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The role of blood pressure
variability indicators combined
with cerebral blood flow
parameters in predicting
intraventricular hemorrhage
in very low birth weight
preterm infants
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and Zhenxing Xu1*
1Department of Neonatology, Affiliated Hospital of Yangzhou University, Yangzhou, China, 2Department
of Neonatology, Affiliated Children’s Hospital of Soochow University, Suzhou, China, 3Department of
Clinical Laboratory, Affiliated Hospital of Jiangsu University, Zhenjiang, China

Background: Hemodynamic instability is the main factor responsible for the
development of intraventricular hemorrhage (IVH) in premature newborns.
Herein, we evaluated the predictive ability of blood pressure variability (BPV) and
anterior cerebral artery (ACA) blood flow parameters in IVH in premature infants
with gestational age (GA)≤32 weeks and birth weight (BW)≤ 1,500 g.
Methods: Preterm infants with GA ≤32 weeks and BW≤ 1,500 g admitted to the
neonatal intensive care unit (NICU) of the hospital affiliated to Yangzhou
University from January 2020 to January 2023 were selected as the research
subjects. All preterm infants were admitted within 1 h after birth, and systolic
blood pressure (SBP), diastolic blood pressure (DBP), and mean arterial blood
pressure (MABP) were monitored at 1-h intervals. The difference between
maximum and minimum values (max-min), standard deviation (SD), coefficient
of variation (CV), and successive variation (SV) were used as BPV indicators. On
the 1st, 3rd, and 7th day after birth, transcranial ultrasound examination was
performed to screen for the occurrence of IVH. On the 24 ± 1 h after birth,
systolic velocity (Vs), diastolic velocity (Vd), and resistance index (RI) of the ACA
were measured simultaneously. Preterm infants were divided into the IVH group
and non-IVH group based on the results of transcranial ultrasound examination,
and the correlation between BPV indicators, ACA blood flow parameters, and
development of IVH was analyzed.
Results: A total of 92 premature infants were enrolled, including 49 in the IVH
group and 43 in the non-IVH group. There was no statistically significant
difference in baseline characteristics such as BW, GA, sex, and perinatal medical
history between the two groups of preterm infants (P > 0.05). The SBP SD (OR:
1.480, 95%CI: 1.020–2.147) and ACA-RI (OR: 3.027, 95%CI: 2.769–3.591) were
independent risk factors for IVH in premature newborns. The sensitivity and
specificity of combined detection of SBP SD and ACA-RI in predicting IVH were
61.2% and 79.1%, respectively.
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Conclusion: High BPV and ACA-RI are related to IVH in premature infants with GA ≤32 w
and BW ≤1,500 g. Combined detection of SBP SD and ACA-RI has a certain predictive
effect on early identification of IVH.

KEYWORDS

preterm infant, intraventricular hemorrhage, blood pressure, blood pressure variability, ACA

resistance index, transcranial Doppler
1. Introduction

Intraventricular hemorrhage (IVH) is a common form of brain

injury in premature infants, leading frequently to adverse

neurodevelopmental outcomes or death (1–3). In developing

countries, the survival rate of very low-birth weight (VLBW) infants

has been continuously improving in recent years, while the incidence

of IVH has not decreased (4). Studies have shown that 20%–25% of

VLBW preterm infants develop IVH, while the incidence of IVH in

extremely low-birth weight (ELBW) infants is as high as 45% (1, 4).

IVH can not only cause acute death in preterm infants but also leave

varying degrees of neurological sequelae (5, 6).

Currently, it is believed that IVH is the result of multiple

harmful factors acting together on the basis of immaturity,

among which unstable cerebral blood flow is one of the

important factors (2). The immaturity of cerebral vascular

autoregulation function in preterm infants, as well as the passive

cerebral blood flow caused by high or low peripheral blood

pressure (BP) is related to the onset of IVH in premature infants

(7, 8). Therefore, maintaining cerebral hemodynamic stability is

particularly important for the clinical management of IVH.

Currently, there is no consensus on normal BP in preterm

infants (9, 10), and there are still controversies in evaluating

cerebral blood flow stability using the optimal range of blood

pressure alone (11–14). Blood pressure variability (BPV) refers to

the degree to which BP fluctuates over a period of time. BPV can

better reflect the hemodynamic state of the body than BP (15).

In recent years, research has found that BPV is closely related to

brain damage caused by fluctuations in adult cerebral blood flow

(16). Therefore, we speculate that BPV analysis and monitoring

of cerebral blood flow parameters can provide new references for

early prediction of IVH in premature infants.
2. Materials and methods

2.1. Patient selection

Premature infants with gestational age (GA)≤32 weeks and birth

weight (BW)≤1,500 g enrolled at the NICU of the hospital affiliated to

YangzhouUniversity from January 2020 to January 2023 were selected

as the research subjects. All infants were admitted to the NICU within

1 h after birth, and were included in either the IVH group or the non-

IVH group according to the results of transcranial ultrasound imaging.

Infants were excluded if they suffered from congenital brain

developmental abnormalities and central nervous system infections.

This study meets the requirements of medical ethics and has been
02
reviewed by the hospital’s medical ethics committee (approval

number: 2022-YKL3-06-005).
2.2. General data

Demographic and clinical information were collected for all

enrolled infants, including GA, BW, sex, perinatal medical

history, mode of ventilatory support, antenatal steroids use,

pulmonary surfactant (PS) administration, patent ductus

arteriosus (PDA), and incidence of early-onset sepsis, and so on.
2.3. Imaging

All the infants underwent transcranial ultrasound on the 1st,

3rd, and 7th day after birth, and the Papile’s method was used to

grade the diagnosis of IVH (17). Transcranial ultrasound was

done using the 3–11 MHz, C11-3S probe, GE Vivid iq ultrasonic

diagnostic apparatus, and examinations were carried out and

classified by two senior neonatologists with at least 5-year

experience in neonatal transcranial ultrasound.

On the 24 ± 1 h after birth, the transcranial Doppler

simultaneously measured the peak systolic velocity (Vs) and

maximum end-diastolic blood flow velocity (Vd) of ACA by

placing the transducer in the mid-sagittal plane via the anterior

fontanelle and using the pulsed wave doppler. The ACA

resistance index (ACA-RI) was calculated using the following

formula: ACA-RI = Vs - Vd/Vs.
2.4. Blood pressure data collection

All included infants underwent electrocardiogram monitoring by

the GE Dash 3,000 multi-parameter monitor system immediately

after admission, and 24-h ambulatory blood pressure monitoring

was conducted every 1 h in the first three days of life. The

monitoring indicators included systolic blood pressure (SBP),

diastolic blood pressure (DBP), and mean arterial blood pressure

(MABP). Blood pressure was measured using an oscillometric device

with a cuff, and the width of the cuff to the arm circumference ratio

closest to 0.50. We used the right upper arm to measure the blood

pressure and the measurements were done during sleep or in a quiet

awake state. In case of the newborn was not calm or crying during

measurement, the remeasurements were done in a settled state. The

value of BP was the average of at least 3 readings.

The difference between the maximum and minimum values of

blood pressure (max-min), standard deviation (SD), coefficient of
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variation (CV), and successive variation (SV) were used as

indicators of blood pressure variability (18, 19).
2.5. Statistical analysis

All statistical analyses were performed using SPSS software

(version 26.0, IBM Corporation, Armonk, NY, USA). For

continuous variables, Student’s t-test was used for parametric

testing and Mann–Whitney U-test was used for nonparametric

testing. For categorical variables, the chi-square test was used.

Univariate analyses were performed to identify possible risk

factors that might be associated with IVH individually.

Multicollinearity was tested among all factors identified to be

possibly associated with IVH (p < 0.05). In the multivariate

analysis, variables with collinearity (SBP CV and DBP CV) were

excluded, and the remaining variables were further entered into

the logistic regression model to determine independent predictors

of IVH. The performance of factors identified as significantly

related to IVH development from the regression analysis were

assessed by receiver operator characteristic curve analysis and

estimation of the corresponding AUC.
3. Results

3.1. Demographic and clinical data

A total of 102 infants were admitted during the research

window, 92 of whom met the inclusion criteria and completed
FIGURE 1

Study flow chart.
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the study (Figure 1). For the enrolled infants, the mean GA was

28.95 ± 2.33 weeks, and mean BW was 1,202.49 ± 251.51 g. A

total of 41 infants were diagnosed with mild IVH, 8 infants with

severe IVH, and 43 infants had no IVH in first seven days after

birth (Tables 1, 2).
3.2. Blood pressure variability and IVH

The DBP and MABP of infants in the IVH groups were

significantly lower than those in the non-IVH group (26.67 ±

5.38 mmHg vs. 28.86 ± 4.71, p = 0.042; 34.71 ± 5.75 vs. 37.09 ±

4.52 mmHg, p = 0.032), respectively, and the max-min, SD,

and CV of SBP were significantly higher (24.86 ± 6.92 vs.

21.67 ± 7.32, p = 0.035); (6.22 ± 1.68 vs. 5.42 ± 1.59, p = 0.022);

(11.39 ± 3.59% vs. 9.98 ± 3.05, p = 0.045), respectively. The

max-min, SD, and CV of DBP were also significantly

increased in the IVH group compared to the non-IVH group

(26.43 ± 5.46 vs. 21.74 ± 7.76, p = 0.001); (6.70 ± 1.31 vs. 5.61 ±

1.76, p = 0.001); (26.06 ± 7.15% vs. 20.22 ± 8.28, p < 0.001),

respectively (Table 3).
3.3. ACA blood flow parameters and IVH

Concerning imaging-based hemodynamic parameters, the

ACA-Vd velocity was significantly lower (4.48 ± 2.58 vs. 5.76 ±

2.22 cm/s, p = 0.013) and the ACA-RI was significantly higher

(0.79 ± 0.12 vs. 0.70 ± 0.11, p < 0.001) in the IVH group than the

non-IVH group (Table 4).
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TABLE 1 Comparison of baseline data of preterm infants with and without IVH.

Characteristics Non-IVH
(n = 43)

IVH
(n = 49)

t/χ2 P-value

Gestational age (weeks) 29.4 ± 2.1 28.6 ± 2.4 1.663 0.100

Birth weight (g) 1,252.1 ± 230.7 1,158.9 ± 263.1 1.794 0.076

Intrauterine growth retardation, n (%) 6 (14.0) 3 (6.1) 0.828 0.363

Gender (male), n (%) 22 (51.2) 26 (53.1) 0.033 0.856

Vaginal delivery, n (%) 20 (46.5) 27 (55.1) 0.676 0.411

Multiple birth, n (%) 3 (7.0) 6 (12.2) 0.247 0.619

Gestational diabetes mellitus 5 (11.6) 3 (6.1) 0.318 0.573

Gestational hypertension 8 (18.6) 5 (10.2) 0.730 0.393

Preeclampsia 3 (7.0) 2 (4.1) 0.023 0.881

Apgar at 5′≤7 5 (11.6) 13 (26.5) 3.232 0.072

Endotracheal tube in resuscitation 2 (4.7) 8 (16.3) 2.130 0.144

Invasive ventilation, n (%) 3 (7.0) 9 (18.4) 2.620 0.106

Antenatal corticosteroids, n (%) 29 (67.4) 26 (53.1) 1.970 0.160

Premature rupture of membrane, n (%) 12 (28.0) 16 (32.7) 0.244 0.622

Patent ductus arteriosus, n (%) 21 (48.8) 33 (67.3) 3.236 0.072

Surfactant therapy, n (%) 18 (41.9) 26 (53.1) 1.151 0.283

Early-onset sepsis, n (%) 6 (14.0) 11 (22.4) 1.097 0.295

Periventricular leukomalacia, n (%) 4 (9.3) 14 (28.6) 5.403 0.020

Inotropic drugs 3 (7.0) 10 (20.4) 3.405 0.065

NCIS 95.5 ± 9.4 93.8 ± 7.1 0.67 0.520

Mortality, n (%) 2 (4.7) 5 (10.2) 0.370 0.543

IVH, intraventricular hemorrhage. MAP, mean airway pressure. NCIS, neonatal critical illness score.

TABLE 2 Number of premature infants for the day of IVH diagnosis.

IVH Grade Day of IVH diagnosis Total

D1 D3 D7
Grade I–II 25 (−5) 18 (−2) 5 41

Onset Progression Onset Progression

Grade III–IV 0 1 5 0 2 8

Total 49

−5, −2 is the number of premature infants with IVH progression from Grade I–II.

TABLE 3 Comparison of blood pressure variability parameters of preterm
infants with and without IVH.

Non-IVH
(n = 43)

IVH
(n = 49)

t P-value

SBP (mmHg) 56.35 ± 4.68 55.78 ± 6.01 0.505 0.615

DBP (mmHg) 28.86 ± 4.71 26.67 ± 5.38 2.061 0.042

MABP (mmHg) 37.09 ± 4.52 34.71 ± 5.75 2.185 0.032

SBP max-min 21.67 ± 7.32 24.86 ± 6.92 2.142 0.035

SD 5.42 ± 1.59 6.22 ± 1.68 2.335 0.022

CV (%) 9.98 ± 3.05 11.39 ± 3.59 2.015 0.045

SV 8.17 ± 1.25 8.34 ± 1.37 0.609 0.544

DBP max-min 21.74 ± 7.76 26.43 ± 5.46 3.306 0.001

SD 5.61 ± 1.76 6.70 ± 1.31 3.310 0.001

CV (%) 20.22 ± 8.28 26.06 ± 7.15 3.626 <0.001

SV 7.49 ± 1.17 7.71 ± 1.47 0.810 0.420

SBP, systolic blood pressure; DBP, diastolic blood pressure; MABP, mean arterial

blood pressure; max, maximum; min, minimum; SD, standard deviation; CV,

coefficient of variation; SV, successive variation; IVH, intraventricular hemorrhage.

TABLE 4 Blood flow parameters of ACA in preterm infants with and
without IVH.

Non-IVH
(n = 43)

IVH
(n = 49)

t P-value

ACA Vs (cm/s) 20.36 ± 4.10 20.17 ± 3.68 0.226 0.822

ACA Vd (cm/s) 5.76 ± 2.22 4.48 ± 2.58 2.538 0.013

ACA RI 0.70 ± 0.11 0.79 ± 0.12 3.624 <0.001

ACA, anterior cerebral artery; Vs, systolic velocity; Vd, diastolic velocity; RI,

resistance index; IVH, intraventricular hemorrhage.
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3.4. Relationship between BPV and ACA-RI

The SBPmax-min, SBP SD, SBP CV, and DBPmax-min of

infants in the IVH group were positively correlated with ACA-

RI (p < 0.05), while the BPV indicators of SBP and DBP in the

non IVH group were not correlated with ACA-RI (p > 0.05)

(Figure 2).
3.5. Logistic regression analysis of risk
factors for IVH

In multiple regression analysis, SBP SD and ACA-RI were the

most significant independent factors associated with IVH, with an

OR (95% CI) of 1.480 (1.020–2.147) and 3.027 (2.769–3.591),

respectively (Figure 3).
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FIGURE 2

Relationship between SBPmax-min (A), SBP SD (B), SBP CV (C), DBPmax-min (D), DBP SD (E), DBP CV (F) and ACA-RI. SBP, systolic blood pressure; DBP,
diastolic blood pressure; max, maximum; min, minimum; SD, standard deviation; CV, coefficient of variation; ACA, anterior cerebral artery; RI, resistance
index; IVH, intraventricular hemorrhage. The red line with triangle markers represents the IVH group, and the brown line with round markers represents
the non-IVH group.

Lijun et al. 10.3389/fped.2023.1241809
3.6. ROC curve analysis of risk factors for IVH

The ROC curve analysis showed that in predicting IVH, the

optimal cut-off value for ACA-RI was 0.79, with a sensitivity and

specificity of 55.1% and 83.7%, respectively. The optimal cut-off
FIGURE 3

Odds ratios (OR) for neonates with intraventricular hemorrhage. DBP, diastolic
pressure; max, maximum; min, minimum; SD, standard deviation; ACA, anteri

Frontiers in Pediatrics 05
value for SBP SD was 6.05, with a sensitivity and specificity of

55.1% and 79.1%, respectively. The combined detection of SBP

SD and ACA-RI yielded the highest AUC of 0.725, with a

sensitivity and specificity of 61.2% and 79.1% for predicting IVH

in preterm infants (Figure 4).
blood pressure; MABP, mean arterial blood pressure; SBP, systolic blood
or cerebral artery; Vd, diastolic velocity; RI, resistance index.
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FIGURE 4

ROC curve of BPV parameters and ACA-RI for the prediction of IVH in
premature infants. Combined = SBP SD+ ACA RI; SBP, systolic blood
pressure; SD, standard deviation; ACA, anterior cerebral artery; RI,
resistance index.
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3.7. Comparison of SBP SD and ACA RI in
subgroups

Infants in the IVH group were further subdivided into mild

IVH (grades I and II) and severe IVH (grades III and IV). The

study found that compared with the non IVH group and the

mild IVH group, the severe IVH group had significantly higher

SBP SD, while ACA RI was significantly higher in the mild and

severe IVH groups than in the non IVH group (Table 5).
4. Discussion

In this study, we demonstrated that high BPV and ACA-RI

are related to the development of IVH in premature infants with

GA≤32 w and BW≤1,500 g, and that combined detection of

SBP SD and ACA-RI has a certain predictive effect on early

identification of IVH.

IVH is a common cause of neonatal brain injury, often associated

with early death and long-term neurological developmental disorders

in preterm infants (20, 21). The pathogenesis of IVH is complex and
TABLE 5 Comparison of SBP SD and ACA RI in subgroups.

Non-IVH
(n = 43)

IVH (n = 49) F P

Grade I–II
(n = 41)

Grade III–IV
(n = 8)

SBP SD 5.42 ± 1.59 5.84 ± 1.60 8.15 ± 1.20a,b 10.845 <0.001

ACA RI 0.70 ± 0.11 0.77 ± 0.12a 0.83 ± 0.06a 7.666 0.001

SBP, systolic blood pressure; SD, standard deviation; ACA, anterior cerebral artery;

RI, resistance index.
aP < 0.05, vs. Non-IVH group.
bP < 0.05, vs. Grade I–II IVH group.
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may be the result of a combination of multiple factors, among which

the dysfunction of cerebral blood flow (CBF) caused by immature or

dysregulated cerebral vascular autoregulation (CAR) function is an

important factor (22). Preterm newborns are exposed to various

hemodynamic instability factors after birth, which may further

affect CBF perfusion, leading to a “fluctuating” CBF that could

cause further risk of high perfusion and low perfusion brain

injury (23).

The relative stability of CBF is particularly important for preterm

infants. Although premature infants have established an autonomous

regulatory mechanism for CBF, they are more susceptible to

regulatory dysfunction caused by other factors (24). The use of

hypotension or hypertension alone to indirectly reflect abnormal

CBF dynamics in preterm infants may not be accurate (25).

However, detection of cerebrovascular function based on imaging

and continuous monitoring of BP fluctuations may be more

accurate in predicting CBF impairment and IVH. Therefore, this

study explored the capability of BP changes monitoring and

cerebral hemodynamic measures in predicting the development of

IVH in premature infants with GA≤32 weeks and BW≤1,500 g.
Our study found that the average values of MABP and DBP in

the IVH group were significantly lower than the non-IVH group,

consistent with previous research findings that IVH is associated

with hypotension in preterm infants (26, 27). According to Bada

et al.’s study (28), the MABP of newborns with grade II–IV IVH

was significantly reduced compared to those without or with

grade I IVH. However, there is currently no consensus on

normal BP in premature infants, and the ideal BP range in this

population is still controversial (9, 10). There are also studies

that have shown that traditional definitions of hypotension

(MABP < GA or MABP < 30 mmHg) are not associated with

severe IVH (7). Therefore, using hypotension alone to indirectly

predict IVH in preterm infants caused by low CBF perfusion

may not be comprehensive (7). Hypertension and abnormal

blood pressure fluctuations also affect CBF perfusion in

premature infants, leading to the occurrence of IVH (29–31).

BPV can reduce the influence of pathological or physiological

factors, exactly reflect the fluctuation of blood pressure, and

evaluate changes in cerebral perfusion pressure (32). At present,

BPV is widely used in the research of adult cardiovascular

diseases, but its research on IVH in newborns, especially preterm

infants, has not yet been reported. In our study on the

relationship between BPV and IVH, we found that the IVH

group had a higher BPV than the non-IVH group (except for

SV) (p < 0.05), indicating that the greater the fluctuation of BP,

the more likely a premature infant was to develop IVH. This

indicates a certain correlation between high BPV and IVH

development. We speculate that the systemic circulation

fluctuation reflected by abnormal decrease or increase of blood

pressure exceeds the physiological regulation range of CAR in

preterm infants, and eventually leads to CBF disorder. Previous

studies have confirmed that in preterm infants with IVH, there

are blood pressure fluctuations exceeding the optimal regulatory

range (7, 23), significant deviations below the optimal MABP are

associated with death, and significant deviations above the

optimal MABP are related to severe IVH (33).
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In premature infants, alterations in cerebrovascular

hemodynamics and fluctuations in CBF velocity increase the risk

of intracranial hemorrhage (34, 35). At present, it is difficult to

accurately evaluate CBF clinically. Some studies have used the

superior vena cava flow (SVCF) to indirectly reflect CBF and

have concluded that the fluctuation of SVCF is a critical risk

factor for IVH (18, 24), and the stability of SVCF can avoid IVH

(19, 36). Some research studies have also discussed the use of

other parameters to reflect cerebral blood perfusion, such as

cerebral fractional oxygen extraction (CFOE), peripheral tissue

perfusion, and some biomarkers (20, 37). The above research

methods are relatively complex, and there are certain interfering

factors in clinical operations. Cerebrovascular blood flow velocity

and resistance index are important reference indicators for CBF

in preterm newborns (35, 38, 39). Schneitz et al. found that

higher levels of ACA-RI are related to cerebral ischemia and

hypoxia in premature infants (40). In this study, ACA Vd in the

IVH group was significantly reduced and ACA RI was

substantially increased (P < 0.05). We speculate that when

cerebral vascular resistance increased, the CBF velocity at the end

of ventricular diastole significantly decreased, and then the

reduction or interruption of CBF could lead to the ischemia and

hypoxia of fragile germinal matrix in preterm newborns, which

ultimately led to IVH (25, 26).

For preterm infants, the larger the range of BP fluctuations, the

higher the risk of developing IVH. However, it is necessary to

further analyze the correlation between BPV and CBF to

determine whether BPV can indirectly reflect CBF disorders

caused by dysfunction of cerebral vascular autoregulation, and

serve as an indicator for predicting IVH. This study investigated

the correlation between abnormal BPV indicators and ACA-RI.

It was found that SBPmax-min, SBP SD, SBP CV, and DBPmax-

min in premature infants in the IVH group were positively

correlated with ACA-RI (p < 0.05), while BPV indicators in non-

IVH group were not correlated with ACA-RI (p > 0.05). We

speculate that the cerebral vascular autoregulation function of

preterm infants in the IVH group is impaired in the early

postnatal period, presenting as pressure passive CBF, which

increases the range of BP fluctuations and ACA-RI reactivity in

the early stage. Hypoperfusion of CBF leads to ischemia of the

germinal matrix, followed by reperfusion leading to vasodilation

and bleeding (28). The cerebral vascular autoregulation function

of premature infants in the non-IVH group was not affected, and

they could maintain stable CBF despite BP fluctuations.

Therefore, the increase in ACA-RI, which is reflected by the

increase in BPV, may be an early marker of the disruption of

cerebral vascular autoregulation function, which can indirectly

reflect CBF fluctuations to a certain extent, consistent with the

research results of Argolo et al. (41).

Preterm newborns are prone to exposure to hemodynamic

interference factors and face the risk of CBF hypoperfusion and

hyperperfusion injury in the early postnatal period. Multivariate

logistic regression analysis found that SBP SD (OR: 1.480, 95%

CI: 1.020–2.147) and ACA-RI (OR: 3.027, 95%CI 2.769–3.591)

were independent risk factors for IVH in preterm newborns.

This indicates that high BPV and ACA-RI status may play a
Frontiers in Pediatrics 07
critical role in the development of IVH in preterm infants,

consistent with the research results of Da Costa et al. (10) and

Farag et al. (35), which suggest that abnormal BP fluctuations

based on optimal MABP and increased ACA-RI are closely

related to IVH. ACA-RI > 0.79 with 55.1% sensitivity and 83.7%

specificity, and SBP SD > 6.05 with 55.1% sensitivity and 79.1%

specificity. The combined detection of SBP SD and ACA-RI had

the highest AUC of 0.725, with 61.2% sensitivity and 79.1%

specificity in predicting IVH. Therefore, early high BPV and

ACA-RI reflect disturbances in CAR function and CBF

dynamics, which have a certain reference value for early

prediction of IVH, especially for severe IVH.

Our study has some limitations. First it is a single center study,

with a relatively small sample size that precluded more in-depth

analyses. Second, the transcranial ultrasound was not performed

routinely every day, so the precise hemorrhage timing was not

accurately known, and the changes in BPV and cerebral blood

flow parameters before and after bleeding cannot be analyzed.
5. Conclusions

Our study suggests that there is a direct positive correlation

between BPV and ACA-RI in IVH, and the increase in BPV and

ACA-RI reflects hemodynamic disorders and abnormal CBF

perfusion. SBP SD and ACA-RI are independent risk factors for

the development of IVH in preterm infants. Combined detection

of SBP SD and ACA-RI has a certain predictive effect on early

identification of IVH. Paying close attention to BP fluctuations

and CBF parameters may provide new references for the

prevention and management of IVH in VLBW premature infants.
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