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Abstract

Fetal and perinatal growth charts and tables are essential for proper interpretation of autopsy anthropometric parameters. These
parameters depend on factors that may vary between populations; thus, it is recommended that standards be developed from local
target populations to ensure that they are truly representative. In this study, we established standards for a complete set of autopsy
fetal parameters, including biometrical measurements, organ weights and long bone lengths, based on autopsy data collected
retrospectively from a sample of Portuguese fetuses and neonates. Using a robust statistical regression methodology, to fit mean
and standard deviation models, we constructed growth curves for gestational ages between 12 and 42 weeks, which aim to be
useful for autopsy examination, particularly in the Portuguese population.
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Introduction

Autopsy is an important tool in fetal and perinatal pathology.
It allows not only to define the cause of death but also to
characterize developmental fetal anomalies and
malformations, evaluate maturation and growth, and deter-
mine gestational age and intrauterine retention time after fetal
death.

Fetal development is characterized by growth and matura-
tion of tissues and organs that follows recognized rates and
patterns. Indeed, standard growth curves and tables have been
established based on datasets of fetal and neonatal
autopsies.' '* These standards have become essential for the
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correct evaluation of fetal and perinatal pathology during au-
topsy examination. The careful evaluation of anthropometric
parameters, such as biometric measurements, organ weights
and long bone lengths, followed by their interpretation com-
pared to reference curves and tables, secures the diagnosis of
growth and development alterations.

Previous studies aiming to establish autopsy parameter
standards have, however, varied designs, encompassing dif-
ferent gestational age periods, different exclusion criteria, and
different parameter datasets.' "> Additionally, some were de-
veloped prior to the widespread use and improvements of
ultrasound and use different definitions of gestational age.'
Importantly, the various studies derive from different

Nuno Botelho
carraspana@ gmail.com

Otilia Brandao

otilia.brandao2 @gmail.com

Department of Pathology, Portuguese Oncology Institute of Porto,
Rua Dr. Antonio Bernardino de Almeida, 4200-072 Porto, Portugal

Department of Pathology, Centro Hospitalar S. Jodo, Alameda Prof.
Hernani Monteiro, 4200-319 Porto, Portugal

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s00428-019-02639-0&domain=pdf
http://orcid.org/0000-0003-0646-7667
https://doi.org/10.1007/s00428-019-02639-0
mailto:carlabartosch@med.up.pt

500

Virchows Arch (2019) 475:499-511

populations. It is known that anthropometric parameters de-
pend on factors that may vary between populations, such as
race and ethnicity, socioeconomic status, health care, diet,
lifestyle, geographic place of birth, and altitude. In 2006,
Archie et al. compiled data and created regressions from mul-
tiple sources both to increase accuracy and to condense avail-
able data into a single standard, providing robust external
standards.'’ Yet, these and other authors claim that internal
standards should be developed from local populations to en-
sure that they are truly representative.” ' '3 Only this way
can a fetus be compared to others in the same population,
examined with the same procedures, and following consistent
clinical definitions.

For the Portuguese population, no study has yet established
complete fetal anthropometric standards to be used in autopsy
examination. Thus, we aimed to construct growth curves and
tables representative of our local population, encompassing
the complete set of parameters used in fetal autopsy examina-
tion, namely, biometric measurements, organ weights, and
long bone lengths for all gestational ages between 12 and
42 weeks.

Methods

This study was conducted at the Centro Hospitalar S. Jodo in
Porto, Portugal, after being approved by the hospital’s ethics
committee (CES 334.15). Data was retrospectively collected
from the records of 1062 consecutive fetal and perinatal au-
topsies performed at the Developmental and Perinatal Unit of
the Pathology Department between 2006 and 2015. All autop-
sies were performed by a fully dedicated team, including a
pathologist and two technicians with special training, using
the same standard procedures, which included the measure-
ment of biometrical parameters, organ weights, ratios and long
bone lengths.'*'°

Biometrical parameters (Fig. 1) encompassed body
weight (BW), crown-heel length (CHL), crown-rump
length (CRL), head circumference (HC), chest circumfer-
ence (CC), abdominal circumference (AC), hand length
(HL), foot length (FL), inner canthal distance (ICD), outer
canthal distance (OCD), philtrum length (PL), and
internipple distance (IND). Organ weights, namely thy-
mus, heart, lungs, liver, spleen, kidneys, and adrenals,
were evaluated after in situ fixation (following adequate
body cavity opening) for most fetuses under 24 weeks,
and in fresh for fetuses older than 24 weeks of gestation.
Exceptions included fetuses older than 24 weeks in the
setting of medical termination of pregnancy or fetuses
with a clinical suspicion of a complex malformation, for
which evaluation was made after in situ fixation. Paired
organs were weighed together. Brains were carefully re-
moved and placed directly into a container containing the
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fixative (formol and 5% glacial acetic acid solution with
NaCl addition) that was weighed in advance and immedi-
ately after, allowing an accurate measure of the entire
brain weight in fresh. Long bone lengths (Fig. 2) were
evaluated using Faxitron or conventional X-rays, as well
as biparietal diameter (BPD) and fronto-occipital diameter
(FOD). Data regarding maceration grade and cause of
death were also collected, when applicable.

Gestational age was defined clinically, i.e., calculated in
weeks from the beginning of the last menstrual period, adjust-
ed by first-trimester ultrasound measurements, and confirmed
by the estimation of organ maturation at autopsy.

We reviewed each autopsy report to determine its suit-
ability for inclusion in this study. General exclusion criteria
were (1) multiple gestation, (2) newborns > 24 h, (3) uncer-
tain gestational age, (4) severe maceration, (5) chromosom-
al abnormalities, (6) intrauterine growth restriction, (7) se-
vere septicemia and viral infections, (8) fetal hydrops, (9)
skeletal dysplasia, and (10) fetuses from diabetic mothers.
Considering these criteria, 644 autopsies were fully exclud-
ed from the study. Additionally, partial exclusion criteria
were applied for fetuses with malformations and disruptive
lesions. Namely, when a major malformation or a macro-
scopic disruptive lesion was identified and affected in iso-
lation a specific parameter, that parameter was excluded but
the remaining autopsy data was considered informative, and
therefore, remained included in the study (supplementary
table—Online Resource 1).

Data was tabulated in a spreadsheet and analyzed using
STATA 13 (STATACorp, Texas, USA). Predictive mean and
standard deviation (SD) models were established using the
parametric method recommended by Altman and Chitty.'”
'® In brief, the mean of each study parameter was modeled
as a function of gestation age. Least-square regression anal-
ysis was done by testing linear, quadratic, cubic, quartic,
logarithmic, and power models. For each study parameter,
the choice of the adequate model was based on its statistical
significance, high coefficient of determination, and the vi-
sual inspection of the goodness of fit. The same procedure
was followed to model SD as a function of gestational age
by using the absolute residuals between the observed values
and the fitted mean curve. Next, the mean curve was refitted
by using weights that take into account the variability of SD
with gestational age. Considering the obtained fitted mean
and SD models, we then calculated centiles using the for-
mula: centile = mean + Z X SD, where P is the correspond-
ing centile value of the Gaussian distribution (e.g., for 3rd
and 97th centiles Z equals £ 1.881, for Sth and 95th centiles
Z equals £ 1.645, and for 10th and 90th centiles, Z equals +
1.282). Charts were computed by plotting predicted means
and 3th, 5th, 10th, 25th, 75th, 90th, 95th, and 97th centiles
lines, some, superimposed to a scatter of observed parame-
ters against gestational age.
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Fig. 1 Examples of fetal biometric measurements taken during autopsy
examination. a Crown-heel length (CHL) is measured with the fetus
placed on its back with spine and one limb straightened as much as
possible. It can best be measured using a scale with a fixed upright at
fetal head and a movable upright at the feet. When such scale is not
available, crown-heel length can be measured improvising an upright
for the head (by using a handle or a tweezer as shown), or a string, and
read off against a ruler. b Crown-rump length (CRL) is measured with the
fetus placed on its back with the hips flexed at 90 degrees and the spine
straightened. CRL is approximately two thirds of the CHL. Considering
this relation, a correction may be made to assess the expected length in
malformations such as anencephaly. ¢ Head (fronto-occipital)

Results
Study population

Of the 1062 autopsy reports of fetuses initially reviewed, 418 were
included in the study for developing standard curves and tables.
These included autopsies performed in the context of abortion
(n=169, 40.4%), medical termination of pregnancy (n=179,
42.8%), intrauterine death/stillbirth (n = 51, 12.2%), and early neo-
natal death (n=19, 4.5%). The clinically estimated age ranged
from 12 to 42 gestational weeks. There were 196 (47.9%) females
and 213 (52.1%) males. Gender data was either missing or am-
biguous in 9 fetuses. The total number of cases for each gestational

circumference is measured with a string and read off against a ruler.
The string wraps around the widest possible circumference of the head,
passing through the broadest part of the forehead above eyebrow, above
the ears, and most prominent part of the back of the head. Head circum-
ference and CRL do not differ by more than 1 cm. d Abdominal circum-
ference is measured with a string and read off against a ruler. The string
wraps around the abdomen near the border of the hepatic dullness, which,
depending on gestational age, can be at the umbilicus (smaller fetuses) or
above (older fetuses and neonates). e Foot length is defined by the dis-
tance from the tip of the great toe to the posterior surface of the heel. f
Hand length is measured from the tip of the third finger to the end of the
palm at the first crease of the fist

age showed great variation, with a mean of 13 and median of 7
(range 1, 45) cases per gestational age week (supplementary
table—Online Resource 2). Of notice, fetuses with <24 weeks
of gestational age constituted the vast majority of our sample, with
amean of 27 (range 17, 45) cases per week. For gestational age >
24 weeks, the number of cases did not exceed 10 for each week,
with a mean of 5 cases per week. Similarly, for each parameter,
there was a great variation of sample size, mainly due to the partial
exclusion criteria and missing values. The median number of cases
per parameter was 364 [range 99 (IND), 393 (FL)] for biometrical
parameters; 325.5 [range 307 (brain weight), 367 (liver weight)]
for organ weights; and 304 [range 294 (fibula length), 366 (femur
length)]) for long bone lengths.
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Fig. 2 Examples of fetal biometric and long bone lengths taken using
radiographs obtained before autopsy examination, using a standardized
method. The body and the limbs are fixed to the examination plate: for the
antero-posterior view, the upper extremities at the sides, slightly flexed at
the elbows, with external rotation of the arms, supine position of the
hands and the fingers extended; the lower limbs are positioned in abduc-
tion with the knees flat on the plate; for the lateral view, the left limbs are
fixed to the table and the right limbs are positioned at different angles
avoiding superposition of skeletal limb structures. a, b Conventional X-
ray of a 22 gestational week fetus exemplifying the measurement of
biparietal diameter, fronto-occipital diameter and long bone lengths.

Standard growth charts and tables

The expected means and SDs at various gestational ages, cal-
culated and fitted based on our dataset, are presented in tables
for each of biometric parameters (Table 1), organ weights
(Table 2), and long bone lengths (Table 3). Charts of the fitted
mean with 5th and 95th percentiles, superimposed on scatters
ofraw data, are shown for biometric parameters (Fig. 3), organ
weights (Fig. 4), and long bone lengths (Fig. 5). Simpler
charts for daily practice, showing curves of the fitted mean
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Biparietal diameter (a) is measured between the farthest points of parietal
bones on the antero-posterior view coronal plane. Fronto-occipital diam-
eter (b) is measured from the prominent point of the mid-frontal bone to
the most prominent point of occipital bone on the lateral view. Long bone
lengths (b) are measured on the lateral view on the limbs fixed to the
examination plate by placing a line parallel to the long axis along the
diaphysis (i.e., ossified shaft of the developing bone). ¢ Whole body
Faxitron of a 12-gestational-week fetus, highlighting the high image qual-
ity of this technique making it adequate for the evaluation of small fe-
tuses, as opposed to d Conventional X-ray of a 14-gestational-week fetus
with poor image quality

3rd, 5th, 10th, 25th, 75th, 90th, 95th, and 97th centiles, are
given in supplementary figures (Online Resource 3).

For most parameters, a quadratic or a cubic polynomial
regression was chosen. Exceptions included inner and
outer canthal distances, and philtrum length for which
we best fitted a logarithmic model; internipple distance,
fitted with a linear model and liver weight, fitted with a
quartic polynomial model. Detailed mathematical equa-
tions and corresponding R? values are presented in a sup-
plementary table (Online Resource 4). As expected, all
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Table 2  Fetal autopsy standards for organ weights (mean + SD) at 12 to 42 weeks of gestation

Gestational age (weeks) Brain (g) Heart (g) Liver (g) Lungs (g) Kidneys (g) Adrenals (g) Spleen (g) Thymus (g)

12 517+1.89  0.15+0.01 124 +£038  0.64 +0.01 027 £0.06 0.15+0.07 0.01 £0.00 0.02+0.01
13 580+2.64 022 +0.01 128+057 099+036 027+0.11 024+0.12 0.02+0.001 0.03+0.01
14 784+346 033 +0.10 1.94 £ 0.83 1.53+0.72 033+0.17 034+0.16 0.02+0.01 0.03+0.01
15 1124 £432 048+0.17 3.16+1.15 225+1.09 051+024 046+020 0.03+0.01 0.13+0.05
16 1597 +524 0.68+024 487+153 3.15+147 0.80+0.32 0.60+025 0.04=+0.02 0.13+0.05
17 2198 +622 093+032 7.04+198 421 +1.86 120£041 0.75+030 0.07+0.04 0.16 =0.07
18 29.24 +£7.25 1.21 £0.41 9.61 £249 544 +226 1.70 £0.51 091 +036 0.13£0.07 0.23+0.10
19 37.69 £834  1.55+0.50 1253+£3.06 682+2.67 230+0.62 1.09+042 023+0.11 034=+0.15
20 4731 £9.48 192 +£060 1577+3.70 834+£3.09 299+073 128+047 036+0.15 048+0.21
21 58.05+10.67 235+0.71 1930+440 10.01+3.52 3.76+0.86 1.49+0.54 0.53+£0.20 0.66=+0.28
22 69.87 £11.92 281 +0.82 23.08+5.17 11.81+396 4.62+1.00 1.71 £0.60 0.73+£0.25 0.88 +0.38
23 82.74 £13.23 332+094 27.10+£599 13.73 £4.41 556 +1.15 195+0.67 097+031 1.12+048
24 96.60 £ 1459 388 +1.06 3135+689 1577+487 657+130 220+0.74 124+038 141+0.61
25 11142 +16.00 448 +1.19 3579+784 1791 +534 765+147 247+081 155+045 1.73+£0.74
26 127.16 £ 17.47 5.12+ 133 4044 £8.86 20.17+582 879+1.64 2.75+0.89 1.89+0.53 2.08=+0.90
27 14378 £19.00 5.81 +147 4529+9.95 2251 +6.31 999 £1.83 3.04+097 226+£0.62 247 +1.06
28 161.23 £20.58 6.54 £1.62 5035+ 11.09 2495 +6.81 11.25+2.02 335+1.05 267+0.71 290+1.25
29 179.48 £22.21 732+ 1.77 5561 £12.30 2746 +732 1256 +223 3.68 £1.13 3.12+0.81 336=+144
30 198.49 £23.90 8.14+1.93 61.10£13.58 30.05+7.84 1391 +244 4.02+122 3.60+091 3.86=+1.66
31 21822 £25.64 9.01 £2.10 66.84 £14.92 32.71 +837 1530+2.67 437+131 4.11+1.02 439+1.89
32 238.62 £27.44 992 +£227 7284 +1632 3542 +891 16.73+£290 474+140 4.66=+1.13 496+2.13
33 259.66 £29.29 10.87 £245 79.14+17.78 38.19+945 18.19+3.14 512+149 524+126 556+239
34 28129 £31.20 11.87 £2.64 8578 £19.31 41.00 + 10.01 19.67 £3.39 552 +1.59 586=+138 6.20 +2.66
35 30347 £33.16 12.92 £2.83 9279 £20.91 43.85+10.58 21.18 £3.66 593 +1.69 651152 6.88+295
36 326.17 £ 35.18 14.01 £3.03 100.22 £22.56 46.73 + 11.16 22.70 £3.93 636+1.79 720£1.66 7.59 +3.25
37 349.34 £ 37.25 15.14 £3.23 108.12 £24.28 49.63 + 11.75 2424 £421 680+190 793+1.80 833 +3.57
38 37295 +39.38 16.32 £3.44 116.54 £26.07 52.55 +12.35 2578 £4.50 726 £2.01 8.68+£196 9.11 +£391
39 396.94 £ 41.56 17.54 £3.66 12555 +27.91 5547 +1295 2733 +£480 7.73+2.12 947+212 993 +426
40 421.29 +43.80 18.81 £3.88 13520 +29.82 58.40 + 13.57 2887 £5.11 822 +223 10.30+2.28 10.78 +4.62
41 44595 + 46.09 20.12 £4.11 14558 +£31.80 61.32 +14.20 30.41 +543 8.72+235 11.16 245 11.67 +5.00
42 470.88 +48.44 21.48 £4.35 156.76 +33.84 64.23 +14.84 3193 £5.76 923 +2.47 12.06 +£2.63 12.59 +£5.40

anthropometric parameters were strongly correlated with
gestational age. All R? values exceeded 0.90, except for
inner canthal distance (0.85), philtrum length (0.83), thy-
mus (0.76), spleen (0.89), and adrenals (0.85) weight. SD
increased with gestational age, but anthropometric param-
eters showed different rates of increase. In general, bio-
metric measurements and long bone lengths had narrower
ranges of SD with less change with gestational age, while
most organ weights showed marked increase of SD with
gestational age.

Discussion

Using standard references for autopsy anthropometric
evaluation developed based on a sample of autopsied
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fetuses and neonates ensures that a fetus will be compared
to others in the same circumstances. Yet, an autopsy sam-
ple per se implies a pathologic setting, raising questions
about the “normality” of the reference population. In our
study, several general and partial exclusion criteria were
applied to minimize bias, allowing us to obtain a sample
that we believe to be closely representative of autopsy
normality. However, it is important to acknowledge that
autopsy parameter standards should be regarded as “refer-
ence ranges” and not “normal ranges.”

Our institution is a tertiary referral center that comprises a
Prenatal Diagnostic Center, and thus approximately two-fifths
of all autopsies performed refer to medical termination of
pregnancies, followed by abortions representing approximate-
ly a third. By applying our meticulous criteria, we completely
excluded more than half of our initial sample. Nevertheless,
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Table 3 Fetal autopsy standards

for long bone lengths (mean = Gestational age Humerus Ulna Radius Femur Tibia Fibula

SD) at 12 to 42 weeks of gestation (weeks) (mm) (mm) (mm) (mm) (mm) (mm)
12 63+23 51+£18 5.0=+2.1 6.0=+25 4.7+ 1.6 37+14
13 9.7+24 85+19 8.0+22 93+25 77 +18 6.7+1.6
14 13.0+24 11.7+21 10.8+22 126+26 10.7+2.0 9.7+19
15 162 +24 147+22 13.5+22 158+£26 13.6+21 12.6+22
16 192+25 176 £24 161+22 190+£27 165+23 154+25
17 22.1+25 204 +25 185+23 221+27 192+25 18227
18 249 +£26 230+28 209+23 252+28 219427 209+3.0
19 27.6 £2.6 256+28 230+23 281+28 246+30 235+3.0
20 30.1 £2.7 28.0+28 251+23 31.0+£29 272+30 26.0+30
21 326 +2.7 302+28 27.1+24 339+£30 297+30 285+30
22 35.0+2.7 324+28 29.0+24 367+30 322+30 309+30
23 37.3+28 345+28 307+24 394+31 346+30 332+30
24 39.5+28 36.5+28 324+24 421+£31 369+30 354+30
25 41.6 £29 384+28 340+25 447+32 392+30 37.6+30
26 43.6 £29 402 +28 356+25 473+32 414+31 397+30
27 455 +£3.0 420+£27 371+25 497+33 435+£3.1 41.7+£30
28 474 +£30 43.6+27 385+26 522+33 456+3.1 437+30
29 492 £3.0 453 +£2.7 398+26 545+34 476+3.1 455+30
30 51.0 +£3.1 468 £2.7 41.1+26 56.8+34 496+3.1 473+30
31 52.6 +3.1 483 +£2.7 424+£26 590+£3.5 51.5+£3.1 49.1+30
32 543 +32 498 £2.7 43.6+27 612+3.6 533+3.1 50.7+3.0
33 558 +32 51.2+27 449+27 633+£36 551+£32 523+30
34 574+32 526 +27 46.0+27 654+37 568+32 53.8+30
35 58.8+33 540+27 472+27 674+37 584+32 553+30
36 60.3+33 553+27 484+28 693+38 60.0+32 56730
37 61.7+34 56.7+26 49.6+28 71.2+38 61.5+32 58030
38 63.1 +34 580+2.6 50.7+28 73.0+39 63.0+32 592+3.0
39 644 +35 594+26 519+28 747+39 644+32 603+3.1
40 65.7+35 60.7+26 531+29 764+40 657+32 614+31
41 67.0+35 620+26 543+29 78.0+40 669+33 624+3.1
42 68.3 + 3.6 634+26 556+29 795+41 681+33 634+3.1

the total number of cases included per each parameter is sim-
ilar to studies previously performed in other countries.” - ' 13

Our results emphasize the strong association between
growth and gestational age, as well as a different increase in
variability of the measurements with gestational age. Most
biometric measurements and long bone lengths showed nar-
row ranges of variation. This contrasts with organ weights
which showed greater variability, particularly in the third tri-
mester. It is likely that organ weights are more sensible to
changes induced by stress and illness than are other anthropo-
metric parameters. Liver and spleen weight, for example, are
highly dependent on fetal heart function and placental hemo-
dynamic alterations. Lungs are frequently found altered in
autopsies of neonates and stillbirths. Brain is an exception
showing a narrow range of weight variation, in line with its
known circulatory protective effect. Thymus stands out as the

organ showing more weight variability, but it is not clear, if
this can be considered a variation of normal or be related to
immunologic changes.'” Thymus and adrenals often show
histological changes in association with intrauterine stress
(frequently hypoxia) that can give a reasonable indication of
the duration of fetal illness, which can explain at least part of
the variation found in autopsy populations. Regarding long
bone lengths, growth rates between 12 and 18th gestational
week are similar for all six bones, and differences do not
exceed 4 mm. Within this period, the humerus has approxi-
mately the same length or is slightly longer compared to the
femur. Thereafter, lower limbs bones are longer and grow
faster than the upper limb bones, with differences between
the lengths increasing until term.

Appropriate model analysis is critical for creating accurate
and consistent autopsy parameters standards [20]. Large
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discrepancies are found between studies. As illustrated by
Archie et al.'” “consider a 26-week fetus whose brain weighs
130 g (...) depending on the standard used, the estimate
varies: 56th, 69th, 98th, 95th, 81st, and 88th percentile.
Thus, a pathologist might conclude that the brain weight
was abnormally high or well within the normal range.” By
following Altman and Chitty’s method, we were able to con-
struct growth curves that change smoothly and take into ac-
count the change in variability across gestational age. We test-
ed several mathematical models for each anthropometric pa-
rameter mean and SD. We believe that this thorough analysis,
together with the rigorous sample selection, makes our stan-
dards reliable. In accordance with other authors, we found that
quadratic or cubic polynomial models were the best fit for
most biometric measurements and organ weight means.” ®
1113 Regarding long bone lengths, some studies fitted linear
models,zl*23 while others fitted, in our opinion, more suitable,
non-linear models including logarithmic or polynomial
models.”* > Linear growth is not frequent for biological
growth models, especially at the outer limits, and involves a
systematic estimation bias in early and later gestational ages
when compared to non-linear models. Indeed, in our study, the
only parameter that was best fitted with a linear model was
internipple distance, but the paucity of sample data for this
parameter limits interpretation.'®

It is important to develop standards representative of
the target population, given the differences found between
different population standards.” ' ' 2° Customized
charts, such as standards for birthweight, have increasing-
ly been implemented for clinical use.”® For fetal autopsy
parameters, examples of studies developing local stan-
dards include those originating from such different popu-
lations as USA," ° Denmark,'® France,” ® United
Kingdom,12 and Australia.>> © '' For the best of our
knowledge, only one study, by Carneiro et al., aimed to
develop standards for fetal autopsy parameters in the
Portuguese population, focusing only on long bone
lengths and using linear regression modeling.”> Barata
et al. did not establish standards but developed multiple
regression models to predict gestational age, incorporating
several anthropometric autopsy parameters.”’
Additionally, a few Portuguese studies establish standards
based on live neonates and ultrasound measurements.
Corte-Real et al. studied the growth pattern of the
philtrum based on ultrasound measurements.”® Sousa-
Santos et al. describe a Portuguese birth weight standard
from 23 to 42 weeks, with data from over 60,000 live-
born neonates.?’ Even though ultrasound and live neonate
standards can be of some use for autopsy examination, it
is important to notice these measurements may differ from
those in the autopsy setting.'”

Specific variations in autopsy methodology may affect re-
sults of biometric measurements, organ weights, and long bone
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lengths, further supporting the importance of developing local
standards. Organ weight may change depending on whether
they are weighed fresh or after formalin fixation.” The most
striking example is the brain. According to some authors, the
brain gains weight with fixation, reaching up to 15% to 20% of
the initial weight.” ** *' In our experience, we estimate a
weight loss of fixated brains in the second trimester, of about
15%, probably related to the effect of NaCl in our fixative.
Brain weight changes are dependent on gestational age, corre-
lating to water content in brain tissue, and thus brain should be
weighed fresh. Similar, but less striking, weight changes may
occur in other organs. In Portugal, most autopsies of fetuses in
the setting of medical termination of pregnancies and abortions
are performed after a few hours of fixation, whereas stillbirths
and neonatal deaths are performed fresh.

Linear biometric measurements are usually straightfor-
ward, whereas circumferential measurements may be prone
to variation. Abdominal circumference is usually measured
at the level of the umbilicus. However, this correlates poorly
with ultrasound abdominal circumference measurement,
probably the most important parameter for fetal growth re-
striction evaluation and birth weight estimation. Ultrasound
landmarks for abdominal circumference are located in the up-
per abdomen including the umbilical vein branching to the
right portal vein and visible stomach.*® Thus, in our institu-
tion, autopsy abdominal circumference is measured near the
border of the hepatic dullness. Radiographic measurements
may also be prone to variation inherent to X-ray resolution.
In our institution, when available, Faxitron equipment is used
for fetuses with up to 17-20 weeks of gestational age and also,
to obtain images with high resolution from digits, nasal bone,
and in cases of skeletal dysplasia. Long bone measurements in
conventional X-ray, particularly for radius and fibula, are less
accurate for small fetuses (Fig. 2). Lastly, biparietal and
fronto-occipital diameters in our practice are measured in X-
ray, while the corresponding existent autopsy standards are
based on caliper fetal head measurements.* ®

Currently, the most frequently used growth charts and ta-
bles in Portuguese pathology labs for autopsy examination are
those developed by Archie et al.' Indeed these standards are
the most universal, given that they gather data from autopsies
in different geographical populations as well as very different
settings such as live term births, intrauterine fetal death/still-
born, and medical termination of pregnancy. In our study, by
developing standards of a complete set of antropometric fetal
parameters customized for our population, we ultimately hope
to improve autopsy examination in the Portuguese population.
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