to 2011 (C1: Class 1, C2: Class 2, C3: Class 3, C4:
Class 4, C5: Class 5).

Table 1. Classification of the types of discrepancies between clinical and autopsy
diagnoses of hospitals in the SHR between 2000 and 2011.

Classification *Sub-
Classification

RUH
(n = 274)

SPH
(n = 150)

SCH
(n = 17)

Overall
(n = 441)

Concordance 78.5% 74.0% 94.1% 77.6%
Discordance 15.7% 23.3% 5.9% 17.9%

C1 9.9% 14.0% 5.9% 11.1%
C2 5.8% 9.3% 0.0% 6.8%
C3 7.7% 8.7% 11.8% 8.2%
C4 20.1% 24.0% 11.8% 21.1%
C5 56.6% 44.0% 70.6% 52.8%

Inconclusive 5.8% 2.7% 0.0% 4.5%

*Sub-classification of discordance is presented as a percent of total rates of discordance.

DISCUSSION

The rates of concordance (77.6%) and discordance (17.9%) between clini-
cal and autopsy diagnoses in the SHR from 2000 to 2011 are consistent
with previously reported data from around the world. The Goldman clas-
sification system (Goldman et al. 1983), as modified by Aalten et al. (2006)
allowed for more in depth analyses of the type of errors occurring in our
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Table 2. Distribution of organ system involved in cause of death among the 441 cases
in the SHR from 2000 to 2011.

All Cases Discordant Cases Relative Discordance
Organ System n % n % %

Cardiovascular 138 31.3 26 32.9 18.8
Respiratory 85 19.3 9 11.4 10.6
Multisystemic 65 14.7 9 11.4 13.8
Neurological 42 9.5 5 6.3 11.9
Gastrointestinal 36 8.2 16 20.3 44.4
Hepatobiliary 24 5.4 2 2.5 8.3
Hematological 15 3.4 5 6.3 33.3
Genitourinary 10 2.3 2 2.5 20.0
Other 26 5.9 5 6.3 19.2

healthcare system. In 11.1% of discordant cases, the correct diagnosis would
have likely changed management and potentially prolonged life. Examples
include a case where the patient was clinically treated for a streptococcus
infection but autopsy revealed Blastomyces infection. This rate of Class 1
errors, 11.1% is similar to findings is consistent with previously reported
rates ranging from 5% (Shojania et al. 2003) to 9.9% (Marshall and Miliko-
wski 2017). In the 6.8% of cases that were classified as Class 2 errors there
were major discrepancies in the cause of death but due to the nature of the
condition, knowledge of the post-mortem diagnosis could not have changed
the outcome. For example, one patient who presented with jaundice passed
away quickly in hospital, and their clinical cause of death was listed as a
combination of hypereosinophilic syndrome and liver failure. However, on
autopsy, the patient was found to have extensive metastatic adenocarcinoma
of the colon. Due to the extent of the metastatic disease, even if the clinical
diagnosis had been accurate, the clinical course could not have been changed.
The rate of Class 2 errors found in this study is in keeping with previously
reported findings ranging from 6.1% (Fares et al. 2011), to 15% (Tudela
et al. 2017). Similarly, the rate of minor errors is in keeping with previous
literature including a Class 3 error rate of 8.2% within the previously repor-
ted range of 3.6% (Marshall and Milikowski 2017) to 15% (Tudela et al.
2017), a Class 4 error rate of 21.1% within the previously reported range of
16.1% (Aalten et al. 2006) to 32.9% (Marshall and Milikowski 2017). The
rate of complete concordance between clinical and autopsy diagnoses Class
5 in this study was 52.8% which is slightly higher than previously reported
ranges from 29% (Spiliopoulou et al. 2005) to 57% (Pastores et al. 2007)
which may be attributable to certain limitations of the study.

Limited sample sizes on a year-to-year basis were the primary restriction
to the depth of analysis and the interpretations of the present study. Exam-
ples of this include only 19 eligible cases in 2011 and data from the year
2005 being not fully available at the time of analysis and therefore not inclu-
ded. The low autopsy rate during this period, about 6%, limited the data
available for interpretation and introduced the potential for selection bias. A
study by Shojania et al. (2003) found that lower autopsy rates are associated
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with higher rates of diagnostic errors. Within the same study, they note that
for every 10% increase in the autopsy rate, there was a 12.4% decrease in
major medical errors (Shojania et al. 2003). This supports the notion that
autopsy remains a critical quality assurance and educational tool (Winters
et al. 2012). As the autopsy rate has declined, it seems that more commonly,
cases of clinical diagnostic uncertainty involve autopsy investigation (Shoja-
nia et al. 2003; Winters et al. 2012), thereby suggesting that the discordance
rate could be artificially inflated due to the thought that many of the cases
that are selected for autopsy have uncertain diagnoses from the start. Howe-
ver, a study by Cameron et al. (1980) found that clinician certainty has little
effect on the rate of discordance, noting that the discordance rate among
cases where the clinicians were certain about the diagnoses was 12%, whe-
reas the rate was 15% for the other levels of certainty (Cameron et al. 1980).
They also found that the discordance rate among cases where the clinician
would have normally ordered an autopsy was 15% compared to cases where
the clinician would not have typically ordered an autopsy which was 14%
(Cameron et al. 1980). Therefore, while there is potential for selection bias,
its effect on discordance rate may be minimal.

CONCLUSION

Autopsy continues to contribute to clinical knowledge, medical education,
and quality assurance initiatives. Autopsy contributes to diagnostic medicine
by enhancing accuracy and knowledge of disease (Roulson et al. 2005; De
Vlieger et al. 2010) and providing more accurate epidemiological mortality
data (Sington and Cottrell 2002). Additionally, it assists clinicians with the
calibration of their diagnostic skills via feedback (Graber 2005). As our study
shows, the discordance rate across the decade studied remains consistent with
the literature suggesting that autopsy continues to bring to light discrepancies
despite the global declining autopsy rate and advances in medical diagnostic
technology.
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