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ABSTRACT
Standards for body parameters and organ weights are

important tools in fetal and perinatal pathology. Previ-

ously there has been only a weak emphasis on the effect

of maceration on dimensions and weights. This study

provides autopsy standards for body weight, body

dimensions, and fresh organ weights for nonmacerated

fetuses and for mildly, moderately, and markedly mac-

erated fetuses at 12 to 43 weeks of gestation. Cases were

selected from a consecutive series of 1800 fetal and

perinatal autopsies. Cases with malformations, hy-

drops, infection, or chromosomal abnormality, fetuses

from multiple births, and infants who lived longer than

24 h were excluded. In each case the maceration was

graded and body weight and 4 body dimensions were

recorded before organ examination. Organs were

weighed immediately and before fixation. Growth

curves were fitted according to appropriate mathemat-

ical methods and the effects of maceration on each va-

lue were tested statistically. We found that weights of

the liver, thymus, and spleen markedly decrease with

increasing maceration. The weights of the lungs, kid-

neys, and adrenals decreased modestly, whereas

weights of the heart and brain changed only slightly.

Body length increased slightly with maceration,

whereas body weight and head circumference were

unaffected. User-friendly charts and tables of mean

values and standard deviations for nonmacerated and

macerated fetuses are provided.

Key words: autopsy, body parameters, fetal growth,

growth standards, maceration, organ weights

INTRODUCTION
The aim of this study was to provide practically

useful growth curves for nonmacerated and mac-

erated fetuses. Charts of body dimensions and

organ weights are essential tools in the evaluation

of a fetal autopsy case. They must reflect the

average weights and dimensions in the autopsy

population examined. Standards can never accu-

rately reflect the normal population because fe-

tuses and infants that have died are never normal.

Many sets of standards have been presented [1–8]

and some of these are currently in use. Previous

standards were inaccurate in regard to age of

gestation [3,4]. For some standards, it is not clear

whether the organs were weighed fresh or after

fixation in formalin [2,8], although weight is

influenced by fixation [9]. Criteria of exclusion

have differed and many standards cover only a

part of the pregnancy. The standards in a given

hospital are dependent on many factors such as

ethnic variation, social and economic statuses,

and level of health care in the population. The

autopsy procedure is also important. Therefore, it

is relevant for large centers to provide standards

based on their own material.

Previously macerated cases were excluded

from most studies, and there has been only a weak

emphasis on the effects of maceration on body

parameters and organ weights, which is surprising*Corresponding author, e-mail: lisamaroun@hotmail.com
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due to the huge load of macerated cases in routine

pathology.

METHODS
Materials
Data were extracted from records of a consecutive

series of 1800 fetal and perinatal autopsies from

the Copenhagen area performed in a 15-year per-

iod from 1989 to 2003. All autopsies were per-

formed with the same standard procedure and

were performed or supervised by 1 of the authors

(N.G.). The gestational age of each case was reg-

istered as the clinically estimated gestational age

in full weeks, which is based on parameters ob-

tained by ultrasonography, which is routine in

Danish pregnancies.

Exclusion criteria were (1) gestational age

younger than 12 weeks at time of death, (2) new-

borns that lived longer than 24 h, (3) malformation,

(4) known abnormal karyotype or any other genetic

disease, (5) maternal or fetal infection (cases with

neutrophils in the distal airways due to chorioam-

nionitis were included, but those with interstitial

inflammation in the lungs or funisitis were ex-

cluded), (6) multiple pregnancies, (7) hydrops, and

(8) formalin fixation before examination.

In macerated cases intrauterine postmortem

changes were graded according to macroscopic

external appearance by using a system set up in

advance based on principles described previously

[10–12]. Mild maceration was defined as bullae or

skin slipping on extremities or small parts of the

face or trunk. Moderate maceration was defined as

extensive skin slipping and reddish discoloration

of the skin and umbilicus. Marked maceration was

defined as brownish, tan, or yellowish skin dis-

coloration, overlapping cranial bones, loose joints,

and/or mummification.

Autopsy method
Body weight and 4 body dimensions (crown-heel

length, CH; crown-rump length, CR; foot length,

FL; and head circumference) were recorded. After

opening the corpse by an inverse Y-shaped inci-

sion, intestines were removed, followed by careful

dissection and removal of the entire thymus. The

heart was examined in situ and then the visceral

block was removed, usually in 1 piece. After dis-

section of the block according to standard proce-

dures, organs were weighed in the fresh state.

Weights of the brain, lungs, liver, heart, thymus,

spleen, kidneys, and adrenals were included in the

study. Paired organs were weighed together. All

weights were registered to an accuracy of 0.01 g.

Samples were not taken before weighing. The

brain was always carefully removed and placed

directly into a can containing fixation fluid that

was weighed in advance and immediately after

ensuring an accurate weight of the entire brain

also in macerated cases. When an organ could not

be removed intact, the organ weight was not reg-

istered.

Statistical processing
Nonmacerated fetuses

Data from nonmacerated cases were used to pro-

vide standards as a user-friendly set of charts.

It was assumed that nonmacerated fetuses

had died at the time of birth, i.e., the clinically

estimated gestational age in weeks of gestation

(GW) equals the estimated time of death (ETD).

Males and females and liveborns and stillborns

initially were computed separately. Raw data for

each body and organ parameter were plotted

against GW. Foot length and body weight were

compared statistically as described below. No

statistically significant difference was found be-

tween the sexes or between liveborns and still-

borns. Therefore, these data were pooled.

The great variation in sample size for differ-

ent GW values complicated the mathematical

processing. For each parameter, mean value,

standard deviation (SD), and 5th and 95th per-

centiles were modeled by using a procedure based

on the method recommended by Altman and

Chitty [13]. Based on the assumption that at each

GW the data derived from a population with a

normal distribution, 3 steps were performed. First,

the adequate mathematical model to fit the mean

value was chosen based on a combination of its

statistical significance, coefficient of determina-

tion for multivariate analysis, and visual appear-

ance of the curve. For most parameters, the

chosen model was a quadratic polynomial regres-

sion. An exception was the spleen, to which a 4-

degree polynomial regression was applied. Sec-
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ond, the SD was modeled as a function of GW by

using the residuals between the observed values

and the fitted mean curve. For each parameter, a

linear or a quadratic regression model was chosen

for the fitted SD, and then the mean curve was

refitted to take into account an increase in SD with

gestation. To avoid ‘‘peculiarities’’ such as negative

values, some further adjustments had to be made

on data with very small values. Third, the 5th and

95th percentiles were calculated as the fitted

mean ± 1.645 · SD.

Macerated fetuses

Data from the 3 groups of macerated fetuses were

compared and statistically analyzed in relation to

the nonmacerated fetuses.

In the macerated cases, the clinically esti-

mated gestational age based on information about

last menstrual period did not reflect the time of

death. Because FL is assumed to be the autopsy

parameter that most accurately predicts the age of

gestation at time of death [10,14], we designated a

corrected gestational age (CorrGA) assumed to be

equal to the ETD. The CorrGA was calculated from

the FL by converting the equation of the mean FL

from the nonmacerated group:

CorrGA ¼ f�b þ ½b2 � 4cða � FLÞ�1=2g=2c;

where a, b, and c are constants from the equation of

the mean FL of nonmacerated cases. Cases with a

CorrGA younger than 12 weeks were excluded from

the study.

For each parameter from the macerated fe-

tuses, mean value was modeled as described above

and the constants of the equation of the chosen

mathematical model for the markedly macerated

cases were statistically compared with those of the

nonmacerated group by using standard t tests.

Whenever a statistically significant difference (p <

0.05) was found, data from cases of mild and

moderate maceration were modeled and statisti-

cally compared with the nonmacerated cases. SD

values for the macerated cases were the same as

those for the nonmacerated cases.

RESULTS
The total number of cases studied was 796. Among

these, 388 (49%) were nonmacerated, 82 (10%)

were mildly macerated, 180 (23%) were moder-

ately macerated, and 146 (18%) were markedly

macerated. The clinically estimated age ranged

from 12 to 43 GW. The macerated cases ranged in

CorrGA age from 12 to 47 weeks. The number of

cases for each GW value showed great variation

(Table 1).

Values for some parameters were missing.

Sample sizes for the parameters were 794 for FL,

788 for CR, 788 for CH, 763 for head circumfer-

ence, 793 for body weight, 500 for brain weight,

706 for liver weight, 760 for lung weight, 759 for

heart weight, 743 for thymus weight, 718 for

spleen weight, 748 for kidney weight, and 746 for

adrenal weight.

For nonmacerated cases, charts of the fitted

mean for each parameter with 5th and 95th per-

centiles are presented in Figs. 1 to 13. A user-

friendly presentation of all fitted means and SDs

are listed in Tables 2 and 3.

For macerated cases, there was a slight but

statistically significant increase in body lengths

(CR and CH) of 3% to 8% in the markedly mac-

erated versus nonmacerated cases. For cases of

mild and moderate maceration, the changes were

smaller but also statistically significant. For head

circumference and body weight, there was no

statistical difference between markedly macerated

and nonmacerated cases.

Except for the mildly macerated thymus and

kidneys, statistical differences were found for all

groups of macerated organs. The liver was the

organ in which weight was most severely affected

by maceration because liver weight gradually de-

creased by 30% to 50% for the markedly macer-

ated, 20% to 30% for the moderately macerated,

and 0% to 17% for the mildly macerated compared

with the nonmacerated. In addition, the thymus

and spleen showed weight decreases of up to 50%

in the markedly macerated. Lung weight was de-

creased up to 30%, kidney weight up to 20%, and

adrenal weight up to 35%. Heart and brain weights

were only slightly affected, showing differences

less than 15%. Plots of fitted means by GW

(GW = CorrGA = ETD in the macerated cases)

comparing the 4 groups are presented in Fig. 14.

Mean and SD values for organ weights that dif-

fered more than 10% to 20% from values of the

nonmacerated fetuses are listed in Tables 2 and 3.
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DISCUSSION
The present study, which is based on autopsies of

nonmacerated and macerated fetuses, provides

new standards of growth parameters in the second

and third trimesters. The validity of the results is

supported by the uniformity in sampling of cases,

autopsy procedure, and statistical method and

ensures maximal strength in the third trimester,

when the number of observations is smaller than

in the second trimester. In this study we did not

include considerations of cause of death because it

is often unknown and because it would require

extensive clinicopathologic correlation in each

case. Therefore, different causes of death may

have had different influences on body parameters

and organ weights in the different groups.

For the nonmacerated cases we decided to

present standards as plots with fitted mean values

and 5th and 95th percentiles (Figs. 1 to 13) and as

user-friendly tables of fitted mean and SD values

(Tables 2 and 3). By comparing the present data

with other standards, we found that the FL values

are in accordance with those presented by Streeter

in 1920 [1] and with the data of Gruenwald and

Minh [2], but that the FL values of this study are

slightly longer than those of Singer et al. [7]. In the

second trimester, the present body weights corre-

spond well with those of most other standards

[3,6–8]. In the third trimester, the body weights of

this study are somewhat higher than in some

previous studies, especially close to term [2,7], but

there is a good accordance with a recent set of

standards [6]. This may be due to large variations

in the observations in the third trimester; however,

because the body weight means of this study are

even lower than ultrasound-determined body

weight means in our background population [15],

we believe that the difference is due to variations

in fetal growth rate in different populations. This

correlates well with our personal observation that

third-trimester fetuses in our part of Scandinavia

in general are larger than expected when using

previous standards of body parameter and organ

weight.

The present study of the effects of macera-

tion is unique in the detailed comparison of mac-

erated with nonmacerated fetuses. We defined

grades of maceration based on descriptions of

external intrauterine postmortal changes from

textbooks [10,11] and from the study of stillborns

by Genest and Singer [12]. To prove that these

signs reflected increasing periods of intrauterine

death from mild to marked maceration, the

regression lines of the FL values as a function of

clinically estimated gestational age were plotted

for the nonmacerated fetuses and the 3 groups of

macerated fetuses (not presented). By observing

the parallel displacement of the regression line,

the average period of intrauterine death could be

Table 1 Number of cases with no, mild, moderate, and
marked maceration for each week of gestation

GW No. cases Mild Moderate Marked Total

12 3 1 1 6 11

13 15 1 16 17 49

14 19 14 29 62

15 22 2 10 15 49

16 35 5 18 14 72

17 33 4 8 10 55

18 30 1 10 41

19 29 2 7 6 44

20 35 4 6 2 47

21 29 2 6 37

22 32 1 7 40

23 19 5 2 26

24 19 2 1 3 25

25 6 1 3 2 12

26 9 5 1 15

27 2 3 4 2 11

28 2 3 1 6

29 1 3 2 6

30 2 1 2 3 8

31 1 2 4 1 8

32 2 2 1 5

33 2 3 1 6

34 1 7 8

35 2 4 7 1 14

36 2 3 2 7

37 2 2 8 3 15

38 2 5 6 13

39 8 13 9 30

40 9 4 4 17

41 12 4 6 2 24

42 3 6 12 1 22

43 1 2 1 4

44 2 1 3

45 1 1 2

46 0

47 2 2

Total 388 82 180 146 796

GW; weeks of gestation.
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approximated. The markedly macerated fetuses

had been dead in utero for approximately 4 weeks,

moderately macerated fetuses had been dead up to

2 weeks on average, and the mildly macerated

showed no deviation, which means that they had

been dead no longer than a few days. By using the

FL value to designate a CorrGA for each fetus to

reflect the ETD, we ensured that the 4 groups were

comparable. The larger variation in the values by

increasing gestation, which is present for all

parameters including the FL, resulted in a few

macerated cases with a CorrGA of up to 47 weeks.

These were retained for statistical processing, but

only values from 12 to 43 weeks are presented in

the plots and tables.

For the macerated cases, the study showed

only small differences in fetal body parameters.

Body lengths (CR and CH) increased slightly with

marked maceration (Fig. 14). Body weight and

head circumference were not significantly af-

fected. It also showed that organ weights decrease

with maceration, but with striking differences for

the various organs.

The effects of maceration on body dimen-

sions and organ weights have been discussed only

briefly in some textbooks [10,11]. With macera-

Figure 1 Plot of fitted mean curve for FL
from nonmacerated cases with 5th and
95th percentiles.

Figure 2 Plot of fitted mean curve for CR
from nonmacerated cases with 5th and
95th percentiles.
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tion, body lengths have been stated to increase and

organ weights to decrease. The weights of intra-

abdominal organs and the brain have been stated

to be the most severely affected [10]. It was beyond

the scope of this study to examine the physiologic

mechanisms of maceration; however, the present

study supports the common assumption that or-

gan weights decrease with maceration and shows

that the liver, thymus, and spleen weights are the

most severely affected and that the heart and brain

weights are only slightly affected. Brain weight is

very dependent on the autopsy technique. We al-

ways remove the brain carefully to ensure that

even a macerated and liquefied brain is weighed in

toto. The study also shows that body weight is not

affected by maceration in the present type of

material. Therefore, it seems reasonable to assume

that with maceration some organs lose fluid and/

or tissue into the body cavities. The different

amounts of fluid loss by different organs cannot be

explained by the site of the organ or by the severity

of microscopic autolytic changes. Therefore, the

organs must differ by unknown mechanisms in

their ability to bind water after death due to their

specific histology and chemical composition.

For the liver, lungs, and thymus, the study

shows a clear picture of a consistent decrease in

weight throughout pregnancy with increasing

Figure 3 Plot of fitted mean curve for CH
from nonmacerated cases with 5th and
95th percentiles.

Figure 4 Plot of fitted mean curve for
head circumference from nonmacerated
cases with 5th and 95th percentiles.
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grade of maceration. For the spleen, kidneys, and

adrenals, the picture is blurred by overlapping

curves (Fig. 14). The reason for this may be the

large variation in the distribution of values for

these organs. A larger sample might clarify the

picture to the same level as for the liver, thymus,

and lungs.

The practical effect of this study is obvious.

When evaluating organ weights, some pathologists

use ratios of organ weight to body weight [16]. In

addition, organ/organ ratios are in use, such as the

liver/brain ratio used to estimate the presence of

asymmetric growth retardation [16]. As an exam-

ple, according to the present data, the liver/brain

ratios on average are 1:2.6 in the nonmacerated

fetus and 1:4.5 in the markedly macerated fetus.

This study clearly shows that organ/organ and

organ weight/body weight ratios differ in nonma-

cerated and macerated fetuses.

Although there are statistical differences be-

tween at least the markedly macerated and the

nonmacerated in all parameters except for body

weight and head circumference, many of these

differences are too small to justify the use of a

separate set of standards. Due to the large SD

values in organ weights in general, we believe

Figure 5 Plot of fitted mean curve for
body weight from nonmacerated cases
with 5th and 95th percentiles.

Figure 6 Plot of fitted mean curve for
brain weight from nonmacerated cases
with 5th and 95th percentiles.
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using separate standards for organ weights of

nonmacerated fetuses are necessary only when

they differ more than 10% to 20% from the values

of the nonmacerated fetuses. Thus, in practice, we

recommend using separate standards only for li-

ver, lungs, thymus, spleen, kidney, and adrenal

weights in moderately and markedly macerated

fetuses. Accordingly, only these values are in-

cluded in the user-friendly Tables 2 and 3. We

found no justification to use separate standards

for body parameters and body weight.

When evaluating a fetal autopsy, different

approaches are possible. The SD or percentiles can

be used to decide whether a specific measurement

lies within the normal range for a specific age

range, but, because of the great variability in or-

gan weights, important deviations from expected

values may be overlooked. Therefore, our ap-

proach is to study the pattern of organ weights by

relating them to the fitted mean values presented

in Tables 2 and 3. The estimated gestational age is

determined from body measurements, mainly the

FL. For each organ we record the GW appropriate

to the actual organ weight. In standard cases, the

variation in this age measurement is small. When

the GW appropriated to an organ differs more

Figure 7 Plot of fitted mean curve for
liver weight from nonmacerated cases
with 5th and 95th percentiles.

Figure 8 Plot of fitted mean curve for
lung weight from nonmacerated cases
with 5th and 95th percentiles.
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than 2 weeks from other measurements and

weights, we consider this pathologic, even if the

actual weight lies within the normal range.

This study provides new insight into the ef-

fects of maceration on body parameters and organ

weights. These new standards can be an important

and useful tool in countries with populations and

health care comparable to the Danish. The find-

ings on macerated stillborns likely can be extra-

polated to standards from other populations, and

we expect that the use of the present findings will

increase the accuracy of the evaluation of fetal and

perinatal autopsies in macerated cases.
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Figure 13 Plot of fitted mean curve for
adrenal weight from nonmacerated cases
with 5th and 95th percentiles.

Figure 14 Plots of fitted mean
curves for nonmacerated and
macerated cases for each body
parameter and organ weight,
except body weight and head
circumference, where no
statistical difference was found.
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