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ABSTRACT
Introduction: Advances in neonatal medicine have led to the early diagnosis and treatment of
respiratory diseases, and the recent development of fetal airway surgery. Data on the growth of the
trachea and bronchi are not readily available to the anesthesiologist and bronchoscopist in spite of the
obvious clinical interest. The aim of this study was to determine the anatomical development of
tracheal structures during the fetal periods and to correlate these observations with other fetal biometric
parameters to estimate developmental particularities of the fetal airway.
Materials and methods: The study was carried out in the department of Anatomy, on 28 human
fetuses of known gestational age (GA) from spontaneous abortions or stillbirths, aged 16–37 weeks of
gestation which were categorized into second and third ( trimesters. Following parameters were noted
prebifurcation length (PL), birfurcation length (BL), bifurcation-to-prebifurcation length ratio (BL/PL),
Upper external transverse diameter (UD), Lower external transverse diameter (LD), Circumference (C)
of trachea at the level of last tracheal cartilage.
Results: The mean and standard deviations were calculated for second and third trimester and values
were compared using student t-test. There was significant difference in means for PL, UD and LD
between second and third trimesters. The various parameters were correlated with GA using Pearson’s
correlation test. SPSS version 16 was used for the statistical analysis. No significant correlation was
found for LD (r=0.2, p=0.2) and for C (r=0.19, p=0.3).
Conclusion: Authors conclude that the tracheal length increases significantly proportional to the GA,
but not the diameter.
Keywords: trachea, prebifurcation length, bifurcation length
INTRODUCTION
Advances in neonatal medicine have led to the
early diagnosis and treatment of respiratory
diseases, and the recent development of fetal
airway surgery1. Data on the growth of the trachea
and bronchi are not readily available to the
anesthesiologist and bronchoscopist in spite of the
obvious clinical interest2. Advances in neonatal
medicine have contributed to the survival of
extremely preterm infants. Because of their
respiratory immaturity, long-term tracheal

intubation is
often necessary.
Practical
determination of endotracheal tube size in the
premature population is classically based on
clinical report3,4,5,6,7. Changes in tracheal
dimensions occur in a variety of conditions. For
example, generalized widening is a characteristic
feature
of
tracheobronchomegaly
and
tracheomalacia; generalized narrowing is seen in
tracheobronchopathia osteochondroplastica and
may be a feature of relapsing polychondritis8. The
study of the development of the fetal trachea
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provides
information on the functional
morphology of this organ9. The aim of this study
was to determine the anatomical development of
tracheal structures during the fetal periods and to
correlate these observations with other fetal
biometric parameters to estimate developmental
particularities of the fetal airway. The parameters
measured in the present study will help in
placement of endotracheal tube of accurate size in
premature infants. These measurements should be
useful in the detection of tracheal abnormalities,
problems in respiratory physiology and in
endotracheal
intubation,
endoscopy
and
tracheostomy.
MATERIAL AND METHODS
The study was carried out in the department of
Anatomy, Kasturba Medical College, Manipal, on
28 human fetuses of known gestational age (GA)
from spontaneous abortions or stillbirths, aged 16–
37 weeks of gestation which were categorized into
second (N=10) and third (N=18) trimesters. The
specimens were immersed in 10% formalin
solution. The fetuses with any external
malformations were excluded from the study .The
part of respiratory tract from the level of cricoid
cartilage up to the hilum of lung of each foetus
was resected. After clearing the soft tissues
tracheal rings were visualized and the following
parameters were noted using vernier calipers as
shown in fig 1,
a) Prebifurcation length (PL), corresponding to
the distance between the superior border of the
first tracheal cartilage and the inferior border of
the last tracheal cartilage
b) Bifurcation length (BL), corresponding to the
distance between the inferior border of the last
tracheal cartilage and the tracheal bifurcation
c) Bifurcation-to-prebifurcation length ratio
(BL/PL)
d) Upper external transverse diameter (UD),
measured at the level of the first tracheal cartilage
e) Lower external transverse diameter (LD),
measured at the level of the last tracheal cartilage.

f) Circumference (C) of trachea at the level of last
tracheal cartilage.
The mean and standard deviations were calculated
for second and third trimester and values were
compared using student t-test. The various
parameters were correlated with GA using
Pearson’s correlation test. SPSS version 16 was
used for the statistical analysis.
RESULTS
The present study included 10 second trimester
and 18 third trimester fetuses. The mean and
standard deviation of various parameters measured
is shown in table 1. Student t-test was used to
determine the significance between the means of
second and third trimester. There was significant
difference in means for PL, UD and LD between
second and third trimesters.
Pearson’s correlation test was done to correlate the
various parameters with GA. There was a positive
correlation for PL (r=0.58, p=0.001), BL (r=0.39,
p=0.036) and for UD (r=0.55, p=0.002). The
correlation is denoted in graphs 1, 2 and 3. No
significant correlation was found for LD (r=0.2,
p=0.2) and for C (r=0.19, p=0.3).
DISCUSSION
There are few studies in literature published on the
anatomical measurements of the airway in
pediatric populations or premature populations10,
11, 12
. Tracheal dimensions undergo considerable
change according to GA14. As the mid trachea is
approached there is an antero-posterior flattening
which yields a more elliptical section. From the
mid-trachea to carina the section rounds out again
and flares into right and left bronchi2. Different
methods have been described to illustrate
observations of fetal measurements and to estimate
age-specific reference intervals for these
measurements15, 16. According to Szpinda et al no
significant male–female differences for any of
tracheal parameters were found17. Most authors
reported that both length and diameters of the
trachea increased with advanced fetal age in a
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proportional fashion. According to Szpinda et al,
the PL ranged from 8.14 ± 1.90 to 20.77 ± 0.50
mm, BL ranged from 2.23 ± 0.25 to 5.77 ± 0.76
mm, the external transverse diameters of the
trachea were found to increase from 2.39 ± 0.04 to
5.20 ± 0.17 mm and from 2.42 ± 0.20 to 4.93 ±
0.08 mm for proximal and distal ends of the
trachea, respectively17.A study done by Harjeeth et
al showed the average length of fetal trachea was
33.07 ± 1.44mm and the average UD was 5.83 ±
1.18mm18. In the present study the PL ranged from
ranged from 20.6±5.66 to 25.16±3.68 mm, BL was
ranged from 3.04±0.95 to 3.66±0.97mm, UD
ranged from 3.75±0.63 to 4.5±.7mm and LD
ranged from 4.2±0.82m to 4.94±0.87mm, which
were consistent with values obtained by Harjeeth.
In the present study the length and upper diameter
of trachea increased significantly in third
trimester. Whereas the tracheal diameters did not
increased significantly with gestational age. Few
studies have been published on the anatomical
measurements of the airway in either pediatric
population or premature population19, 20.
CONCLUSION
Authors conclude that the tracheal length increases
significantly proportional to the GA, but not the
diameter. Generalized widening is a characteristic
feature
of
tracheobronchomegaly
and
tracheomalacia; generalized narrowing is seen in
tracheobronchopathia osteochondroplastica. Hence
the study of the development of the fetal trachea
provides
information on the functional
morphology of this organ.
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Table 1: Mean and standard deviations of various parameters measured
Parameters measured
Second
trimester Third trimester (N=18)
Student t-test
(N=10)
Mean and SD (mm)
(P value)
Mean and SD (mm)
PL
20.6 ± 5.66
25.16 ± 3.68
0.015*
BL
3.04 ± 0.95
3.66 ± 0.97
0.1
UD
3.75 ± 0.63
4.5 ± 0.7
0.01*
LD
4.2 ± 0.82
4.94 ± 0.87
0.03*
C
17.6 ± 3.68
18.72 ± 3.26
0.4
PL- Prebifurcation length, BL- Bifurcation length, UD- Proximal external transverse diameter, LD- Distal
external transverse diameter, C- Circumference
*student t-test showing significant p values
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Graph 1: Scatter diagram showing association between GA and prebifercation length of trachea
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Graph 2: Scatter diagram showing association between GA and bifurcation length of trachea
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Graph 3: Scatter diagram showing association between GA and upper diameter of trachea
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Fig 1: Fetal trachea showing the various parameters measured
PL- prebifercation length, BL- bifurcation length
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