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Abstract
Background Medico-legal or forensic autopsy is a special type of autopsy performed under the orders of
a legal authority in circumstances involving unnatural, suspicious or criminal deaths. Gross and
histopathological studies of viscera in medico-legal autopsies have been observed to serve as crucial tool
in the detection of undiagnosed disease conditions and the resulting �ndings may closely represent the
general population. Methods A prospective cross sectional study was carried out at the Muhimbili
National Hospital (MNH) department of pathology, to medico-legal autopsies received at the MNH
mortuary. The study included 103 cases in an eight month period. Both lungs were weighed for each case
and tissue samples were collected from each lobe, in both lungs. Other gross �ndings were observed and
recorded. Tissue sections were made and stained with hematoxylin and eosin and evaluated under a
microscope. Results Out of 103 cases studied, 88.3% were male with mean age of 35.8 + 16.6 years. In
females, the mean age was 31.6 + 10.4 years. The mean weight of lungs was found to be 627.3 + 138.5g
and 591.7 + 129.7g for the right and left lung, respectively, in males. In females, the mean weight of lungs
was 616.7 + 166.1g and 583.3 + 155.8g for the right and left lung, respectively. More than half (53.4%) of
lung samples had some pathological disease, and the leading diagnosis was pulmonary
congestion/oedema (22.3%) followed by lobar pneumonia (18.5%). Age was found to relate with the
observed histological diagnosis of the lungs. Conclusion Males, especially the youth and adults are the
main victims of medico-legal deaths. The study also revealed high prevalence of undiagnosed lung
diseases in victims of medico-legal deaths. These �ndings may re�ect heavy burden of lung diseases in
the general population.

Background
Autopsy is the process of systematically examining a dead body with objectives of identifying the
primary cause of death [1]. Medico-legal or forensic autopsy is performed under the orders of a legal
authority in circumstances relating to unnatural, sudden, suspicious or criminal deaths. The autopsy
�ndings and underlying cause of death can then be utilized for legal purposes to assist the course of
justice. Quali�ed forensic pathologists are the ones entitled to perform and give �ndings for medico-legal
autopsies [2, 3]. Gross and histopathological studies of viscera in medico-legal autopsies have been
observed to not only aid in ascertaining the cause of death but also serve as crucial tool in detection of
undiagnosed disease conditions, particularly, lung diseases [4]. Furthermore, studies [5] in various settings
reveal that a signi�cant percentage of autopsies demonstrate �ndings that were not previously clinically
diagnosed.

Chronic respiratory diseases (CRD) affect hundreds of millions of people of all ages across the globe.
Majority of the affected population lives in low- or middle-income countries or deprived populations [6, 7].
Primary respiratory infections, such as bronchitis, bronchopneumonia and other forms of pneumonia are
common in clinical and pathological practice. Rising global air pollution with environmental and
occupational inhalants and chemical toxic substances render chronic lung diseases such as; chronic
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bronchitis and pulmonary edema, fractious. Also, lungs have been found to be secondary target most
terminal diseases; so that some degree of pulmonary edema, atelectasis, or bronchopneumonia is
present in virtually every terminally- ill patient [4].

Establishing normal organ weights, especially of the lungs is important, as it can hint pathological
changes occurring in organs besides elucidating the relationship of trauma and disease. Various races
and regions of the world will have different organ weights.

Organ weights in 684 Caucasoid adults who died of external causes with no pathological �nding revealed
mean lung weight in males to be 663+ 239 g and 583+ 216 g for the right and left lung, respectively. In
females, the weight was 546+ 207 g and 467+ 174 g for the right and left lung, respectively. [8]

A study [5] on normal organ weights of Indian adults(18-75 years) done in India showed the postmortem
average weight of non-pathological lungs in males was between; 410 to 510g and 370 to 470g in the
right and left lung, respectively. In female, the weight was 360 to 460g and 360 to 460g in right and left
lung, respectively. On the other hand, a case study done involving medico-legal autopsy cases in Zambia
showed; weight of the lungs to be 442.0 ± 152.3 g left lung, and 504.6 ± 174.6 g right lung in the male
population. In the female population the weight of the left lung was 365.7± 119.8 g and the right lung
405.0 ± 116.0 g. [9]

With undiagnosed lung lesions, a study by Jhajj etal [10] of histopathological examination in medico-legal
autopsies in Faridkot, Punjab has revealed the most common respiratory system �ndings to be
pneumonia followed by tuberculosis, pulmonary candidiasis and carcinoma of the lung. In contrary, a
histopathological study by Selvam etal [11] in Salem district, India showed that pulmonary tuberculosis
was the most common �nding followed by pulmonary eodema and then pneumonitis. Another study on
the histopathological examination in medico-legal autopsy in India [12] showed higher case incidence in
third and fourth decades of life. Males were more prone to death by diseases (63.33%) as compared to
females (36.67%) with the respiratory system involved in 30% of the cases. Lungs oedema was noticed
during autopsy in 37.78% cases and con�rmed by histopathology in 33% cases. Pneumonic changes
were observed in lungs during autopsy in 31.11% cases while con�rmed by histopathology in only
24.44% cases. Tubercular changes in lungs were noticed in 8.89% cases and con�rmed by
histopathology in 13.33% cases.

In Africa, a review of autopsy studies by Bates etal [13] showed that pulmonary and extra-pulmonary
tuberculosis was detected in over half of HIV-infected adults and four to �ve-folds more prevalent than in
HIV-uninfected cases. Also, bacterial pneumonia was more prevalent in children than adults and was
relatively unaffected by HIV status. The study also showed co-infections were common and correlation
with premortem clinical diagnoses was low. Another study [14] done at Muhimbili National Hospital, Dar
es Salaam, Tanzaniarevealed high prevalence of undiagnosed tuberculosis during autopsy. For all study
subjects who were found to have tuberculosis at autopsy, none had ever been diagnosed with
tuberculosis before death.
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Methods
The aim of the study was determine the prevalence of lung lesions among medico-legal autopsies at a
tertiary hospital.

A prospective cross sectional study was carried out at the Muhimbili National Hospital (MNH) department
of pathology, to medico-legal autopsies received at the MNH Histopathology and Morbid Anatomy unit
and the mortuary section. The study included 103 medico-legal autopsy cases over an eight month period
(August 2015 – April 2016). Information on age, sex, marital status and occupation was collected from
the �rst degree of the deceased, police and accident register report during autopsy. Data on gross
features and weight of the lungs was collected during the postmortem and later the diagnosis was
recorded after microscopic examinations of the obtained lung samples from each case.

Postmortem examination: To avoid changes in organ weight and structure, autopsy cases included were
those performed within 48 hours after death. A thorough postmortem was done with particular attention
to the gross examination of the lungs. In each case, the lungs and the heart were removed together. The
lungs were thereafter weighed separately using YAMATO weighing balance. Samples from the right and
left lobes were obtained in each case. The samples were �xed in 10% neutral buffered formalin and sent
to the MNH Pathology laboratory for processing.

Sample processing and sectioning (Microtomy): Sections of 3µm were cut from para�n blocks cooled on
ice blocks using a microtome (SAKURA Model: SRM 200 CW). Sections were then �oated on water bath
at 450C while mounted on standard frosted glass slides each labeled with a Postmortem (PM) number.
Thereafter the slides were allowed to drain before being put on hot plate at 600C for 15 minutes.

Staining Procedure : The sections were dewaxed in three changes of xylene three minutes each, and
brought down to water through descending grades of ethyl alcohol (absolute: 95%, 80% and 70%
respectively). The sections were then stained in Harris Hematoxylin for �ve minutes before being washed
with tap water and differentiated in one percent Hydrochloric acid (HCL) in ethanol. The sections were
again washed in running tap water and then blued for ten minutes. After being blued, the sections were
counterstained in one percent aqueous eosin for �ve minutes before being washed in tap water and
dehydrated in ascending grades of ethanol. The sections were then cleared in three changes of xylene
then mounted in Destrine Plasticizer Xylene (DPX) and labeled accordingly.

Microscopic Examination: After the tissue samples were ready, they were examined under a light
microscope and �ndings recorded in the data collecting sheet for each case.

Statistical Analysis:
Statistical analysis was performed using R statistical software (http://www.R-project.org/). Normality test
assumption was measured using Shapiro-Wilk test. For continuous variables with normal distribution,

http://%28http//www.R-project.org/)
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Anova and TukeyHSD tests were used. Chi-Square test was employed for categorical variables, and
Fisher’s exact test applied for cell size less than 5. In addition, Local Polynomial Regression Fitting (loess)
was used to assess the relationship between the total weight of the lungs and associated factors. This
non-parametric regression analysis was used after the parametric regression normality and constant
variance assumptions were violated.

P-value of < 0.05 was considered to be statistically signi�cant.

Results

Age and Gender of the study subjects
The study conducted gross and histopathology examination on 103 cases. Out of the 103 cases, 88.3%
were males with mean age of 35.8 + 16.6 years. The mean age for females was 31.6 + 10.4 years (Table
1)

Lung weights
The mean weight of lungs for males was 625.7 + 138.5g and 590.7 + 129.4g for the right and left lungs,
respectively. In female, the mean weight of lungs was slightly lower than males, weighing 616.7 + 166.1g
and 583.3 + 155.8g for the right and left lung, respectively. (Table 2) However, group wise comparison
found no statistical difference in mean weight of the right (p= 0.8359) and the left (p = 0.8613) lungs
between male and female. In addition, the total weight of lungs was not related to gender. (p= 0.98642)

Model assumption revealed trend between age and total lung weight. Local Polynomial Regression
Fitting (loess) was run and showed the total lung weight to increase as one advances in age until 50
years. Thereafter, the total weight begins to decrease. (Figure 1)

Lung lesions
Histological examination found 55 (53.4%) of the collected lung samples had some pathological
microscopic �ndings. 51 (49.5%) were from males. The leading pathological diagnosis was pulmonary
congestion/oedema (22.3%), followed by lobar pneumonia (18.5%). Only one sample was found to have
pulmonary tuberculosis. (Table 3)

Histological diagnosis was found not to relate with gender. (p=0.7734).

Figure 2 shows pulmonary emphysema to affect individuals above 60 years. Other lung lesions were
found in individuals with age between 30 - 40 years. Anova analysis showed statistical signi�cant
difference between age and histological diagnosis. (P-value=0.0025)
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The total lung weight for most diseased lungs fall between 1200 – 1400 grams, except for the lung found
to have pulmonary tuberculosis, which weighed below 1000 grams. (Figure 3) However, total weight of
the lung was found not to relate to histological diagnosis.

Discussion
The sex and age distribution showed male predominance (88.3%), with majority of the study subjects
being on their early thirty’s (Mean age of 35.8 +16.6 and 31.6 +10.4 years for male and female,
respectively). The higher incidence of medico-legal deaths in male has also being found in other similar
studies conducted in developing regions by Jhajj etal [10], Selvam etal [11]and Pathak etal [12]. This can in
part be explained by the more evident rise of motorcycling as a prominent means of commercial
transportation, engaging vast numbers of male youth and adults in the city. A signi�cant number of the
reported medico-legal deaths result from motorcycling-related accidents. Also, men in developing regions
are the main breadwinners making them more vulnerable to exposure to environments that might lead to
medico-legal deaths in their day-to-day undertakings, than women. The distribution may also re�ect the
like- hood of young men in indulging themselves in risk behaviors such as robbery, substance abuse and
alcoholism than women.

Lung weights
The mean weight of the right and left lungs for males were similar to study by de la Grandmaison etal [8]

in Caucasoid males in France. However, for females the current study recorded slightly higher mean
weight. In addition, the mean weights for both lungs were higher than reported in studies done in India [5,

10, 11, 12] and Sub-Saharan Africa. [9] Lung weights have been shown to correlate to decedent’s weight and
height. [8, 9] However, this study did not compare the decedent’s anthropometric measures with their
corresponding lung weights. This could have aid in explaining and comparing the observed differences.

Even though the total mean lung weight was higher in males than females, as observed in other similar
studies [5, 8, 9, 10, 11, 12]; we found no relationship between the total weight of lungs and gender. This may
be attributed to few numbers of females in the current study.

Aging has been observed to be associated with reduction in mass of organs (especially the high
metabolic rate organs) in the body. [15] The model assumption showed some trend between age and total
weight which was not captured by the linear regression (value of adjusted R square was below 0.5). To
capture this trend we ran local polynomial regression �tting (loess) between age and total weight. The
results showed the total lung weight to increase as one advances in age, until 50 years. Thereafter, the
total weight begins to decrease steadily. An autopsy study by Sawabe etal [16] on standard organ weights
showed a similar signi�cant organ weight decrease in elderly Japanese (above 60 years) in both genders.
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Lung lesions
More than half (53.4%) of the study subjects were found to have some pathological lung �nding. This
suggests high prevalence of undiagnosed lung pathologies in the general population. In part, this may be
due to the fact that most of chronic lung diseases are not usually diagnosed until they are clinically
apparent and moderately advanced. [17] In addition, lack of surveillance systems and diagnostic tests
required for the diagnosis and assessments of the severity of chronic respiratory diseases are not readily
available. [7]

The leading pathological diagnosis in the current study was pulmonary congestion/oedema (22.3%),
followed by lobar pneumonia (18.5%) and pneumoconiosis (9.7%). These �ndings are similar to a study
by Pathak etal [12] on medico-legal autopsies in India, were the leading pathological diagnosis was
pulmonary oedema (37.8%) followed by pneumonic changes (33%), even though the rates are higher in
Pathak etal [12] study.

Only one sample was found to have pulmonary tuberculosis. This is contrary to similar studies from
other developing regions like India [10, 11] where tuberculosis was one the leading �nding. Tuberculosis is
still a major burden in Tanzania with prevalence of 295/100,000 [18], however, prevalence data in medico-
legal autopsy cases is not available. A study by Kilale etal [14] done at MNH, Tanzania showed high
prevalence of tuberculosis in clinical autopsies. The reason for high prevalence of undiagnosed
tuberculosis cases with Kilale etal study can be due to selection of cases with chronic illnesses, and
clinical presentation compatible with pulmonary pathology. Nevertheless, short study period may
contribute to the current study’s �ndings.

Fisher exact test showed no relation between histological diagnosis and gender. Again, this may be
contributed to few female participants in the study.

To assess for the relationship between age and lung lesion, anova and Tukey HSD tests were run. From
the anova test found statistical signi�cant difference in mean age for different lung lesion (p-
value=0.0025). The main difference was between pulmonary emphysema and lobar pneumonia (p-
value=0.0099) and pulmonary emphysema and pulmonary congestion/oedema (p value= 0.0113).
Pulmonary emphysema was observed to affect individuals above 60 years while lobar pneumonia and
pulmonary congestion/oedema affected those between 30 -40 yrs.

The total weight of the lungs was found not to relate to histological diagnosis. Since lung mass has been
observed to correlate with subject’s weight, height and BMI, direct intercomparison between subjects can
be altered for lung mass changes brought by pathological disease process. [8, 9]

Limitations
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We were not able to capture lifestyle and other socio-economic factors that could affect the distribution
of observed weight and lung pathologies. Also, the decedents’ past medical history were not available.
This study did not compare subjects’ anthropometric measurements (weight, height and BMI) with their
lung weights.

Conclusion
Males, especially youth and adults are the main victims of medicolegal deaths. The study has revealed
high prevalence of undiagnosed lung diseases among victims of medicolegal deaths. Since these lung
pathologies were incidental �ndings, not related to the cause of the deaths; the results may re�ect the
actual burden of lung diseases among the general population. Age has been found to relate to the
observed histological diagnoses of the lungs.
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