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Hydrocephalus is the abnormal enlargement of cerebral
ventricles that results from impaired cerebrospinal fluid
secretion, circulation, or resorption. Accumulation of cere-
brospinal fluid in the intracranial space can cause an increase
of the intracranial pressure, affecting central nervous system
morphology and function.1,2

Heart rate (HR) and heart rate variability (HRV) reflect
alterations of the central cardiovascular control. Recently,

evaluation of the short-term HRV by time domain analysis
and spectral analysis using fast Fourier transformation has
successfully been used to estimate cardiac autonomic regula-
tion in newborns. Spectral frequency analysis yields informa-
tion about the amount of variance (power) in the HR rhythm
characterized by periodic oscillations of RR intervals (beat to
beat) at various frequencies, which are regulated by a different
manner through the autonomic nervous system. Spectral
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Abstract Objective To define changes of heart rate variability in premature infant with
hydrocephalus before and after drainage procedure.
Study Design The authors report a case of a premature infant with hydrocephalus with
analysis of heart rate variability before and after drainage procedure. Three subsequent
recordings of the electrocardiography and heart rate variability were done: the first at
the age of 22 days before insertion of ventriculoperitoneal shunt, the second at the age
of 36 days with functional shunt, the third at the age of 71 days (before discharge).
Results Before drainage operation, there was reduced heart rate variability in time and
spectral domains, and sympathetic activity was dominant. After surgery, an increase in
heart rate variability parameters was found, particularly with spectral analysis. The ratio
of low-frequency/high-frequency band and relative power of the low-frequency band
decreased, reflecting enhanced parasympathetic activity.
Conclusion Results of the heart rate variability analysis in a preterm infant with
hydrocephalus before and after drainage procedure showed marked improvement in
chronotropic cardiac regulation. Evaluation of heart rate variability in premature infants
with hydrocephalus with increased intracranial pressure can be an additional method for
monitoring of cardiac dysregulation and improvement of the cardiovascular control
after successful drainage procedure.
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power in the low-frequency band (LF; 0.04 to 0.15 Hz) is
determined by both sympathetic and parasympathetic activi-
ty; power spectrum at 0.1 Hz reflects mainly baroreflex
activity. Spectral power in the high-frequency band (HF;
0.15 to 0.5 Hz) is dominantly influenced by parasympathetic
vagal activity (respiratory sinus arrhythmia). Parameters of the
timedomain analysis SDRR (standard deviation of RR interval),
SDRR% (SDRR in percentage), and MSSD (mean squared suc-
cessive differences between RR intervals in milliseconds
squared) reflect mainly the magnitude of RR interval
oscillations.3,4

We hypothesize that HRV can be reduced in preterm
infants with hydrocephalus, increased intracranial pressure,
altered cerebral circulation, and decreased intracranial pres-
sure by cerebrospinal fluid drainage, which can improve the
central cardiovascular control. Therefore, the purpose of this
work was to find and describe differences in HRV parameters
in a preterm infant with hydrocephalus before and after the
drainage procedure.

Materials and Methods

The premature female infant (birth weight 1480 g, length 38
cm) was born at gestational week 28 by means of cesarean
sectionwith Apgar scores of 3 and 6 points at 1 and 5minutes.
The pregnancy was complicated by preterm rupture of mem-
branes and chorioamnionitis. After birth, resuscitation with
prophylactic administration of surfactant was needed, and
conventional mechanical ventilation was continued for the
first 4 days. Early onset sepsis was confirmed by positive
blood culture (Escherichia coli), and antibiotic treatment
(ampicillin, gentamicin, and cefotaxime) was begun. Ultra-
sound examination of the brain at the age of 2 hours revealed
germinal matrix hemorrhage. Repeated examinations during
the first week did not show progression of hemorrhage. The
infant was hemodynamically stable with respiratory support
via nasal continuous positive airway pressure. At the age of
20 days, Doppler ultrasound examination of the brain con-
firmed the presence of four-ventricular hydrocephalus with
impaired cerebral blood flow. The end-diastolic blood flow
velocity (EDV) in the pericallosal artery was absent, and
during the compression test on the anterior fontanelle,
negative values were recorded, reflecting the reversed cere-
bral blood flow. Because of the presence of clinical signs of
intracranial hypertension (full anterior fontanelle, diastasis of
sagittal and lambdoid suture, increased head circumference
[33 cm]), ultrasound and computed tomography findings of
hydrocephalus, and alteration of cerebral circulation con-
firmed by Doppler ultrasound, a drainage operation was
indicated. There was presented progression in the full anteri-
or fontanelle, but no rapid neurological deterioration of the
infant. Apnea and bradycardia were not detected after sur-
gery. Prior to surgery, at the age of 20 days, ventricular
puncture was performed to evaluate the cerebrospinal fluid
and to choose the optimal type of drainage procedure. Direct
measurement of intracranial pressure during the ventricular
puncture confirmed intracranial hypertension (17 cm of
H2O). The cerebrospinal fluid was clear, with normal protein

content, and the ventriculoperitoneal (V) shunt was inserted
at the age of 22 days. During the drainage procedure, per-
formed under general anesthesia, the infant was hemody-
namically stable (mean arterial pressure [MAP] was 28 to
32 mm Hg), blood oxygen levels were normal, body temper-
aturewas 36 to 37°C, and the following anesthetic drugs were
used: sevoflurane, sufentanil, midazolam. Preoperative intra-
cranial pressure was 15 cm H2O. After surgery, there were no
signs of intracranial hypertension (normal finding on the
anterior fontanelle, postoperatively initially slightly de-
creased [32.5 cm] and subsequently stable head circumfer-
ence), and ultrasound confirmed decrease in size of the
cerebral ventricles and improvement of the cerebral circula-
tion (increased EDV, decreased resistive index of the peri-
callosal artery). The following course was uneventful. The
infant was discharged at the age of 71 days. The parameters of
ultrasound examination before and after drainage operation
and at discharge from the hospital are shown in ►Table 1.

Three subsequent recordings of the electrocardiography
(ECG) and HRVwere done: the first at the age of 22 days before
the insertion of VP shunt; the second at the age of 36 days with
functional VP shunt; the third at the age of 71 days, before
discharge.MAPwasmeasured at the timeof ECG recording, and
values were normal: 35 to 38 mm Hg (at the age of 22 days
before the insertion of VP shunt), 40 to 42 mmHg (at the age of
36 days with functional VP shunt), and 45 to 50 mm Hg (at the
age of 71 days before discharge). The VarCor PF 6 Neonatal
system (DIMEA, Olomouc, Czech Republic) was used for contin-
uous recordings of ECG and RR intervals at sampling frequency
of 1000 Hz, using a bipolar thoracic ECG leads. For HRVanalysis,
a minimum of 4000 beats for each recording (30minutes) were
used. Data were filtered automatically by the elimination of
artifacts using a recognition algorithm; they were also scanned
visually and filtered manually. RR intervals were processed by
the special software for spectral (fast Fourier transform) and
time domain analysis of HRV. Wolfberg et al found that the
correlation between the computer algorithm’s assessment of
HRV and the perinatologists’ assessment was similar to the
interrater reliability betweenperinatologists.5Our results of the
HRV spectral and time-domain analysis in a premature infant
with hydrocephalus are shown in the ►Table 1 and ►Fig. 1.

Discussion

The accumulation of cerebrospinal fluidwith dilatation of the
cerebral ventricles in progressive neonatal hydrocephalus
results in increased intracranial pressure with alteration of
cerebral circulation and brain functions.6 When the cerebral
blood flow, including the brain stem, is reduced, the compen-
satory cardiovascular response (Cushing reflex) mediated
through the autonomic nervous system is started—bradycar-
dia, arterial hypertension, and redistribution of blood flow.
Therefore, we hypothesized that in the infant with increased
intracranial pressure and altered cerebral circulation, the
HRV reflecting chronotropic cardiac regulation could be
reduced, and a decrease in the intracranial pressure by
drainage procedure could improve the chronotropic cardiac
regulation and parameters of HRV.
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There are few studies about the alteration of HRV in
relation to intracranial pressure changes in preterm infants.
In a physiological study, Javorka et al found that the appli-
cation of pressure on the anterior fontanelle evokes a
significant decrease in the HR and inhibition of breathing,
similar to the application of pressure on eye bulbs (oculo-
cardiac reflex) in premature newborns.7 In adult patients,
Van Ravenswaaij-Arts et al found a transient reduction in
the HRV in cerebral edema.3 Robles et al showed autonomic
nervous system dysfunction in 63% of newborns with
hydrocephalus based upon reduced HRV. However, they
did not study the effect of the cerebrospinal fluid drainage
procedure.8

In our patient, the cranial ultrasound examination before
surgery showed signs of progressive hydrocephalus with
dilatation of cerebral ventricles, decreased end-diastolic
blood flowvelocity, and increased pericallosal artery resistive
index, reflecting impaired cerebral blood flow. Regarding
HRV, there were low values of HRV in time as well as spectral
domains. Sympathetic activity was dominant (ratio LF/HF and
relative power LF, HF) accompanied by tachycardia.

After the drainage operation, with a functional VP shunt,
ultrasound examination showed decreased cerebral ven-
tricles and improved cerebral circulation. There was a signifi-
cant increase in HRV parameters, particularly in the
parameters of spectral analysis (total power and spectral
powers in both LF and HF bands). Dominant sympathetic
activity persisted, as seen in ratio LF/HF and relative power LF
parameters, which were augmented.

The evaluation of HRV before discharge from the hospital
showeddecreasedmeanHR (prolongation ofmeanRR interval)
and a great rise in HRV parameters in time (SDRR, SDRR%), as
well as spectral domain. Ratio LF/HF and relative power LF
decreased at the expense of relative power HF, reflecting
enhanced parasympathetic activity.

Results of HRV analyses in a preterm infant with hydro-
cephalus before and after a drainage procedure demonstrated
marked improvement in the chronotropic cardiac regulation
after successful drainage. However, the findings have some
limitations. We cannot compare the absolute data of the HRV
parameters because there is a lack of relevant HRV reference
values for preterm infants. The increase in all HRV spectral

Table 1 Parameters of HRV and Ultrasound Examinations in the Premature Infant with Hydrocephalus

Before Drainage With Functional Ventriculoperitoneal Shunt At Discharge

Ultrasound examination

PSV (cm/s) 31 33.3 36.4

EDV (cm/s) 0 8.4 8.9

RI 1.00 0.79 0.75

PI 1.93 1.33 1.38

VI (mm) 32 22 18

d right (mm) 13 4 2.7

d left (mm) 13 4 3

d III (mm) 7 3 3

Heart rate variability

Heart rate (beats per min) 191 173 147

RR interval (s) 0.314 0.346 0.409

SDRR (%) 0.014 0.02 0.041

SDRR (%) 4.43 5.81 10.04

MSSD(ms2) 82.3 13.6 112

Total power (ms2) 7.38 50.7 252

Power LF (ms2) 6.1 45.8 191.3

Power HF (ms2) 1.25 4.9 61

Ratio HF/LF 5.13 9.42 3.16

PSD LF (ms2/Hz) 134 1168 4293

PSD HF (ms2/Hz) 18 71 1154

Relative power LF (%) 83 90.4 75.8

Relative power HF (%) 17 9.6 24.2

d, width of the right and left lateral ventricle; d III, width of the third ventricle; EDV, end-diastolic flow velocity; HRV, heart rate variability; ICP,
intracranial hypertension; MSSD, mean squared successive differences between RR intervals; PSD, power spectral density; PSV, peak systolic flow
velocity; RI, resistive index; SDRR, standard deviation of the RR interval; SDRR %, standard deviations of the RR interval; VI, ventricular index (distance
between the frontal horns of lateral ventricles in the coronal view).
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power can be interpreted as the effect of successful drainage
procedure with the decrease in intracranial pressure and the
maturation of autonomic nervous system regulatory mech-
anisms. Age-dependent maturation of the regulation may be
reflected mainly in enhanced parasympathetic cardiac regu-
lation before discharging to home. Several studies confirmed
that the maturation of the autonomic nervous system in
preterm infants is accompanied by increasing HRV with a
pronounced increase of parasympathetic activity.9,10

In conclusion, evaluation of HRV in a premature infants
with hydrocephalus can be an additional method for moni-
toring cardiac dysregulation and improvement of the cardio-
vascular control after successful drainage procedure. Further
studies in this field are required.
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Figure 1 Three-dimensional running spectra (X-frequency in Hertz, Y-PSD, Z-time) examinations in the premature infant with hydrocephalus
before the drainage procedure (A), with functional ventriculoperitoneal shunt (B), and before discharge from the hospital (C). PSD, power spectral
densities in low- and high-frequency bands (ms2/Hz); T, time.
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