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Abstract

Advances in modern medicine and more accurate and precise diagnostic procedures have been considered to be the

main reason for the reduction in autopsy rates. However, there is still a discrepancy between clinical and autopsy

diagnoses. This retrospective study, designed as a cross-sectional study, included a sample of 931 patients who died at

the Clinical Hospital Centre ‘Zemun’. We analysed sex, age, length of hospitalisation and clinical and post-mortem

diagnoses, including the discrepancies between them. In 314 (34%) cases, there was complete agreement between the

clinical and autopsy diagnoses, complete disagreement in the same percentage and incomplete agreement in 303 (32%)

cases. In people aged >60 years, the risk of misdiagnosis was 2.5-fold higher than in the those aged <60 years (odds

ratio (OR)¼2.522, p<0.001), while the influence of sex on the risk of misdiagnosis was not statistically significant

(OR¼0.981, p>0.05). An increase in the number of autopsies would be one of the best methods to make discrepancies

between clinical and post-mortem diagnoses visible, and a good method for continuous evaluation of diagnostic tests,

as well as for providing a wider perspective on presentations of different clinical conditions.
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Introduction

The significance of autopsy in everyday clinical practice
has often been a subject of discussion, and especially
during the recent years, it has been related to a marked
decline in autopsy rates.1–4 For illustration purposes,
in the 1940s the autopsy rate was about 50%, whereas
at the end of the century, it was <10%.5 Autopsy is a
medical procedure of profound importance for deter-
mining the cause of death, assessing the accuracy of
clinical diagnosis and treatment efficacy, medical edu-
cation, research and disease detection.6,7 Some of the
reasons for the reducing autopsy rate include new diag-
nostic procedures that increase the accuracy of clinical
diagnosis, the attending physician’s lack of interest in
post-mortem diagnosis and the increasingly frequent
use of modern visualisation techniques in foren-
sic practice.8

On the other hand, research data suggest that
despite the constant improvement in medicine and
the availability of very precise diagnostic procedures,
the discrepancy between clinical and post-mortem diag-
noses has not been significantly reduced.8 The available

data on autopsies in the Republic of Serbia show that
in the first half of the 20th century, the autopsy rate
was about 20%. In the mid-1980s, it fell to about 10%,
while an increase in the number of incorrect clinical
diagnoses or conclusions about the cause of death
was observed along with this trend.9 In Serbia, exami-
nation and autopsy of the corpse is mandatory when
death occurs in a health-care institution and the cause
of death has not been determined, or <24 hours have
elapsed since the beginning of the treatment at the sta-
tionary health-care institution. Autopsy is also
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mandatory at the request of the doctor who treated the
deceased person, at the request of a close family
member of the deceased and if death occurred during
a diagnostic or therapeutic procedure.10

Taking all of this into account, we wanted to exam-
ine the clinical autopsy rate, as well as the degree of
agreement between clinical and post-mortem diagnoses
at the tertiary medical institution Clinical Hospital
Center Zemun (CHC Zemun) during a five-year period.

Methods

This retrospective study was designed as a cross-
sectional study, in which the level of agreement
between clinical and post-mortem diagnoses was exam-
ined for the patients treated at CHC Zemun whose
death occurred during hospitalisation. The research is
based on data about 931 autopsies performed at the
Institute of Forensic Medicine ;Milovan Milovanovi�c’
in Belgrade in the period from January 2011
to December 2015. In all analysed cases, clinical autop-
sies were performed at the request of the hospital.
In addition to data collected from the autopsy records,
case-history data were also analysed. The hospital visu-
alisation procedures used in our cases were ultrasound
diagnostic, X-ray, computerised tomography, endosco-
py procedures and chat lab. One internal medicine res-
ident and a forensic pathologist analysed the clinical
history and autopsy reports for all autopsied patient.
Clinical causes of death are established by specialist
doctors. In order to prevent disagreement (between
the forensic pathologist and the internal medicine res-
ident) in understanding terms such as cause of death
and mechanism of death, we defined them at the
very beginning.

In this study, the influence of the following variables
on the degree of agreement between clinical and post-
mortem diagnoses was examined: age, sex, length of
hospitalisation prior to death and cause of death. For
further analysis, the sample was divided into two age
groups based on the age at the time of death: <60 years
of age and >60 years of age. According to the length
of hospitalisation, three categories were established:
<24 hours, between 24 hours and seven days and
longer than seven days. In this study, we examined
the degree of agreement between clinical and post-
mortem diagnoses of the underlying cause of death.
Diagnoses of the cause of death were encrypted and
categorised in accordance with the 10th revision of
the International Classification of Diseases (ICD-10).
The deaths for which there were no available data from
case histories were excluded from the study. The deaths
of foetuses, neonates and children younger than one
year were excluded from the analysis. Additionally,
we excluded all cases (n¼35) in which the cause of

death was marked with unknown causes of mortality.
These codes include R96 (sudden unexplained death in
adult), R98 (unattended deaths) and R99 (other ill-
defined and unspecified causes of mortality). In all
other cases, a well-defined cause of death was
established.

The established degree of agreement between clinical
and post-mortem diagnoses was categorised as: com-
plete agreement, incomplete agreement and disagree-
ment. Cases in which the clinical and post-mortem
diagnoses of the cause of death were identical were
categorised as complete agreement. The incomplete
agreement category included cases in which the clinical
and post-mortem diagnoses of the cause of death were
not the same but belonged to the same group of dis-
eases according to the ICD-10 and whose treatment
probably would not affect the outcome. Finally, if the
clinical and post-mortem causes of death did not
belong to the same group according to the ICD-10
and the treatment probably would affect the outcome,
the case was classified as disagreement (in malignant
neoplasm vs. myocardial infarction).

All statistical tests were performed using IBM SPSS
Statistics for Windows v23.0 (IBM Corp., Armonk,
NY). A chi-square (r x k) test was conducted to
compare the degree of agreement between clinical and
post-mortem diagnoses in the distribution of selected
variables (length of hospitalisation, sex, age group and
cause of death). Bivariate logistic regression (with 95%
confidence intervals) was used to calculate the odds
ratio (OR) between degree of agreement between clin-
ical and post-mortem diagnoses and sex and age group:
the independent variable in the bivariate analysis was
the degree of agreement between clinical and post-
mortem diagnoses (complete agreement/disagreement),
while sex and age groups (<60/�60 years) were used as
dependent variables. The level of statistical significance
was set at p< 0.05, while p-values of <0.01 were con-
sidered statistically highly significant, and the selected
confidence interval was 95%.

Results

During the observed five-year period, 931 autopsies of
patients previously treated in CHC Zemun were per-
formed. Based on previously established criteria, 54
cases were excluded from further analysis. The ages
of the deceased ranged from 29 to 98 years (M¼ 74
years). In terms of sex, the average age of males was
70 years, and females 74 years. With reference to the
defined age groups, 13.2% of the deceased were aged
<60 years, while 86.8% were aged >60 years. In 314
(34%) cases of death, a complete agreement between
the clinical and post-mortem diagnoses of the cause of
death was determined, a disagreement was found in the
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same percentage and incomplete agreement between
diagnoses was observed in 303 (32%) cases.
Distribution of deaths according to sex, age, causes
of death and length of hospitalisation is shown in
Table 1.

A significant difference was noticed regarding
underlying causes of death (p< 0.001). Namely, circu-
latory causes of death were the most frequent (in all
three degrees of agreement between clinical and post-
mortem diagnoses) compared to other causes of death.
On the other hand, sex and the length of hospitalisation
had no statistically significant effect on the difference
between clinical and post-mortem diagnoses of the
cause of death (p¼ 0.94 and p¼ 0.45, respectively).

By analysing the influence of age and sex of the
deceased on the risk of clinical misdiagnosis of
the cause of death, it was observed that in those
>60 years, the risk of disagreement between clinical
and post-mortem diagnoses is 2.5-fold higher com-
pared to those <60 years, who have 2.5-fold higher
chance for a correct clinical diagnosis (OR¼ 2.52;
p< 0.001; Table 2).

When it comes to the influence of sex on the accu-
racy of diagnosis, it was concluded that in both sexes,
the chances for clinical misdiagnosis are almost the
same (OR¼ 0.98; p> 0.05; Table 2).

Discussion

In accordance with the health-care law, in the case of
an inpatient’s death, a clinical autopsy must be per-
formed if the patient dies within 24 hours following
hospital admission.10 In our sample, 81.1% of the

deceased had previously spent <24 hours in hospital

after admission. Also, a clinical autopsy must be per-

formed if the cause of death cannot be determined

solely from hospital files, or if death occurs in the

course of a diagnostic or therapeutic procedure.10

Additionally, a hospital doctor may request an autopsy

if he/she wants to check the clinical diagnosis.

Therefore, in residual 18.9% of cases, the length of

hospitalisation was >24 hours, and the autopsy was

performed because doctors wanted to check the clinical

diagnosis and, in those cases, multiple diagnoses were

present. If there had been more cases of this type, it

might be possible that the level of agreement between

the clinical and autopsy diagnoses would have been

different from what we found, but the direction of

such potential changes can only be assumed.

According to the medical records, there were no cases

of death that occurred during therapeutic or diagnostic

procedures. Unfortunately, in our country, the autopsy

request does not state precisely why the autopsy is

required in each specific case.
The discrepancy between clinical and post-mortem

diagnoses in our study was found in 34% of cases,

Table 1. Agreement between diagnoses with reference to demographic and clinical parameters of the deceased.

Complete

agreement,

n (%)

Incomplete

agreement,

n (%)

Disagreement,

n (%)

Total,

% p-Value

Length of hospitalisation

�24 hours 263 (83.8) 242 (79.9) 250 (79.6) 81.1 0.669

2–7 days 30 (9.6) 35 (11.6) 36 (11.5) 10.9

�7 days 21 (6.7) 26 (8.6) 27 (8.6) 8.0

Age

�60 years 65 (20.7) 22 (7.3) 36 (11.5) 13.2 <0.001
�60 years 249 (79.3) 281 (93.7) 278 (88.5) 86.8

Sex

Male 164 (52.2) 157 (51.8) 160 (51) 52 0.948

Female 150 (48.8) 146 (48.2) 154 (49) 48

Cause of death

Circulatory diseases 148 (47.3) 260 (85.8) 209 (66.8) 66.4 <0.001
Neoplasm 115 (36.7) 13 (4.3Þ 16 (5.1) 15.5

Digestive system diseases 16 (5.1) 13 (4.3) 43 (13.7) 7.8

Respiratory system diseases 10 (3.2) 10 (3.3) 31 (9.9) 5.5

Other diseases 24 (7.7) 7 (2.3) 14 (4.5) 4.8

Statistically significant values are shown in bold.

Table 2. Influence of sex and age on the risk of misdiagnosis.

OR 95% Cl p-Value

Complete agreement/disagreement

Male/female 0.981 0.744–1.293 0.891

<60/�60 years 2.522 1.715–3.708 <0.001

Statistically significant values are shown in bold.

OR: odds ratio; CI: confidence interval.
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while incomplete agreement was observed in 32%.
Kotovic et al., who conducted research on a similar
topic, found complete agreement in 16.3% and incom-
plete agreement in 28.1% between clinical and post-
mortem diagnoses of the underlying cause of death.11

The research carried out by Shojania et al., which
included 45 studies conducted between 1966 and
2003, showed that the median (i.e. major error) was
23.5%, and their frequency ranged between 4.1% and
49.8%.12 Our results are in line with the results of pre-
vious studies carried out in Serbia where the difference
between ante- and post-mortem diagnosis ranged from
18% to 45%.9

In our study, the most common causes of death were
circulatory diseases (66.5%), followed by neoplasms
(15.5%), digestive system diseases (7.7%) and respira-
tory diseases (5.5%). These data are in accordance with
data from countries in the region where circulatory dis-
eases are the underlying cause of death.13,14 In addition,
the results of a study conducted in Barcelona between
1991 and 2000 indicated that the most common cause of
death was some of the circulatory diseases.15 Our data
aremost similar to the study conducted inGreece, where
circulatory diseases were the most common (67.9%),
while respiratory and gastrointestinal diseases were the
second most common (9.4%).14

According to the Institute of Public Health of
Serbia, the underlying cause of death in 2011 was cir-
culatory diseases, with an incidence of 53.9%, which
remained constant in the following years as well, reach-
ing 52.4% in 2015. In our study, the incidence of
circulatory disease is slightly higher compared to the
general population. The observed difference could be
explained by the fact that the most of the deceased ub
this study had been receiving inpatient treatment for
<24 hours at the time of their death, and the develop-
ment of the clinical presentation of particular condi-
tions such as acute myocardial infarction and
thromboembolism occurs suddenly.

No statistically significant difference was observed
by examining the influence of hospitalisation length
on the agreement between clinical and post-mortem
diagnoses. The obtained results are in accordance
with most similar studies investigating this relation-
ship.7,11 Some authors have found that inpatient treat-
ment for 2 and 10 days prior to the occurrence of death
contributes to a greater degree of disagreement between
clinical and post-mortem diagnoses.16,17 On the other
hand, certain studies have shown that the risk of dis-
crepancy between diagnoses is two- to threefold higher
in females.11,18,19

In people aged >60 years, the chances for disagree-
ment between diagnoses are statistically increased, that
is, the risk of disagreement between the clinical and
post-mortem diagnoses of the cause of death is

2.52-fold higher in people aged >60 years. This piece
of information is inconsistent with reports from other
researchers.7,20,21 Kotovich et al. have shown that
elderly people have a 2.35-fold higher chance of dis-
agreement between clinical and post-mortem diagno-
ses, which is similar to our results. This is due to
numerous co-morbidities in older patients and vague
clinical presentations,11 while other authors state
poorer prognosis of the disease in older patients in gen-
eral, which can influence doctors and families of
patients not to complete the diagnostic procedure.22

Our results show that there is a statistically signifi-
cant difference in the agreement between diagnoses rel-
ative to the causes of death, that is, circulatory diseases
are the most common cause of death, in particular cor-
onary and hypertensive heart disease with consequent
stroke, heart failure, thromboembolism and cerebro-
vascular disease. Also, keeping in mind that in our
sample, 86.8% of the deceased were aged >60 years,
it is to be expected that circulatory disease would be
their primary cause of death.

Comparison between clinical and post-mortem diag-
noses can be a very challenging and complicated pro-
cess. There are several methods and criteria for
classifying errors when comparing the diagnoses. The
methods in which the degrees of agreement between
the diagnoses are classified in our study are not exactly
the same as in other studies, which primarily refers to
cases labelled as incomplete agreement. Some research-
ers also took accompanying diseases into consider-
ation, classified the incomplete agreement in several
subcategories and also examined the effect of error
on the outcome.

We recognise some limitations to this study, such as
the small number of cases with a length of hospital-
isation of >24 hours (possible selection bias). On the
other hand, in cases where hospitalisation lasted <24
hours (81% of the deceased in our study), the autopsy
rate was 100%, and there was no selection bias.
Therefore, it is obvious that the sample is imbalanced
with regard to the length of hospitalisation. Our study
was designed as a retrospective study, and thus could
have been imprecise in terms of data collection.
Prospective studies that include all deaths in a partic-
ular hospital would be more appropriate for estimation
of differences between clinical and autopsy diagnosis.

This study found that the autopsy rate at CHC
Zemun is higher than the average, which can be
explained by the consistent application of the health-
care law, which requires that an autopsy be performed
on any deceased person who was treated for <24 hours
in a stationary health-care institution. The risk of mis-
diagnosis is higher for those who are aged >60 years at
the time of their death. An increase in the number of
autopsies would be one of the best methods to make
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discrepancies between clinical and post-mortem diag-
noses visible, and a good method for continuous eval-
uation of diagnostic tests, as well as for providing a
wider perspective on presentations of different clini-
cal conditions.
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