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The Royal College of Pathologists of Thailand and Editorial Board cannot be held
responsible for errors or any consequences arising from the use of information contained in
Asian Archives of Pathology. It should also be noted that the views and opinions expressed in
this journal do not necessarily reflect those of The Royal College of Pathologists of Thailand
and Editorial Board.
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Abstract

One of the main parameters in the analysis of skeletal remains in forensic
anthropological cases is the estimation of age. This study aimed to investigate the correlation
between age and the fusion status of the sternal junction. This cross-sectional study was carried
out on 184 sterna from 94 females and 90 males obtained from known-age cadavers in the Thai
population. By direct observation, the fusion stage of the manubrio-sternal and sterno-xiphoidal
junctions was studied and divided into unfused and fused joints. The results showed that a large
proportion of the sterna remain unfused throughout adulthood, with fusion observed in both
young and old cadavers. Significant differences in the rate of fusion between the sexes were
observed. None of the sterna under 30 years of age in females and 32 years of age in males
showed fusion of the manubrio-sternal and sterno-xiphoidal junctions. Based on the variability
of the sternal fusions observed in this study, we highlishted a very limited role of the sternum

alone in the estimation of age in the Thai population.
Keywords: Age estimation, Sternum, Fusion of bones, Forensic anthropology

Introduction

Age is one of the biological profiles that is particularly useful in narrowing the number
of missing persons compared to the profile of the deceased ‘). In adults, age estimation

focuses not only on bone degeneration but also the appearance and fusion of the ossification
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centers of the bones ‘2. Several regions of the body have been studied to make the most
accurate age estimation, such as pubic symphysis, auricular surface, cranial suture, sternal end
of the rib, and medial end of the clavicle 58 The sternum, however, may be a reliable source
of information and can offer useful information for age estimation in some cases with this
bone.

The sternum has been considered a potential application in forensic age estimation in
young adult and adult skeletons. Most of the authors studied direct observation of the fusion
of manubrio-sternal and sterno-xiphoidal junctions in different population groups 2", All of
these studies found that the manubrio-sternal and sterno-xiphoidal junctions fused at different

times. Studies in this regard have been carried out in the Chinese’?, Indian population****,

(21

South African™®’, Turkish'*""'® Egyptian*®’, Spanish'?®’, Japanese'?!’ and mixed population

). For the Thai population, Monum et al. ??’ developed a model for age

(mainly British
estimation in the Thai male population using radiological analysis of chest plate ossification.
However, the question arises of whether the results obtained from the radiological
examination can be compared with those from direct observation. To the best of our
knowledge, there was no study of age estimation using direct observation of the sternum in a
Thai population. The results from the non-Thai population may be unreliable with the Thai
population due to variations in genetics and environment.

Therefore, the aim of this study was to examine the sterna of a Thai population for
the fusion of manubrio-sternal and sterno-xiphoidal junctions using the direct observation

method, and to determine the applicability of this method for age-at-death estimation.

Materials and Methods

This study has been approved by the Research Ethics Committee of the Faculty of
Medicine Siriraj Hospital, Mahidol University, Bangkok, Thailand (Protocol No.950/2564 (IRB2)
on December 1%, 2021). Informed consent was obtained from the legal heirs before collecting
the sterna. Between December 5", 2021 and November 10", 2022, the intact sterna were
removed from the deceased who underwent autopsy in the Forensic Pathology Unit,
Department of Forensic Medicine, Faculty of Medicine Siriraj Hospital, Mahidol University. All
of the deceased were Thai nationals, 20 years of age or older. Because it is generally
recognized that the sternal body segments develop fully and unite at the age of 20-25, the

(23-24) Tha age and nationality were approved by identification

age of 20 was chosen
documents issued by the Thai government. The deceased with pathological sterna or injuries
at any location in the examined area was excluded from this study.

After manual maceration of the surrounding muscles and soft tissues, the sterna were
allowed to macerate in warm water for 4 weeks. All residual soft tissue was removed from
the bones using a gentle brush and running water to prevent any damage to the bone surface.

The bones were allowed to dry at room temperature. The sterna were studied with a naked
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eye examination and the fusion status of their junctions was observed. The manubrio-sternal
and sterno-xiphoidal junctions were classified as unfused or fused (Figure 1). Fusion was
considered when it was discovered that a part of the joint space was fused. It was deemed
nonfusion if none of the surfaces was found to be fused. The observers did not know the age
and sex of the sample during their examination. Additionally, a blind test was carried out with

a sample of known age.

Figure 1: Photograph showing nonfusion (A.) and fusion (B. and C.) of sternal elements

All statistical analyses were performed with SPSS statistical software, version 20.0
(SPSS, Inc., Chicago, IL, USA). A p-value of less than 0.05 was considered statistically significant.
Descriptive statistics was used to illustrate the occurrence of fusion throughout the sample
and Chi-squared tests were used to find variations between the sexes and the fusion rates. To
clarify the correlations between the fusion rates and the true age, point-biserial correlation
coefficient was carried out. The association between age above and below 45 and the state
of fusion of the manubrio-sternal and sterno-xiphoidal junctions was also evaluated using an
odd ratio. The age of 45 was chosen as the halfway point between data entries in the sample

of this study and the midpoint between the various reports of fusion in the literature 9.

Results

A total of 184 sterna were included, consisting of 94 females (20 to 83 years) and 90
males (20 to 84 years). The mean age of females and males in this study population was 44.62
(SD = 17.20) years and 49.07 (SD = 16.59) years, respectively.
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Tables 1 and 2 demonstrate the fusion of the manubrio-sternal and sterno-xiphoidal
junctions in various age groups among females and males. Direct observation of the manubrio-
sternal junction revealed that 46.74% (n = 86) of the sterna had a fusion of the joint. The
earliest fusion of manubrio-sternal junction was reported at 30 years of age in females and 36
years in males, while nonfusion was observed until the age of 83 years in females and 84

years in males. In female, the manubrio-sternal junction fused at a mean age of 54.94 years

(SD = 13.91), while males showed a mean age of fusion of 55.33 years (SD = 13.02).

Table 1 shows the fusion of the female sterna in the various age groups

Age Number Manubrio-sternal junction Sterno-xiphoidal junction
(years) Nonfusion (%) | Fusion (%) | Nonfusion (%) | Fusion (%)
20-29 13 13 (100%) 0 (0%) 13 (100%) 0 (0%)
30-39 15 8 (53.3%) 7 (46.7%) 11 (73.3%) 4 (26.7%)
40-49 21 9 (42.9%) 12 (57.1%) 15 (71.4%) 6 (28.6%)
50-59 19 5 (26.3%) 14 (73.7%) 10 (52.6%) 9 (47.4%)
60-69 14 2 (14.3%) 12 (85.7%) 6 (42.9%) 8 (57.1%)
>70 12 5(41.7%) 7 (58.3%) 6 (50%) 6 (50%)
Total 94 42 (44.7%) 52 (55.3%) 61 (64.9%) 33 (35.1%)

Table 2 shows the fusion

of the male sterna in the variou

s age groups

Age Number Manubrio-sternal junction Sterno-xiphoidal junction
(years) Nonfusion (%) | Fusion (%) | Nonfusion (%) | Fusion (%)
20-29 23 23 (100%) 0 (0%) 23 (100%) 0 (0%)
30-39 20 13 (65%) 7 (35%) 12 (60%) 8 (40%)
40-49 13 7 (53.8%) 6 (46.2%) 7 (53.8%) 6 (46.2%)
50-59 13 4 (30.8%) 9 (69.2%) 8 (61.5%) 5 (38.5%)
60-69 14 7 (50%) 7 (50%) 5 (35.7%) 9 (64.3%)
>70 7 2 (28.6%) 5 (71.4%) 1(14.3%) 6 (85.7%)
Total 90 56 (62.2%) 34 (37.8%) 56 (62.2%) 34 (37.8%)

A total of 67 (36.4%) sterna demonstrated a fused sterno-xiphoidal junction, consisting
of 33 (35.1%) female sterna and 34 (37.8%) male sterna. The oldest sterna with unfused
sterno-xiphoidal junction were 76 years old in females and 78 years old in males, whereas the
youngest sterna with complete fusion were 30 years old in females and 32 years old in males.
In female, the sterno-xiphoidal junction fused at a mean age of 57.09 years (SD = 12.92), while
males showed a mean age of fusion of 55.59 years (SD = 15.47). It was noted that, with

advancing age, more males and females had sterna with fused manubrio-sternal and sterno-
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xiphoidal junction. Number of sterna with fusion of the manubrio-sternal and sterno-xiphoidal

junctions in each age group are illustrated in Figure 2.

B Total number of sternum Fusion of manubrio-sternal junction I Fusion of Sterno-xipholdal junction
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Figure 2: Age distribution of the study population and the proportion of sterna with the

fusion of manubrio-sternal and sterno-xiphoidal junctions

Statistical significance was observed in the rate of fusion between sexes, both at the
manubrio-sternal and sterno-xiphoidal junctions (p<0.001). A moderate correlation was
observed for the correlation between age and fusion stages of sternal elements (Ry, = 0.547,
p<0.001). An odd ratio was calculated to assess the association between either above and
below the age of 45 years and the fusion state of the manubrio-sternal and sterno-xiphoidal
junctions. Statistically significant differences were observed between the age of fusion above
and below 45 years for the manubrio-sternal and sterno-xiphoidal junctions (p < 0.001).
Females and males with age over 45 years were 4.14 and 4.44 times more likely to have the
fusion of manubrio-sternal junction than those with age below 45 years, respectively. In
addition, females and males over the age of 45 had fusions of the sterno-xiphoidal junctions

at rates of 5 and 4.14 times higher than those under 45 years of age.
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Discussion

Age estimation is one of the four essential components needed to aid in personal
identification, and therefore, a number of skeletal regions are analyzed to enhance the age
estimation methods and accuracy rates. This study sought to determine whether there was a
correlation between age and the fusion of manubrio-sternal and sterno-xiphoidal junctions in
a Thai population. The present study showed that the fusion of the manubrio-sternal and
sterno-xiphoidal junctions increased with advancing age. Significant variations were observed
from person to person and the fusion of the manubrio-sternal and sterno-xiphoidal junctions
might not occur at all. Throughout adulthood, most sterna remain unfused, and fusion is seen
in both young and old people. Therefore, the fusion rate of both the manubrio-sternal and
sterno-xiphoidal junctions was not a reliable age indicator. Previous studies have reported
similar results on the high variability in the fusion rate of the manubrio-sternal and sterno-

1122 Taple 3 summarizes the studies about the fusion of manubrio-sternal

xiphoidal junctions
and sterno-xiphoidal junctions. The studies focusing on age estimation from the sternum have
yielded contradictory results. The possible reason for such differences may be the genetic
difference of the population included in the study. Furthermore, it is crucial to note that there
is confusion regarding the definition of fusion in the literature. The assessment of fusion may
be affected by the differences between the methodological approach used (radiological or

direct observations).

Table 3: Summary of studies of the fusion of the manubrio-sternal and sterno-xiphoidal junctions

Study Nationality | Assessment | Sample | manubrio-sternal sterno-xiphoidal

size fusion ages fusion ages
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Chandrakanth | South Indian Gross 118 Starts at 31 (F), 35 Starts at 30 (F, M)
et al. (11) (M) Unfused even up to
Unfused even up 46 (F), 48 (M)
to 75 (F), 70 (M)
Singh and North-west Gross 343 Starts at 17 (F), 19 | Almost fused at 46 (F),
Pathak (12) Indian (M) 50 (M)
Almost fused at 38
(F), 42 (M)
Chopra et al. | North Indian Gross 200 Starts at 35 (F), 29 Starts at 26 (F, M)
(13) (M)
Manoharan et| South Indian Gross 100 Highly variable | Starts at 40 (F), 32 (M)
al. (14) All fused at 60 (F, M)
Sahu et al. [Eastern Indian Gross 102 Starts at 17 (F), 19| Starts at 25 (F), 23(M)
(15) (M) Unfused up to 85
Unfused up to 80
(F), 78 (M), Highly
variable
Bacci et al. |South African Gross 461 Highly variable Highly variable
(16)
Oktay and Turkish cT 200 Highly variable -
Aytac (17)
Study Nationality | Assessment | Sample | manubrio-sternal sterno-xiphoidal
size fusion ages fusion ages
Bolatli et al. Turkish cT 700 Starts at 10-19 (F, | Starts at 10-19 (F, M)
(18) M)
Ali et al. (19) | Egyptian T 165 Starts at 25-35 (F, | Starts at 25-35 (F, M)
M) Unfused up to 55-65
Unfused up to 55- (F, M)
65 (F, M)
Macaluso and|  Spanish Radiograph 122 | Starts at 23 (F), 29 | Starts at 22 (F), 29 (M)
Lucena (20) (M) Unfused even up to
Unfused up to 91 91 (F), 67 (M)
(F), 88(M)
Monum et al.| Japanese CT 320 Highly variable Highly variable
(21)
Monum et al.| Thai(male | Radiograph 136 15-81 15-70
(22) only)
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The present Thai Gross 184 Starts at 30 (F), 36 | Starts at 30 (F), 32 (M)
study (M) Unfused even up to
Unfused even up 76 (F), 78 (M)
to 83 (F), 84 (M)

In this study, a significant difference between sexes was observed in the fusion rate of
the manubrio-sternal and sterno-xiphoidal junctions. Fusion of the manubrio-sternal junction
occurred proportionately more frequently in females (55.3%) than in males (37.8%). A greater
proportion of sterna in different age groups of females revealed a fusion of the manubrio-
sternal junction than the sterno-xiphoidal junctions. These findings were inconsistent with

12) and Bacdi et al. *®, who found a higher number of

previous studies by Singh and Pathak
fused sterna in males than in females. This could be a result of unrecognized alterations in
bone metabolic turnover and related biochemical changes in the joint !¢, In addition, males
showed an earlier and, much higher number of fused sterno-xiphoidal junctions in all age
ranges compared to females. This may be due to differences in breathing patterns between
sexes, with males showing a more active movement of the abdomen and possibly more
mechanical stress on the xiphoid process because several breathing muscles attach to this
structure 262" This finding also indicates that the age estimation from the fusion rate of
sterno-xiphoidal junctions is less reliable in males than in females.

In this study, the fusion of the manubrio-sternal junction occurs in all age groups after
the age of 30 years in females and 36 years in males. Fusion at the manubrio-sternal junction
can occur through primary or matrical fusion (not age-related) and secondary or sclerotic

2ALI61D The primary cartilaginous joint between the manubrium

fusion (probably age-related)’
and mesosternum can be obliterated during early life and this process is thought to be the
cause of the matrical fusion. On the other hand, sclerotic fusion is assumed to be the outcome
of pathological processes because it occurs in late adulthood and involves the obliteration of
a secondary cartilaginous joint between the manubrium and mesosternum®’. Thus, the
matrical fusion is taken into account as a potential cause of the high variance in the fusion
time of the manubrio-sternal junction. Previous literature recommended using radiographic
investigation for the analysis of manubrio-sternal junction because this technique is more

(111625 Dpirect observation of the

effective to distinguish between matrical and sclerotic fusion
fusion of the manubrio-sternal junction should be interpreted cautiously and should not be
directly compared to the results of the radiographic examination. In this study, the fusion
status of the sternum was evaluated using the direct observation approach, which is most
often used in forensic anthropological examination in developing countries because it is more
cost-effective and suits field work. Due to funding limitations and inadequate facilities, a
radiographic examination could not be performed on the sternum in the present study. This

may be considered a limitation of this study. Examinations of the unfused state should be
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considered more reliable than those of the fusion state when using direct observation to
estimate the age of the sternum.

Most earlier investigations discovered that the age at which different sternal elements
fused was variable, making age estimation based on sternal elements unreliable. However,
the fusion of the manubrio-sternal and sterno-xiphoidal junctions in this study may have some
potential to differentiate between young people and older adults. This study attempted to
express a proportion of the likelihood of age between fusion and nonfusion of the manubrio-
sternal and sterno-xiphoidal junctions. The results showed that females or males with fused
sternal elements are approximately 4 times more likely to be older than those without fused
sternal elements. Furthermore, the fusion of the sterno-xiphoidal junctions starts as early as
30 years in females and 32 years in males, whereas the earliest fusion of the manubrio-sternal
junction was reported at 30 years in females and 36 years in males. This is useful for estimating
the age of the Thai population. For example, if an unknown sternum is discovered in a forensic
anthropological setting, it can be assumed that an unidentified female or male was no older
than 30 years if she or he has no sternal fusion at all. All techniques have validity, but the
best strategy for estimating age is one that recognizes and considers all available evidence %
) \We believe that these values, rather than serving as age range indicators, may be employed
in forensic anthropological analysis to support conventionally recognized age estimation
techniques.

There is a need for additional studies using large sternum samples or using a
combination of direct and radiological examinations among the Thai population. Studies on
Thai sub-adult sterna are also required as non-metric traits offer more precise and reliable
results for sex and age determination than adult traits.

In conclusion, this study found that the age at which the manubrio-sternal and sterno-
xiphoidal junctions fused was highly variable, resulting in a low effectiveness of using this
method as a forensic age-at-death estimation in the Thai population. Based on the results of
this study, we recommend using the nonfusion of sternal joints to indicate ages lower than 30

years of age in females and 32 years of age in males.
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Abstract

Glucose-6-phosphate dehydrogenase deficiency (G-6-PD deficiency) is inherited as an
X-linked recessive pattern. G-6-PD deficiency causes premature destruction of red blood cells
during exposure to oxidative stress produced from Fava bean or certain drugs. A late treatment
in severe cases of G-6-PD deficiency might lead to acute hemolytic anemia and then develop
as renal failure. To avoid a possible harmful reaction, it is necessary to screen for G-6-PD
deficiency in patients who will be treated with certain drugs and who are doubted about
icterus This study was aimed to investigate the prevalence of G-6-PD deficiency and
hematological parameters in G-6-PD deficiency patients in Nopparat Rajathanee Hospital,
Bangkok, Thailand. The G-6-PD Deficiency was screened by fluorescent spot test in 1-year-old
patients by retrospective collecting data from 1 January 2021 to 31 December 2021 and were
selected from 514 children (295 males, 219 females). Results showed the G-6-PD deficiency
patients were 0.97% (5 of 514) and the normal G-6-PD were 99.03% (509 of 514).

The prevalence of G-6-PD deficiency were 0.010, with 0.014 in male (4 male-G-6-PD
deficiency patients) and 0.005 in female (1 female-G6PD deficiency patients) and the
prevalence rate of G-6-PD deficiency were 0.97%, 1.4% of male and 0.5% of female. The
hematological parameters in G-6-PD deficiency patients were mean +SD of RBC (x106/ulL)
4.94+0.58, Hb (g/dL) 17.5+2.37, HCT (%) 48.84+5.88, and MCV (fL) 99.04+7.10, and were
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compared to the mean hematologic results in the normal reference values of under 1 year of
age at Nopparat Rajathanee Hospital. The mean of hematologic results of newborn pediatric
with G-6-PD deficiency found that RBC, Hb and HCT were in the normal reference range except
MCV.

In summary the information obtained from this study would be beneficial to
individually treated patients especially those with G-6-PD deficiency and lead to a proper
treatment by suitable drugs well as having the G-6-PD deficiency epidemiology data of the
community in Nopparat Rajathanee Hospital, Bangkok, Thailand.

Keywords: G-6-PD deficiency, Prevalence, Hematological parameters
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(N: number of sample, M: Male, F: Female, RBC: Red Blood cell Count, Hb: Hemoglobin, HCT:

Hematocrit, MCV: Mean Corpuscular Volume)
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Result N Savay N, = 514
Deficiency 5 0.97% M 4 0.78%
F 1 0.19%

(D: G-6-PD Deficiency, Nyi: Number of all population in 2021, M: Male and F: Female)
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(D: G-6-PD Deficiency, M: Male, F: Female, Noi: Number of all population in 2021, My: Number
of male population in 2021, F,: Number of female population in 2021)

‘:4' ! & a aa | ¢ A
NANTNA 4 bansAIMINYNVBRANLIAAATNTNIENTeReUlE G-6-PD wudndimuynlu
WANUWSALAAVIINNA LANINATNE LAZIANIWANES Windu 0.01, 0.014 waz 0.005 auawy wazAnduy
é’mwmmﬁqﬂiwﬁmﬁmﬁm 100 578 A® 0.97, 1.4 wag 0.5 AUANU

anUseNan1sIvY

foyalumsiteadeivhlinuiiniiuilaesevvedlsmenuiauniausvsnidsnmeiuyn
uazdeyanisszuinineweadnusniiniielflunsneinsaluasnsinugtaelneamzifnusniing
finmznseneulel G-6-PD azldndnideanissnenenielsadug lnonisdenlduinvesend
wangan wazanemsiamdesluinmsn anunsothdeyadils lWdla T desfunazaiunm
Tsasioly TaeTeldnmaiifinnugnies wiug g9 shldine azaan saaida daibusgeusinng
a9 uazNNIATI9BUTY (confirmatory testing) WiisANANNTaMINIMETsANIENTDaules] G-6-PD
1u;§u@aﬁﬁmiﬁwmﬁuaqLauisaﬁ G-6-PD UndviFelieuund dsnmzannsadsialudssusio luld
LAZANNITONTIAUTUL LAY

d3UNan1339Y

NINAgaUNITNTRLeUllA1875 fluorescent sport test WA 1 UNTIAIAN 2564 19 31
SurAu WA, 2564 9NUSEYINTNIMNA 514 518 LDUNAYY 295 518 uazlnAngs 219 18 TinanIs
< vaa ] ¢ ° g < a
nagoulugninznsoseulsd G-6-PD Juuiavun 5 518 Wuwaveg 4 518 uasinandgs 1 91e
Andusesar 0.97, 0.78 waz 0.19 ANUEIAU nudndanuyn 0.01, 0.014 Uag 0.005 AUAIGU AR

Volume 6 | Number 3 | July - September 2024



Asian Archives of Pathology 19

Judnsanuynludinusniin 100 518 Aa 0.97, 1.4 uaz 0.5 pudduuenantuileAndnaan
sEnInsnAYIesamaAnge lungu G-6-PD deficiency Wudnliansidiu 4:1 lngnudnsiaanuynil
wldululufiamafedufuifinsmsnudianenssaeules 6-6-PD nlsameuiagudnss
Srunuitenun 102 310 Dumemda 12 S1euazname 90 98 Andufesar 333, 0.39 uay 2.94
muaiu®

Namiﬁﬂmﬂ'wmqiaﬁm’imﬂu@fﬁﬁmwwimLaulﬁziﬂ G-6-PD U711 RBC (x106/uL), Hb
(g/dL), HCT(%) tag MCV (fL) winAu 4.94+0.58, 17.5+2.37, 48.84+5.88 llag 99.04+7.10 A1Ua0U
dlaoufuaensdeUnd fal RBC 4.20-5.4 (x106/uL), Hb 14-20 (g¢/dL), HCT 43-63 (%) hag MCV
80-95 (fL) nuinAaasNamalaininewdnusniiafidnensoaeulei G-6-PD il RBC, Hb, HCT
aglutnardeBaund @ MCV gendnguadedaunfidntos

anAnssuUsENIA
= av A = 1 a a < a da ! ¢
N13AneITBLT0INsANYIANNYNuaAMIlainIng luAnksnAnNIn e nsoseulesl
G-6-PD lulsanenuiaunsnusasni seninafieunnsia 2564 fs ihousuaiau 2564 Hd1599499
LUldmuingusvasdluasell Mmemnuyiswmienazatuayuanyuananaleviny §33ulasvendn
YOUNTEAN 4 )

a A

vovaunsEAnyNNT fteliddanasnnisinuided

YOUNTEAN WULBNNY {Y8M1anT19158 Ha31 0100R InnnIAIn el nesnsny)
Inendounnermaninsyaangind fliduugi Auinw deudlususiisg Tunsdeunany

YounszAnUandla fufennsal vthnguanunedingradnuazinaianisunmg 9
Timuuginazlamusnwnumnige maamu%l,mzLmeﬂumiLLﬁﬂmwﬂﬁqmamaammsﬁﬂwﬁ%’a

younszAnussaaY sssuuwina Univiniasuiiamesilianueyassilunisify
Foyavinlsmeruiaudnsameinasnnising

vouanidmthinnadlumienulafinine) nueune13inerdinuazimadanisunng 7
Premdeuadlrimddlanaonnisinuided

LONE1591994

(1). ANs91 Tandivda, mmfﬁaaéfuﬁmﬁumwim‘mﬂﬁawﬁﬁamsﬁm%’umaﬂaﬁmma, faviads
7l 1 ngammamuns : dwinfanigunasnsaluminends, 2548: 65 - 9.

(2). 757550 Aulndns. n1renseadudes glucose-6-phosphate dehydrogenase (G-6-PD)
Buwesiial 2013, Ld1dude 10 a.a. 25631 1Wrdebdann: http://www.dmsc.moph
.g0.th/webrOO0vri /Ntechnician (pl3.htm.

(3). NQWaME WUN, dUVNNY Alns, 8T lesdns, uwaznauni Wasy. navewnudalansidu se
nsiinleduenanidoniingesoulwsia-6-itn. Msasmedanisunng. 2548; 33: 1104 - 13,

Volume 6 | Number 3 | July - September 2024



Asian Archives of Pathology 20

(@). a1v1lafiningr 01ATY1918IANEAT AMZLNNEAIAAT FWIAINTAIUNIINYSE. Essential
hematology for general practitioners. usinSadt 1. NTUNNUMIUAT LSINUNUNIINIAINT D]
UMINIRY; 2552: 103 - 9.

(5). 3%y UszedTw, 3Ty ofvu1mnIg, wazaueuAs AITUNa. Flafiningl N1INAERAENNS
Snwlsadendinuleslulsemealne @y 2. fasiadsi 2. NIUNNUVIUAT: iewih3uRa sdm:
2540: 153 - 65.

(6). auenAs A3Tena. sslafisiner msidadunazmsinuilsadeninuveslulsemalne. fiu
adait 2. NFUNNUMIUAST: LA, WSUA 97ie; 2537: 126 - 39.

(7). Dr Dominique Dupagne. N1 1ALeUlYNITAAR (G-6-PD DEFICIENCY) Wulwve [Bulnesidial.
2016 [Lsﬁ’ﬁuﬁa 10 61.A. 2563]. 1W99laa1A: www.pobpad.com.

(8). Nawanwat Chainuwong and Thitima Yimtiang. The Study of Prevalence and

Haematological Parametersof G6PD Deficiency Patient: Case Report from Trang Hospital

Buwesiiinl. 2014 [Wndade 5 a.a. 2563). Whdsldan: http,/jmt-amtt.com.

ORIGINAL ARTICLE

A PROSPECTIVE STUDY OF CONCORDANCE
AND DISCORDANCE BETWEEN CLINICAL AND
AUTOPSY DIAGNOSES BY POSTMORTEM
EXAMINATION IN A TERTIARY CENTRE IN
SOUTH WEST NIGERIA

O.T. Alade!, A.O. Komolafe? and W.0O. Odesanmi®

Volume 6 | Number 3 | July — September 2024



Asian Archives of Pathology 21

1 Ekiti State Hospitals Management Board, Ekiti State
2 Department of Morbid Anatomy and Forensic Medicine, Obafemi Awolowo University Teaching
Hospitals Complex, lle-Ife, Osun State.

Correspondence to: Akinwumi O. Komolafe, Department of Morbid Anatomy and Forensic Medicine, Obafemi Awolowo
University Teaching Hospitals Complex, Ile-Ife, Osun State, Nigeria. Telephone: 080 335 57741 Email:
akinkomol@yahoo.com

Conflict of interest: The authors declare that they have no conflicts of interest with the contents of this article.

Submitted: 8 March 2023
Accepted: 24 March 2023
Published: 1 June 2024

Abstract

The autopsy is the veritable means of ascertaining the actual primary diagnosis that
succinctly explains the sequence of events leading to complications and death in a deceased
person. It is referred to as the gold standard and ultimate diagnosis clincher and revealer of
secrets. This prospective study of ninety-two (92) deceased persons. Sixty (60/65.2%) were
males and 32 (34.8%) were females. Autopsy revealed pathology in the heart in 15 patients
(16.1%), multiple organ dysfunction in 11 patients (11.8%), liver in 4 patients (4.3%) and others
(cervix) in 2 patients (2.2%). The final anatomical diagnosis of the diseases showed systemic
hypertension in 42 patients (45.6%), neoplasms in 19 patients (20.7%), gastrointestinal/liver
diseases in 19 patients (20.7%), infections in 9 patients (9.8%), and post-partum haemorrhage
in 3 patients (3.3%). There was clinical and autopsy diagnoses concordance in 53 patients
(57%) and discordance in 39 patients (41.9%). The concordant rate was highest in cases with
complication of systemic hypertension (24 cases; 44.4%), next to it were cases due to
infections (15 cases; 27.8%), followed by neoplasms (10 cases; 18.5%) and others including
ruptured varices and perforated gastric ulcers (4 cases; 7.4%), commoner in males than
females and more frequent within the middle age group (40-59) The discordant cases were
mostly cardiopulmonary complication (17 cases; 31.5%) and next to it was infection (11 cases;
20.4%), followed by neoplasms (7 cases; 13.0%) and others (4 cases; 7.4%) most commonly
gastrointestinal bleeding. The ability of the autopsy to unravel the correct diagnosis helps to
resolve diagnostic dilemmas, foreclose controversies and enable records for crucial decisions

for medical treatment.

Keywords: Clinical versus postmortem diagnoses, concordance, discordance, prospective study

Introduction

Clinical diagnosis remains an interminable basis and technical ground for errors and the

ensuing unpleasant consequences of embarrassing litigations at all levels of health care delivery
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9 Clinicians attend to quite a number of patients and their state of health are often difficult to
diagnose due to potentially difficult clinical presentation *®. Clinicians may have insufficient
experience with both common and rare diseases and with varying access to diagnostic
investigations. Exact and timely diagnosis anchors upon many factors including the knowledge,
experience and skills of the clinicians and the resources available.

A diagnostic error emerges when diagnosis is missed, or is utterly wrong. Diagnoses occur
over time rather than at one point in time, including initial assessment, performing and interpreting
diagnostic tests, follow up and tracking of diagnostic information as well as medical patient’s
response, attitudes and engagement, essentially correlating the entire clinical picture to make
thoroughly informed decisions.

Clinical diagnoses have been known to be at variance with postmortem diagnoses across
the world even with the best technology and expertise . Many factors may be responsible for
the dichotomy between antemortem and postmortem diagnoses. These include the expertise,
all round experience and case exposure of the attending physician ®. Others include the available
investigative technology, atypical presentations and the unique constitution of individual patients
© Missed diagnoses and misdiagnoses continue to evoke questions that may generate medicolegal
challenges cum untoward outcomes such as professional discipline, panels of enquiry and outright
embarrassing litigations for clinical negligence and medical malpractice with payment of crippling
compensations for damages®. It may also evoke the application of the doctrine of vicarious liability
against the employer who may be implicated by association with the errant and derelict employee
© The best means to ascertain the correctness or otherwise of clinical diagnoses, understand the
pathogenesis, pathophysiology of the disease process, correlate morphology with the stage at
death, understand the modifying circumstances, the complications, define the exact cause of
death and the progression of events leading to death is by the conducting the postmortem
examination. The postmortem examination is the gold standard investigation that reveals the true
state of events antemortem and sets records straight 1%, It offers a diversity of morphological
findings such as affirming the correctness of clinical diagnoses or revealing confounding features
such as incidental findings unrelated to the cause of death, evidence of misdiagnoses, missed
diagnoses or other findings that could emphasize the indispensability of proper medical history is
necessary to correlate autopsy findings with clinical judgment or suggest that the immediate cause
of death was unrelated to previously known pathologies in the patient or quite worrisome as
cause of death may be at variance with known clinico-patholosical condition of the patient".
The postmortem examination has been known to emphasize the importance of proper medical
history in the correlation of autopsy findings with clinical deductions. Autopsy findings usually
influence future clinical managements and the data obtained are relevant in appropriate
epidemiological studies, ascertaining the true burden of disease, especially in asymptomatic
clinico-pathological disorders, conduct of research to ascertain changing patterns and association

of diseases and correlative budgeting in order to enhance proper health care delivery a2,
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This study was prospective in nature and entailed the systematic documentation of the
findings in a questionnaire form to answer specific questions so as to draw conclusions that could
influence better clinical decisions, inform more evidence-based management protocol and
modalities that would prevent medical litigations.

Autopsy is germane in revealing all hidden secrets about patient’s managements and it is

5,13-14

regarded as the gold standard ' It is valued as the most important tools for retrospective

quality assessment of clinical diagnosis, the methods by which the diagnoses were formulated,

the competence of the managing physician and team as well as a key to education tool 1.

Rims and Objectives

1. To determine the postmortem diagnoses and compare them with antemortem clinical
diagnoses in order to ascertain the correlation and correctness of antemortem clinical
diagnoses.

2. To determine the presence or otherwise of missed diagnoses

3. To determine the presence of significant diagnoses at postmortem that contributed to

the progression of the disease process.

Materials and Methods

A prospective study of the full post mortem dissections done including histological
examination were comprehensively reviewed. The antemortem clinical diagnoses were
correlated with postmortem diagnoses. The inclusion criteria were all clinical cases of adult
patients that died in the hospital with clinical diagnosis and with signed consent for the
autopsy while all medico-legal cases, autopsies restricted to single organ or body cavities
(limited autopsy) and cases referred from peripheral hospitals with insufficient clinical

information and incomplete data were excluded from the study.

Results

A total of four hundred and seventeen (417) requests were received during the study
period, out of which one hundred and seventeen (117) were clinical cases. However, only
ninety-two (92) fulfilled the inclusion criteria of the study. The remaining 25 cases comprised
of 17 paediatric clinical autopsy cases (neonate — 14, under five — 3), 4 limited clinical autopsy
and four clinical cases with suspected COVID-19 infection (see table 1). Out of these 92 clinical
cases, 21 cases were referred from other facilities and private hospitals to OAUTHC for expert
management before their demise while 71 cases were primarily managed at the study centre

till their demise.
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Out of the 92 clinical cases that underwent autopsy, 60 (65.2%) were males and 32
(34.8%) were female. The patients’ mean age was 52.8 years with standard deviation of 14.7
years. The median age was 55.0 years (range, 20 to 79), 17 (18.5%) were young adults, 42
(45.7%) were middle-aged patients while 33 (35.8%) were elderly (See table 2).

The clinical diagnoses of the primary diseases offered by the clinicians revealed that
33 patients (35.9%) had systemic hypertension, 18 patients (19.6%) had infections, 15 patients
(16.3%) had neoplasms, 12 patients (13.0%) had gastrointestinal/liver disease and 9 patients
(9.7%) had urogenital disease. Musculoskeletal diseases were found in 3 patients (3.3%) and
2 patients (2.2%) accounted for other diagnoses (such as severe haemolytic crises precipitated
by malaria and severe anaemia in a hypertensive patient).

A full autopsy was done on all the patients and tissue sections taken from each organ
for histopathological examination. The main organ findings of pathology discovered at autopsy
which reflected the immediate cause of death showed that lung ranked highest in 22 patients
(23.7%) followed by brain in 21 patients (22.6%) and next to it was gastrointestinal tract in 17
patients (18.3%). Furthermore, autopsy revealed pathology in the heart in 15 patients (16.1%),
multiple organ dysfunction in 11 patients (11.8%), liver in 4 patients (4.3%) and others (cervix)
in 2 patients (2.2%). Final anatomical diagnosis of the diseases also showed systemic
hypertension in 42 patients (45.6%), neoplasms in 19 patients (20.7%), gastrointestinal/liver
diseases in 19 patients (20.7%), infections in 9 patients (9.8%), and post-partum haemorrhage
in 3 patients (3.3%) (See figure 1). Macroscopic/gross finding alone provide the cause of death
in 50 patients (54.3%) which was later confirmed by histological examination while histological
examination also provided/contributed to the diagnosis of cause of death in 42 patients
(45.7%) where gross findings were not definitive.

In 53 patients (57.0%), the autopsy findings confirmed (concordant) the clinical
diagnoses suggested by the attending clinicians. In 39 patients (41.9%), the clinical diagnoses
stated by the clinicians were discordant with the autopsy findings (See figure 2). The
concordant rate was highest in cases with complication of systemic hypertension (24 cases;
44.4%), next to it were cases due to infections (15 cases; 27.8%), followed by neoplasms (10
cases; 18.5%) and others including ruptured varices and perforated gastric ulcers (4 cases;
7.4%). The concordant cases were also noted to be commoner in male than female and more
frequent within the middle age group (40-59) (See figure 2 and 3). The discordant cases were
mostly cardiopulmonary complication (17 cases; 31.5%) and next to it was infection (11 cases;
20.4%), followed by neoplasm (7 cases; 13.0%) and others (4 cases; 7.4%) most commonly

gastrointestinal bleeding.
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Tablel. Shows the distribution of autopsy types during the study period

Variables Frequency Percentage (%)
Medicolegal Autopsy 300 71.8
Clinical Autopsy

Adult 92 22.0
Paediatrics 3 0.7
Neonatal 14 3.6
Limited autopsy a4 1.0
COVID-19 4 1.0
Total 417 100

Table 2. Shows socio-demographic distribution

Variable Frequency Percentage
Age groups
20-39yrs 17 18.5
40-59yrs a2 a45.7
60-79yrs 33 35.8
Mean age + SD 54.84+ 14.74 100
Gender
Males 60 65.2
Females 32 34.8
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Figure 1. Shows the highlights of the autopsy findings discovered at autopsy.
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Figure 2. Shows the distribution of concordant and discordant cases in relation to gender.
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Figure 3. Shows the distribution of the discordant and concordant cases among the age

groups.

Discussion

The imperativeness of the right diagnoses in determining the most appropriate mode
of management cannot be overemphasized considering the implications in terms of premature
deaths, complications and litigations for medical malpractice and clinical negligence 61,

Our study showed major and minor discrepancies in two-fifth and about a third, that
is 33% to 40% of all the cases respectively. This is quite high when viewed against other
studies which showed that major discrepancy rates range from 7% to 50% “¢'®. However, this
rate is lower than that found by Silas et al in north-central Nigeria while it is greater than that
reported by Kuijpers et al, *% in Holland, Shojania et al, **’ and Marshall et al *°” in United

States in their separate studies. Travor et al'*"

recorded a higher major discrepant rate in
post-operative deaths to be as high as 50% in their study which is higher than this
study although, Baker in United States found major diagnostic errors in 39.7% of autopsies
contributing to patient’s death in his study'??). Even studies comparing clinical diagnosis and
autopsy diagnosis in intensive care unit patients showed major discrepancy rate ranging from
19.8% to 30%, though lower than this study which may be attributed to a better diagnostic
facility (23-24). However, Combes et al recorded a higher rate of major discrepancy of 40% in
their study which is fairly close to this study ‘?*’. Also in a systemic review by David et al, he
reported 23.5% of clinical missed major diagnosis reflecting the principal cause of death % It
suffices to say despite the ranges of missed major diagnoses, discrepancies still exist and does

not preclude any clinician and their perceived experience. A similar study by Ojo et al found
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a concordance rate of 82.1% between clinical and autopsy diagnoses'?”’, The concordance
rate between clinical diagnosis and autopsy diagnosis was found to be 72.2% in their study'®
while Komolafe et al showed that 25 (40.32%) of their cases were discrepant while 37 (59.68%)
cases were concordant'”. Loughrey et al found that 10% of cases showed major discrepancies
at postmortem examination *’. While Jashnani etal found a discrepancy rate of 9% in their

(30-31) glosser et al found

study in India, Ermenc found discrepancy in 9.87% of cases
synchronous clinical and post mortem diagnoses in 83% of patients; the same clinical and
pathologic cause of death in 66% of patients; and findings that would have changed medical
ICU therapy had the findings been known in 27% patients 42 The reason for the high number
of diagnostic errors in our cases may be due to the fact that as a developing country, our
diagnostic facilities fall behind that of the relatively advanced and technologically driven
medical practice of the developed countries, which affords them the ability to make better
diagnoses and give better care.

In the study by Zarbo et al, 40% of autopsies revealed at least one unexpected finding
which contributed to the death of patients, ** while Friederici et al reported major unexpected
findings in 64% of their cases from routine postmortem examinations **). We consider these
findings to be indeed very high, considering the. Nevertheless, it also correlates well with the

findings of Komolafe etal.”

This is however very disturbing considering the societies where the
Zarbo et al and Friederici et al carried out their studies, where practice is suided by technology
and is more meticulous due to the fear of litigations for medical neglicence and medical
malpractice. Daramola et al reported 11% discrepancies in their series in Lagos, Nigeria %,
This falls much below our finding but it is noteworthy to state that Daramola et al conducted
their study in the same environment as ours. Their very low discrepancy compared to ours may
be explained by differences in hospital policies and standard practices as well as hierarchical
structures of the attending personnel which may play a very crucial role in the diagnoses, case
management and prognosis . Komolafe et al explained the reasons for the high number of
misdiagnoses in their study to be due to poor diagnostic facilities, being at variance with clinical
skills in their practice environment ", The peculiarity of the Nigeria tertiary hospitals is allows
younger physicians in training to gain experience by seeing cases before their more experienced
senior colleagues such that the time wasted in bureaucracy may contribute to the undesirable
morbidities and fatal outcormnes”.

In this study majority of the clinical cause of death was due to complications of systemic
hypertension followed by infections, gastrointestinal/liver diseases and neoplasms. These
deaths were recorded mostly in the middle-age group and the elderly with majority of the
deaths seen in the male gender. The major anatomic (organ changes) findings were discovered
in the brain 48.1% and gastrointestinal/liver 46.7%. This was followed by lung 43.7% and heart

d (36)

32.3%. These major organs changes in lung, brain an heart were mostly observe among the

middle age group and then the elderly. We found the cause of death at autopsy, to be mainly
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due to sequelae of systemic hypertension followed by gastrointestinal/liver diseases. Mbakwem

%) and Sunday et al®” both in Lagos Nigeria in their separate studies reported intracerebral

et all
haemorrhage as the commonest cause of death discovered at autopsy which were attribute to
complication arising for systemic hypertension which is similar to this study. In some

*®) in Lagos Nigeria and Ogeng’o et al®” in Kenya reported acute

other studies by Faduyile et al'
left ventricular failure and myocardial infarction as the most prevalent cause of death
discovered at autopsy respectively as a complication of hypertension. The reasons for these
differences may be due to limited access to good health, inaccessibility of drugs, poor drug
compliance, late presentation and the fact that patients consult alternative medical
practitioners. Furthermore, it can be alluded to the fact that hypertension as the background
cause in majority of cases runs a more severe course with more target organ damage in Negroid
compared to Caucasians.

Some of the discrepancies are errors of judgement which may due to negligence on
the part of the managing team. These include common ailments in our environment which
are easily diagnosable by first principles and in fact treatable benign conditions. Failure to
recognize them led to fatal outcomes. The most frequently observed major discrepancy in
this study was cardiopulmonary complication, cardiovascular complications and neoplasm.
This was quite different from what was found in studies by Tavora et al, ?* Kuijper et al *%’
and Spiliopoulou et al “?). They reported aneurysm, pulmonary emboli and infections as the
predominant missed major discrepancies in their studies. The largest single categories of
unsuspected missed diagnoses in this study were pulmonary oedema, biventricular heart
failure and undiagnosed neoplasms.

Baker reported major and minor diagnostic errors in 39.7% and 17.3% respectively in
his autopsy series as contributing factors to patients’ deaths “V. Britton reported undiagnosed
principal cause of death in 43% of the autopsies conducted in the University Hospital in
Stockholm, Sweden “%. This very high population of missed diagnoses is quite worrisome
considering the status of the hospital, the expected expertise of its personnel. David et al in
a systematic review also reported that autopsies discovered 23.5% of clinically missed
diagnoses involving principal or underlying cause of death as well as 9% of errors that would
or could have changed positively the outcome for the patient, had the diagnoses being made
antemortem and due actions taken'?®’. Casali et al in their study series on the postmortem
evaluation of suspected medical malpractice confirmed medical errors in 17% of cases; 50%
of these were surgical mistakes during surgical procedures *?. Madae et al in his autopsy series
found that 4.24% of deaths from suspected cases of medical malpractice were due to medical
errors which were otherwise treatable if recognized early and due actions taken'*?’.
Sonderegger-Iseli et al asserted that in 10-20% of cases, diagnostic errors constituting major
unexpected discrepancies are encountered that would have changed the outcome for the

patient, had they being discovered early premortem and the cases managed appropriately“.
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Komolafe et al showed that infections such as pulmonary tuberculosis, acute
pyelonephritis, typhoid enteritis, pyogenic meningitis and lobar pneumonia were rampantly
missed or misdiagnosed in their study series. This is further supported by Akinwusi et al, who
showed that typhoid septicaemia was responsible for sudden death in 47.1% of patients,
pulmonary tuberculosis in 17.7% of patients, and lobar pneumonia in 17.7% of patients *¢’.
Our finding is corroborated by Akinwusi et al, perhaps because we cover the same geo-political
zone in our research, south west Nigeria. Our findings also showed that many missed cases of the
stages and complications of systemic hypertension which eventually resulted in death. This
is supported by Akinwusi et al whose study revealed that systemic hypertension-related causes
accounted for 48.3% of sudden deaths ‘*”. It is however disturbing that many cases of systemic
hypertension and its complications were missed in our environment, since it is well known that
blacks are predisposed to systemic hypertension and its potentially fatal complications.

Most of the major discrepancies are found among the patients in the middle-age group
and mostly in males. This deviates from the discovery by Battle et al in United States, that
increasing age of patient reduces the clinician diagnostic precision suggesting that most missed
diagnosis are seen in the elderly®®. Roulson et al had reported that diagnostic errors is responsible
for the incredibly high number of medical disputes and litigations and that anatomical pathologists
affiliated with the Royal College of Pathologists in the United Kingdom clinical diagnostic errors
as high as 75% “?. This no doubt dwarfs the cases in findings.

Conclusion

Our study showed the pivotal role of the postmortem examination in ascertaining the
correctness of diagnoses. Although many of our cases showed correct antemortem clinical
diagnosis, the autopsy also revealed the missed complications or revealed new diagnoses in
many cases and remains a veritable means of assessing correctness of the premortem
diagnoses and a medical audit and knowledge gained would inform better practice standards
that would prevent medical litications and prevent issuance of false death certifications.
Therefore, autopsies should be given its prominent place in clinical practice so that medical
students and physicians in specialist training would be ingrained with the unlimited benefits
of providing information crucial for medical education and improving the quality of patient’s

Care.

Recommendation

Autopsy remains the only means of assessing discrepancies most especially in areas of
infections, cardiopulmonary diagnosis and solid tumour diagnosis as well as post-surgical
complication as discovered in this study. Achieving higher autopsy rate requires that the
clinicians and the health care organization/management be strongly persuaded of the

importance of autopsy as part of teaching, training and quality assurance programs. In  this
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era of personalized precision medicine, it suffices to say that a bright light is now focused on

patient safety, but diagnostic errors lie in the dark and only traditional autopsy can shed

sufficient light to make it visible.
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APPENDIX 1
INFORNMATION FOR AUTHORS

All authors listed in a paper submitted to Asian Archives of Pathology (AAP) must have
contributed substantially to the work. It is the corresponding author who takes responsibility
for obtaining permission from all co-authors for the submission. When submitting the paper,
the corresponding author is encouraged to indicate the specific contributions of all authors
(the author statement, with signatures from all authors and percentage of each contribution
can be accepted). Examples of contributions include: designed research, performed research,
contributed vital new reagents or analytical tools, analysed data, and wrote the paper. An
author may list more than one type of contribution, and more than one author may have
contributed to the same aspect of the work.

Authors should take care to exclude overlap and duplication in papers dealing with related
materials. See also paragraph on Redundant or Duplicate Publication in “Uniform Requirements
for Manuscripts Submitted to Biomedical Journals” at http://www.icmje.org/index.html.

The submitted manuscripts will be reviewed by the members of the Editorial Board or
the expert reviewers. At the discretion of the Editorial Board, the manuscripts may be returned
immediately without full review, if deemed not competitive or outside the realm of interests
of the majority of the readership of the Journal. The decision (reject, invite revision, and
accept) letter will be coming from the Editorial Board who has assumed responsibility for the
manuscript’s review. The editor’s decision is based not just on technical merit of the work,
but also on other factors such as the priority for publication and the relevance to the Journal’s
general readership. All papers are judged in relation to other submissions currently under

consideration.

Categories of Manuscripts

1. Letters to the Editor
The letters to the editor are the reactions to any papers published in AAP. These

letters will be reviewed by the Editorial Board and sent to the authors of the original paper
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with an invitation to respond. Letters and eventual responses will be published together,
when appropriate.
" Word Count: 300 — 500 words (excluding references and figure or table legends)
®  Abstract: Not required
B References: Maximum of 10

" Figure or Table: Maximum of 1 (if needed)

2. Original Articles

The original articles are the researches describing the novel understanding of
anatomical pathology, clinical pathology (laboratory medicine), forensic medicine (legal
medicine or medical jurisprudence), molecular medicine or pathobiology. Systematic
reviews, meta-analyses and clinical trials are classified as articles. The articles should be
clearly and concisely written in the well-organised form (see Organisation of
Manuscripts): abstract; introduction; materials and methods; results; discussion; and
conclusions. The manuscripts that have passed an initial screening by the Editorial Board
will be reviewed by two or more experts in the field.

" Word Count: 3,000 — 5,000 words (excluding abstract, references, and figure or

table legends)
B Structured Abstract (see Organisation of Manuscripts): 150 - 200 words
B References: Maximum of 150

W Figures or Tables: Maximum of 6

3. Review Articles

The review articles are generally invited by the Editor-in-Chief. They should focus on
a topic of broad scientific interest and on recent advances. These articles are peer-
reviewed before the final decision to accept or reject the manuscript for publication.
Therefore, revisions may be required.

" Word Count: 3,000 - 5,000 words (excluding abstract, references, and figure or

table legends)
®  Unstructured Abstract: 150 - 200 words
B References: Maximum of 150

®  Figures or Tables: Maximum of 4
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4. Case Reports

AAP limits publication of case reports to those that are truly novel, unexpected or
unusual, provide new information about anatomical pathology, clinical pathology
(laboratory medicine) or forensic medicine (legal medicine or medical jurisprudence). In
addition, they must have educational value for the aforementioned fields. The journal will
not consider case reports describing preventive or therapeutic interventions, as these
generally require stronger evidence. Case reports that involve a substantial literature
review should be submitted as a review article. The submitted case reports will undergo
the usual peer-reviewed process.

" Word Count: 1,200 - 2,000 words (excluding abstract, references, and figure or

table legends)

®  Unstructured Abstract: 150 — 200 words

B References: Maximum of 20

®  Figures or Tables: Maximum of 4

5. Case Illustrations

Case illustrations are aimed to provide education to readers through multidisciplinary
clinicopathological discussions of interesting cases. The manuscript consists of a clinical
presentation or description, laboratory investigations, discussion, final diagnosis, and up to
5 take-home messages (learning points). Regarding continuous learning through self-
assessment, each of the case illustrations will contain 3 — 5 multiple choice questions
(MCQs) with 4 - 5 suggested answers for each question. These MCQs are placed after the
final diagnosis and the correct answers should be revealed after the references. The
guestions and take-home messages (learning points) are included in the total word count.
The manuscripts that have passed an initial screening by the Editorial Board will be
reviewed by two experts in the field.

" Word Count: 1,000 - 2,000 words (excluding references and figure or table

legendss)

®  Abstract: Not required

®  References: Maximum of 10

B Figures: Maximum of 2

B Tables: Maximum of 5

6. Technical Notes

The technical notes are brief descriptions of scientific techniques used in the

anatomical pathology, clinical pathology (laboratory medicine), forensic medicine (legal
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medicine or medical jurisprudence), molecular medicine or pathobiology. The submitted
manuscripts are usually peer-reviewed.
" Word Count: Maximum of 1,000 words (excluding references and figure or table
legends)
®  Abstract: Not required
®  References: Maximum of 5

®  Figures or Tables: Maximum of 2

Organisation of Manuscripts

1. General Format

The manuscripts written in English language are preferable. However, Thai papers are
also acceptable, but their title pages, abstracts, and keywords must contain both Thai and
English. These English and Thai manuscripts are prepared in Ad-sized Microsoft Word
documents with leaving 2.54-cm (1-inch) margins on all sides. All documents are required
to be aligned left and double-spaced throughout the entire manuscript. The text should
be typed in 12-point regular Times New Roman font for English manuscript and 16-point
regular TH SarabunPSK font for Thai manuscript.

The running titles of English and Thai manuscripts are placed in the top left-hand
corner of each page. They cannot exceed 50 characters, including spaces between words
and punctuation. For the header of English paper, the running title will be typed in all
capital letters. The page number goes on the top right-hand corner.

Footnotes are not used in the manuscripts, but parenthetical statements within text
are applied instead and sparingly. Abbreviations should be defined at first mention and
thereafter used consistently throughout the article. The standard abbreviations for units
of measure must be used in conjunction with numbers.

All studies that involve human subjects should not mention subjects’ identifying
information (e.g. initials) unless the information is essential for scientific purposes and the

patients (or parents or guardians) give written informed consent for publication.

2. Title Page

The title page is the first page of the manuscripts and must contain the following:

" The title of the paper (not more than 150 characters, including spaces between
words)

B The full names, institutional addresses, and email addresses for all authors (If
authors regard it as essential to indicate that two or more co-authors are equal
in status, they may be identified by an asterisk symbol with the caption “These

authors contributed equally to this work” immediately under the address list.)
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3.

4.

®  The name, surname, full postal address, telephone number, facsimile number,
and email address of the corresponding author who will take primary
responsibility for communication with AAP.

B Conflict of interest statement (If there are no conflicts of interest for any author,
the following statement should be inserted: “The authors declare that they have

no conflicts of interest with the contents of this article.”)

Abstract

A structured form of abstract is used in all Original Article manuscripts and must
include the following separate sections:

®  Background: The main context of the study

B QObjective: The main purpose of the study

®  Materials and Methods: How the study was performed

B Results: The main findings

®  Conclusions: Brief summary and potential implications

" Keywords: 3 — 5 words or phrases (listed in alphabetical order) representing the
main content of the article

Introduction

The Introduction section should clearly explain the background to the study, its aims,
a summary of the existing literature and why this study was necessary or its contribution
to the field.

Materials and Methods

The Materials and Methods section must be described in sufficient detail to allow
the experiments or data collection to be reproduced by others. Common routine methods
that have been published in detail elsewhere should not be described in detail. They
need only be described in outline with an appropriate reference to a full description.
Authors should provide the names of the manufacturers and their locations for any
specifically named medical equipment and instruments, and all chemicals and drugs

should be identified by their systematic and pharmaceutical names, and by their trivial
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and trade names if relevant, respectively. Calculations and the statistical methods
employed must be described in this section.

All studies involving animal or human subjects must abide by the rules of the
appropriate Internal Review Board and the tenets of the recently revised Helsinki protocol.
Hence, the manuscripts must include the name of the ethics committee that approved

the study and the committee’s reference number if appropriate.

6. Results

The Results section should concisely describe the findings of the study including, if
appropriate, results of statistical analysis which must be presented either in the text or as
tables and figures. It should follow a logical sequence. However, the description of results
should not simply repeat the data that appear in tables and figures and, likewise, the same
data should not be displayed in both tables and figures. Any chemical equations, structural
formulas or mathematical equations should be placed between successive lines of text.

The authors do not discuss the results or draw any conclusions in this section.

7. Discussion

The Discussion section should focus on the interpretation and the significance of the
findings against the background of existing knowledge. The discussion should not repeat
information in the results. The authors will clearly identify any aspects that are novel. In

addition, there is the relation between the results and other work in the area.

8. Conclusions

The Conclusions section should state clearly the main summaries and provide an
explanation of the importance and relevance of the study reported. The author will also

describe some indication of the direction future research should take.

9. Acknowledgements

The Acknowledgements section should be any brief notes of thanks to the following:
®  Funding sources

® A person who provided purely technical help or writing assistance

® A department chair who provided only general support

B Sources of material (e.¢. novel drugs) not available commercially

Thanks to anonymous reviewers are not allowed. If you do not have anyone to

acknowledge, please write “Not applicable” in this section.
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10. References

The Vancouver system of referencing should be used in the manuscripts. References
should be cited numerically in the order they appear in the text. The authors should
identify references in text, tables, and legends by Arabic numerals in parentheses or as
superscripts. Please give names of all authors and editors. The references should be
numbered and listed in order of appearance in the text. The names of all authors are cited
when there are six or fewer. When there are seven or more, only the first three followed
by “et al.” should be given. The names of journals should be abbreviated in the style
used in Index Medicus (see examples below). Reference to unpublished data and personal
communications should not appear in the list but should be cited in the text only (e.g. A
Smith, unpubl. Data, 2000).

®  Journal article

1. Sibai BM. Magnesium sulfate is the ideal anticonvulsant in preeclampsia -
eclampsia. Am J Obstet Gynecol 1990; 162: 1141 - 5.
®  Books
2. Remington JS, Swartz MN. Current Topics in Infectious Diseases, Vol 21.
Boston: Blackwell Science Publication, 2001.
®  Chapter in a book
3. Cunningham FG, Hauth JC, Leveno KJ, Gilstrap L Ill, Bloom SL, Wenstrom KD.
Hypertensive disorders in pregnancy. In: Cunningham FG, Hauth JC, Leveno
KJ, Gilstrap L Ill, Brom SL, Wenstrom KD, eds. Williams Obstetrics, 22™ ed.
New York: McGraw-Hill, 2005: 761 - 808.
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11.

12.

Tables

The tables should be self-contained and complement, but without duplication,
information contained in the text. They should be numbered consecutively in Arabic
numerals (Table 1, Table 2, etc.). Each table should be presented on a separate page with
a comprehensive but concise legend above the table. The tables should be double-
spaced and vertical lines should not be used to separate the columns. The column
headings should be brief, with units of measurement in parentheses. All abbreviations
should be defined in footnotes. The tables and their legends and footnotes should be
understandable without reference to the text. The authors should ensure that the data in
the tables are consistent with those cited in the relevant places in the text, totals add up

correctly, and percentages have been calculated correctly.

Figure Legends

The legends should be self-explanatory and typed on a separate page titled “Figure
Legends”. They should incorporate definitions of any symbols used and all abbreviations
and units of measurement should be explained so that the figures and their legends are
understandable without reference to the text.

If the tables or figures have been published before, the authors must obtain written
permission to reproduce the materials in both print and electronic formats from the
copyright owner and submit them with the manuscripts. These also follow for quotes,
illustrations, and other materials taken from previously published works not in the public

domain. The original resources should be cited in the figure captions or table footnotes.
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13.

14.

Figures

All illustrations (line drawings and photographs) are classified as figures. The figures
should be numbered consecutively in Arabic numerals (Figure 1, Figure 2, etc.). They are
submitted electronically along with the manuscripts. These figures should be referred to
specifically in the text of the papers but should not be embedded within the text. The
following information must be stated to each microscopic image: staining method,
magnification (especially for electron micrograph), and numerical aperture of the objective
lens. The authors are encouraged to use digital images (at least 300 d.p.i.) in .jpg or .tif
formats. The use of three-dimensional histograms is strongly discouraged when the

addition of these histograms gives no extra information.

Components
14.1. Letters to the Editor
The Letter to the Editor manuscripts consist of the following order:
®  Title Page
" Main Text
" References
" Table (if needed)
" Figure Legend (if needed)
" Figure (if needed)

14.2. Original Articles
The Original Article manuscripts consist of the following order:
B Title Page
B Structured Abstract
® Introduction
®  Materials and Methods
" Results
®  Discussion
®  Conclusions
®  Acknowledgements
" References
" Table (s)
" Figure Legend (s)
" Figure (s)

14.3. Review Articles
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The Review Article manuscripts consist of the following order:
® Title Page
" Unstructured Abstract
®  Introduction
" Main Text
®  Conclusions
®  Acknowledgements
®  References
" Table (s)
" Figure Legend (s)
" Figure (s)

14.4. Case Reports
The Case Report manuscripts consist of the following order:
B Title Page
®  Unstructured Abstract
® Introduction
®  Case Description
®  Discussion
®  Conclusions
®  Acknowledgements
®  References
" Table (s)
" Figure Legend (s)
" Figure (s)

14.5. Case Illustrations
The Case Illustration manuscripts consist of the following order:
B Title Page
" Clinical Presentation or Description
® [aboratory Investigations
" Discussion
®  Final Diagnosis
" Multiple Choice Questions (MCQs)
"  Take-Home Messages (Learning Points)
®  Acknowledgements

®  References
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B Correct Answers to MCQs
" Table (s)

" Figure Legend (s)

" Figure (s)

14.6. Technical Notes
The Technical Note manuscripts consist of the following order:
® Title Page
®  Introduction
" Main text
®  Conclusions
®  Acknowledgements
®  References
" Table (s)
" Figure Legend (s)
" Figure (s)

Proofreading

The authors of the accepted manuscripts will receive proofs and are responsible for
proofreading and checking the entire article, including tables, figures, and references. These
authors should correct only typesetting errors at this stage and may be charged for extensive

alterations. Page proofs must be returned within 48 hours to avoid delays in publication.

Revised Manuscripts

In many cases, the authors will be invited to make revisions to their manuscripts. The
revised manuscripts must generally be received by the Editorial Board within 3 months of the
date on the decision letter or they will be considered a new submission. An extension can

sometimes be negotiated with the Editorial Board.
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APPENDIX 2
BENEFITS OF PUBLISHING WITH
ASIAN ARCHIVES OF PATHOLOGY

Asian Archives of Pathology (AAP) is an open access journal. Open Access makes your
works freely available to everyone in the world. It provides a significant boost to the readership
of your articles, and has been shown to have an increase in positive influence on citations
and reuse. Hence, open-access leads to more recognition for our esteemed authors.

The journal has been sponsored by the Royal College of Pathologists of Thailand. We
have the policy to disseminate the verified scientific knowledge to the public on a non-profit
basis. Hence, we have not charged the authors whose manuscripts have been submitted or
accepted for publication in our journal.

Since AAP is also a peer-reviewed journal, the submitted manuscripts will be reviewed
by the members of the Editorial Board or the expert reviewers. The decision on these
manuscripts is processed very fast without any delay and in shortest possible time. The
processing period is 1 — 2 weeks. These decisions of the reviewers are unbiased and the
decision (reject, invite revision, and accept) letter coming from the Editorial Board is always

conveyed to the authors.

APPENDIX 3
SUBMISSION OF THE MANUSCRIPTS

Step 1:  Access www.asianarchpath.com
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Step 2:

Step 3:

Step 4:

Step 5:

Step 6:

Step 7:

Step 8:

If you did not register before, please create an account first.

Login with your username and password.

Click the “+ New Submission” button on the upper right-hand side of the page.

Proceed to fill up the Submission Form online and follow the directions given

therein.

Upload your manuscript file (s).

Re-check the content of your manuscript (s) and the uploaded file (s) more
carefully prior to the submission. If you have submitted your manuscript file (s)
incorrectly, you must contact Editor-in-Chief of Asian Archives of Pathology
immediately. The Editor-in-Chief can clear the incorrect attempt and allow you

another submission.

Click the “Submit Manuscript” button under Important Notice.

If you have any further enquiries, please do not hesitate to contact the Journal.

APPENDIX 4
CONTACT THE JOURNAL

The Editorial Office of Asian Archives of Pathology

Department of Pathology, Floor 6, Her Royal Highness Princess Bejaratana Building

Phramongkutklao College of Medicine
317 Rajavithi Road, Rajadevi, Bangkok 10400 Thailand

Telephone: +66 (0) 90 132 2047
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Fax: +66 (0) 2 354 7791

Email: editor@asianarchpath.com

APPENDIX 5
SUPPORT THE JOURNAL

Asian Archives of Pathology (AAP) has a mission of disseminating the unbiased and
reliable medical knowledge on a non-profit basis. If you consider that this journal is useful for
the public, you can support us by submitting your advertisements via the contact information

below.

Assistant Professor Dr Chetana Ruangpratheep
The Editorial Office of Asian Archives of Pathology
Department of Pathology, Floor 6, Her Royal Highness Princess Bejaratana Building
Phramongkutklao College of Medicine
317 Rajavithi Road, Rajadevi, Bangkok 10400 Thailand
Telephone: +66 (0) 90 132 2047
Fax: +66 (0) 2 354 7791
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Email: editor@asianarchpath.com
Every support, small or big, can make a difference.

Thank you

é/ﬂm%m{#

Assistant Professor Dr Chetana Ruangpratheep
MD, FRCPath (Thailand), MSc, PhD
Editor-in-Chief of Asian Archives of Pathology
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