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ABSTRACT

Objective To establish reference intervals (Rls) for fetal
and neonatal small and large intestinal lengths.

Methods Linear measurements on small and large
intestines were made upon postmortem examination

of 131 preterm and term infants with gestational ages
between 13 and 41 weeks. All cases were referred

from the Eastern Ontario and Western Québec regions

to a tertiary care hospital. Age and sex partitions were
considered and Rl limits were estimated.

Results Data consisted of 72 male (54.96%) and 59
female (45.04%) fetuses and neonates with mean
gestational age of 25.6 weeks. Results showed that

small and large intestinal lengths increased linearly with
gestational age. Rls for small intestinal length (cm) of
fetuses and neonates aged 13-20 weeks were (21.1,
122.4); of those aged 21-28 weeks were (57.7, 203.8);

of those aged 29-36 weeks were (83.6, 337.1); and of
those aged 37-41 weeks were (132.8, 406.4). Rls for large
intestinal length (cm) of fetuses and neonates from the
same four age groups were (5.1, 21.4), (12.7, 39.7), (32.4,
62.4), and (29.1, 82.2).

Conclusions Establishing accurate Rls for premature
and term infants has clinical relevance for pathologists
performing postmortem analysis and for surgeons planning
postoperative management of patients. The results of this
study reaffirm that fetal small and large intestinal lengths
increase linearly with gestational age irrespective of sex.
Future studies should aim to further investigate the role of
possible confounders on growth of fetal intestinal length,
including maternal factors such as age and substance use
during pregnancy.

INTRODUCTION

At present, normal growth for fetal and
neonatal intestinal lengths is reported in
the literaturel_4; however, this research is
frequently decades old and may not reflect
current fetal growth patterns in a Canadian
population.” Moreover, there seems to be
less evidence investigating the impact of
factors, such as intrauterine growth restric-
tion (IUGR),® 7 multiple gestation and

KEY MESSAGES

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Research into fetal and neonatal intestinal lengths is
frequently decades old and may not reflect current
fetal growth patterns in a Canadian population.

= Reference intervals (RIs) are derived from ‘normal’
defined populations and distinguish normal versus
abnormal cases in a population.

= RIs are used in the postmortem examination of fe-
tuses and infants.

= The primary objective of this study was to establish
fetal and neonatal Rls for small and large intestinal
lengths.

WHAT THIS STUDY ADDS

= This study provided age-specific RIs for normal
small and large intestinal lengths of fetuses and
neonates.

= The results reaffirm that fetal small and large intes-
tinal lengths increase linearly with gestational age
irrespective of sex.

= Future studies should aim to investigate the role of
possible confounders on growth of fetal intestinal
length.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Pathologists can compare our data to other studies
that have established reference standards for nor-
mal intestinal length.

= Surgeons can communicate how much intestine is
remaining in infants with parents and plan postop-
erative management accordingly.

= Further research can explore the impact of gesta-
tional weight on intestinal length and can compare
such results to established Rls.

= This will aid in better understanding of the differenc-
es in intestinal length between normal and patho-
logical fetuses.

chromosomal defects, on infant gastroin-
testinal length as opposed to bowel length.”
Small bowel length is estimated to be
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250+40 cm at birth. While its growth has initially been
thought of as linear, the small bowel grows rapidly in
the last 15 weeks reaching its maximal growth during
the first year of life.”* Given such rapid changes in
fetal bowel growth, the application of reference inter-
vals (RI) based on gestational age in a clinical setting
has a significant value.

Creating reliable RIs may have relevance in assisting
surgeons to appropriately prognosticate and to form
postoperative plans for infants undergoing bowel
resection for conditions such as Hirschsprung’s
disease and necrotizing enterocolitis.” ? Length of
small bowel, for example, can predict the need for
bowel transplantation in infants with small bowel
syndrome.'” Determination of normal fetal measure-
ments is additionally important for pathologists
conducting fetal postmortem examination and
assessing fetal growth and development. Creating
reliable RIs may assist pathologists in guiding further
screening for congenital anomalies associated with
small bowel syndrome'' and in properly defining
pathological bowel length, which is often defined in
terms of rough estimates without accounting for the
gestational age of the fetus."'™"

Statistically, RIs are derived from ‘normal’ defined
populations and communicate two limits (upper
and lower limits) to distinguish normal versus
abnormal cases in a population."* They are used to
examine organ and body weights including linear
measurements, which are particularly important
during the postmortem examination of fetuses and
infants.'” '® The Clinical and Laboratory Standards
Institute (CLSI) has established guidelines to ensure
accuracy of RIs. The purposes of these guidelines
are to identify reference subjects, to provide guid-
ance on statistical methods, to discuss options for
detecting and removing outliers, and to describe
partitioning according to age, sex or other relevant
categories.'” ' Specific challenges in establishing
pediatric RIs arise owing to the changing physiology
of infants, the confounding relationship between
gestational age and body size on intestinal length,
and limitations in sample size.'”' A recent paper,
which focused on evaluating optimality of the various
statistical methods for estimating Rls, showed that
the choice of statistical methods in RI estimation is
crucial in ensuring accuracy and precision and that
researchers should consider the distribution, sample
size and heterogeneity of data in making the optimal
choice.”" In the present study, we followed the recom-
mendations provided as well as the steps provided in
the CLSI guidelines.

The primary objective of the present study was to
establish fetal and neonatal Rls for small and large
intestinal lengths using data on the Eastern Ontario
and Western Québec population. Sensitivity analysis
was applied to correct for a variety of fetal factors and
pregnancy complications.

METHODS

Study population

Data were obtained from the Children’s Hospital of
Eastern Ontario (CHEO), where samples from March
2015 through December 2018 were evaluated. All autop-
sies were performed at the Department of Pathology at
CHEO (Ottawa, Canada). An experienced pathologist
followed strict, standardized protocols when conducting
placental examinations and perinatal autopsies. Clinical
and ultrasound imaging data were reviewed and veri-
fied intracorporeally and extracorporeally to confirm
the presence or absence of gastrointestinal anomalies or
disease.

Intestinal length measurements comprised the regular
postmortem examination. As part of the routine post-
mortem procedure, each organ (eg, the small and large
intestines) was eviscerated individually.” The only addi-
tional procedure performed for this study included
measurement of the small and large intestinal lengths.
Clinical data in terms of the estimated gestational age,
determined by the date of the last menstrual period, foot
length, crown-heel length, and weight, were abstracted
from chart reviews.” Degrees of maceration (grades 0—
IIT) were used to estimate timing of fetal death in order
to adjust the gestational age.” Data on the sex and
ethnicity of the patient as well as their weight and crown-
heel length also were abstracted from charts.

Sample collection

Linear measurements of intact small intestine and colon
were obtained at autopsy. The cohort includes all autop-
sies from 2015 to 2018. The gastrointestinal tract was
removed from the esophagogastric junction to the pelvic
floor and the anal verge. The esophagus and stomach
were opened and carefully dissected. Small intestine
and colon were measured twice in centimeters using a
measuring tape and/or plastic ruler. The small intestines
were very convoluted; thus, the pathologist (DED) laid
the specimens on a moist plastic surface, stretched them
out and pinned them. There were no loops or curves
after specimen stretching. The small intestinal length
was defined as the distance between the ligament of
Treitz and the ileocecal valve,” whereas the colon length
was measured as the distance from the beginning of the
appendix to the anal verge.

Statistical analysis

We followed the steps provided in the CLSI guidelines in
establishing the Rls provided in this paper, where parti-
tioning with respect to age and sex was considered." We
also followed the recommendation provided by Daly and
colleagues in selecting optimal statistical methods for
estimating the reference limits within each of the parti-
tions.? As such, for each partition, we first evaluated the
distribution of intestinal length using formal statistical
tests as well as graphical investigations using scatter plots
and probability plots. Variability and skewness of data as
well as sample size within each partition were considered
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in choosing an optimal method for estimating both the
lower and upper reference limits of each partition.

Sex partitioning was initially considered, but the results
showed no difference in intestinal length between males
and females. To maximize sample size, and hence to
provide more precise estimates, we provided RI estimates
for the combined population. For both the small and large
intestines, we observed that the measurements increased
linearly with respect to gestational age, which indicated
that narrow age partitions were required. Therefore, we
created narrow partitions as data permitted. For compar-
ison purposes, we also provided RI estimates for wider
partitions. The partitions we considered included: 13-20,
21-28, 29-36, and 37-41 weeks, and we also considered
smaller intervals within them when possible. Sensitivity
analysis also was performed with respect to congen-
ital and gastrointestinal anomalies, as well as other
predefined factors.

Prior to partitioning, data were visually inspected using
scatter plots and smooth curves, as an initial guidance
into outlier detection and partitioning. Formal outlier
detection was performed using the technique discussed
in the CLSI guidelines and described by Horn and
colleagues.”* Outliers were removed from RI estimation
as appropriate. We also examined the data within each
partition to identify potential outlying data that could
have an impact on RI estimates. Descriptive statistics also
were used to summarize patient characteristics and other
relevant variables collected as part of this study. Frequen-
cies and percentages were used to summarize categorical
variables, and continuous variables were summarized
using mean and standard deviation (SD) or median and
inter-quartile range (IQR). All analyses were performed
using the R statistical software.”

RESULTS

Study population

Data consisted of a total of 131 human fetuses and
neonates, of whom 55% (n=72) were males and 45%
(n=59) females. Gestational age ranged from 13 and 41
weeks, with a median of 24 weeks and IQR of 20-32 weeks
(table 1). About 20% (n=26) of the fetuses had IUGR
and 3.1% (n=4) were large for gestational age (LGA).
Congenital anomalies were present on 26.7% (n=35) of
the fetuses and neonates, and 13.0% (n=17) had gastro-
intestinal anomalies, such as Meckel’s diverticulum,
bowel malrotation and diaphragmatic hernias. There
were 10.7% (n=14) fetuses and neonates from multiple
pregnancies (table 1).

The average length of the small intestine was 147.7
cm (SD=82.7) in comparison to 30.6 cm (SD=17.7) for
colon length. It is worth noting that both measurements
are highly variable as shown by the value of their corre-
sponding SDs. This is attributed to the wide range of
gestational ages and to linear growth of intestinal length
with respect to age (figures 1 and 2).

Table 1
measurements (n=131)

Population characteristics and clinical

Patient characteristic

Number (%) or mean
(SD)*

Demographic variables
Male
Gestational age (wk)
Ethnicity (n=33)
Caucasian
Aboriginal
Asian
Black

Size of the fetuses or neonates

72 (55.0%)
24 (20-32)

19 (57.6%)
3(9.1%)
3(9.1%)

8 (24.2%)

Autopsy weight () 540.0 (257.5, 1720.5)
Body mass index 6.9 (3.7)

Foot length (cm) 4.5(2.1)

Crown-heel length (cm) 32.4 (12.0)

Clinical variables

Intrauterine growth restriction
(IUGR)

26 (19.8%)

Large for gestational age (LGA) 4 (3.1%)
Congenital anomalies 35 (26.7%)
Gastrointestinal anomalies 17 (13.0%)
Multiple pregnancies 14 (10.7%)
Maceration 29 (22.1%)
Intestinal length

Small intestinal length (cm) 147.7 (82.7)
Large intestinal length (cm) 30.6 (17.7)
(n=130)

Appendix length (cm) (n=37) 1.9(1.2)

Frequency and percentages are provided for dichotomous
variables and mean and SD are provided for continuous variables
unless specified.

*Mean and SD were used except for autopsy weight and
gestational age, defined as median (IQR).

IQR, Inter-quartile range; SD, Standard deviation.

Ris for the small and large intestines

Our results show that both the small and large intestinal
lengths increase linearly with respect to gestational age
(figures 1 and 2). The figures also show that there is no
difference between males and females; hence, we estab-
lished the RIs based on the combined data, allowing use
of the maximum possible sample size. Age-partitioned
RIs with the corresponding 90% confidence intervals
(CIs) are provided in table 2.

The estimates also show that both the lower and
upper limits of the Rls, for both small and large intes-
tines, increase as gestational age increases, which is to be
expected as a natural process of growth. The lower refer-
ence limits for small intestine ranged from 21.1 cm (for
13-20 weeks of gestational age) to 132.8 cm (for 37-41

Bardwell C, et al. World Jnl Ped Surgery 2022;5:€000397. doi:10.1136/wjps-2021-000397 3

"yBuAdoa Aq parosiold 1sanb Aq Gz0z ‘8z [idy uo ywoo fwg sdimy:dny wol) papeojumoq ‘2zoz AeN 9T Uo 26£000-1202-sdim/ogTT 0T Se payslignd 1sii :A126inS pad |ur PO


http://wjps.bmj.com/

400-

(O8]

(=

(=]
T

Sex

200- ~+ Male

~+ Female

Small intestinal length (cm)

100-

20 30 40
Gestational age (weeks)

Plot of small intestinal length by gestational age for male and female (left) and for the combined population (right).

Figure 1

weeks of gestational age). The upper reference limits
ranged from 122.4 to 406.4 cm. For the large intestine,
the lower reference limits ranged from 5.1 to 29.1 cm,
while the upper reference limits ranged from 21.4 to 82.2
cm. Table 3 provides the ratio of the lower and upper
limits for small versus large intestinal lengths.
Examining the ratio of the lower limits, apart from 21
to 24 and 29 to 36 gestational ages, the lower limit of the
small intestine was four times larger than the lower limit
of the large intestine. With respect to the upper limits,
the small intestine was five times larger than the large
intestine, except for gestational ages at 13-20 and 17-20
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Figure 2 Plot of large intestinal length by gestational age (A) for male and female (B) combined data.
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weeks, where it was nearly six times larger. Carefully
examining the lower and upper reference limits for both
the small and large intestines, we can see that there is
considerable overlap in subsequent Rls, suggesting high
level of heterogeneity within the partitions.

Sensitivity analysis

Table 4 provides the RIs and the corresponding 90%
CIs for small intestine, where we analyzed only fetuses
and neonates without congenital anomalies or gastroin-
testinal anomalies, not part of multiple pregnancy (ie,

75- .

Large intestinal length (cm)

20 30 40
Gestational age (weeks)
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Table 2 Age-specific reference intervals for fetal small and large intestinal lengths

Small intestinal length

Large intestinal length

Age category (wk) Number

Lower limit (90% CI) Upper limit (90% CI)

Lower limit (90% CI) Upper limit (90% CI)

122.4 (111.5 to 136.1)

127.1 (114.5 to 141.5)
203.8 (187.3 to 220.7)
185.8 (168.0 to 203.3)
230.9 (202.9 to 262.9)
337.1 (292.6 to 382.8)

13-20 42 21.1 (10.7 to 30.8)
13-16 13 _* _
17-20 29 33.9 (23.4 to 49.0)
21-28 47 57.7 (40.8 to 73.3)
21-24 28 60.0 (40.0 to 78.2)
25-28 19 64.8 (39.4 to 89.5)
29-36 21 83.6 (30.5 to 127.7)
29-32 10 _t —
33-36 11 *

37-41 21

5.1 (3.4 t0 6.7)
7.9 (6.2 10 9.9)
12.7 (10.1 to 14.9)
11.2 (7.7 to 14.7)
14.8 (9.0 to 19.5)
32.4 (28.3 to 36.1)

*

*

132.8 (85.7 to 171.5) 406.4 (358.5 to 455.2) 29.1 (20.6 to 36.5)

21.4 (19.8 to 23.2)

21.7 (20.1 to 23.5)
39.7 (36.9 to 42.7)
36.7 (32.8 to 41.0)
44.2 (40.5 to 48.8)
62.4 (58.0 to 67.5)

82.2 (73.6 to 91.6)

Bolded values represent collapsed age categories in this study and their associated fetal length reference intervals.
*Insufficient sample size for approximating reference intervals for intestinal length.

Cl, Confidence interval.

single pregnancy), not LGA (ie, below the 90th percen-
tile), absence of IUGR and absence of maceration.

The results show that these Rls are similar to those with
the full data, except for small changes that might be due
to natural variation or other factors.

DISCUSSION

We have established age-specific RIs for small and large
intestinal lengths of fetuses and neonates using data in
the Eastern Ontario and Western Québec regions. In
comparison to our study, prior literature also demon-
strates a positive, linear relationship between age and
intestinal length RIs.!2 This holds true for both the length
of individual sections of the intestinal tract as well as the
total intestinal length. In keeping with other studies, no
differences in intestine length were found between sexes,

Table 3 Ratio of fetal small intestinal length to large
intestinal length for lower and upper reference limits

Ratio of fetal
small intestinal
length to large

Ratio of fetal small
intestinal length to

Age intestinal length  large intestinal
category for lower length for upper
(wk) Number reference limit reference limit
13-20 42 4.1 5.7

17-20 29 4.3 5.9

21-28 47 4.5 5.1

21-24 28 5.4 5.1

25-28 19 4.4 5.2

29-36 21 2.6 5.4

37-41 21 4.6 4.9

Bolded values represent collapsed age categories in this
study and their associated fetal small intestinal length to large
intestinal length ratios.

and hence we combined data for males and females to
maximize the sample size.* ****

Sensitivity analysis showed that the absence of congen-
ital anomalies, gastrointestinal anomalies, maceration, as
well as IUGR and LGA fetuses did not influence intestinal
length RIs. Unique to our study were findings that fetuses
from multiple pregnancies did not impact small intes-
tinal length. The relationship between singleton preg-
nancies and the quantifiable impact on fetal intestinal
length remains largely unanswered. Evidence suggests
that fetuses from twin pregnancies are susceptible to a
variety of intrauterine complications, such as IUGR, with
the incidence of IUGR approximating 25%-35%.% '
Whether IUGR impacts fetal intestinal length remains
equivocal,S *and in our analysis IUGR did not have any
impact on intestinal length. Similar to prior literature,4
maceration did not appear to have an impact on the
growth of small intestinal lengths, and is in keeping with
prior literature demonstrating that maceration does not
alter all body measurements.'” The presence of congen-
ital anomalies did not alter the small intestinal length.
Though prior literature has demonstrated a reduction
in length in Trisomy 21 fetuses,4 we included a range
of congenital anomalies, such as Turner syndrome
and vermian hypoplasia, in addition to Trisomy 21.
Combining the congenital anomalies may have attenu-
ated the veritable impact of Trisomy 21 on fetal intestinal
growth. Unfortunately, due to sample size limitations, a
subgroup analysis was not possible and represents an area
of further research.

Capturing fetal intestinal length as early as 13-41 weeks
is useful for both surgeons and pathologists to visualize
intestinal length across a wide range of gestational ages.
From a clinical standpoint, access to intestinal length Rls
across a range of ages may assist in refining prognosis and
treatment plans for preterm or term patients where intes-
tinal resection is necessary, such as for Hirschsprung’s
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Table 4 Reference intervals of small intestinal length by gestational age in subgroups of children (8-week partitions)

Age category (wk) Number Lower limit (90% CI) Upper limit (90% CI)
No congenital anomalies

13-20 30 18.6 (6.7 to 31.2) 120.5 (107.4 to 137.2)
21-28 29 68.1 (48.9 to 86.2) 215.7 (195.1 to 237.7)
29-36 18 83.8 (27.4 to 131.1) 335.0 (287.5 to 390.3)
37-41 19 125.0 (79.1 to 169.3) 417.5 (366.2 to 477.6)
No gastrointestinal anomalies

13-20 37 23.5(13.6 to 35.9) 122.6 (109.4 to 135.5)
21-28 40 60.2 (43.0 to 76.4) 206.8 (188.4 to 226.5)
29-36 18 80.1 (21.0 to 127.8) 347.1 (301.6 to 403.6)
37-41 19 119.8 (68.9 to 161.5) 406.5 (347.8 to 461.0)
Not part of multiple pregnancy

13-20 36 20.7 (9.0 to 31.6) 126.7 (114.0 to 140.0)
21-28 40 53.9 (34.9to 71.1) 206.9 (188.9 to 225.6)
29-36 21 83.6 (30.6 to 128.2) 337.1 (291.4 to 383.7)
37-41 20 137.6 (89.8 to 177.8) 410.1 (360.8 to 464.3)
Not large for gestational age

13-20 41 20.8 (10.1 to 31.1) 120.6 (109.7 to 134.6)
21-28 47 57.7 (40.8 to 73.7) 203.8 (188.2 to 220.6)
29-36 19 89.8 (31.6 to 138.8) 330.6 (283.1 to 376.0)
37-41 20 126.1 (76.0 to 167.2) 404.2 (352.7 to 456.9)
Absence of IUGR

13-20 33 23.5(11.6 to 34.6) 126.4 (112.9 to 140.3)
21-28 32 73.8 (55.5 t0 90.2) 212.2 (193.4 to 231.3)
29-36 20 78.9 (23.8 to 126.7) 341.5 (295.3 to 389.0)
37-41 20 136.9 (88.9 to 175.9) 410.6 (363.5 to 464.0)
Absence of maceration

13-20 31 26.4 (14.7 to0 37.9) 120.3 (107.3 to 133.5)
21-28 37 49.0 (28.3 to 66.4) 205.5 (187.1 t0 224.3)
29-36 17 73.0 (8.4 to 129.8) 355.5 (305.5 to 409.6)
37-41 17 139.7 (97.7 to 175.9) 378.0 (338.8 to 422.2)

Cl, Confidence interval; IUGR, intrauterine growth restriction.

disease. Pathologists analyzing biopsies for transition
zone between aganglionic and ganglionic cells can
communicate residual bowel length to surgeons,”® which
could assist surgeons in further planning postopera-
tively. Residual small bowel length may allow surgeons,
for example, to predict the ability of an infant with short
bowel syndrome (SBS) to wean from total parenteral
nutrition following bowel resection.” Furthermore,
defining accurate small bowel length may provide benefit
to pathologists conducting postmortem examinations.
As mentioned earlier, there is currently a wide range of
definitions being applied to SBS in fetuses and neonates,
and establishing RIs may help apply this definition more
precisely among this population based on age. Addi-
tionally, intervals may assist pathologists in identifying
the pathological bowel length and in deciding when to

screen for genetic anomalies, such as the CLMP gene in
congenital SBS."' ?

Owing to limitations of sample size, determining reli-
able estimates for intestinal length is difficult. Wide vari-
ability in intestinal length observed within partitions in
our data may indicate the need for a per-week analysis
to capture minute differences over time because intes-
tinal growth can vary widely in fetuses. Marnerides et al
established fetal intestinal length intervals in the second
trimester and found considerable differences across
weekly partitions.* To overcome these challenges, refer-
ence curves may be fitted to data and normal ranges can
be obtained by using the functional form of the estimated
curves at a given gestational age. We plan to pursue this
approach in a subsequent study.
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There are several limitations associated with this study.
First, bowel measurements were made postmortem after
removal of the bowel from the abdomen. Postmortem
measurements can overestimate bowel length due to
initial muscle contraction shortly after death, when relax-
ation and loss of tone occur as autolysis begins’; however,
we did examine intestinal length in the sensitivity anal-
ysis without maceration to account for this. We did not
find any impact of maceration on intestinal growth. In
contrast, use of silk sutures to measure intestinal length
in live infants provides a promising method to accu-
rately measure intestinal length in vivo, although this
methodology requires further external validation." We
also followed a routine protocol as described in similar
studies' by laying out specimens on a moist plastic surface
to minimize ‘stretch artifact’, and the same experienced
perinatal pathologist measured each specimen twice to
reduce error in measurement. Hence, the variations in
gut length are not likely to be attributed to measure-
ment inaccuracy. An additional limitation involves our
population of study because the results are based on
postmortem fetuses. Our results are thus not truly repre-
sentative of the normal fetus population. However, the
RIs could still be applicable to postmortem populations
with similar characteristics.* Further, to develop statistical
models that account for the effects of age, sex, congenital
anomalies, and other covariates, the Hoq et al's method
could have been used to estimate Rls as a function of
age.” The methods we used by Daly et al' were valid but
did not exploit the linear relationship between age and
intestinal length. We also partitioned the age categories
in a narrow manner because measurements increased
linearly with respect to gestational age. However, this
approach may be seen as subjective and contingent on
the sample size available in each age category. We will use
the discrete age groups commonly reported in the Hoq
et als™ systematic review to address this limitation in a
future study.

To conclude, this study has provided age-specific Rls
for normal small and large intestinal lengths of fetuses
and neonates. Pathologists can compare our data to
other studies that have established reference standards
for normal intestinal length. From a surgery perspective,
understanding the expected or normal intestinal length
might aid surgeons to communicate how much intestine
is remaining in infants with parents and to plan postoper-
ative management and prognosis accordingly. Following
the standard protocols for conducting linear measure-
ments of gastrointestinal contents,” *' future studies
are encouraged to replicate the study methodology at
other health centers for cases in their catchment areas
to enable comparisons across provincial institutions.
More importantly, further research can be conducted
to examine additional factors, such as gestational weight
on intestinal length, using the Hoq et als®™ method and
to compare such results to established Rls. This will aid
in better understanding of the differences in intestinal
length between normal and pathological fetuses.

Lastly, coordination of multicenter, nationwide efforts
to collect small and large intestinal length data (eg,
similar to the Canadian Laboratory Initiative on Pediatric
Reference Intervals)®? and to establish Rls in accordance
with CLSI guidelines is needed.
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