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Abstract
Objective To describe trends in the incidence and severity of meconium aspiration syndrome (MAS) around the release of
revised Neonatal Resuscitation Program (NRP) guidelines in 2016.
Study design The California Perinatal Quality Care Collaborative database was queried for years 2013–2017 to describe
the incidence and outcomes of infants with MAS. Results were analyzed based on both individual years and pre- vs. post-
guideline epochs (2013–15 vs. 2017).
Result Incidence of MAS decreased significantly from 2013–15 to 2017 (1.02 to 0.78/1000 births, p < 0.001). Among
infants with MAS, delivery room intubations decreased from 2013–15 to 2017 (44.3 vs. 35.1%; p= 0.005), but similar
proportion of infants required invasive respiratory support (80.1 vs. 80.8%), inhaled nitric oxide (28.8 vs. 28.4%) or
extracorporeal membrane oxygenation (0.81 vs. 0.35%).
Conclusion While the study design precludes confirmation of implementation of the recent NRP recommendation, there was
no increase in the incidence or severity of MAS following its release.

Introduction

The 17 edition of the Neonatal Resuscitation Program
(NRP) revised the approach to nonvigorous infants born
through meconium stained amniotic fluid (MSAF) [1].
Current NRP guidelines state that resuscitation of infants
with MSAF should follow the same principles as for those
with clear fluid, but an individual skilled in tracheal intu-
bation should be present at the time of birth. If a baby is
born through MSAF and has depressed respirations or poor
muscle tone, the baby is to be placed on the radiant warmer
and initial steps of newborn care are implemented. Positive
pressure ventilation should be initiated if the baby is not
breathing or the heart rate is less than 100/min with

emphasis on provision of ventilation in nonbreathing or
ineffectively breathing infants within the first minute after
delivery. Prior to these changes, the recommendation was to
do immediate tracheal suctioning in depressed babies born
via MSAF [1–3]. This is the most recent in a series of
changes in managing these infants over the last two dec-
ades. These guidelines were published in October 2015. The
NRP instructor course with new recommendations became
available in spring 2016, it recommended mandatory
instruction of new guidelines by January 1, 2017.

Several large multicenter trials were conducted over the
last two decades and led to important changes in our
approach to infants born with MSAF. Wiswell et al. con-
ducted a multicenter, randomized controlled trial evaluating
suction vs. no suction among 2094 vigorous infants born
with MSAF and showed no difference in outcome [4].
Similarly, routine amnioinfusion and suctioning of the
mouth and nose after delivery of the head were found to be
ineffective in reducing the incidence of meconium aspira-
tion syndrome (MAS) in multicenter randomized controlled
trials involving 1998 and 2514 subjects, respectively [5, 6].

In contrast, the three randomized controlled trials eval-
uating nonvigorous infants born with MSAF and comparing
routine tracheal suction vs. no suction involved a smaller
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number of subjects (total of 449) and were conducted in
single centers in India [7–9]. The first two studies showed
no difference in the incidence of MAS, mortality or other
available outcomes [7, 8]. Singh et al. reported a shorter
length of stay in the suction group (9.91 ± 3.06 vs. 11.17 ±
3.73, p= 0.02) and a trend towards a lower incidence of
MAS (41.3% vs. 57.1%, p= 0.052) [9]. Combining data
from these three studies generates an unadjusted odds ratio
of 0.89 (95% confidence intervals 0.61, 1.31, p= 0.56).

Recently, Chiruvolu et al. reported increased NICU
admissions for respiratory causes without any significant
difference in MAS in an observational study (n= 231)
among nonvigorous infants born through MSAF before and
after implementing the no-suction policy in their institutions
[10]. In an accompanying editorial, Dr Wiswell emphasized
the importance of ongoing surveillance following sig-
nificant changes to the NRP algorithm [11]. There are no
studies evaluating the prevalence of MAS in a wide geo-
graphic region before and after release of the most recent
guidelines.

The aim of this study was to evaluate trends in the
incidence of MAS in California and associated morbidity
and mortality among infants who were admitted to NICU
with MAS around the release of change in NRP recom-
mendations. All NICUs belonging to the California
Perinatal Quality Control Collaborative (CPQCC, ~93% of
NICUs in the state) from 2013 to 2017 were included in
the study.

Methods

The study was approved as exempt from full review by the
Institutional Review Board of the University of California
Davis Health System. The total number of births and
hospital admissions related to meconium aspiration in
California was obtained from the patient discharge data
(PDD) compiled by California Office of Statewide Health
and Planning Development (OSHPD) from 2013–2017.
OSPHD collects PDD from all birthing hospitals in
California, except for military hospitals. To maintain data
accuracy and ensure that a patient was not counted multiple
times in case of transfer to a center for higher level of care,
only the patients with meconium aspiration diagnosed at
birth in the admitting hospital were included in this OSHPD
analysis. Meconium aspiration incidences with and without
respiratory symptoms were identified by screening PDD
using International Classification of Disease (ICD) 9th and
10th revision codes. P24.00 in ICD-10-CM (and 770.11 in
ICD-9-CM) refers to meconium aspiration without respira-
tory symptoms, whereas P24.01 (and 770.12 in ICD-9)
refers to meconium aspiration with respiratory symptoms
and includes meconium aspiration pneumonia/pneumonitis

and MAS not otherwise specified. These diagnoses codes
were used in the OSHPD PDD dataset. The total number of
admissions to the NICUs in California was obtained from
California Children’s Services (CCS) data. Details on the
source of information and number of infants can be found in
Fig. 1.

The CPQCC database was queried to describe the inci-
dence, therapeutic modalities, and outcome characteristics
for infants who were born at a CPQCC center and devel-
oped MAS for the years 2013–2017. All CCS approved and
about 93% of all NICUs in California reported their data to
CPQCC over the study period. Around ten NICUs in
the state do not share the data. The dataset contains
de-identified patient information, using standard definitions
as outlined by the Vermont Oxford Network [12]. This
database is designed to count each infant only once even if a
patient is transferred from one CPQCC NICU to other for
higher level of care. Data are abstracted by NICU personnel
(i.e., physicians, nurses and other trained abstractors) and
submitted through an online portal. Demographics, maternal
and delivery history, postdelivery diagnosis, and interven-
tions are collected for every eligible infant (all infants with
birth weight ≤ 1500 g or gestational age ≤ 32 weeks plus
infants above 1500 g and >32 weeks gestational age at birth
who meet the following eligibility criteria: death, acute
transport, early bacterial sepsis, major surgery, intubated or
nonintubated assisted ventilation > 4 h, suspected encepha-
lopathy or asphyxia, or active therapeutic hypothermia).

We used a combination of individual level data and
aggregate data collection for this study. In addition to the
individual patient-level data collection for those eligible
infants noted above, each NICU provides annual data on
total NICU admissions and total births to their center
according to gestational age categories.

Data were extracted for infants who were admitted with a
diagnosis of MAS. The CPQCC criteria for the diagnosis of
MAS includes all of the following: (a) presence of MSAF at
birth, (b) respiratory distress with onset within 1 h of birth,
(c) central cyanosis in room air or a requirement of
supplemental oxygen to maintain PaO2 > 50 mm Hg, (d)
abnormal chest radiograph compatible with the diagnosis of
MAS, (e) absence of culture-proven early onset bacterial
sepsis or pneumonia. If all the criteria’s are not met, than the
patient is not labeled as MAS as per CPQCC definition.

All neonates receiving care at a CPQCC NICU reporting
on data variables used for this study were included.
Antenatal details collected included maternal demographics
and other factors such as hypertension during pregnancy,
intrauterine growth restriction, fetal distress, prolonged
labor, prolonged rupture of membranes, chorioamnionitis,
and mode of delivery. Postnatal variables to determine the
severity of respiratory distress and amount of respiratory
support provided to infants during their NICU stay were
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collected. Information on final disposition, average length
of stay and associated comorbidities were also analyzed.

To compare outcomes prior to and following the
recommendation changes surrounding routine tracheal
suctioning, we selected two epochs: prerecommendation
epoch 1 (2013–15) and postrecommendation epoch 2
(2017). The year 2016 was omitted as a washout year from
these analyses.

Statistical analysis

The yearly incidence of meconium aspiration as a propor-
tion of all deliveries and all NICU admissions were calcu-
lated with numbers obtained from the statewide hospital
admission summary and the CCS database. For a secondary
analysis on overall estimates of state incidence of MAS as
per CPQCC criteria, we assumed that the majority of infants

Fig. 1 Details on the source of information and number of infants
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with MAS requiring NICU care would be either delivered at
or transferred to a CPQCC center.

The Cochran–Armitage test for trend was performed to
access yearly trends in MAS admissions and associations
between meconium aspiration admission to hospitals,
meconium aspiration with respiratory symptoms, NICU
admissions at birth, NICU admissions at birth meeting
CPQCC criteria, and MAS patients admitted to CPQCC
centers meeting CPQCC definition (inborn and outborn)
over the years 2013 through 2017. Simple linear regression
was conducted to investigate linear trends for rates during
the study period. Chi square test or Fisher exact test was
performed to investigate differences in associations of
proportions in delivery room respiratory support, maternal
and obstetric characteristics, clinical characteristics, and
outcomes of inborn infants appropriately.

Bivariate analysis was conducted to evaluate maternal and
obstetric characteristics of infants, baseline characteristics of
neonates, and characteristics of postdelivery room respiratory
support and outcome by year. P-values for categorical out-
comes were calculated with the chi-squared or Fisher’s exact
test. T-tests were conducted to calculate the p-values for
continuous outcomes. Bivariate analysis was conducted to
evaluate the differences in the incidence of NICU admissions
with MAS and associated clinical features between the years
2013–2015 and 2017. Chi-squared tests were conducted to
assess for statistical significance.

Results

Incidence of MAS in the state of California

Between 2013 and 2017; 2,392,524 infants were born in
California as per OSHPD PDD database. ICD-9-CM

(770.11 and 770.12) and ICD-10-CM (P24.00 and
P 24.01) diagnoses codes were used in the OSHPD
PDD dataset to determine the incidence of meconium
aspiration with and without respiratory symptoms. 8852
neonates (average incidence of 3.7 per 1000 births)
had a diagnosis of meconium aspiration during the
study period; 3157 (35.6%) of whom had meconium
aspiration with respiratory symptoms (average incidence
of 1.32 per 1000 births). Details on the source of infor-
mation and number of infants can be found in Fig. 1.
The Cochran–Armitage trend test showed a significant
decrease in hospital admissions for meconium aspiration
(p < 0.001) from 2013–2017, while incidence of
meconium aspiration with respiratory symptoms was
unchanged (p= 0.68) (Table 1). Similar statistical
results were noted when OSHPD dataset was used to
compare incidence per 1000 births between 2013–15
(epoch 1) and 2017 (epoch 2). The overall incidence of
meconium aspiration decreased from 4% in epoch 1
to 3.3% in epoch 2 (p < 0.0001). However, the decline
in the incidence of patients with meconium aspiration
and respiratory symptoms was not significant (1.37 vs.
1.26%, p= 0.06).

More than 90% of neonates requiring NICU care in
California receive it at one of the CPQCC participating
institutions and this proportion did not change significantly
during the study period. From 2013–2017; 277,883 infants
(as per CCS data) were admitted to the NICU and 76,534
had a CPQCC qualifying diagnosis. Two thousand five
hundred and thirty eight of these admitted neonates had
clinical characteristics of MAS as per CPQCC definition
(790 were transferred from non-CPQCC birthing facilities).
A significant decline in the incidence of MAS as per
CPQCC criteria (p < 0.001) was noted during the study
period (Table 1).

Table 1 Incidence of meconium aspiration syndrome (MAS) in California

Category 2013 2014 2015 2016 2017 P value

Births identified in OSHPD PDD data in
Californiaa

473,653 487,853 477,095 469,761 457,162

Meconium aspiration at birth in Californiaa 1821 (3.84) 1991 (4.08) 1932 (4.05) 1603 (3.41) 1505 (3.29) <0.001

Meconium aspiration at birth with respiratory
symptoms in Californiaa

596 (1.26) 662 (1.36) 721 (1.51) 603 (1.28) 575 (1.26) 0.678

NICU admissions at birth (% of births)b 54,181 (11.4%) 56,146 (11.5%) 57,332 (12.0%) 56,257 (12.0%) 53,967 (11.8%) <0.001

NICU admissions at birth meeting CPQCC
criteria (% of all births)c

14,780 (3.1%) 15,331 (3.1%) 15,322 (3.2%) 15,532 (3.3%) 15,569 (3.4%) <0.001

MAS patients admitted to CPQCC centers
meeting CPQCC definition (inborn and outborn)*

556 (1.17) 561 (1.15) 491 (1.03) 497 (1.06) 433 (0.95) <0.001

Values are shown as n (Incidence per 1000 births)

Numbers were obtained from aPatient discharge data (PDD) compiled by California Office of Statewide Health and Planning Development
(OSHPD); bCalifornia Children Services database; cCPQCC database

Asterisk denotes infants with MAS that were not born and not referred to a CPQCC center are not included
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Incidence of MAS among infants born at CPQCC
centers

A total of 1,830,388 infants were born at CPQCC partici-
pating institutions from 2013 to 2017, of which 221,144
(12.1%) were admitted to the NICU. Among the NICU
admissions, 52,475 infants (2.9% of all births) had a
CPQCC qualifying diagnosis; 1748 (0.8% of all NICU
admissions) were diagnosed with MAS as per CPQCC
criteria. Average incidence of MAS per CPQCC criteria
among the inborn infants during the study period was 0.95
per 1000 live births. A significant decline in the incidence
of MAS as a percentage of total live births and NICU
admissions was noted during the study period (p < 0.05)
(Table 2). No significant difference was noted when MAS
incidence was compared year by year. Incidence was 1.1 vs.
1.04 (p 0.4), 1.04 vs. 0.93 (p 0.12), 0.93 vs. 0.92 (p 0.88)
and 0.92 vs. 0.78 (p 0.054) between 2013–14, 2014–15,
2015–16 and 2016–17, respectively.

Characteristics of infants with MAS born at CPQCC
centers

Among inborn infants admitted with MAS at participating
centers, maternal, and fetal characteristics were comparable
from year to year except for a significant increase in
maternal age (p= 0.01), proportion of vaginal births (p=
0.01) and signs of chorioamnionitis around delivery (p=
0.01) (Table 3). A gradual increase in gestational age and
birth weight (p < 0.0001) was also noted among infants with
MAS during the study period (Table 3). One hundred
and seventy one (9.78%) were born with gestational age <
32 weeks and 139 (7.95%) had birth weight < 1500 g.
Change in delivery room resuscitation practice was reflected
by increased use of noninvasive breathing support with
continuous positive airway pressure (CPAP) and a trend
towards less intubation in 2017 (p= 0.08, Table 3) among
infants with MAS. Umbilical cord pH was available in 27%
of infants from 2014 onwards, average (mean ± sd) values
were 6.98 ± 0.2, 7.01 ± 0.2, 7.05 ± 0.2, 7.04 ± 0.16 for 2014,
2015, 2016, and 2017 respectively, with a p value of 0.07
(Tables 3–5).

A similar proportion of infants with MAS received
respiratory support and intubated (invasive) mechanical
ventilation over time in California NICUs (Table 4). The
use of noninvasive ventilation for MAS in the NICU
increased during the study period (p < 0.001). The utiliza-
tion of enhanced respiratory support such as inhaled nitric
oxide, high frequency ventilation, extracorporeal membrane
oxygenation (ECMO), and postnatal use of steroids, did not
change among infants admitted with MAS during the study
period. The prevalence of morbidities (hypoxic-ischemic
encephalopathy and pneumothorax) remained unchanged Ta
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from year to year (Table 4). Average length of stay gra-
dually decreased during the study period (p= 0.01).

Table 5 compares the characteristics of neonates with
MAS in prerecommendation epoch 1 (2013–15) and post-
recommendation epoch 2 (2017). A significant decrease in
the incidence of MAS as per CPQCC criteria was noted
between the two groups (Table 5).

In 2017, after the release of new NRP guidelines, fewer
infants with MAS were intubated in the delivery room
(Table 5). Noninvasive respiratory support in the NICU was
used more often in epoch 2 as compared with epoch 1.
There was no significant difference in the use of intubated
ventilation, high frequency ventilation, inhaled nitric oxide,

or ECMO in 2017 compared with the previous years.
Associated conditions such as pneumothorax and moderate/
severe hypoxic-ischemic encephalopathy were similar
between the two epochs.

Discussion

The guidelines from International Consensus on Cardio-
pulmonary Resuscitation and Emergency Cardiovascular
Care Science with Treatment in October 2015 states that
“routine tracheal intubation for suctioning of meconium in
nonvigorous infants should not be considered as a standard

Table 3 Maternal, Obstetric, and resuscitation characteristics of inborn infants admitted to the NICU at CPQCC centers with MAS

Variable 2013
n-399

2014
n-383

2015
n-343

2016
n-341

2017
n-282

P value

Maternal Age—years 28.8 ± 6.4 28.9 ± 6.2 28.4 ± 6.4 29.8 ± 6.3 29.7 ± 5.9 0.013

Race/Ethnicity 0.43

- White 107 (26.9) 107 (28) 107 (31.4) 87 (25.6) 79 (28.2)

- Hispanic 186 (46.7) 185 (48.4) 171 (50.1) 170 (50) 132 (47.1)

- African American 40 (10.1) 39 (10.2) 27 (7.9) 31 (9.1) 22 (7.9)

- Others 66 (16.5) 52 (13.6) 38 (11) 53 (15.5) 49 (17.4)

Prenatal care 376 (94.2) 358 (93.7) 327 (95.3) 327 (96.5) 261 (92.5) 0.38

Hypertension during pregnancy 56 (14) 49 (12.8) 44 (12.8) 47 (13.8) 35 (12.4) 0.96

Maternal diabetes 54 (13.5) 48 (12.5) 47 (13.7) 52 (15.2) 33 (11.7) 0.74

Intrauterine growth restriction 16 (4) 11 (2.9) 20 (5.8) 14 (4.1) 9 (3.2) 0.31

Fetal distress 179 (45) 169 (44.1) 171 (50) 157 (46) 137 (48.6) 0.5

Chorioamnionitis 52 (13) 47 (12.3) 57 (16.6) 43 (12.6) 58 (20.6) 0.013

Prolonged rupture of membranes (≥18 h) 37 (9.3) 24 (6.3) 25 (7.3) 27 (7.9) 14 (5) 0.25

Vaginal delivery 130 (32.8) 152 (39.7) 122 (35.6) 154 (45.2) 119 (42.2) 0.015

- Assisted vaginal delivery 13 (3.3) 14 (3.6) 14 (4.1) 16 (4.7) 14 (5)

Cesarean section 256 (64.2) 216 (56.5) 207 (60.4) 171 (50.1) 149 (52.8) 0.015

- Prolonged labor/dystocia 53 (21) 38 (17.5) 49 (23.7) 32 (18.7) 27 (18.1) 0.52

Male, n 216 (54.1) 204 (53.3) 185 (54) 191 (56) 150 (53.2) 0.95

Gestational age (week) 37.2 ± 4.5 37.6 ± 4.2 38.3 ± 3.4 38.3 ± 3.3 38.8 ± 2.9 <0.001

<32 weeks gestation 63 (15.8) 44 (11.5) 26 (7.6) 23 (6.7) 15 (5.3) 0.24

Birth weight, g 2984 ± 999 3130 ± 928 3193 ± 853 3262 ± 834 3290 ± 728 <0.001

Birth wt < 1500 g 50 (12.5) 39 (10.2) 20 (5.8) 20 (5.8) 10 (3.5) 0.54

Apgar Score ≤ 5

- 5 min after birth 229 (57.4) 217 (56.7) 207 (60.4) 199 (58.4) 152 (53.9) 0.58

- 10 min after birth 105 (26.3) 111 (29) 103 (30) 105 (30.8) 68 (24.1) 0.30

Delivery room resuscitation

-Supplemental oxygen 339 (85) 339 (88.5) 304 (88.6) 294 (86.2) 244 (86.5) 0.51

-CPAP 190 (47.6) 201 (52.5) 184 (53.6) 185 (54.2) 168 (59.6) 0.04

-PPV 252 (63.2) 253 (66.2) 229 (66.7) 220 (64.5) 182 (64.5) 0.84

-Intubation 177 (44.4) 170 (44.4) 151 (44) 138 (40.5) 99 (35.1) 0.08

-Cardiac compressions 37 (9.3) 40 (10.4) 38 (11.1) 26 (7.6) 32 (11.35) 0.48

Values are shown as n (%) or mean ± standard deviation (in parenthesis)

CPAP continuous positive airway pressure, PPV positive pressure ventilation
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of care but may be considered a reasonable alternative to no
tracheal intubation if a meconium plug is suspected” [3].
The American Heart Association/NRP guidelines in
2015 stated that if the infant born through MSAF presents
with poor muscle tone and inadequate breathing efforts, the
initial steps of resuscitation should be completed under the
radiant warmer. Positive pressure ventilation should be
initiated if the infant is not breathing or the heart rate is
<100 bpm after initial steps are completed. Routine intu-
bation for tracheal suction in this setting is not suggested
[2]. The NRP instructor update was published in spring
2016, it suggested mandatory instruction of the new
recommendations by January 1, 2017.

The values that guided the revision of the recommen-
dation were to minimize the risks of intubation and to
decrease the time to positive pressure ventilation for the
compromised infant, given the lack of evidence to support
benefit from routine tracheal suctioning. The two recent
publications showing (1) an increase in length of hospital
stay and a trend towards increased incidence of MAS and
(2) increased respiratory admissions to NICU in non-
vigorous infants without routine tracheal suction have

questioned this decision [9–11]. The current study is the
first large geographic area-based surveillance report evalu-
ating the potential impact of these guidelines. We demon-
strate that there has not been an increase in the incidence or
severity of MAS following the release of new NRP guide-
lines in California.

Different criteria have been used to characterize the
spectrum of disease associated with meconium aspiration in
the past [13]. This variation in defining criteria can explain
the difference in the incidence when CPQCC vs. statewide
admission database was used. While CPQCC uses a strict
definition to describe MAS and patients are identified by
trained personnel, identifying patients using ICD codes can
be more heterogeneous and there would not be standard
criteria used by all clinicians throughout the state. Fur-
thermore, ICD codes include all severity levels of meco-
nium aspiration, while only moderate to severe forms of
MAS are identified with CPQCC criteria.

Other than the NRP recommendations for increased use
of CPAP in the delivery room and no routine tracheal
suction for nonvigorous infants born with MSAF, there
have been no other major changes in management of these

Table 4 Postdelivery room
respiratory support and outcome
of inborn infants admitted to the
NICU at CPQCC centers
with MAS

Variable 2013
(n-399)

2014
(n-383)

2015
(n-343)

2016
(n-341)

2017
(n-282)

p

Oxygen therapy 375 (94) 363 (94.8) 327 (95.3) 331 (97.1) 274 (97.2) 0.17

Use of any respiratory support 383 (96) 374 (97.6) 335 (97.6) 332 (97.4) 279 (98.9) 0.19

High flow nasal cannula 263 (65.9) 256 (66.8) 233 (68.1) 243 (71.5) 192 (68.1) 0.57

Noninvasive mechanical
ventilation

91 (22.8) 107 (27.9) 77 (22.5) 112 (33.2) 103 (36.5) <0.001

Use of intubated ventilation 312 (78.2) 318 (83) 271 (79) 277 (81.5) 228 (80.9) 0.46

High frequency ventilation 131 (32.8) 128 (33.7) 113 (33) 125 (36.9) 88 (31.2) 0.64

Surfactant 219 (54.9) 214 (55.9) 181 (53) 174 (51.2) 157 (55.7) 0.69

Pneumothorax 34 (8.5) 45 (11.8) 33 (9.6) 38 (11.3) 31 (11) 0.57

Inhaled nitric oxide 108 (27.1) 112 (29.3) 103 (30.1) 116 (34.2) 80 (28.4) 0.29

Ventilator days 4.6 ± 6 3.1 ± 3.1 3.4 ± 4.4 3.5 ± 4.4 4.04 ± 11.2 0.05

ECMO 4 (1) 2 (0.53) 3 (0.88) 8 (2.4) 1 (0.35) 0.08

Hypoxic-ischemic
encephalopathy

0.35

-Mild 11 (3.6) 13 (4.2) 21 (7.3) 12 (4.2) 13 (5)

-Moderate 11 (3.6) 18 (5.8) 22 (7.6) 22 (7.7) 16 (6.2)

-Severe 15 (4.9) 16 (5.1) 10 (3.5) 10 (3.5) 9 (3.5)

Postnatal steroids 95 (23.8) 82 (21.5) 93 (27.2) 86 (25.4) 66 (23.4) 0.46

Transport to a higher level
of care

164 (41.1) 168 (43.9) 159 (46.4) 155 (45.4) 104 (36.9) 0.11

Oxygen at 28 days 42 (10.5) 36 (9.3) 33 (9.6) 27 (7.9) 17 (6) 0.86

Death 21 (5.3) 33 (8.6) 15 (4.4) 18 (5.3) 15 (5.3) 0.25

Discharge home on oxygen 14 (5.6) 9 (4) 8 (4.1) 9 (4.4) 12 (6.3) 0.75

Average length of stay (days) 28.1 ± 29.5 24.1 ± 24.4 24 ± 25.7 22.8 ± 22.5 21.5 ± 27.2 0.01

Values are n (%) or mean ± standard deviation

ECMO extracorporeal membrane oxygenation
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infants since 2013. We queried a large database of nearly 2
million births and 50,000 NICU admissions and found a
small increase in NICU admissions over the study period,
but no increase in the incidence or severity of MAS. On the
contrary, both as a percentage of all births and of NICU
admissions, there was a significant decrease in NICU
admissions for MAS per CPQCC definition from 2013–15
to 2017. This difference was seen in both year by year and
pre- vs. post-epoch guideline analyses. This decline in the
incidence was also noted when a statewide hospital
admission database was used.

A gradual increase in average maternal age and propor-
tion of babies born via vaginal delivery was noted in the
studied cohort; these findings are consistent with the data
published in national vital statistics reports [14]. We noted a
decline in the incidence of MAS despite a significant
increase in average gestational age of the studied cohort.
Mean gestational age of the subjects born in 2017 was
1.5 weeks more than the ones born in 2013. These findings
are in contrast with those reported by Fischer et al. and
Cheng et al., who in their large population-based studies
amongst term neonates reported an association between
increasing gestational age and incidence of MAS [15, 16].
Contrary to the findings published by Lee et al. showing an
association between chorioamnionitis and MAS, our results
showed a decrease in the incidence of MAS despite an

increase in frequency of chorioamnionitis over the years in
the studied cohort [17]. Despite more frequent and early use
of noninvasive ventilation, a similar proportion of MAS
babies required invasive mechanical ventilation or surfac-
tant over the years. These findings are in contrast to those of
Pandita et al. who reported less invasive ventilation with
early use of CPAP [18]. It is not possible to determine from
the CPQCC database if noninvasive ventilation was used as
an initial or weaning mode of respiratory support. The
proportion of subjects requiring mechanical ventilation did
not change significantly (80%), perhaps indicating that the
incidence of severe MAS had come down over the years.

How might not performing routine tracheal suctioning
lead to a reduction in admissions with MAS? We speculate
that severe MAS and persistent pulmonary hypertension are
most likely the result of in-utero aspiration of meconium
and remodeling of small pulmonary arteries in the lung [19].
Many nonvigorous infants born with MSAF have evidence
of perinatal depression and acidosis as evidenced by low
cord/postnatal pH in our cohort. Prompt resuscitation and
ventilation of the lungs with positive pressure ventilation
without delaying for tracheal suction may potentially limit
asphyxia and hypoxic-ischemic damage to both the brain
and heart. Animal models have shown higher left atrial
pressure and pulmonary venous hypertension following
tracheal suctioning for MSAF [20]. Pulmonary venous

Table 5 Differences in the
clinical characteristics and
outcomes of inborn infants
admitted to the NICU at CPQCC
centers with MAS in epoch 1
(average per year 2013–15) vs.
epoch 2 (2017)

Variable Epoch 1a Epoch 2a P value

Total number of births at CPQCC participating institutions 365,943 360,423

Number of NICU admissions at participating institutions (CCS) 44,741 42,220 <0.001

Number of NICU admissions at participating institutions (meeting
CPQCC criteria)

10,370 10,650 <0.001

Total MAS admissions meeting CPQCC definition criteria 375 282 <0.001

MAS as percent of CPQCC admitting diagnosis among inborn* 3.62% 2.65% <0.001

Incidence of MAS per 1000 live births 1.02 0.78 <0.001

Delivery room intubations 166 (44.3) 99 (35.1) 0.005

Apgar score ≤5 at 5 min of life 218 (58) 152 (54) 0.23

Postdelivery room, any type of respiratory support 364 (97) 279 (99) 0.075

Postdelivery room, nonintubated respiratory support 92 (24.5) 103 (36.5) <0.001

Postdelivery room, any type of intubated respiratory support 300 (80) 228 (80.8) 0.77

Postdelivery room, high frequency ventilation 124 (33.1) 88 (31.2) 0.53

Use of inhaled nitric oxide 108 (28.8) 80 (28.4) 0.89

ECMO 3 (0.81) 1 (0.35) 0.69

Surfactant 205 (54.6) 157 (55.6) 0.79

Pneumothorax 37 (10) 31 (11) 0.62

Moderate/Severe hypoxic-ischemic encephalopathy 37 (10) 25 (9.7) 0.83

Death 23 (6.1) 15 (5.3) 0.71

Values are n or n (% of MAS admissions meeting CPQCC definition criteria)

ECMO extracorporeal membrane oxygenation
aEpoch 1 column represents average values per year from 2013 to 2015 while Epoch 2 column represent
values for year 2017
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hypertension and asphyxia can reduce responsiveness to
inhaled nitric oxide and increase the need for ECMO [21–
23]. During the study period, fewer infants were noted to
require ECMO; this trend in our database is consistent with
the report from the extracorporeal life support organization
registry [24]. Whether this decline is secondary to initiation
of prompt resuscitation and ventilation in 2017 compared
with previous years cannot be determined retrospectively.
In addition, tracheal suctioning among nonvigorous neo-
nates born with MSAF results in removal of more than
streaks of meconium in only 38% of neonates, limiting the
potential benefit of this procedure in the majority [25].
Increases in the use of CPAP in the delivery room and
noninvasive ventilation in the NICU occurred during the
study period. These factors, along with increase in gesta-
tional age and birth weight among infants with MAS, may
also have contributed to changes in outcome.

Our study has several limitations. In the OSHPD data-
base, to improve accuracy of the dataset only the patients
with meconium aspiration diagnosed at birth in admitting
hospitals were included, by doing so we might have missed
some babies with meconium aspiration who were either
born at home or at a birthing center. Also, by using inborn
babies as a filter in the dataset we might have missed some
meconium aspiration patients who were not correctly
diagnosed at the birth hospital.

We do not know the exact date when each center in the
CPQCC changed their delivery room management from
routine suction to no-suction for nonvigorous infants with
MSAF, or even if they have changed practice at all. Some
early adapters might have changed their practice soon after
publication of new guidelines in October 2015 and some
may have waited until January 2017. Some neonatal
resuscitation providers who trained in late 2016 using
guidelines from the 6th edition of NRP textbook may
potentially continue to provide tracheal suction to non-
vigorous infants born through MSAF through 2018. Ulti-
mately, we do not know the strategy that was employed in
individual delivery room practice for each patient other than
the variables collected by CPQCC.

We could not collect the exact total number of infants
with MAS as per CPQCC criteria in the state of California.
We included inborn and out born infants with MAS trans-
ferred to CPQCC centers to estimate the overall incidence.
As CPQCC centers account for 93% of NICUs in the state,
we feel confident that the numbers shown in Table 1 are a
close approximation of the total incidence of moderate/
severe MAS as per CPQCC definition in the state.

Another major limitation to the current study is its ret-
rospective nature and lack of information regarding the
presence of MSAF, neonatal state (vigorous vs. non-
vigorous) in the delivery room, frequency of tracheal suc-
tioning and reason for intubation in delivery room. Several

investigators are planning prospective studies to collect this
important information. The study by Chiruvolu et al.
demonstrated an increase in NICU respiratory admissions
(22 vs. 40%) but no statistically significant change in the
incidence of MAS (5 vs. 11% with and without routine
tracheal suction) among nonvigorous infants with MSAF
[10]. These results are a cause for concern and emphasize
the need for further studies evaluating the impact of changes
in NRP guidelines as outlined in a recent editorial by Dr
Wiswell [11].

What is the ideal denominator for evaluating the inci-
dence of MAS? In our study, we used all births and all
NICU admissions and documented a significant reduction in
meconium aspiration with both calculations. Chiruvolu
et al. used nonvigorous infants born with MSAF as the
denominator and reported an increase in respiratory
admissions to NICU. While the incidence of deliveries
complicated by MSAF in this study was similar between the
routine suction and no-suction epochs (12%), the incidence
of nonvigorous infants decreased from 10 to 8% possibly
secondary to stimulation by obstetric and neonatal provi-
ders. The unadjusted odds ratio for respiratory admissions
to the NICU using data provided by Chiruvolu et al.
changes from 2.28 (1.29, 4.05) if the denominator is non-
vigorous infants with MSAF [10] to 1.41 (0.87, 2.30) for all
infants with MSAF and 1.44 (0.89, 2.32) for all births. It
may be prudent to express the incidence of MAS as a
percent of all births, all NICU admissions, all infants with
MSAF, and nonvigorous infants with MAS in future
publications.

We conclude that the release of guidelines suggesting a
change in approach to nonvigorous infants born with MSAF
did not result in an increase in the incidence of MAS among
CPQCC affiliated NICUs in California. On the contrary, the
incidence of MAS decreased following the release of the
recommendation. Based on the current study design, we
could not confirm the implementation of revised guidelines
across California in 2017. Hence, there is not yet conclusive
evidence that immediate stimulation and resuscitation is
superior to routine intubation for nonvigorous infants with
MSAF, though these data do not support a return to the
previous recommendation. Further surveillance over time in
population-based studies, prospective evaluations, and large
randomized or quasi-randomized trials may help to build the
evidence for this question.
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