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Today, more infants weighing less than or equal to 300 g are born, and they survive
because of the improvements in neonatal care and treatment. However, their detailed
clinical course and neonatal intensive care unit management remain unknown due to
their low survival rate and dearth of reports. A male infant was born at 24 weeks and
5 days of gestation and weighed 258 g. The infant received 72 days of invasive and
92 days of noninvasive respiratory support, including high-frequency oscillatory
ventilation with volume guarantee and noninvasive neurally adjusted ventilatory assist.
Meconium-related ileus was safely treated using diatrizoate. Although the infant was
diagnosed with severe bronchopulmonary dysplasia and retinopathy of prematurity
requiring laser photocoagulation, he had no other severe complications. He was
discharged 201 days postdelivery (3 months of corrected age) with a weight of
3.396 kg. Although managing infants weighing less than or equal to 300 g is difﬁcult,
our experience shows that it is possible by combining traditional and modern
management methods. The management of such infants requires an understanding
of the expected difﬁculties and adaptation of existing methods to their management.
The management techniques described here should help improve their survival and
long-term prognosis.
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Respiratory and Gastrointestinal Management of an Infant Weighing 258 g
Today, more infants weighing less than or equal to 500 g are
being managed,1 and although a lower birth weight is associated with a higher neonatal mortality rate,2 the survival rate
among these low-birth-weight infants has improved.3 Thus,
more infants weighing less than or equal to 300 g can survive at
discharge or longer. Nevertheless, their survival rate is still very
low. Previous regional and national cohort studies have shown
that the survival rates of infants weighing less than or equal to
500 g in neonatal intensive care units (NICUs) range from 12
to 55%.3–7 However, for infants weighing less than or equal to
300 g, the survival rate is much lower at 4 to 18%.3,5 Even in
recent years, greater than 50% of infants weighing less than or
equal to 400 g did not receive active treatment at birth.8 As a
result, only 42 infants weighing less than 300 g have been
registered in the database of the University of Iowa, which is
the international database for infants weighing less than
400 g.9 Additionally, the development of infants weighing
less than or equal to 300 g has only been mentioned in two
articles. Two of the three infants weighing less than or equal to
300 g included in a Japanese cohort study between 2003 and
2012 were diagnosed with neurodevelopmental impairment
at the age of 3 years.10 Besides, a report of two cases described
that one of the two infants was diagnosed with neurodevelopmental impairment at the age of 2 years.11 Due to the low
survival rate of these infants, limited data are available on
infants weighing less than or equal to 300 g, especially about
their clinical courses. Moreover, data on their clinical management at neonatal resuscitation or in the NICU to ensure
survival remain limited. Thus, even if clinicians are aware of
an effective management technique for infants weighing
greater than 300 g, they may hesitate in terms of adapting it
for infants weighing less than or equal to 300 g because of the
lack of available evidence or experience.
In this case report, we describe our experience in managing
a very small male infant with a birth weight of 258 g, who is
still alive and healthy at 2 years of corrected age. Particular
emphasis is placed on the respiratory and gastrointestinal
management in the NICU. We have also described the routine
management of very preterm and/or extremely low-birthweight infants in our NICU and have discussed how we adapted
these management techniques to ensure survival of this infant.
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120 g. Pathological analysis of the placenta revealed only
ischemic changes and no signs of chorioamnionitis.

Neonatal Resuscitation
At our hospital, neonatal resuscitation for very preterm infants
is always conducted in closed incubators to prevent hypothermia and avoid stress on the infants. The incubator was preheated
to 39°C, and the humidity was maintained at 95%. Bag-mask
ventilation was immediately started with Infant Silicone Mask
0/0 (Laerdal Medical AS, Stavanger, Norway) after the infant
arrived at the incubator. Simultaneously, he was covered with a
plastic wrap after wiping off the amniotic ﬂuid. After a few failed
attempts by several skilled neonatologists, he was successfully
orally intubated with a 2.0-mm endotracheal tube using a
size-00 laryngoscope blade and a stylet at 16 minutes of life.
The Apgar score was 2, 4, and 6 at 1, 5, and 10 minutes,
respectively. SpO2 was approximately 90% even after the oxygen
concentration was raised from 30 to 100%, and air entry was
poor even after intubation. Therefore, 45 mg (100 mg/kg calculated by the estimated prenatal weight) of surfactant was
administered in three divided doses according to his position
at 30 minutes in the resuscitation room. When he was transferred to the NICU at 53 minutes, his vital signs were as follows:
temperature, 35.6°C; heart rate, 160 bpm; and SpO2, 95% in 80%
of oxygen. At admission, his body weight was 258 g (–4.95
standard deviation score [SDS]). To avoid unnecessary irritation,
other physical measurements were taken 8 days after delivery;
his length was 22.0 cm (–3.75 SDS), and his head circumference
was 18.3 cm (–2.57 SDS). He was diagnosed as being small for
gestational age (SGA), and his appearance at 1 day of age is
shown in ►Fig. 1.

Case Presentation
Pregnancy
A very preterm male infant was born to a G4P3 Japanese
mother. Her blood pressure before pregnancy was mildly
elevated, and it was exacerbated after pregnancy. In addition,
fetal growth restriction was recognized. She was referred and
admitted to our hospital. A nonreassuring fetal status was
determined, and hence, the decision was made to deliver the
infant via emergency cesarean section at 24 weeks and 5 days of
gestation. Antenatal corticosteroids had already been administered 1 and 2 days before the delivery. Active treatment of the
infant was decided based on the gestational age and the fetal
condition. The infant’s parents were kept fully informed
prenatally, and their consent was obtained. The umbilical
arterial pH was 7.335, and the weight of the placenta was
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Fig. 1 The appearance of the infant at 1 day of age. He was lying on the
decompression mat and his skin was already maturing. He was intubated
with a 2.0-mm endotracheal tube. A 27-gauge double-lumen peripherally
inserted central catheter was placed through the left vena basilica near the
axilla. A 5-Fr umbilical venous catheter was also placed. A 4-Fr orogastric
tube and urethral catheter were placed. The abdomen was distended and
purple due to meconium-related ileus.
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Fig. 2 The summary of the clinical course in the neonatal intensive care unit. The upper graph shows the amount of feeding (mL/kg/d), nutrition
administration methods, and gastrointestinal events. The lower graph shows the types of ventilatory support and the size of the ETT (BM,
mother’s breast milk; ETT, endotracheal tube; F-BM, fortiﬁed breast milk; HFNC, high-ﬂow nasal cannula; HFOV, high-frequency oscillatory
ventilation; MCT, medium-chain triglyceride; NAVA, neurally adjusted ventilatory assist; NIV-NAVA, noninvasive ventilation neurally adjusted
ventilatory assist; PMA, postmenstrual age; ROP, retinopathy of prematurity; SIMV, synchronized intermittent mandatory ventilation).

Management in the NICU
The detailed course of respiratory management is shown
in ►Fig. 2. Immediately after admission, respiratory management with synchronized intermittent mandatory ventilation
(SIMV) was initiated, with a peak inspiratory pressure (PIP)/
positive end-expiratory pressure of 22/5 cm H2O, respiratory
rate of 30 bpm, inspiratory time of 0.6 seconds, and ﬂowtrigger sensitivity of 0.2 L/min. The ﬁrst venous blood gas
analysis revealed a pH of 7.212, pCO2 of 57.6 mm Hg, and
HCO3– of 22.3 mEq/L. However, the oxygen demand increased
and respiratory status deteriorated a few hours later. Therefore, SIMV was changed to high-frequency oscillatory ventilation (HFOV), which successfully improved the respiratory
condition. The initial mean airway pressure was 11 cm H2O,
and it was maintained at 8 cm H2O after the acute phase. Four
days after delivery, as his respiratory condition stabilized,
respiratory management using HFOV with volume guarantee
(HFOV-VG) was started with a high-frequency tidal volume
(VThf) of 0.7 mL (2.7 mL/kg). The VThf was adjusted based on
blood gas analysis, and hence, it varied from 0.7 to 1.0 mL.
HFOV-VG was continued until 50 days of life. All HFOV
management was conducted using Babylog VN500 (Dräger,
Lübeck, Germany).
His respiratory condition worsened again 2 weeks after
delivery. The transpyloric tube feeding was started to
prevent silent aspiration. In addition, the endotracheal
tube was changed from 2.0 to 2.5 mm at 30 weeks postmenstrual age (PMA) and a weight of 472 g. Two courses of
hydrocortisone were also administered to improve the
respiratory status. The oxygen demand slowly decreased,
and he was extubated at 35 weeks PMA and a weight of 864 g.
In our hospital, extremely preterm infants are usually extubated at 30 weeks PMA or a weight of 1 kg based on the
general condition; however, this infant was too small at
30 weeks PMA. Before extubation, HFOV was replaced by
SIMV and then neurally adjusted ventilatory assist (NAVA)
according to our routine. After extubation, noninvasive NAVA

(NIV-NAVA) was required to avoid reintubation. The initial
NAVA level was 1.8 cm H2O/µV. Because of the high electrical
activity of the diaphragm (Edi) of 15 to 25 µV and poor weight
gain, the NAVA level was raised from 1.5 to 1.8 cm H2O/µV.
A few trials of NIV-NAVA withdrawal were conducted, but
these failed because of the exacerbation of oxygen demand,
respiratory effort, or mild pulmonary hypertension. After
2 months, the NIV-NAVA support was replaced with a highﬂow nasal cannula at 43 weeks PMA. The use of the high-ﬂow
nasal cannula was ﬁnally discontinued at 48 weeks PMA
(164 days), and no more respiratory support, including
oxygen supply, was required. Echocardiography performed
at discharge did not show any sign of pulmonary hypertension or ductus arteriosus. He received a diagnosis of severe
bronchopulmonary dysplasia (BPD) at 36 weeks PMA, as
deﬁned by the National Institute of Child Health and Human
Development.12 However, no respiratory support was
required at discharge.
The very thin and fragile umbilical vessels of the infant
made insertion of the umbilical catheter at admission difﬁcult. Only one 3.5-Fr catheter could be ﬁnally inserted, which
was initially thought to be an arterial line but proved to be a
venous line a few days later. Thereafter, we peripherally
inserted a central catheter during normal saline bolus infusion from the umbilical catheter. The vena basilica near the
axilla was punctured with a 24-gauge indwelling needle, and
a 27-gauge double-lumen peripherally inserted central
catheter was placed. Because the infant had hypotension,
dopamine, dobutamine, and a total of 3 mg/kg of intravenous
hydrocortisone were administered in the ﬁrst 48 hours of
life. The target pressure was set at 24 mm Hg of mean blood
pressure because the target pressure is usually deﬁned as the
same value as the infant’s gestational week. Additionally,
echocardiography revealed hypovolemia and pulmonary
hypertension, which were reasons for treating the hypotension. Nitric oxide was also administered to deal with mild
pulmonary hypertension until 36 hours of life. The systemic
American Journal of Perinatology Reports
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hypotension and pulmonary hypertension improved within
the ﬁrst 8 hours. The total ﬂuid volume in the ﬁrst 24 hours
was 167 mL/kg/d. The ductus arteriosus closed at 12 hours of
life without any treatment. Otherwise, indomethacin would be
administered prophylactically after the pulmonary hypertension improved or therapeutically when patent ductus arteriosus was proved to be symptomatic by echocardiography.
The detailed nutritional course is also shown in ►Fig. 2.
Parenteral nutrition was initiated at 0 days and continued until
18 days. Enteral nutrition was initiated at 2 days with his
mother’s breast milk at 0.5 mL three times a day through a 4-Fr
orogastric tube. Administration of probiotics was also initiated
the same day and continued until 1 month of age. The amount
of enteral nutrition was gradually increased, but abdominal
distention due to meconium-related ileus (MRI) worsened
despite frequent glycerin enema. At 10 days, Gastrograﬁn
(diatrizoate meglumine and diatrizoate sodium; Bayer
Yakuhin, Osaka, Japan) was administered rectally for therapeutic purposes while acquiring several abdominal radiographs in the NICU. A total of 8 mL of fourfold diluted
diatrizoate (i.e., from 59.73 to 14.93 w/v%) was used. As
diatrizoate did not reach the ileocecum, an additional 1 mL
of four times diluted diatrizoate was administered later
through the gastric tube. The MRI ﬁndings showed improvement after adequate defecation was achieved, and the amount
of enteral nutrition was increased again. However, as his
respiratory condition worsened, orogastric tube feeding was
replaced with transpyloric tube feeding between 18 and
84 days. Fortiﬁed breast milk feeding was initiated at
21 days after the amount of enteral feeding reached
100 mL/kg/d and was continued until 5 months of life.
Medium-chain triglyceride oil was also administered between
3 and 5 months of life to ensure weight gain. As a result, the
calories were maintained at approximately 150 kcal/kg/d with
fortiﬁcation only or approximately 175 kcal/kg/d with fortiﬁcation and medium-chain triglyceride oil. Oral feeding was
started at 4 months of life (44 weeks PMA) after NIV-NAVA was
replaced with a high-ﬂow nasal cannula. However, fatigue
prevented him from continuing to suckle. He still required
tube feeding at discharge (53 weeks PMA). Almost all enteral
nutrition was provided by his mother’s breast milk.
Nursing care in the ﬁrst 72 hours was provided based on
minimal handling. Tracheal suctioning was conducted only
when required. The infant’s position was kept supine, with
the head raised to prevent intraventricular hemorrhage. As
this infant was diagnosed with SGA, glycerin enema and air
release via the anal route were initiated within 48 hours. A
decompression mat and skin protector were used to avoid
skin trouble (►Fig. 1). At ﬁrst, the environment inside the
incubator was as hot and humid as in the resuscitation room.
Then, the temperature and humidity were gradually lowered, while considering the body temperature, skin maturity,
diuretic status, and electrolytes.
No abnormalities, including intraventricular hemorrhage
or periventricular leukomalacia, were observed on magnetic
resonance imaging performed at 49 weeks PMA. His hearing
was also normal, as determined using the auditory steadystate response at 2 years of corrected age. No obvious
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infection was detected. He required laser photocoagulation
for his retinopathy of prematurity, but the posttreatment
course was good and no additional treatment was required.
He was discharged at 201 days (6 months of life or 3 months
of corrected age) and continued tube feeding at home. His
physical measurements at discharge were as follows: weight,
3.396 kg (–3.8 SDS); length, 47.0 cm (–6.5 SDS); and head
circumference, 33.5 cm (SDS at corrected age).

Discussion
The clinical course of infants weighing less than or equal to
300 g remains unclear because of their low survival rate. Only
four case reports showed the detailed clinical course of infants
weighing less than or equal to 300 g in the NICU.13–16 In the
present case, we encountered several difﬁculties rarely
observed in the management of infants weighing greater
than 500 g. However, we could overcome these difﬁculties
with minimal sequelae by applying relatively well-known
methods for managing extremely low-birth-weight infants.
The employed methods highlight the special considerations
and solutions required in the management of infants weighing
less than or equal to 300 g. In this discussion, we consider the
respiratory and gastrointestinal management techniques
employed in this case from a clinical perspective because of
the many associated difﬁculties.
First, intubation of infants weighing less than or equal to
300 g is very difﬁcult. In this case, successful intubation took
9 minutes from the ﬁrst attempt and required efforts from
several skilled neonatologists. This experience highlights the
importance of being well prepared before resuscitation and
preparing the laryngoscope with the smallest blade (size-00
if available), a 2.0-mm endotracheal tube, and stylet. We
must also check beforehand if the stylet can be inserted into
the 2.0-mm endotracheal tube because stylet insertion is
sometimes impossible. Conﬁrmation of successful intubation is also difﬁcult. Even with an end-tidal CO2 detector, it
can be difﬁcult to immediately determine successful intubation because of the small tidal volume. Therefore, the observation period should be sufﬁcient, and a comprehensive
judgment should be made using an end-tidal CO2 detector
and other physical or vital signs to determine successful
intubation.
The next difﬁculty we faced was with synchronizing
breathing. In this case, it was initially impossible to synchronize breathing with the infant’s respiration even with the
lowest ﬂow- or pressure-trigger sensitivity. This was possible because of his small tidal volume, which caused labored
breathing and increased oxygen demand. As his blood pressure was too low to administer sedative drugs, SIMV was
changed to HFOV, which worked well. Nevertheless, it should
be noted that the respirator may not be able to detect the
small tidal volume of such infants. HFOV can be an alternative
solution for such infants weighing less than or equal to 300 g,
and it facilitated the long-term management in this case.
HFOV has been demonstrated to not only reduce lung injury
in an animal model17 but also improve the long-term lung
function of preterm infants in a clinical setting compared with
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conventional ventilation.18,19 In addition, HFOV-VG is becoming established as a new respiratory management technique
for very preterm infants, and it has the potential to improve
their respiratory prognosis further. During the HFOV-VG
mode of Babylog VN500, the pressure amplitude is automatically adjusted to achieve the set VThf. Compared with HFOV
without volume guarantee, HFOV-VG can achieve a more
stable VThf, blood CO2 level, and CO2 diffusion coefﬁcient.20,21
These beneﬁts are important for infants weighing less than or
equal to 300 g who require delicate management. HFOV-VG
may also have the potential to reduce lung injury, which may
reduce the incidence of BPD or improve the long-term respiratory prognosis. In our NICU, the HFOV-VG mode delivered
using Babylog VN500 is often used for the acute and chronic
respiratory management of very preterm infants. Presently, a
recommended VThf to achieve normocapnia is not available.
Hence, the initial setting of VThf should be 1.6 to 1.9 mL/kg, as
recommended in previous reports,22,23 or should be determined using the value of VThf shortly before the change to
HFOV-VG and adjusted according to the results of blood gas
analysis. In this case, the infant was managed with HFOV-VG
between 4 and 50 days. Blood samples were collected every 1
to 3 days, and the VThf was adjusted appropriately. A higher
blood CO2 level of 45 to 60 mm Hg is permitted in our
management strategy to reduce lung injury. Although further
studies on respiratory prognosis are required, HFOV-VG is a
promising option for the respiratory management of infants
weighing less than or equal to 300 g in both the acute and
chronic phases.
NAVA is a new mode of respiratory support and is a
mechanical ventilatory method for preterm infants. NAVA
assists the patients’ respiration based on their Edi signals
sensed through a special catheter. Thus, not only the timings
of breath initiation but also the PIP and inspiratory times are
determined based on the infant’s breathing. NAVA usually
implies invasive respiratory management, but its noninvasive use is also possible by using nasal masks or prongs via a
technique called NIV-NAVA. In our NICU, NIV-NAVA is the
ﬁrst choice for noninvasive respiratory support after
extubation, especially for very preterm and/or extremely
low-birth-weight infants. Compared with nasal continuous
positive airway pressure, NIV-NAVA is more useful for successful extubation, especially in infants with more severe
respiratory conditions.24–26 In addition, noninvasive ventilation can help avoid ventilator-associated pneumonia and
airway and lung trauma, which are the drawbacks of invasive
ventilator management. Although NAVA and NIV-NAVA have
been used in smaller infants, this is one of the smallest
infants to date whose respiration was supported over a long
period by using NIV-NAVA. In this case, NIV-NAVA could
support his lungs with severe BPD and mild pulmonary
hypertension for 2 months without the need for intubation,
which would risk further exacerbation of his BPD. NIV-NAVA
is useful for ensuring successful extubation and long-term
ventilatory support after extubation in infants with a birth
weight of less than or equal to 300 g. Nevertheless, further
research is warranted on NIV-NAVA, especially on its effects
on long-term respiratory prognosis.
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The nutritional and gastrointestinal management in this
case was also interesting. Since most infants weighing less
than or equal to 500 g receive a diagnosis of SGA,3 they have a
high risk of developing MRI, an obstruction of the meconium
in the intestine caused by a difﬁculty in meconium excretion.
The most effective treatment for MRI currently available is
diatrizoate administered rectally or orally if required.27–30
Perforation, hypothermia, hypovolemia, and electrolyte loss
are the complications of diatrizoate enema to be aware of.31
In this case, we followed our usual approach for infants
suspected of having MRI: (1) administer a minimum amount
of breast milk and increase the dose carefully; (2) increase
the concentration and frequency of enemas; (3) apply continuous intragastric suction using an 8-Fr Salem Sump tube
(Covidien Japan, Tokyo, Japan) to decompress the upper
digestive tract; (4) administer diatrizoate rectally (or orally
in addition if the former is ineffective) when digestive tract
perforation is suspected; and (5) perform surgical treatment
if required. Diatrizoate (originally 59.73 w/v%) is usually
diluted three to ﬁve times with normal saline and administered by pediatric surgeons in small doses rectally under
radiographic guidance. If the infant’s clinical condition is
stable, the infant is transferred out of the NICU and ﬂuoroscopy is used during diatrizoate administration. If the infant’s
condition is not stable, abdominal radiography is performed
repeatedly in the NICU during drug administration.
The dosage of diatrizoate is determined based on the radiographic ﬁndings. Radiographs are also acquired after diatrizoate administration to assess treatment effectiveness. As in
this case, several doses of diatrizoate or additional oral
administrations are sometimes required. Prophylactic
administration of diatrizoate has been reported to be effective against MRI32; however, it may increase the risk of
aspiration pneumonia. Currently, no clear recommendations
are available regarding when and how to administer diatrizoate in such cases.
In terms of preventing BPD, transpyloric tube feeding can
be a viable option. Studies have hypothesized that preterm
infants suffer from aspiration to a greater or lesser degree
depending on gastroesophageal reﬂux, which is also related
to the onset and progression of BPD.33 As transpyloric tube
feeding is effective in reducing the symptoms of gastroesophageal reﬂux,34,35 it may also be effective in preventing
BPD caused by microaspiration. However, its effectiveness
and safety in preterm infants remain unclear.36 In our unit,
transpyloric tube feeding is initiated when a preterm infant
shows any clinical sign of aspiration, for example, bradycardia and/or hypoxia during feeding or suspicion of breast milk
in the tracheal aspirate. We use a 5-Fr and 80-cm Kangaroo
New Enteral Feeding Tube (Covidien Japan, Tokyo, Japan) as the
transpyloric tube for preterm infants. It is inserted blindly by
neonatologists, and then radiography is performed to detect
whether its tip is beyond the pylorus. The insertion and
management can be performed safely by skilled neonatologists and nurses. In this case, a 4-Fr normal feeding tube was
used as the transpyloric tube instead until the infant had
gained sufﬁcient physique because a 5-Fr tube seemed too
thick and dangerous to be inserted and placed in this tiny
American Journal of Perinatology Reports
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infant. Transpyloric tube feeding can be an alternative feeding
method even for infants weighing less than or equal to 300 g
and could prevent microaspiration and, perhaps, even BPD.
Promoting growth in preterm infants, especially in the
NICU, is important for their long-term neurodevelopmental
and growth prognosis.37–40 The most common nutritional
method used to enhance growth in the NICU is a cow milk–
based fortiﬁer.41 One of the alternatives is the addition of
medium-chain triglyceride oil,42,43 which is used in our NICU
at a dose of 1 to 3 g/kg/d for infants with poor weight gain. In
this case, since the infant’s mother provided enough breast
milk, a cow milk–based fortiﬁer was used as in normal
preterm infant management. However, the growth rate
was still insufﬁcient after extubation; no weight gain was
observed in the ﬁrst week. Therefore, the NAVA level was
increased to reduce energy consumption, and medium-chain
triglyceride oil was added to the enteral nutrition. Consequently, the growth rate improved, and the SDS of his weight
at discharge improved from that at birth.
The limitation of this report is that it is a single case
report. The management techniques applied in this case may
not apply to other infants weighing less than or equal to
300 g. It may be possible to standardize the management of
infants weighing less than or equal to 300 g if more cases are
reported in the future. Nevertheless, it is important to
recognize in advance that clinical problems such as those
observed in this case may also be observed in other similar
cases. In addition, although infants weighing less than or
equal to 300 g require very delicate management, the clinical
problems can be overcome by applying conventional treatments commonly used at each institution. We conclude that
one of the main reasons this male infant with a birth weight
of 258 g could survive is that we successfully dealt with many
clinical difﬁculties using both traditional and modern management methods commonly used in our NICU. The strength
of this article is that it is one of only a few reports of infants
with a birth weight less than or equal to 300 g. At the same
time, this is one of the more complete descriptions of the
respiratory and gastrointestinal clinical courses and management of these infants in the NICU. Nevertheless, further
reports on the clinical courses and management of similar
infants will be invaluable.
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