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Hypocarbia and cystic periventricular
leukomalacia in premature infants

Shinji Fujimoto, Hajime Togari, Nobuyuki Yamaguchi, Fumihiko Mizutani,
Shigesumi Suzuki, Hisanori Sobajima

Abstract
One hundred sixty seven survivors
among very low birthweight infants with
a gestational age of less than 35 weeks
have been studied prospectively. The
purpose of this study was to clarify the
relationship of severe prenatal and peri-
natal complications and hypocarbic
alkalosis, defined as a carbon dioxide
tension (Paco2) of less than or equal to
2-67 kPa and a pH of 7*50 or greater
during the first 24 hours of life, to cystic
periventricular leukomalacia (PVL)
depicted by serial cranial ultrasono-
graphic examinations. Complications
occurred in 16 infants, five of whom
presented with PVL, while eight of 151
infants without complications had PVL.
Twenty six of the infants had hypocarbic
alkalosis, six with evidence of PVL,
and seven of the 136 infants without
hypocarbic alkalosis had PVL. These
results suggest a significant relationship
ofcomplications and hypocarbic alkalosis
to PVL. Mechanical ventilation should be
managed carefully in premature infants
to avoid Paco2 oflower than 2-67 kPa.
(Arch Dis Child 1994; 71: F107-F1 10)
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Periventricular leukomalacia (PVL), probably
the result of watershed infarction in the
periventricular region, is recognised as an

important cause of cerebral palsy in preterm
infants.' Cystic PVL can now be routinely
diagnosed using real time ultrasound in the
neonatal intensive care unit (NICU).
However, there is little knowledge of the
relationship between clinical risk factors and
the occurrence of PVL.2 3
From the retrospective study of 32 infants

with cystic PVL, we recognised two clinically
different groups.4 One group had a history of
severe prenatal or perinatal clinical com-
plications; the other group had no such
history, but often had an associated hypo-
carbic alkalosis within the first 24 hours of
life. Therefore, we proposed the following
hypotheses before undertaking the present
study. (1) Severe complications in utero or

within 24 hours of birth are related to cystic
PVL. (2) In infants without severe prenatal
and perinatal complications, hypocarbia is
associated with the occurrence of cystic
PVL. To clarify these hypotheses, we under-
took the present multicentre prospective
study of very low birthweight infants
whose gestational age was less than 35
weeks.

Subjects and methods
STUDY POPULATION
The data presented in this report are derived
from a prospective study of 167 infants with a
birth weight of less than 1500 g and a gestational
age of less than 35 weeks at birth. The study was
carried out during the 12 month period between
March 1989 and February 1990 in nine NICUs
(Nagoya City University Medical School, Aichi
Prefectural Colony Central Hospital, Ichino-
miya City Hospital, Kainan Hospital, Nagoya
City Johoku Municipal Hospital, Seirei-Hama-
matsu Hospital, Toyohashi Municipal Hospital,
Nagoya Seirei Hospital, Nagoya Daini Red
Cross Hospital) in the Tokai district in central
Japan. During the study period, 191 very low
birthweight infants without chromosomal
anomaly and less than 35 weeks of gestational
age were admitted to these NICUs. Twenty four
infants who died within 28 days of age were
excluded from the present study, because cyst
formation on ultrasound was not identified
because of early death. One hundred sixty seven
infants were enrolled in the study.

ULTRASONOGRAPHY
Serial cranial ultrasound examinations were
performed within three days of birth, weekly
until 1 month of age, then once in two weeks
until 2 months, and at discharge. Ultrasound
machines used in these NICUs were mainly
Hewlett Packard 77020A, U-sonic model RT
3000, Toshiba Sonolayer-S, YHP Sonos 500
and Aloka SSD-1 18F with 5 0 or 7-5 Hz trans-
ducer heads. All ultrasound records were
recorded and stored on videotape or film. Two
of the authors (SF, NY) reviewed all of the
records.

Intracranial findings detected by ultrasono-
graphic scans were classified into the following
three categories. (1) 'Cystic PVL' (defined as
increased echogenicity in the periventricular
region with cyst formation). (2) Other
parenchymal lesions (areas of increased echo-
density within the cerebral parenchyma other
than the periventricular region, resolving echo-
free cavities; these include parenchymal haem-
orrhage). (3) Periventricular haemorrhage
(increased echogenicity in the region of the
germinal matrix or within the lateral ventricles
with or without ventricular distension). A pro-
longed flare5 was excluded from abnormal
ultrasonographic findings.

CLINICAL AND LABORATORY DATA
Gestational age was determined from mater-
nal dates or, when necessary, from prenatal
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ultrasound findings in the first trimester. The
results of arterial blood gases performed
during the first 24 hours of life were analysed.
'Hypocarbic alkalosis' was defined as a pH of
7 50 or higher and a carbon dioxide tension
(Paco2) of 2-67 kPa or less. 'Severe prenatal
or perinatal complications' included the
following conditions: intrauterine infections,
intrauterine death of another fetus in multiple
gestations, antepartum haemorrhage or pre-
eclampsia requiring emergency caesarean
delivery, severe perinatal asphyxia requiring
resuscitation, and state of shock during the
first 24 hours of life. Use of mechanical venti-
lation for three hours or less during the first 24
hours of life was not included in the definition
of 'mechanical ventilation'. The following
clinical events occurring within the first 28
days of life were recorded prospectively: (1)
sepsis; defined clinically, including positive
and negative blood cultures; (2) symptomatic
patent ductus arteriosus (characteristic
pansystolic murmur with the treatment by
drugs or surgery); (3) pneumothorax; (4)
necrotising enterocolitis; and (5) respiratory
distress syndrome. All infants with respiratory
distress syndrome and some with other
respiratory diseases were treated with bovine
surfactant.

STATISTICAL ANALYSIS
Mean values were . compared using the
Wilcoxon and Mann-Whitney tests. When
comparing differences in proportions, Fisher's
exact test or the x2 test with Yates's correction

Table 1 Clinicalfeatures and ultrasonographicfindings of infants with and without
prenatal or perinatal complications

Complication

Yes (n= 16) No (n=151) p Value

Boys/girls 8/8 75/76 >0 05
Birth weight (g)* 1117 (304) 1138 (253) >0 05
Gestational age (weeks)* 29-4 (2 2) 29-1 (2 7) >0 05
Apgar score (1 min)* 2-7 (2 4) 5 9 (2 4) <0-0001
Mechanically ventilated 16 108 0 03
Outborn/inbom 7/9 87/64 >0 05
Cystic PVL (%/) 5 (31) 8 (5) 0-001
Parenchymal lesions (/) 2 (12) 8 (5) >0 05
Periventricular haemorrhage (%) 7 (44) 25 (17) 0-02

*Mean (SD).

Table 2 Clinicalfeatures and ultrasonographicfindings of infants with and without
hypocarbic alkalosis*

No hypocarbic alkalosis

Hypocarbic Mechanically
alkalosis All ventdated only
(n=26) (n= 136) (n=98)

Boys/girls 10/16 71/65 53/45
Birth weight (g)t 1043 (272) 1146 (253) 1080 (251)
Gestational age (weeks)t 28-2 (1-8) 29-2 (2 7)t 28-2 (2 2)
Apgar score (1 min)t 5-2 (2-9) 5-6 (2 6) 4-8 (2-4)
Mechanically ventilated 26 98S 98
Respiratory distress syndrome 6 44 44
Sepsis 1 11 9
O,utbon/inborn 15/11 77/59 56/42
No ofblood samples t 4-7 (2-2) 4-4 (2-5) 5-3 (2 3)
Small for gestational age 4 24 9
Cystic PVL 6 7§ 6t
Parenchymal lesions 2 8 8
Periventricular haemorrhage 5 27 23

*Five patients, who did not have blood gas analysis because of their good condition, were
excluded from this analysis. tMean (SD). tp<0-05, §p<0-01.

was used as appropriate. A value of p<O05
was considered significant.

Results
Thirteen infants had cystic PVL identified on
ultrasound. Twelve of them were diagnosed
between 10 and 26 days of age (mean 18 days).
Another infant, who had no ultrasound exami-
nation between 3 and 7 weeks, was diagnosed
at 56 days of age. In addition, 10 infants had
other parenchymal lesions and 32 had peri-
ventricular haemorrhage.

EFFECT OF PRENATAL AND PERINATAL
COMPLICATIONS
Sixteen infants (9-6%) in this study had
prenatal or perinatal complications (complica-
tion group); the other 151 did not (non-
complication group). The complication group
had the following problems: six infants with
perinatal asphyxia requiring resuscitation, five
emergency caesarean deliveries due to
antepartum haemorrhage or pre-eclampsia,
three intrauterine death of another fetus in
multiple gestations, one congenital rubella
syndrome, and one infant with shock due to
intra-abdominal haemorrhage at 15 hours of
life. Table 1 presents a comparison in the two
groups of the clinical manifestations and the
frequency of cystic PVL, other parenchymal
lesions, and periventricular haemorrhage.
The complication group demonstrated a
significantly higher incidence of cystic PVL
(31% v 5%, p=O0OOl) and periventricular
haemorrhage (44% v 17%, p=002) than the
non-complication group. With the exception
ofthe Apgar score at 1 minute (p< 0001) and
use of mechanical ventilation (p=0 03), there
were no significant differences in clinical
manifestations between the two groups.

EFFECT OF HYPOCARBIC ALKALOSIS
Five patients, who did not have blood gas
analysis because of their good condition, were
excluded from this analysis. In the remaining
162 infants, 26 (16-0%) had hypocarbic
alkalosis during the first 24 hours of life
(hypocarbic group) and 136 did not (non-
hypocarbic group). Table 2 presents a
comparison of clinical manifestations and the
frequency of cystic PVL, periventricular
haemorrhage, and other parenchymal lesions
in the two groups. The hypocarbic group had a
significantly higher incidence of cystic PVL
(23% v 5%, p=0.007) than the non-
hypocarbic group. There were significant
differences between the two groups for gesta-
tional age (p<0.05) and the use of mechanical
ventilation (p<0 01). Further comparison of
the hypocarbic group to the non-hypocarbic
group with mechanical ventilation (n=98)
showed no differences among clinical manifes-
tations, except for the incidence of cystic PVL
(23% v 6%, p=003).
The clinical features and laboratory data of

infants with cystic PVL and those without
cystic PVL in the hypocarbic group are
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Table 3 Characteristics of the infants with hypocarbic alkalosis with and without cystic
PVL (there were no significant differences between the two groups)

Cystic PVL

Yes (n=6) No (n=20)

Boys/girls 3/3 7/13
Birthweight (g)* 1111 (214) 1022 (289)
Gestational age (weeks)* 28-1 (1-1) 28-3 (2 0)
Apgar score (1 min)* 5-3 (3 9) 5-2 (2 8)
Respiratory distress syndrome 2 4
Sepsis 0 1
Symptomatic patent ductus arteriosus 1 5
Pneumothorax 0 0
Necrotising enterocolitis 0 0
Outbon/inborn 4/2 11/9
Maximum total bilirubin (Lmol/l)* 10-1 (1-7) 9-3 (3 2)
No ofblood samples* 4-8 (2 5) 4-7 (2-1)
Pao2 (kPa)*
Maximum 39-2 (13-3) 36-8 (17-3)
Minimum 8-66 (4 40) 10-4 (7 86)

Paco2 (kPa)*
Maximum 5-57 (2-17) 4-19 (1-07)
Minimum 2-33 (0 37) 2-35 (0-24)

*Mean (SD). Pao2=oxygen tension.

shown in table 3. There were no significant
differences between the two groups. No infant
with cystic PVL had both prenatal or perinatal
complication and hypocarbic alkalosis.

Discussion
The most critical pathogenetic factor in PVL is
ischaemia to the periventricular region, which
is the arterial border zone or end zone in the
preterm infant.6 Although little work has been
done in establishing the risk factors associated
with PVL, most studies have demonstrated
that the causative insults in the development of
PVL occurred in the perinatal or the early post-
natal period. Antepartum haemorrhage, birth
asphyxia, hypercarbia, sepsis, necrotising ente-
rocolitis, and surgery are known as the major
risk factors for PVL.2 3 7 8 On the other hand,
Volpe states that infants with PVL may be
divided into two groups: one group with a

history of neonatal clinical complications, the
other group more often with none.9 The
former showed the foregoing risk factors, while
it is not clear what factors are at work in the
latter group. From our retrospective study, we
assumed hypocarbia to be an important risk
factor for cystic PVL in the latter group.
The present study showed a significant

relationship between severe prenatal or peri-
natal complications and the occurrence of
cystic PVL. Although these results were similar
to previous reports,3 such complications
accounted for less than half of the infants with
cystic PVL. Infants with such complications
may well develop severe hypotension and
decreased cerebral blood flow early in life.
Because the methods of recording blood
pressure are not necessarily uniform in the par-

ticipating institutes, we were unable to define
the criteria for hypotension in the present
study.
Twenty six of the infants without such

complications had hypocarbic alkalosis, six with
evidence of cystic PVL, while seven of the 136
infants without hypocarbic alkalosis had cystic
PVL. There was a strong correlation between
hypocarbia and the occurrence of cystic PVL
(p=0007). Some studies have described
hypocarbia as a risk factor of PVL or cerebral

palsy. Calvert et al demonstrated that infants
with cystic PVL had lower mean Paco2 values
and longer periods of low Paco2 through their
retrospective study.'0 Greisen et al suggested a
relationship between severe hypocarbia (Paco2
<2-00 kPa) during the first days of life and later
brain damage, although the numbers were
small." 12 Ikonen et al revealed that the dura-
tion of moderate hypocarbia (Paco2 <4O00
kPa) during the first three days was significantly
related to PVL. 13 Our report is the first prospec-
tive study that reveals an association between
cystic PVL and severe hypocarbia.
The partial pressures of arterial carbon

dioxide have been well known to have an
important influence on the regulation of
cerebral blood flow. Hypocarbia results in
vascoconstriction and decrease of cerebral
blood flow. Most studies in animals suggest
that cerebral blood flow-carbon dioxide sensi-
tivity in the neonate is less than in the adult.'4
In preterm infants, Leahy et al suggested that
carbon dioxide is an important regulator of
cerebral blood flow and that cerebral blood
flow-carbon dioxide sensitivity may be higher
than that of the adult.'4 Hansen et al demon-
strated that cerebral blood flow in the newborn
piglet, comparable with a human infant of
36-38 weeks' gestation, did not decrease
significantly from baseline values until extreme
degrees ofhypocarbia (Paco2 <2O00 kPa) were
achieved.'5 In very premature human
newborns such as the infants under study, it
remains unknown to what degree hypocarbia
significantly decreases cerebral blood flow.
Our results suggested that a Paco2 of less than
2-67 kPa may lead to cystic changes in the
periventricular region.
As to the cause of hypocarbia, the possibility

that an initial insult could result in hyperventi-
lation may be excluded, as no infant without
use of mechanical ventilation had hypocarbic
alkalosis. It is suggested that excessive settings
of the mechanical ventilator lead to hypocarbia
in these infants. Overexpansion of the lung
due to excessive ventilator setting may also
contribute to the development of brain
ischaemia possibly via decreased venous return
and subsequent decreased cardiac output.
Two infants with PVL demonstrated neither

prenatal or perinatal complications nor
hypocarbic alkalosis during the first 24 hours
of life. One infant fell into a shock followed by
pneumothorax at 48 hours. Another infant did
not need mechanical ventilation early in life
and had no known risk factors for PVL.
Our study excluded cases of neonatal death

because cyst formations on ultrasound were
not identified due to early death (median age
of death 3 days of age). In fact, none of the 24
infants who died in the neonatal period had
cystic PVL. We also excluded 'prolonged flare'
as a cranial ultrasound finding because there is
no consistent relationship to prognosis' and its
definition was not consistent among the
hospitals in this multicentre study.

It may be difficult to avoid prenatal or
perinatal complications such as antepar-
tum haemorrhage and occasional perinatal
asphyxia. We recommend that mechanical
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ventilation in premature infants should be
managed carefully to avoid a Paco2 lower than
about 2-67 kPa.
We thank the nursing and medical staff of the nine hospitals
participating in this study for their generous assistance and
cooperation. We thank Professor Yoshiro Wada for his
invaluable advice. Gratitude is also expressed to Dr Yasuhiro
Hasegawa for his advice on the statistical analysis.
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