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Abstract
Background $SSUR[LPDWHO\RIDOOLQIDQWVDUHERUQZLWK
HYLGHQFH RI PHFRQLXPVWDLQHG DPQLRWLF IOXLG 06$)  0DQ\
of these infants rapidly initiate a good respiratory response and
are otherwise vigorous. Other infants present with a variety of
respiratory distress. Chest x-ray imaging is the main test done to
evaluate respiratory distress in order to differentiate pulmonary
and extrapulmonary etiologies.
Objective To determine the relationship between viscosity of
06$)DQGFKHVW[UD\LPDJLQJUHVXOWV
Methods 7KLVFURVVVHFWLRQDOVWXG\ZDVKHOGIURP-DQXDU\WR-XQH
DVDFRQWLQXDWLRQRIDSUHYLRXVVWXG\IURP$XJXVWWR
0D\DW.DULDGL+RVSLWDO6HPDUDQJ,QGRQHVLD'DWDZDV
WDNHQIURPPHGLFDOUHFRUGVRIEDELHVZKRZHUHERUQZLWK06$)
06$)YLVFRVLW\PHDVXUHPHQWVE\WKHLQYHVWLJDWRUDQGODERUDWRU\
WHFKQLFLDQZHUHDVVHVVHGE\.DSSDWHVWLQWKHSUHYLRXVVWXG\ZLWK
DUHVXOWRI;UD\ILQGLQJVZHUHGHWHUPLQHGE\WKHUDGLRORJLVW
on duty at that time. Chi square and logistic regressiontests were
used for statistical analysis.
Results There were 48 subjects consisting of 26 males and 22
females. Chest x-ray imaging results showed normal findings in
RIVXEMHFWVSQHXPRQLDLQRIVXEMHFWVDQGPHFRQLXP
DVSLUDWLRQV\QGURPHLQRIVXEMHFWV7KLFNYLVFRVLW\06$)
ZDVVLJQLILFDQWO\FRUUHODWHGWRDEQRUPDO[UD\LPDJLQJ 55 
3 &,WR 
Conclusion 7KLFN 06$) YLVFRVLW\ VLJQLILFDQWO\ LQFUHDVHG WKH
risk of abnormal chest x-ray findings. [Paediatr Indones.
2012;52:336-40].

A

SSUR[LPDWHO\  RI DOO OLYH ELUWKV DUH
FRPSOLFDWHG E\ 06$) Under normal
circumstances, the passage of meconium
from the fetus into the amnion may
be prevented by the lack of intestinal peristalsis.
Peristalsis may be inhibited by low motilin levels, tonic
contraction of the anal sphincter, and a terminal cap of
viscous meconium.2 Meconium has been found below
WKHYRFDOFRUGVLQRILQIDQWVERUQZLWK06$)
The passage of meconium in utero indicates acute or
chronic hypoxia, and has been observed primarily in
cases of advanced fetal maturity.4,5
The viscosity of meconium in amniotic fluid
has been classified as thick, medium, or thin.6 This
viscosity depends on the constituents of meconium,
the relationship between asphyxia and meconium
release, the time and cause of the passage of meconium
into amniotic fluid, and the amount of amniotic fluid.
Meconium stained amniotic fluid has been associated
with an increased risk for pulmonary dysfunction. The
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risk for pulmonary disease, however, is not manifested
equally in all infants, as thick meconium staining is
thought to increase the overall risk for pulmonary
disease to a significantly greater degree than that in
infants with thin meconium staining.4,6
Chest radiography is the preferred examination
for assessing pulmonary dysfunction. The inflammatory process of meconium aspiration may result
in a variety of presentations on chest radiography,
initially indistinguishable from neonatal pneumonia.
:LWKRXWYLVXDOL]DWLRQRIPHFRQLXPEHORZWKHYRFDO
cords during resuscitation, a diagnosis may be made
on the basis of the clinical course and the results of
follow-up imaging studies.In two-thirds of neonatal
pneumonia cases, patchy opacities representing
consolidation with pleural effusion may be observed.
Lung volumes are usually normal, but the lung fields
may be hyperinflated. Although classic x-ray findings
of meconium aspiration syndrome are described as
diffuse and patchy infiltrates, the diverse mechanisms
involved in the pathogenesis may lead to a wide variety
of radiographic findings.
The purpose of this study was to determine the
UHODWLRQVKLSEHWZHHQ06$)YLVFRVLW\DQGFKHVW[UD\
findings.

Methods
7KLV FURVVVHFWLRQDO VWXG\ ZDV KHOG IURP -DQXDU\
WR-XQHDVDFRQWLQXDWLRQRIDSUHYLRXVVWXG\

IURP$XJXVWWR0D\DW.DULDGL+RVSLWDO
Semarang, Indonesia. 8 The previous study was
approved by the Ethics Committee of Diponegoro
8QLYHUVLW\0HGLFDO6FKRRO.DULDGL+RVSLWDO
Data was taken from medical records of babies
ERUQ ZLWK 06$) 06$) YLVFRVLW\ PHDVXUHPHQWV
by the investigator and laboratory technician were
DVVHVVHG E\ .DSSD WHVW IRU LQWHUREVHUYHU DJUHHPHQW
in the previous study.8 06$) ZDV FDWHJRUL]HG RQ
the basis of meconium viscosity into thick or thin
06$)&KHVW[UD\ILQGLQJVZHUHDVVHVVHGRQFHE\WKH
radiologist on duty at that time.
Pearson’s chi-squared test was used to compare
categorical variables. Risk factors of chest x-ray
DEQRUPDOLW\ GXH WR 06$) YLVFRVLW\ ZHUH DQDO\]HG
ZLWK D  FRQILGHQFH LQWHUYDO )RUZDUG ORJLVWLF
regression analysis was used to estimate the risk of
DEQRUPDOFKHVW[UD\ILQGLQJ$3YDOXHRIZDV
considered to be statistically significant.

Results
)RUW\HLJKWWHUPQHRQDWHVZHUHHQUROOHGLQRXUVWXG\
The majority were male and born of primiparous
PRWKHUV6XEMHFWV·PHDQJHVWDWLRQDODJHZDV 6'
  ZHHNV .DSSD WHVW UHVXOW ZDV  LQGLFDWLQJ
good interobserver agreement.8 Table 1 shows the
characteristics of subjects, divided into 2 groups: thick
DQGWKLQ06$)
&KHVW[UD\VILQGLQJVRIVXEMHFWVZLWK06$)

Table 1. Characteristics of subjects
/GEQPKWOUVCKPGFCOPKQVKEƀWKF
Characteristics

Thick
(n=10)

Male gender
Mean birth weight (SD), g
Mean maternal age (SD), years
Mean gestational age (SD), weeks

Thin
(n=38)

8
18
3000
(569.6) 3104.1 (444)
33.1
(6.2)
27.6
(6.8)
39.6
(2.3)
40
(1.6)

Table 2. /5#(CPFEJGUVZTC[ſPFKPIU
Chest x-ray
MSAF viscosity
Thin
Thick

Pneumonia
n=16

Meconium aspiration syndrome
n=4

Normal
n=28

12
4

1
3

25
3
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Figure 1. Meconium aspiration syndrome

Table 3. Association between MSAF viscosity and chest
ZTC[ſPFKPIU
MSAF viscosity
Thick
Thin
P=0.004

%JGUVZTC[ſPFKPI
Abnormal

Normal

7
13

3
25

RR

95% CI

2.046 1.124 to 3.725

are shown in Table 27KHUHZHUHVXEMHFWVZLWK
SQHXPRQLD  ZLWKPHFRQLXPDVSLUDWLRQ
V\QGURPH   DQG  ZLWK QRUPDO ILQGLQJV
 2IWKHSQHXPRQLDFDVHVKDGWKLQ
06$)DQGKDGWKLFN06$)2IWKHPHFRQLXP
DVSLUDWLRQV\QGURPHFDVHVKDGWKLQ06$)ZKLOH
 KDG WKLFN 06$) 2I WKH  FDVHV ZLWK QRUPDO
FKHVW[UD\VKDGWKLQ06$)DQGKDGWKLFN
06$)
Table 3VKRZVWKHDVVRFLDWLRQEHWZHHQ06$)
YLVFRVLW\ DQG DEQRUPDO FKHVW [UD\ ILQGLQJV :H
IRXQG WKDW WKLFN 06$) KDG  WLPHV WKH ULVN
IRUDEQRUPDO[UD\LPDJLQJ 3 &,
WR 
Figure 1 and Figure 2 show the abnormal
chest x-rays of meconium aspiration syndrome and
pneumonia, respectively.
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Figure 2. Neonatal pneumonia

Discussion
Meconium aspiration is a frequent problem in
QHZERUQVZLWK06$)QRWHGLQRIGHOLYHULHV
Both sexes are equally affected. In such deliveries,
RIWKHLQIDQWVGHYHORSV\PSWRPVRIUHVSLUDWRU\
GLVWUHVV,QIDFWLQIDQWVERUQZLWK06$)DUHDWD
fold greater risk of developing respiratory distress than
those born with clear amniotic fluid.
In addition to obstruction of the airway,
aspiration leads to an inflammatory response in the
lung parenchyma (chemical pneumonitis). It is this
inflammation, not the meconium itself, that results
in the patchy infiltrates seen on chest radiography.
It is not clear which component(s) of meconium
trigger the inflammatory response. However, bile and
liver enzymes have been suggested as the causative
agents.
The increase in pulmonary distress and mortality
DPRQJ LQIDQWV ERUQ ZLWK 06$) KDV EHHQ ZHOO
recognized. In our study, the mean gestational ages
of subjects in the thick and thin meconium groups
ZHUH  6'   ZHHNV DQG  6'   ZHHNV
respectively. A study by Narli et al.,6 found that the
presence of 06$) LQFUHDVHG ZLWK JHVWDWLRQDO DJH
The hormone, motilin, may be responsible for this
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observation, as it is secreted in increasing quantities by
the fetus as gestational age advances. Most meconium
discharge is thought to occur in post dated gestations,
since motilin levels are highest at that time. 
06$) PD\ EH D IHWDO UHVSRQVH WR K\SR[LD YDJDO
stimulation from transient umbilical cord entrapment,
or decreased sympathetic nervous system activity with
a loss of sphincter tone.
:HFODVVLILHG06$)YLVFRVLW\DVWKLFNRUWKLQ
ZLWKDQGRI06$)VDPSOHV respectively, in
our study. Sheiner et al.UHSRUWHGWKDWPRVW  RI
WKHLUFDVHVKDGWKLQ06$)KRZHYHU.KD]DUGRRVWet
al.IRXQGDKLJKHUSHUFHQWDJHRIWKLFN  WKDQ
WKLQ PHFRQLXP 06$) YLVFRVLW\ GHSHQGV RQ WKH
constituents of meconium, the relationship between
asphyxia and meconium release, the time and cause
of the passage of meconium into amniotic fluid, and
the amount of amniotic fluid.
$VWXG\E\.RVLPet al. reported that in 48 male
VXEMHFWVZLWKPHDQJHVWDWLRQDODJHRI 6' 
ZHHNV 06$) WHVWHG SRVLWLYHO\ IRU VWHUFRELOLQ DQG
ELOLUXELQ LQ  DQG  VXEMHFWV UHVSHFWLYHO\
&ODVVLILFDWLRQRI06$)DVWKLFNRUWKLQZDVGRQHE\
PDFURVFRSLF H[DPLQDWLRQ ZLWK .DSSD WHVW 
7KLFN 06$) FRUUHODWHG VLJQLILFDQWO\ WR PHFRQLXP
DVSLUDWLRQ V\QGURPH ZLWK D UHODWLYH ULVN RI 
3 &,WR ZKLOHWKHSUHVHQFHRI
stercobilin and bilirubin presence did not.8
7KH YLVFRVLW\ RI 06$) DQG WKH UHVSRQVH
to aspiration are highly variable, and pulmonary
hypertension is a significant comorbidity that is not
obvious on chest radiography. Therefore, the clinical
picture may be poorly correlated with the radiographic
findings.
:HIRXQGWKDW06$)YLVFRVLW\ZDVDVVRFLDWHG
ZLWKFKHVW[UD\LPDJLQJZLWKWKLFN06$)DVDULVN
factor for abnormal chest x-ray findings.
=LDGHK et al. found that the incidence of
meconium aspiration syndrome and respiratory
distress were significantly increased in those with
06$)  Meconium aspiration syndrome was
primarily associated with acute hypoxic events late
in labour or chronic prenatal disease related to
acute events occurring late in labour or after birth.
Meconium aspiration syndrome also depends on
increasing consistency of meconium. Meconium
aspiration can occur either during labour or at the
time of the baby’s first breath.8

)URPRXUVXEMHFWVGHYHORSHGPHFRQLXP
aspiration syndrome in chest x-ray findings, while
 GHYHORSHG QHRQDWDO SQHXPRQLD )URP DOO
06$)VXEMHFWVWKHLQFLGHQFHRIPHFRQLXPDVSLUDWLRQ
V\QGURPHZDV)URPVXEMHFWVZLWKWKLFN06$)
D KLJKHU SURSRUWLRQ  RXW RI   KDG PHFRQLXP
aspiration syndrome. Narli et al. observed the incidence
of meconium aspiration syndrome for all neonates
ZLWK06$)WREHZKLOHLQLQIDQWVZLWKWKLFN
PHFRQLXPLWZDV6
Chest x-ray findings may vary, but often
demonstrate bilateral infiltrates, areas of consolidation,
and/oratelectasis (lung collapse), of which the latter
findings have been associated with more severe
neonatal illness. Complications include pneumothorax
(collapsed lung due to gas trapping distal to obstructed
airways or uneven aeration of the lung), and persistent
pulmonary hypertension of the newborn (PPHN) with
hypoxia. Typical chest x-rays are shown in Figure 1
and Figure 2.
Meconium aspiration syndrome involves aspiration
of meconium through the trachea into the bronchial
tree, sometimes down to the alveoli. Three classes of
DOYHROLKDYHEHHQGHVFULEHG  WKRVHQRWYHQWLODWHG
due to complete proximal obstruction (atelectatic),
 WKRVHZLWKSDUWLDOPHFRQLXPREVWUXFWLRQDQG  
those with no proximal obstruction. Alveoli with partial
meconium obstruction are thought to trap air because
of a ball-valve mechanism by which gas reaches the
alveoli on inflation, but is trapped secondary to reduced
airway diameter during expiration. It is challenging to
oxygenate babies with meconium aspiration syndrome,
because the alveoli in which gas trapping occurs may
rupture, leading to air leaks. Also, meconium in the
alveoli may deactivate surfactants.9
A report by Clark suggested that imaging
studies, such as chest radiograph are essential to do
the following: determine the extent of intra-thoracic
pathology, identify areas of atelectasis and air block
syndromes, as well as ensure appropriate positioning of
the endotracheal tube and umbilical catheters. Later in
the course of meconium aspiration syndrome when the
infant is stable, imaging procedures of the brain, such as
MRI, CT scan, or cranial ultrasound, may be indicated
if the infant’s neurologic examination is abnormal.
)XUWKHUPRUH&ODUNUHSRUWHGWKHIROORZLQJ[UD\
findings in infants with obstruction: air trapping
and hyperexpansion from airway obstruction, acute
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atelectasis, pneumomediastinum from gas trapping
and air leak, left pneumothorax with depressed
diaphragm and minimal mediastinal shift because
of noncompliant lungs, and diffuse chemical
pneumonitis from constituents of meconium.
A limitation of our study was that we were unable
WRSHUIRPD.DSSDWHVWIRULQWHUREVHUYHUDJUHHPHQW
among radiologists in x-ray assessments, due to the
retrospective nature of the study.
,Q FRQFOXVLRQ WKLFN 06$) ZDV D ULVN IDFWRU
for abnormal chest x-ray findings. Serial chest x-rays
DUH UHFRPPHQGHG IRU EDELHV ERUQ ZLWK 06$) DQG
subsequent respiratory distress.
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