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Preliminary Report: Changes in Vital Signs of Term
Newborns during MR

M. Kathleen Philbin, Katherine H. Taber, and L. Anne Hayman

PURPOSE: To investigate the effect of the MR environment on vital signs of term neonates.
METHODS: We retrospectively analyzed physiological monitoring data obtained from seven term
infants (20 to 22 days old) undergoing a clinically indicated MR examination. They were monitored
for heart rate, blood pressure, and oxygen saturation while sedated and physically quiet. Six control
infants were monitored while sedated and resting in the magnet. RESULTS: All of the test infants
exhibited substantial changes in blood pressure, heart rate, and/or oxygen saturation during the MR
examination. No such changes were observed in the control infants. CONCLUSION: These pre-
liminary results suggest that undergoing an MR examination may alter the vital signs of term
newborn infants.

Index terms: Infants, newborn; Magnetic resonance, in infants and children
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Magnetic resonance (MR) imaging has shown
great promise as an aid in the evaluation of
neonatal brain damage (1–6). However, it is
well established that both term and preterm
newborns can exhibit autonomic instability in
response to sensory stimulation (7–9) as mild
as those encountered during an MR scan. This
retrospective study is a preliminary evaluation
of the effect of the MR environment on vital
signs of term neonates.

Materials and Methods
The heart rate, noninvasive blood pressure, and oxygen

saturation were monitored (Patient Monitoring System
3100, Invivo Research, Inc; Orlando, Fla) in seven term
newborns undergoing MR examination. The infants were 2
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to 22 days old at the time of the examination and were
sedated with chloral hydrate (50 mg/kg). Standard clinical
MR examinations of the brain, spine, or hip were done on
a 1.5-T scanner. In addition, monitoring data were ob-
tained in six control infants while they were sedated and
resting in the magnet before undergoing MR imaging. All
infants were swaddled and stabilized with foam padding
around the head and ears. Ear plugs were not used. Details
of the individual MR examinations are given in the Table.
All procedures conformed to the Food and Drug Adminis-
tration’s guidelines relating to specific absorption rates.
Continuous strips of monitoring tape (25 mm/s) were col-
lected throughout the examination. Blood pressure and
oxygen saturation rates were taken directly from the tape.
The printed heart rate frequently did not reflect the vari-
ability observed in the analog recordings, probably as a
result of the averaging algorithm used within the monitor.
To obtain an accurate heart rate for each 1-minute inter-
val, the individual R wave formations were counted for the
first and fourth 10-second segments of each minute of
tape. These heart rates were averaged to obtain a value for
the entire minute. Some segments of data were lost when
the roll of paper monitoring tape was exhausted and a new
roll was installed. For comparison, all vital signs charted in
the days preceding and following the MR examination were
obtained to establish the normal range for each infant.

Results

All seven infants had alterations in one or
more of their vital signs during the MR exami-
nation (Fig 1A and B). These changes, which
33
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Clinical and MR imaging acquisition parameters in seven term neonates

Infant Age, d Diagnosis
Type

of Sedation
Contrast
Material

Body Area
Imaged

Coil
Pulse Sequences: Repetition

Time/Echo Time

Field
of

View,
cm

Section
Thickness,

mm

1 4 Normal brain Chloral
hydrate

None Head Adult head T1:SE:500/11–20
SD:FSE:3500/18
T2:FSE:4000/85

20 3
4
5

2 2 Chiari
anomaly

Chloral
hydrate

None Head Adult head T1:SE:500–600/12–19
SD:FSE:4500/18

18 4
5

3 5 Dandy-
Walker
variant

Chloral
hydrate

None Head Adult head T1:SE:500–700/11–19
SD:FSE:2300/18
T2:FSE:7000/90

20 4
4
4

4 4 Parenchymal
hemorrhage

Natural
sleep

Gadopentelate
dimeglumine

Head Adult head T1:SE:500/11–19
SD:FSE:2300/14
T2:FSE:6300/84
T2:GE:650/14 (30˚ flip
angle)

20 5
5
5

5 22 Osteomyelitis,
femur

Chloral
hydrate

None Hips Adult head T1:SE:500/12–14
SD:none
T2:FSE:2000–3000/96–98

18

20

3

3
6 4 Large thecal

sac
Chloral
hydrate

None Lumbar
spine

5-in surface
coil

T1:SE:500–600/11–19
SD:none
T2:FSE:4500/84

20

16

3

4
7 2 Normal

spine
Chloral
hydrate

None Lumbar
spine

5-in surface
coil

T1:SE:500/11–1
SD:none
T2:none

16
16
20

3
3
4

Note.—T1 indicates T1-weighted; SD, spin density; T2, T2-weighted; SE, spin echo; FSE, fast spin echo; and GE, gradient echo.
included episodes of abruptly elevated heart
rate, long periods of low blood pressure, and
episodes of bradycardia, occurred in term in-
fants who had normal (n 5 3) and abnormal (n
5 4) brains. The changes cannot be attributed
to motor activity or crying, since all the infants
had MR images that were motion free. Fluctua-
tions in vital signs during the days surrounding
the MR examination were compared with those
during the MR examination (Fig 1). It would be
expected that the range from the chart data
would be greater than that during MR examina-
tion, because the former values were obtained
during a wide variety of behavioral states; how-
ever, considerably more variability was found
during the MR examination, even though the
infants were sedated and sleeping. Thus, as
compared with either their own normal range or
with the normal range reported in the literature
(10–13), these infants exhibited unusually large
fluctuations in their vital signs during the MR
examination.
As a control, vital signs were monitored in six

newborns (three with normal brains and three
with abnormal brains) who were sedated and
resting in the magnet before undergoing MR
examination. The mean and range of values
obtained were compared with the mean and
range of corresponding values obtained from
the chart for the preceding days (minimum of 2
days) (Fig 1C). As we said, it would be ex-
pected that the mean and range of the chart
data would be greater than those obtained dur-
ing sedation in the MR scanner; and, indeed, in
no infant in the control group did the mean or
range of a vital sign recorded during resting in
the magnet ever exceed that from the chart. In
the majority of cases (4 of 6), the mean heart
rate in the magnet (before MR examination) was
10 to 12 beats per minute lower (although still
within the normal range), most probably as a
result of sedation. Thus, exposure to transport,
sedation, and static magnetic field were not suf-
ficient to cause vital signs outside their own
normal range in these infants.

Discussion

This retrospective study indicates that rapid
changes in vital signs may occur during MR
examination of newborns that cannot be attrib-
uted to transport, sedation, or exposure to the
static magnetic field. While such changes are
not likely to pose a danger to healthy term new-
borns, they might to the more fragile preterm
infant. The current standard of care for preterm
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Fig 1. Vital signs obtained from chart records and monitoring
strips for three representative infants are shown as a function of
time from birth. The time scale during MR imaging is expanded
relative to the days preceding and following the MR examination.
The interval during which the patient was sedated and in the
magnet is indicated by the shaded area on each graph. The range
for vital signs obtained from the charted values is indicated by the
solid horizontal lines. Two of the infants (A, infant 2 from the
Table and B, infant 5 from the Table) underwent an MR examina-
infants requires minimization of sensory stimu-
lation that could cause abrupt changes in vital
signs (14–18). This standard is followed be-
cause the cardiovascular physiology of the pre-
term and full-term newborn is immature com-
pared with that of older infants or adults. In the
newborn, immature contractility of the myocar-
dium limits the range of stroke volume of the
ventricles (19, 20). As a consequence, heart
rate exerts far more control over systemic blood
flow/pressure in the neonate than does stroke
volume (19, 20). In addition, immature autoreg-
ulation of the cerebral vasculature leaves the
newborn brain subject to disruptions in perfu-
sion (21). Lacking consistent regulation within
the vessels, the cerebral blood pressure tends to
be pressure-passive to the systemic blood pres-
sure (15, 22, 23). As a consequence, heart rate
is an important influence on cerebral blood
flow/pressure in the neonate. Currently, the lit-
erature suggests that repeated, large fluctua-
tions in cerebral blood pressure, along with pe-
riods of low blood flow and other conditions
resulting in damage to the cerebral vasculature,
can induce or worsen an intracranial hemor-
rhage (15, 16, 19, 22). If this is so, it would be
difficult to document each of the particular
events contributing to a hemorrhage, including
changes in vital signs during MR imaging. In-
deed, none of the infants in the present study is
known to have suffered any deleterious effects
from the examinations.
These findings also indicate that oxygen sat-

uration may be a poor indicator of autonomic
stability, since this measure remained stable in
some of the infants when the heart rate (and,
therefore, systemic blood flow/pressure) fluctu-
ated dramatically. The most likely source of this
insensitivity is the algorithm used in the moni-
toring equipment. It is designed to not register
rapidly fluctuating extremes in heart rate, thus
making it easier for the viewer to interpret the

tion. One infant (C) was exposed only to the stress of transport,
sedation, and the static magnetic field.

Although the infants shown in A and B were sedated and quiet
while in the magnet, the majority of the time their heart rates were
above the range recorded in the charts. Abrupt changes in heart
rate were also seen (examples indicated bywhite lines). The three
white lines in B draw attention to three such changes (155 to 91,
162 to 114, and 178 to 114 beats per minute, respectively).
Similar changes are seen in A. The vital signs for the infant who
was sedated and resting in the magnet (C) stayed within the range
of normal established by the charted values, and abrupt changes
were not seen.
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data. The authors recommend that nursing per-
sonnel should monitor the heart rate directly
from chest leads to ensure accurate measure-
ments. Future prospective studies are planned
to determine which, if any, aspects of the MR
examination are responsible for the vital sign
alterations observed.
These findings are offered so that clinicians

and parents anticipating MR examinations of
fragile newborns may be able to weigh potential
risks of the procedure against its numerous ben-
efits.
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