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3. Which of the above sources do you reference most often and why? 

4. Are there any limitations of these sources in your opinion?  

5. What information would be most helpful for your practice in an Ontario-based study? 

6. Would you be interested in receiving a copy of the finished study? If yes, please, 

provide a delivery preference.  

All reference sources, whether provided initially to the surveyed pathologists or added by 

them, were further assessed based on the following criteria: sample size, statistically 

significant values, age span of the sampled data, gender differentiation, living vs. 

autopsied population, and originality (i.e. original data vs. review of pre-existing data). 

The above criteria were assessed as present or absent. In addition, the year of each 

publication and origin of the source (the country where the data were collected) were 

documented. 

2.2 Results  

Fourteen of 30 Ontario pathologists who do coroners’ pediatric autopsies responded to 

the survey (Appendix A).  

The responses to question 2a, the utilization frequency by pathologists of the 7 initially 

cited references in the survey, showed that 2 pathologists referenced Stowens; 6 

referenced Stocker and Dehner. and Coppoletta and Wolbach.; 7 referenced Kayser; 8 

referenced Schulz et al.; 10 referenced Wigglesworth; and 12 referenced the Centers for 

Disease Control and Prevention interactive database (CDC)10–13,43,109,119. In addition to 

the 7 references provided, the pathologists identified 13 additional sources in response to 

question 2b18,110–117,120–123. 

The replies to question 3 are shown in Figure 2-1. The references most often used were 

"Weights of Organs of Fetuses and Infants” by D. M. Schulz, D. A. Giordano and D. H. 

Schulz (8 pathologists), CDC (6 pathologists), the “Textbook of Fetal and Perinatal 

Pathology” by J. S. Wigglesworth (5 responders), and “Height and Weight in Human 

Beings: An Autopsy Report” by K. Kayser (5 responders)10,12,13,109.  
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Figure 2-1. Most Frequently Referenced Sources 
 

Results of survey - question 3 “Which of the above sources do you reference most?” Schulz  et al (8) and 

the CDC (6) were the most commonly used by the responding pathologists.  

 

The advantages of sources stated in response to question 3 were: age ranges provided; 

references readily available and widely used; references most scientific and accurate; 

standard deviations given; and data combined from multiple sources. 

The stated limitations of these publications as noted in survey question 4 were: outdated 

nature of a database; wide and limited age intervals; data not unique to SIDS/SUDS 

(Sudden Infant Death Syndrome/Sudden Unexplained Death Syndrome) populations; 

small sample size; absence of ethnic background information; single reference values (no 

ranges); standard deviations not given; and difficulty of comparison between various 

sources. 

The pathologists identified 10 features for an ideal reference resource. These features, 

identified by the responders in survey question 5, included: an up-to-date database with a 

large sample size; a dataset relevant to the Ontario population; defined 

controls/standards; provision of standard deviations, confidence intervals and p-values; 
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gender distinctions; data pertinent to SIDS/SUDS populations; updated 

demographic/ethnic breakdowns; and an electronically accessible database. 

2.3 Discussion 

2.3.1 Review of Sources Cited by the Ontario Pathologists 

The 20 publications span a period from 1933 to 2010. The oldest reference was by 

Coppoletta and Wolbach and the most recent was from the CDC43,109. Half were 

published before 2000. Figure 2-2 illustrates that from 1900 to 2015, only 40% of the 

references have data collected after 2000, and no sources had data collected beyond 2003. 

Table 2-1 shows the assessments of all references based on certain criteria. The reference 

sources included 11 journal articles, 7 textbooks, a website, and a Master of Science 

thesis10–13,18,43,109–117,119–123. Twelve sources (60%) differentiated genders, 13 (65%) listed 

actual sample sizes, 18 (90%) provided standard deviations, 11 (55%) used ranges for 

means, and 7 (35%) included data on statistical significance (e.g. p-values). Seventy 

percent had 5 or more charts or tables. Of the 20 sources, 11 (55%) were based on 

original data10,12,43,110,112–114,116,117,120,123. 

Most of the sources, 18 (90%), were based on autopsy observations with 10 of them 

(56%) based on original data. Of the 10, only 7 included data on children from birth to 

12 months of age. Two of these referenced only cardiac data, and one referenced only 

recumbent body length110,114,120. This left only 4 original reference sources for organ and 

body measurements for infants and neonates (birth to 12 months)10,12,43,113. From these, 

only 2 provided gender distinction and standard deviations or confidence intervals10,12.
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Figure 2-2. Timeline of References 
Sources most commonly used by the responding pathologists, depicted by year(s) of data collection, aligned by the oldest initial collection date to the newest. 
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Table 2-1. Sources Assessed by Proposed Criteria 

The assessment of the reference sources according to the criteria proposed by the survey respondents. 
 

 

SOURCES 

 

YEAR 

 

LOCATION* 

 

SAMPLE 

SIZE† 

AUTOPSIED 

SAMPLE‡ 

STANDARD 

DEVIATION§ 

ORIGINAL 

DATA** 

GENDER 

DISTINCTION†† 

 

SOURCE AGE RANGES‡‡ 

Archie 2006 Multiple 

 

YES YES NO NO 12 - 45 weeks gestation 

CDC 2009 Multiple 8440 NO YES NO YES birth - 19 years 

Coppoletta 1933 United States 155 YES NO YES NO birth - 12 years 

Finkbeiner  2009 Multiple 
 

YES YES NO YES 16 weeks gestation - 86 years 

Fracasso 2009 Germany 388 YES YES NO YES 1 - 12 months 

Gilbert-Barness 2005 Multiple 
 

YES YES NO YES 24 weeks gestation - 18 years 

Oyer  2004 USA 776 YES YES YES NO 15 - 42 weeks gestation 

Hansen. 2003 United States 597 YES YES YES NO 12 - 26 weeks gestation 

Kayser 1987 Germany 47,523 YES YES YES YES birth - 99 years 

Keeling 2001 Multiple 
 

YES YES NO NO 12 - 43 weeks gestation 

Kramer  2001 Canada 676,605 YES YES YES YES 22 - 43 weeks gestation 

Roche  1989 United States 504 NO YES YES YES 1 - 12 months 

Scholz. 1988 United States 200 YES YES YES YES birth - 19 years 

Schulz. 1962 United States 1339 YES YES YES YES 5 months gestation - 12 months 

Schulz (Heart) 1962 United States 1847 YES YES YES YES 5 months gestation - 12 months 

Stocker 1940 Multiple 
 

YES YES NO YES 46 days post ovulation - 19 years 

Stowens 1959 United States 
 

YES NO NO NO second lunar month - 5 years 

Thompson 2004 United States 453 YES YES YES NO birth - 12 months 

Victor 1999 Canada 2026 YES YES YES YES 18 - 43 weeks gestation 

Wigglesworth 1991 United States 
 

YES YES NO NO 12 - 42 weeks gestation 

* The country where the data were collected 
† Blank fields depict sources where sample size was not provided and/or a compilation of data sources with different sample sizes were used  
‡ YES = data collected from autopsied subjects; NO = data collected from living subjects 
§ YES = standard deviations were provided; NO = standard deviations were not provided 
** YES = authors analyzed original data; NO = authors reviewed data from other sources 
†† YES = male and female data were segregated; NO = male and female data were pooled  
‡‡ The age span of the sampled data as defined by the source
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Growth can be defined as an increase in size over time and, therefore, serial measurements are 

required for documentation116. This is not applicable to autopsy populations since only single 

observations are available. The definition of normality also poses interpretative challenges since 

it varies from author to author111. Establishing a normal group when faced with variations caused 

by pathophysiological processes can be difficult112. In the present study, a common theme in the 

20 cited references was a deficiency in the definition of standard or normal groups. Prior 

publications identified the inadequacy of the currently available norms10,43,110. Various authors 

have pointed to the lack of statistical information, such as sample size, standard deviations and 

standard errors in various sources10,110,112. Many of the reference sources were lacking a 

description of exclusion criteria and well-defined control groups120. The lack of descriptive 

information on exclusion criteria can lead to bias111. 

Schulz et al. found the lack of standardization by gender to be common in infant but not in adult 

studies10. Significant differences in norms related to gender were found by some researchers10,122 

and disproven by others, which led to a pooling of pediatric data43,112,113,115. Schulz et al. noted 

that the male brains at 8 months were significantly heavier than female ones10. 

The effect of prematurity on organ and body measurements was proposed as a significant 

factor43,113,115. Fracasso et al. found in their study that heart weights were slightly heavier during 

the first 3 months, becoming slightly lighter from 6th to 10th months when compared to similar 

studies115. The authors explained these findings by the inclusion of prematurely born neonates 

and infants in the database, which accounted for the smaller values.  

Some studies investigated whether organ weights were different between SIDS and non-SIDS 

groups113,115. No significant differences in organ weights between SIDS and control groups have 

been identified. Body measurements and organ weights can be affected by maternal and 

environmental (e.g. smoking) effects on development in utero113,115. The systemic effects of 

disease and pathophysiological processes (e.g. congestion and edema) on organ weights has been 

noted12,115.  The validity of excluding single organs affected by disease when assessing other 

organ weights was previously raised115. 
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The present review of the reference sources revealed that organ weights tended to be greater in 

more recent publications. Lack of complete data did not allow us to verify these observations 

statistically. This trend can be demonstrated when comparing both Schulz’s et al. data collected 

in 1962 to Coppoletta and Wolbach's data collected during the period of 1914-192910,43,110. The 

databases in Schulz et al. show an overall increase in organ weights with a 20% increase in heart 

size. Thompson and Cohle, based on their data collected during 1986-2000, reported a 6-100% 

increase in various organ weights when compared to one of the aforementioned studies by 

Schulz et al10,113.  These differences could be attributed to poorer nutrition and less perinatal care 

in the past. Thompson and Cohle recommended that new body measurement and organ weight 

standards needed to be developed using more current data113. Fracasso et al. also opined that the 

earlier published data were not applicable to the modern populations115. Although there is no 

completely satisfactory reference when assessing pediatric growth parameters, utilization of any 

reference is still a better practice than using none111,116. 

In summary, this part of the study identified and reviewed 20 various types of references for 

body measurements and organ weights used by Ontario pathologists in the course of their 

postmortem examinations on infants and neonates. The strengths and weaknesses of the currently 

available sources were evaluated. Based on the limitations of the current references and criteria 

suggested for improvements, the present review served as a guide to create a new autopsy-based 

body measurement and organ weight database for pediatric deaths under 1 year of age. This new 

reference source used more recent data from the Office of the Chief Coroner for Ontario and 

involved a larger sample size allowing for statistical relevance. The database aimed to be gender 

specific and to provide data for specific age intervals. 
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Chapter 3  

3 Research Design for Growth Charts  

Data were collected, analyzed and tested to determine if significant relationships were present 

between the cause of death, age and gender groups. Based on the collected data reference tables 

were created on body measurements and organ weights, with and without gender distinction.  

3.1 Ethics Approval  

This research was approved by the Research Ethics Board for Health Sciences Research 

Involving Human Subjects (Western University) (Appendix B) and the Lawson Health 

Research Institute (Appendix C). 

3.2 Data Collection 

Cases were collected from a database of infant and neonatal deaths that were investigated by 

Ontario coroners from 2000 to 2010. Only cases where complete postmortem examinations 

were performed were included in the sample population.  

The data were collected and processed according to the research agreement with the Office of 

the Chief Coroner for Ontario. A data collection sheet (Appendix D) was created and 

completed for each reviewed case. The information was collected from the coroner’s 

investigation statements and reports on postmortem examination commonly including a number 

of ancillary reports (neuropathological consultation report, toxicology, microbiology, 

biochemistry, cytogenetic studies etc.). The information was then transferred into an Excel 

document where blank fields indicated absent data. 

Collected data were arranged by the age at the time of death, cause and manner of death. For 

the purposes of confidentiality, identifying information (including date of birth, date of death 

and coroner’s or autopsy case number) were removed and a random number was assigned to 

each case. 

Cause of death and manner of death for each case were reviewed by re-evaluating specific case 

information, major findings on gross and microscopic examination, and results of ancillary 

studies. SIDS cases before 2005, i.e. the year SUDI was defined, were re-classified into the 
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appropriate category upon review of these cases. Based on this review, cases were subdivided 

into 3 major groups: SIDS, SUDS and non-SIDS/non-SUDS. SIDS deaths had no anatomical or 

toxicological cause of death identified in the course of a thorough postmortem examination 

complemented by ancillary studies, and there were no findings identified to suggest that unsafe 

sleeping might be a contributing to death factor.  SUDS group included cases where cause of 

death remained unascertained yet unsafe sleeping environment was a potential contributory 

factor. The remaining cases were included in the third group (non-SIDS/non-SUDS group). 

This group was further subdivided into several subgroups based on the underlying pathology: 

congenital abnormalities, metabolic disorders, natural diseases, systemic infections/sepsis, birth 

asphyxia, accidental deaths, suspicious deaths, and homicides. Accidental deaths incorporated 

various types of asphyxia including entrapment within a crib, obvious overlaying, hanging, 

drowning, choking, and fire deaths. The third group (non-SIDS/non-SUDS cases) were further 

reviewed to select data for a control group. The Control group consisted of pathologically 

uninvolved organs. Cases were reviewed by me and a staff forensic pathologist. Generally, the 

Control group was selected from categories 1 and 4 cases according to standardized sudden 

infant death reporting in Ontario (please see Section 1.3) 

The following criteria were used for selecting cases for the Control group.  The entire case was 

excluded, if the child was diagnosed with a pathological condition that usually had systemic 

effects. The following conditions excluded a case from the study: multiple congenital 

abnormalities, status after prolonged resuscitation at hospital, systemic infections/sepsis, 

significant decomposition, generalized body edema, and failure to thrive. In addition, upon the 

thorough review of the remaining cases, single or multiple organs that showed significant 

pathological abnormalities (grossly or microscopically) were removed from the Control group 

data (e.g. lungs in cases diagnosed with pneumonia, brain in cases with hypoxic-ischemic 

encephalopathy). In cases of traumatic death (whether homicidal or accidental) injured organs 

were excluded (e.g. brain in craniocerebral trauma, lungs in drowning). Majority of suspicious 

deaths included in the Control group were cases of head trauma where non-accidental injury 

was among differential diagnoses and brain was excluded. Cases were excluded from the study 

when the measurements indicated immaturity based on the stated chronological age, but the 

gestational age was not provided so term gestation could not be verified. Measurements with 

obvious typographic errors were removed. 
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Corrected or adjusted age was calculated for premature infants provided the gestational age at 

birth was available. Corrected age was calculated based on the following formula: 

Corrected age = actual age in weeks – weeks premature. 

The infant and neonatal data were further organized by the age groups and growth parameters, 

such as specific organ weights [heart, lungs (right, left and combined for lungs and the rest of 

paired organs), kidneys, liver, spleen, pancreas, adrenals, thymus, thyroid, uterus, prostate, 

testes, and brain], heart measurements (valve circumferences and thickness of each ventricle), 

and body measurements (body weight, crown-heel length, crown-rump length, head 

circumference, chest circumference, abdominal circumference, and foot length). The means, 

standard deviations and sample sizes for each of the above variables were recorded in order to 

create reference tables. 

3.3 Statistical Analysis 

All data were distributed into age categories divided into 2-week intervals for the 1st month 

followed by 4-week intervals from the 4th to 44th week, with the last group including cases from 

45th to 52nd weeks of age. 

All analyses were performed using the R statistical software (version 3.2.2). The significance 

level (p-value) was chosen as 0.05 for all the statistical tests in this report. If a p-value obtained 

from a test statistics was smaller than 0.05, then the corresponding factor had a significant 

effect on a studied mean value. Linear regression with a backward variable selection method 

was used to select the factors important in testing the effect of gender, age and cause of death 

on various measurements. The Akaike Information Criterion (AIC) method was used for 

variable selection. If the AIC value of modelling an organ weight was lower when a tested 

factor was removed, then that factor was regarded as important to the organ. In contrast, if the 

AIC value of modeling an organ weight was not lower when a factor was excluded, then that 

factor was insignificant and could be removed. The backward selection process was performed 

using AIC in a Stepwise Algorithm (stepAIC, MASS package). For stepwise backwards 

selection, the factor with the highest p-value was eliminated in a stepwise process until AIC 

was minimized. 


