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Abstract

Objective - Recent studies have demonstrated associations between hematological parameters
and indices (HPI) obtained from full blood count (FBC) collected on the first day of life (D1)
and the occurrence of intraventricular hemorrhage (IVH) in premature infants. Our objective
was to evaluate the association between HPI obtained from the FBC of D1 and the occurrence
of IVH in premature infants, in order to assess whether these can be used as prognostic
markers. Study Design - Retrospective study, at an academic tertiary center, including
preterm infants with gestational age below 30 weeks. A statistical analysis compared two
groups of infants, with and without IVH. Results — 206 infants were included, 86 (41.7%) in
the IVH group and 120 (58.3%) in the no-IVH groups. The univariate analysis found that red
blood cells (p=0.018), hemoglobin (p<0.001), and hematocrit (p=0.001) were significantly
lower in the IVH group. The multivariate analysis by logistic regression adjusted to
gestational age and birth weight revealed no significant associations between HPI of D1 and
the occurrence of IVH. An analysis in the subgroup of patients with IVH-3 (severe IVH) also
did not reveal an association between HPI and IVH-3. An association between
bronchopulmonary dysplasia and IVH (all grades) was found (p=0.016). Also, periventricular
infarction (p=0.002) and cystic periventricular leucomalacia (p < 0.001) were significantly
more prevalent in the IVH-3 group. Conclusions — Our results demonstrate that HPI from
FBC collected on D1 are not associated with the occurrence of IVH, and therefore cannot be

used as predictors of IVH in extremely premature infants.

Key words: blood count; hematological parameters; hematological indices; intraventricular

hemorrhage; preterm infant
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Introduction

Intraventricular hemorrhage (IVH) in premature neonates represents a critical
neurological concern for neonatologists. It often manifests within the first few days of life and
severe cases can lead to mortality or long-term complications such as cerebral palsy and
cognitive impairment '3, Its prevalence can be as high as 45% among extremely preterm
infants °. The pathogenesis of IVH is multifactorial, influenced by rapid fluctuations in
cerebral blood flow (CBF) and the inherent fragility of the germinal matrix 412,

Recent research by Cucerea M et al. has shown that early hematological parameters
are linked to the development of IVH in preterm infants born between 2228 weeks of
gestation, suggesting their potential use as predictive indicators 3. Additionally, findings from
Dekom S et al. indicate that infants with higher hematocrit (HTC) levels may have a reduced
risk of IVH compared to those with levels below 45% '3. Other hematological factors
associated with an increased IVH risk include thrombocytopenia '*!°, low HTC, and low
hemoglobin (HB) levels at birth 6. Previous studies have also highlighted elevated bleeding
time and INR levels in premature neonates with IVH 7.

The role of hematological parameters in contributing to the occurrence of IVH in
premature newborns remains poorly understood and warrants further investigation. This study
aimed to evaluate the association between hematological parameters and indices obtained
from the initial full blood count on the first day of life (D1) and the occurrence of IVH in

premature infants, in order to assess whether these can be used as prognostic markers.

Material and methods
This is a retrospective study conducted at an academic tertiary neonatal intensive care
unit (NICU) that admits preterm newborns from 23 weeks of gestation onwards. Our

inclusion criteria were preterm neonates with a gestational age between 23 weeks (23 weeks



and 0 days) and 30 weeks (29 weeks and 6 days), born between January 1, 2008, and October
31, 2023. Our exclusion criteria were: preterm infants born in another hospital (outborn);
those affected by TORCH infections (Toxoplasmosis, Others, Rubella, Cytomegalovirus, and
Herpes); major congenital anomalies; chromosomal abnormalities; asphyxia (Apgar score at 5
minutes < 3 or umbilical cord arterial blood pH < 7.0); twin-to-twin transfusion syndrome;
fetal growth discrepancy (a weight difference > 20% compared to the larger fetus); diagnosis
of an inborn metabolic error during prenatal consultation or the neonatal period; and diagnosis
or suspicion of a neuromuscular disease.

The data collection protocol included information about the mother, gestation, and
delivery, as well as demographic details about the neonate, data on the neonate's resuscitation,
and neonatal morbidity and mortality experienced in the NICU. Additionally, data from the
anatomopathological study of the placenta and the hematological parameters from the full
blood count collected on D1 were also evaluated.

In our NICU, on D1 of life, all preterm infants undergo an initial cranial ultrasound
examination, which is then repeated weekly. We used Volpe JJ's classification '® for the
classification of IVH and the criteria from de Vries L and Rennie JM ! for the classification
of cystic periventricular leukomalacia (cPVL).

Our center approaches premature infants according to the recommendations of
international guidelines according to the latest scientific evidence 2-3°, Detailed protocols are
available on supplementary table 1.

We follow the recommendations from the Portuguese Society of Neonatology for the
transfusion of red blood cells 3! and platelets 3. Platelet transfusion is indicated when platelet
counts fall below 50,000 per cubic millimeter, or 100,000 per cubic millimeter if bleeding or

clinical instability occurs. Regarding red blood cell transfusions, our goal is to maintain an



HB level of 12 g/dL or higher during the first week of life. All data used were collected from

hospital registries following approval by the local Institutional Ethics Committee (CE-42-45).

Statistical analysis

Statistical analysis was performed using IBM SPSS Statistics version 28 for Windows
(IBM SPSS Statistics®, Inc., Chicago, IL, USA). Normality of sample distribution was
assessed using the Kolmogorov-Smirnov test. Categorical variables were presented as
absolute and relative frequencies, while symmetrically distributed continuous variables were
described using the mean (+ standard deviation), and asymmetrically distributed continuous
variables by the median (minimum-maximum). Chi-square or Fisher’s exact test were used to
compare categorical variables, and the Independent t-test or Mann-Whitney U test were
employed for symmetric and asymmetric continuous variables, respectively. Predictors were
evaluated through multivariate analysis using logistic regression. A p-value < 0.05 was

considered statistically significant.

Results

From 241 premature newborns with gestational age (GA) between 23 and 29+6 weeks
admitted in our NICU, 35 (14.52%) were excluded: 18 outborns, 1 affected by TORCH
(Toxoplasmosis, Others, Rubella, Cytomegalovirus and Herpes) infections, 5 with major
congenital anomalies, 1 with chromosomal abnormalities, 6 with Apgar score at 5 minutes <
3, 2 with twin-to-twin transfusion syndrome, and 2 with fetal growth discrepancy. Two
hundred and six (85.48%) were eligible and therefore included in this study.

Data on mother, gestation and delivery for the total sample and the subgroups IVH and
no-IVH newborns are reported in table 2. In the IVH group, clinical chorioamnionitis

(p=0.004), cervical insufficiency (p=0.035), preeclampsia (p=0.017) and fetal growth



restriction (p=0.028) were significantly more prevalent. There were no other statistically
significant associations.

Demographic data of the total sample and of the subgroups IVH and no-IVH
newborns are described in table 3. For the total sample, the median of the GA was 27 (range:
23-29) completed weeks and the mean birth weight was 933.30 (£266.8 SD) grams. Both of
these variables were significantly lower in the IVH group (p<0.001 and p<0.011,
respectively). There were no other statistically significant associations.

Data on delivery room management for the total sample and the subgroups IVH and
no-IVH newborns are presented in table 4. In the IVH group, the use of endotracheal tube
(p=0.043), invasive mechanical ventilation (p=0.042) and use of oxygen (p=0.048) were
significantly more prevalent. There were no other statistically significant differences between
the two groups.

Data on the neonatal morbidity and mortality for the total sample and the subgroups
IVH and no-IVH newborns are shown in table 5. Use of surfactant (p<0.001) and systemic
postnatal steroids (p=0.127), oxygen dependency at 36 weeks of GA (p=0.003) and oxygen at
discharge (p=0.008), were significantly higher in the IVH group. Hemodynamically
significant patent ductus arteriosus (Hs-PDA) (p=0.015), necrotizing enterocolitis (NEC) >2
(p=0.045), total parenteral nutrition (TPN) (p=0.022), red blood cells (p=0.009) and platelet
(p=0.007) transfusions, periventricular venous infarction (PVI) (p<0.001), cystic
periventricular leukomalacia (cPVL) (p=0.004), early sepsis (p=0.013), nosocomial sepsis
(p=0.033), retinopathy of prematurity (ROP) >2 (p=0.020), death (p=0.001) were significantly
more prevalent in the IVH group. Days of mechanical ventilation (p=0.016), nasal continuous
positive airways pressure (nCPAP) (p<0.005), invasive mechanical ventilation (IMV)

(p=0.002), high-frequency oscillatory ventilation (HFOV) (p=0.001) were significantly higher



in the IVH group. There were no statistically significant associations between IVH and the
other parameters.

Data on the hematological parameters of D1 for the total sample and the subgroups
IVH and no-IVH are shown in table 6. The univariate analysis found that red blood cells
(RBC) (p=0.018), HB (p<0.001), HTC (p=0.001) were significantly lower in the IVH group
compared to the no-IVH group. The multivariate analysis by logistic regression adjusted to
gestational age and birth weight revealed no significant associations between hematological
parameters and indices of D1 and the occurrence of IVH.

The multivariate analysis by logistic regression adjusted to clinical chorioamnionitis,
gestational age, birthweight, use of endotracheal tube, mechanical ventilation and oxygen in
the delivery room, surfactant, days of invasive mechanical ventilation and nasal continuous
positive airways pressure, oxygen dependency at 36 weeks, oxygen at discharge, total
parenteral nutrition, transfusion of red blood cells and platelets, Hs-PDA, PVI, cPVL, early
and nosocomial sepsis and ROP found an association between oxygen dependency at 36
weeks of GA and IVH [OR=2.41; 95%CI: 1.18-4.90, p=0.016].

An analysis in the subgroup of patients with IVH-3 (severe IVH) was carried out. The
univariate analysis showed that RBC (p=0.018), HB (p<0.001), HTC (p=0.001), red cell
distribution width coefficient of variation (RDWCV-RDW) (p=0.007) and lymphocyte-to-
monocyte ratio (LMR) (p=0.011) were significantly lower in the IVH-3 group. The
multivariate analysis by logistic regression adjusted to confounding variables (multiple
gestation, clinical and histologic chorioamnionitis, chorionic vasculitis, gestational age,
birthweight, use of endotracheal tube and surfactant, Apgar score at 1st minute < 5 in the
delivery room, occurrence of pneumothorax, systemic postnatal steroids, inhaled

bronchodilator, oxygen at discharge, transfusion of red blood cells and platelets) showed that



occurrence of PVI (p=0.002) and cPVL (p<0.001) were significantly more prevalent in the

IVH-3 group, rather than in the no-IVH group.

Discussion

This study, conducted on a cohort of preterm infants with a gestational age of less than
30 weeks, aimed to evaluate the association between hematological parameters and indices on
D1 and the occurrence of IVH. Assessing these parameters can help healthcare professionals
identify premature newborns at higher risk of developing IVH, allowing for quicker
preventive or therapeutic interventions. Monitoring these parameters can guide decisions on
ventilatory support, oxygenation optimization, and even the cautious use of blood
transfusions, reducing the risk of complications.

The cohort was analysed according to the two subgroups of newborns: those with [IVH
and those without IVH. Notably, the two groups differed significantly in gestational age, with
the IVH group having a significantly lower gestational age and, consequently, a lower birth
weight. Our univariate analyses revealed differences in hematological parameters and
hematological indices between the two groups of newborns studied.

The values of RBC, HB, and HCT, interrelated indices, were lower in the group of
infants with IVH compared to those without IVH. Low HB and HTC may be related to
hypoxia and hemodynamic instability, both of which increase the risk of IVH. Hypoxia
weakens blood vessels, making brain tissue more susceptible to hemorrhage. Additionally,
low HB levels may indicate the need for blood transfusions, which in themselves can increase
bleeding risk 3334 This aspect has been previously described by other researchers. Cucerea M.
3, Dekom S. '3, and Karagol B.S. * studied premature infants and found that lower HCT
levels on D1, which reflect the volume of circulating blood, were associated with a higher

prevalence of IVH. The authors hypothesized that a low HCT level at birth in extremely
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premature infants might significantly increase CBF as a compensatory mechanism for
cerebral hypoperfusion and low oxygenation, potentially leading to IVH. In this study,
although univariate analysis revealed differences in RBC, HB, and HCT, these differences
were not significant in the multivariate analysis adjusted for gestational age and birth weight.
Indeed, previous research has shown that the degree of prematurity significantly influences
blood parameter values at birth. All three blood cell lines increase in proportion to gestational
age. Additionally, prenatal factors and perinatal treatments also influence the hematological
parameter values of preterm infants after birth 6.

Our results do not support the hypothesis that hematological parameters and indices on
D1 differ between patients with and without IVH, and therefore, these measures are not useful
for identifying patients at risk of developing IVH.

In this study, bronchopulmonary displasia (BPD) was found to be associated with IVH
after multivariate analysis. BPD is a chronic lung disease that commonly affects extremely
preterm neonates. Despite recent advances in perinatal care that have significantly reduced
neonatal morbidity and mortality, the incidence of BPD has remained unchanged *. Risk
factors for BPD include gestational age, birth weight, gender, antenatal corticosteroids,
maternal chorioamnionitis, surfactant requirement, type and duration of mechanical
ventilation, fraction of inspired oxygen (FiO,), sepsis, HsSPDA, NEC and IVH 374!, A recent
study by Puerta-Martinez AG et al. demonstrated that lower gestational age, birth asphyxia,
an Apgar score of less than 6 at minute 1 and 5, and respiratory-related factors are associated
with an increased risk of severe IVH #2. BPD occurs mostly in extremely preterm infants, a
population in which the risk of IVH is also high. Additionally, infants with IVH often require
prolonged mechanical ventilation, which is a significant risk factor for developing BPD. The
use of positive pressure ventilation can lead to lung injury and contribute to the development

of this chronic lung disease *'.
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This study encompasses a robust patient sample, enabling a comprehensive assessment
of the association between hematological parameters and indices collected on D1 and the
occurrence of IVH, which reinforces confidence in our findings. Additionally, the single-
center design, coupled with a consistent blood collection methodology, significantly enhances
the robustness of our results. Given these strengths, we assert that this study has the potential
to make a meaningful contribution to future meta-analyses that evaluate the relationship
between early hematological parameters and intraventricular hemorrhage in preterm infants.

The retrospective nature is the main limitation of this study. In retrospective studies, it
is challenging to control for confounding variables, that can interfere with the association
between exposure and outcome, making it difficult to compare the results between different
studies.

Despite these limitations, retrospective studies are valuable tools as an initial step in

exploring hypotheses that can later be confirmed by more controlled, prospective studies.

Conclusion

In conclusion, this study shows that hematological parameters and indices derived
from blood counts collected on D1 are not associated with the occurrence of IVH.
Consequently, these parameters cannot serve as reliable predictors of [VH in extremely
premature infants. This pivotal finding underscores the need for ongoing research to identify
more effective biomarkers and strategies for predicting IVH, ultimately enhancing clinical

outcomes for this vulnerable population.
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Table 2 - Data on mother, gestation and delivery for the total sample and the subgroups IVH

and no-IVH patients.

Total IVH no-IVH
p value
(n=206) (n=86) (n=120)
31.57
Mother's age, mean (SD) 32.35 (£5.8) 32.89 (+5.5) | 0.239™
(£6.2)

1% pregnancy, n (%) 129 (62.60) | 52 (60.40) 77 (64.20) 0.943"
Spontaneous pregnancy, n (%) 161 (78.20) | 66 (76.70) 95 (79.20) 0.255"
Supervised pregnancy, n (%) 197 (95.60) | 82(95.30) 115 (95.80) 0.994"
Multiple gestation, n (%) 54 (26.20) 24 (27.90) 30 (25.00) 0.493"
Antenatal steroids, n (%) 187 (90.80) | 80 (93.00) 107 (89.20) 0.661°
Full cycle, n (%) 118 (57.30) | 51(59.30) 67 (55.80) 0.648"
Neuroprotection (MgSOs4), n (%) 73 (35.40) 35 (40.70) 38 (31.70) 0.421"
C-section, n (%) 138 (67,00) | 52 (60.50) 86 (71.70) 0.087°
Rupture of membranes >18h, n (%) 31 (15.00) 13 (15.10) 18 (15.00) 0.446°
Clinical chorioamnionitis, n (%) 49 (23.80) 29 (33.70) 20 (16.70) 0.004"
Cervical insufficiency, n (%) 30 (14.60) 16 (18.60) 14 (11.70) 0.035"
Abruptio placentae, n (%) 40 (19.40) 18 (20.90) 22 (18.30) 0.170°
Chronic arterial hypertension, n (%) 14 (6.80) 5(5.80) 9 (7.50) 0.933*
PE, n (%) 39 (18.90) 11 (12.80) 28 (23.30) 0.017"
HELLP syndrome, n (%) 13 (6.30) 3 (3.50) 10 (8.30) 0.305™
Gestational hypertension, n (%) 6 (2.90) 1 (1.20) 5(4.20) 0.341™
Type 1 diabetes, n (%) 1 (0.50) 0 (0.00) 1 (0.80) 0.988"
Gestational diabetes, n (%) 17 (8.30) 6 (7.00) 11 (9.20) 0.956™
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Tnsulin, n (%) 4 (1.90) 1(1.20) 3 (2.50) 0.577"
Tocolysis, n (%) 53(25.70) | 27(31.40) | 26(21.70) | 0.092°
Smoking, n (%) 18(8.70) | 7(8.10) 11(920) | 0373"
Alcohol, n (%) 2 (1.00) 1(1.20) 1(0.80) 0.392"
Drugs of abuse, n (%) 7 (3.30) 6 (7.00) 1(0.80) 0.650"
Fetal growth restriction, n (%) 37 (18.00) 11 (12.80) 26 (21.70) 0.028™
Thrombophilia, n (%) 3 (1.50) 2 (2.30) 1(0.80) 0.533"
Chronic discases n (%) a 47(22.80) | 23(26.70) | 24(20.00) | 0.840°
Autoimmune diseases n (%) b 10 (4.90) 5(5.80) 5(4.20) 0.987"
Other pregnancy pathologies n (%) ¢ 7 (3.30) 3(3.50) 4 (3.30) 0.675™
Placentae study
Chorioamnionitis, n (%) 01 (44.20) | 37(43.00) | 54(45.00) | 0231°
Funisitis, n (%) 17 (8.30) 9 (10.50) 8 (6.70) 0.377"
Chorionic vasculitis, n (%) 47(22.80) | 22(25.60) | 25(20.80) | 0.431°
Changes compatible with

27 (13.10) 8 (9.30) 19 (15.80) 0.088"

preeclampsia, n (%)

HELLP - hemolysis, elevated liver enzymes and low platelet count; IVH — intraventricular

hemorrhage; n — number; PE — preeclampsia; SD — standard deviation

a asthma; renal lithiasis, hypothyroidism, epilepsy, haemophilia B, congenital heart disease,

deficiency of protein C, breast cancer, lung cancer, left renal agenesis, bicornuate uterus, renal

failure, hypogonadism, polycystic kidney disease, antiphospholipid syndrome, obesity,

hypertension, ulcerative colitis, kidney transplant, tuberous sclerosis; b autoimmune
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hypothyroidism, Chron disease, polyarthritis; ¢ Twin-to-twin transfusion syndrome, hepatic

haemorrhage, thrombocytopenia, thrombotic disease;

Bold - statistically significant. “Chi square test; * Fisher’s exact test; *** Independent T test

Table 3 — Demographics

no-IVH
Total (n=206) IVH (n=86) p value
(n=120)
Gestational age, median (min-max) 27 (23-29) 26 (23-29) | 28 (23-29) | <0.001""
877.45 973.38
Birthweight, mean (£SD) 933.33 (£ 266.84) <0.011**"
(£253.28) | (@270.11)
Small for gestational age, n (%) 41 (20.00) 11 (12.80) | 30 (25.00) 0.211™
Gender
Male, n (%) 100 (48.50) 43 (50.00) 57 (47.50)
0.912"
Female, n (%) 106 (51.50) 43 (50.00) 63 (52.50)

IVH — intraventricular hemorrhage; n — number; SD — standard deviation

Bold - statistically significant. *Chi square test; ** Fisher’s exact test; *** Independent T

kkoksk

test; Mann Whitney-U test

Table 4 - Delivery room management

Total no-IVH
IVH (n=86) p value

(n=206) (n=120)
Positive pressure, n (%) 193 (93.70) | 80 (93.00) | 113 (94.20) 0.737*
Endotracheal tube, n (%) 127 (61.70) | 60 (69.80) 67 (55.80) 0.043"
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Invasive mechanical ventilation, n (%) | 132 (64.10) | 62 (72.10) 70 (58.30) 0.042"
Early-NCPAP, n (%) 86 (41.70) | 30(34.90) | 56(46.70) 0.312°
Oxygen, n (%) 172 (83.50) | 77 (89.50) | 95 (79.20) 0.048"
Maximum FiO2, median (min-max) 0.43 (0-1.0) | 0.4 (0-1.0) | 0.31(0-1.0) | 0.103"*"
Adrenaline, n (%) 9 (4.40) 5(5.80) 4 (3.30) 0.421™
Apgar score <5

Ist minute, n (%) 68 (33.00) | 29(33.70) | 39(32.50) 0.139°

5th minute, n (%) 18 (8.70) 6 (7.00) 12 (10.00) 0.898™

FiO2 — fraction of inspired oxygen; IVH — intraventricular hemorrhage; n — number; NCPAP

— nasal continuous positive airway pressure

Bold - statistically significant. * Chi square test; * Fisher’s exact test; ****Mann-Whitney

U Test

Table 5 - Neonatal morbidity and mortality.

Total no-1IVH
IVH (n=86) p value
(n=206) (n=120)
RDS, n (%) 180 (87.40) | 79 (91.90) | 101 (84.20) | 0.300"
Surfactant, n (%) 167 (81.20) | 79(91.90) | 88(73.30) | <0.001"
MYV (invasive and NCPAP). n (%) 192 (93.20) | 82(9530) | 110(91.70) | 0.988"
Total days of MV, median (min-max) 35(1-143) 34 (2-143) 35(1-90) | 0.016""
Days of NCPAP, median (min-max) 31 (1-85) 30.5 (1-85) 32 (1-70) | <0.005"**
Days of IMV, median (min-max) 7 (1-88) 8 (1-88) 6 (1-61) 0.002"*"*
Days of HFOV, median (min-max) 5(1-19) 5(1-18) 4 (1-19) 0.001""""
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Pneumothorax, n (%) 23 (11.20) 12 (14.00) 11 (9.20) 0.089"
Oxygen dependency at 36 weeks of GA,
68 (33.00) 38 (44.20) 30 (25.00) 0.003"
n (%)
Systemic postnatal steroids, n (%) 28 (13.60) 16 (18.60) 12 (10.00) 0.127°
Inhaled postnatal steroids, n (%) 52 (25.20) 25(29.10) 27 (22.50) 0.192"
Inhaled bronchodilator, n (%) 40 (19.40) 21 (24.20) 19 (15.80) 0.136°
Diuretics, n (%) 25 (12.10) 14 (16.30) 11 (9.20) 0.468"
Oxygen at discharge, n (%) 41 (19.90) 24 (27.90) 17 (14.20) 0.008"
Days of oxygen, median (min-max) 38 (1-191) | 43.5(1-191) | 35(1-121) | 0.758"**
HS-PDA, n (%) 111 (53.90) 53 (61.60) 58 (48.30) 0.015"
Surgical closure, n (%) 23 (11.20) 12 (14.00) 11 (9.20) 0.646°
NEC>2, n (%) 17 (8.30) 11 (12.80) 6 (5.00) 0.045"
TPN, n (%) 197 (95.60) 85 (98.80) 112 (93.30) | 0.022™
Days of TPN, median (min-max) 22 (1-210) 23 (2-210) 21 (1-85) | 0.619""
Transfusions
Red blood cells, n (%) 156 (75.70) 73 (84.90) 83 (69.20) 0.009""
Platelets, n (%) 54 (26.20) 31 (36.00) 23 (19.20) 0.007"
PVI, n (%) 17 (8.30) 17 (19.80) 0 (0.00) <0.001™
cLPV, n (%) 64 (31.10) 28 (32.60) 36 (30.00) 0.004"
Early sepsis, n (%) 19 (9.20) 13 (15.10) 6 (5.00) 0.013"
Nosocomial sepsis, n (%) 86 (41.70) 37 (43.00) 49 (40.80) 0.033"
Pneumonia, n (%) 11 (5.30) 7 (8.10) 4 (3.30) 0.269™
Meningitis, n (%) 2 (1.00) 1(1.20) 1(1.20) 0.398™
ROP22, n (%) 17 (8.30) 10 (11.60) 7 (5.80) 0.020°
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Deceased, n (%) 55 (26.70) 33 (38.40) 22 (18.30) 0.001"
Length of stay of survivors, median (min-

61 (1-255) | 60.5(2-255) | 61 (1-136) | 0.074™*"
max)

cLPV - cystic periventricular leukomalacia; GA - gestational age; HFOV — high frequency

oscillatory ventilation; HS-PDA - hemodynamically significant patent ductus arteriosus; IMV

— invasive mechanical ventilation; IVH — intraventricular hemorrhage; MV - mechanical

ventilation; n — number; NCPAP - nasal continuous positive airways pressure; NEC -

necrotizing enterocolitis; PVI - periventricular venous infarction; ROP - retinopathy of

prematurity; RDS - respiratory distress syndrome; TPN — total parenteral nutrition

Bold — statistically significant. * Chi square test; ** Fisher’s exact test; **** Mann-

Whitney U Test.

Table 6 - Hematological parameters provided by blood count collected on the first day of life.

Total no-IVH
IVH (n=86) p value | Adjusted
(n=206) (n=120)
p value®
RBC (x1012/L), mean
3.95 (£0.70) | 3.85(£0.58) | 4.03 (£0.77) | 0.018™" 0.365
(£SD)
Hb (g/dL), mean (£SD) 15.45 (£2.73) | 15.04 (£2.30) | 15.74 (£2.98) | <0.001""" | 0.824
Hematocrit (%), mean
44.67 (£6.99) | 43.58 (£6.02) | 45.45 (£7.54) | 0.001"" 0.842
(£SD)
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114.52 114.52 114.52
MCYV (fL), mean (£SD) 0.436™ 0.067
(£10.73) (+£10.80) (£10.72)

MCH (pg), mean (£SD) 39.25 (+£3.00) | 39.18 (+2.95) | 39.31 (+3.05) | 0.142""" 0.092
MCHC (g/dL), mean

34.58 (£1.77) | 34.61 (£1.94) | 34.56 (£1.64) | 0.465™" 0.847
(£SD)
RDWCYV (%), mean

16.86 (£2.07) | 16.55 (£1.93) | 17.09 (+2.14) | 0.307"" 0.707
(£SD)
RDWSD (fL), mean 69.62 68.58 70.37

0.054™" 0.979

(£SD) (£13.58) (£12.22) (£14.48)
WBC (x109/L), mean 11.34

10.05 (£8.15) 9.12 (£5.07) | 0.452™*" 0.487
(£SD) (£11.01)
Neutrophils (x109/L),

2.57 (£4.66) | 4.04 (+4.26) | 3.90 (+4.95) | 0.436™" 0.649
mean (+£SD)
Eosinophils (x109/L),

0.26 (£1.01) | 0.20(£0.23) | 0.29 (£1.31) | 0.774™" 0.708
mean (£SD)
Basophils (x109/L), mean

0.03 (£0.06) | 0.04 (£0.06) | 0.03 (£0.06) | 0.988"*" 0.306
(£SD)
Lymphocytes (x109/L),

4.86 (£3.12) | 4.93 (£3.28) | 4.81 (+3.01) | 0.623™ 0.151
mean (+£SD)
Monocytes (x109/L),

1.30 (+4.24) | 1.75(%6.37) | 0.98 (+1.33) | 0.244™ 0.261
mean (+£SD)
Immature granulocytes

0.38 (£1.13) | 0.45(£1.08) | 0.33 (£1.17) | 0.216™" 0.824

(x109/L), mean (£SD)
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65.30 82.48 51.91
Erythroblasts, mean (£SD) 0.650™" 0.771
(£140.53) (£190.73) (£81.30)
Platelets (x109/L), mean 184.04 183.85 183.38
0.536™" 0.667
(£SD) (£66.09) (£73.28) (£61.06)
Platelet Volume (%),
0.22 (+0.08) | 0.22(+0.07) | 0.22(+0.09) | 0.989"" 0.961
mean (+SD)
MPV (fL), mean (+SD) 10.82 (+0.86) | 10.79 (+0.73) | 10.84 (+0.95) | 0.624™*" 0.718
PDW, mean (£SD) 12.03 (x1.91) | 11.79 (+1.59) | 12.21(%2.10) | 0.598"" 0.811
PLCR, mean (£SD) 29.94 (£6.51) | 29.61 (£5.46) | 30.18 (£7.19) | 0.679"" 0.756
46.63 46.94 46.41
PLR, mean (+SD) 0.251" 0.063
(£30.55) (£32.15) (£29.49)
NLR, mean (£SD) 1.04 (£1.86) | 0.95(+0.93) | 1.11(£2.31) | 0.905*" 0.377
LMR, mean (£SD) 8.03 (+9.82) | 6.72 (+6.46) | 8.96 (+11.58) | 0.211°* 0.154

Hb — haemoglobin; IVH — intraventricular hemorrhage; LMR - lymphocyte-to-monocyte

ratio; MCH - mean corpuscular haemoglobin; MCHC - mean corpuscular haemoglobin

concentration; MCV - mean corpuscular volume; MPV - mean platelet volume; n — number;

NLR -neutrophil-to-lymphocyte ratio; PDW - platelet distribution width; PLCR - platelet-

large cell ratio; PLR - platelet-to-lymphocyte ratio; RBC - red blood cells; RDWCV- red cell

destribution width coefficient of variation; RDWSD- RDW standard deviation; SD — standard

deviation; WBC - White blood cell

Bold - statistically significant. *** Independent t test. (@ Multivariate analysis by logistic

regression adjusted to gestational age and birth weight.
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Supplementary Table 1- Diagnosis, approach and management of the premature newborn

Diagnosis /

Definition/Management Reference
Approach
In our center, on D1 of life, all preterm infants undergo
an initial cranial ultrasound examination, which is then
Cranial ultrasound repeated weekly. We used Volpe JJ's classification for 18,19
the classification of IVH and the criteria from de Vries
L and Rennie JM for the classification of cPVL.
Defined according to the American College of
Obstetricians and Gynaecologists. We considered the
diagnosis of PE as blood pressure values over 140/90
mmHg along with proteinuria higher than 300 mg in 24
Hypertension and PE 20
hours, detected after 20 weeks of gestation in previously
normotensive women. HELLP syndrome was
considered as a complication of PE when occurring in
association to it.
Gestational diabetes
Cervical
Definitions followed the American College of
incompetence
Obstetricians and Gynecologists guidelines, aligned 20
Placental abruption
with our institutional terminology.
Fetal growth
restriction
Prenatal Women at risk of preterm delivery receive prenatal
21
corticosteroid corticosteroids, particularly dexamethasone, up to 34
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weeks of gestation, in accordance with the guidelines
from the National Institutes of Health (NIH) Consensus
Development Panel on the Effect of Corticosteroids for
Fetal Maturation on Perinatal Outcomes. An additional
course of steroids is administered if there is a threat of
preterm birth before the 32nd week of gestation,
assuming that the previous course was administered 1-2

weeks earlier.

Antenatal

magnesium sulfate

For fetal neuroprotection, prenatal magnesium sulfate
was administered to all women. This included an initial
intravenous dose of 4g over 30 minutes, followed by a
continuous infusion of 1g per hour until delivery, in

accordance with established guidelines.

22

Chorioamnionitis

Maternal fever and two or more symptoms such as
maternal or fetal tachycardia, uterine tenderness, foul-
smelling amniotic fluid, leukocytosis, or elevated CRP
were the criteria used to define clinical
chorioamnionitis.

The presence of polymorphonuclear leukocytes in fetal
membranes and chorionic plate was used to define
histological chorioamnionitis.

Chorionic vasculitis was considered in the presence of

infiltration in chorionic vessels, and funisitis was noted

23,24
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with infiltration in the umbilical cord blood vessel wall

and Wharton’s jelly.

Resuscitation in the

delivery room

Preterm infants with adequate respiratory drive received
polyethylene bag and early nCPAP. In our center, we
aim to maintain a FiO2 below 0.30 for supplemental

oxygenation.

Small for gestational

age

SGA was defined as a birth weight below the 3rd

percentile according to Fenton’s fetal growth charts.

25

Protocol-driven

assessments

Protocol-driven assessments of all premature infants are
conducted within the first hour of life, including
collection of a complete blood count, blood culture and
CRP measurement following peripheral vein puncture.
The blood count is analyzed in the hospital's central
laboratory. Additional hematological indices (PLR,

NLR and LMR) were calculated from the blood count.

Respiratory support

Our center primarily uses non-invasive ventilation such
as nCPAP, with or without assisted pressure. If

ineffective, we employ CV with SIPPV. HFOV is used
for rescue ventilation. We target SpO2 ideally between

90% and 94%.

Caffeine citrate

Caffeine citrate is administered to all preterm neonates
in our center, from birth until 34 weeks corrected age,

regardless of the presence of apnea episodes.
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Surfactant

When a FiO2 above 0.30 is required to maintain the
SpO2 within the target range, preterm infants with RDS
receive early rescue surfactant, starting with 200 mg/kg
of poractant alpha, with an additional dose of 100 mg/kg

if necessary.

BPD

In accordance with National Institutes of Health criteria,
dependence on oxygen supplementation at 36 weeks of

corrected age was considered BPD.

26

Pneumonia

Pneumonia was diagnosed based on signs of respiratory
distress, abnormal white blood cell count and elevated
CRP, positive cultures from urine, blood, or broncho-
tracheal samples, and evidence of lung infection on

radiography.

27

Sepsis

The assessment of sepsis followed our National
Programme of Infection Control Guidelines,
differentiating between proven cases of sepsis
(confirmed by positive blood culture for bacterial or
fungal infection) and clinically diagnosed cases based
on symptoms such as fever, hypothermia, lethargy,
tachypnea, apnea/bradycardia, cyanosis, hypoglycemia
not attributed to other diagnoses, and thrombocytopenia,
leukopenia, or elevated CRP. The time limit to classify

early and late sepsis was set at 72 hours.

27
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Meningitis

Meningitis was diagnosed in clinically ill premature
infants based on elevated polymorphonuclear counts and
abnormal cerebrospinal fluid biochemistry, regardless of

the isolation of a microbiological agent.

27

ROP

Ophthalmological examinations and screening for ROP
were conducted according to the criteria of the
Portuguese Society of Neonatology. The classification
of ROP was determined using the International
Classification of Retinopathy of Prematurity published

in 2005.

28,29

Ductus arteriosus

patency

All preterm infants underwent echocardiography
between 48 and 72 hours of life to screen for HsPDA.
Ibuprofen was used as the first-line treatment when

HsPDA was present.

Parenteral nutrition

In stable cases, infants ideally began total parenteral
nutrition on D1 of life. Starting with a volume of 70-90
ml/kg/day, the volume was increased by 10-20

ml/kg/day up to 150 ml/kg/day by the seventh day.

Incubator humidity

Maintained at 70% during the first week.

NEC

We utilized the modified Bell criteria to diagnose and

stage NEC.

30

Hemoderivatives

transfusion

We follow the recommendations from the Portuguese
Society of Neonatology for the transfusion of red blood

cells and platelets. Platelet transfusion is indicated when

31,32
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platelet counts fall below 50,000 per cubic millimeter,
or 100,000 per cubic millimeter if bleeding or clinical

instability occurs.

D1 — first day of life; IVH — intraventricular hemorrhage; cPVL- cystic periventricular
leukomalacia; PE — preeclampsia; HELLP - hemolysis, elevated liver enzyme levels, and low
platelet levels; CRP - C-reactive protein; nCPAP - nasal continuous positive airway pressure;
FiO2 - fraction of inspired oxygen; SGA — Small for gestational age; PLR - platelet-to-
lymphocyte ratio; NLR - neutrophil-to-lymphocyte ratio; LMR - lymphocyte-to-monocyte
ratio; CV - conventional ventilation; SIPVV - synchronized intermittent positive pressure
ventilation; HFOV - high frequency oscillatory ventilation; SpO2 - peripheral oxygen
saturation; RDS - respiratory distress syndrome; BPD - bronchopulmonary dysplasia; ROP -
retinopathy of prematurity; HSPDA - hemodynamically significant patent ductus arteriosus;

NEC - Necrotizing enterocolitis
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“Retrospective study, at an academic tertiary center”
(b) Provide in the abstract an informative and balanced
summary of what was done and what was found

“ Retrospective study, at an academic tertiary center,
including preterm infants with gestational age below
30 weeks. A statistical analysis compared two groups
of infants, with and without IVH.”

“Our results demonstrate that hematological
parameters and indices (HPI) from blood count (BC)
collected on first day of life (D1) are not associated
with the occurrence of intraventricular hemorrhage
(IVH), and therefore cannot be used as predictors of

IVH in extremely premature infants.”

Background

/ Rationale

2

Explain the scientific background and rationale for the
investigation being reported
“Intraventricular hemorrhage (IVH) in premature

neonates represents a critical neurological concern for

Page 2

Page 2

Page 4



neonatologists (...) Its prevalence can be as high as
45% among extremely preterm infants. (...) Recent
research by Cucerea M et al. has shown that early
hematological parameters are linked to the
development of IVH (...) The role of hematological
parameters in contributing to the occurrence of IVH
in premature newborns remains poorly understood

and warrants further investigation”

Objectives

3

State specific objectives, including any prespecified
hypotheses

“This study aimed to evaluate the association between
hematological parameters and indices obtained from
the initial blood count on the first day of life (D1) and
the occurrence of IVH in premature infants, in order
to assess whether these can be used as prognostic

markers.”

Methods

Study design

4

Present key elements of study design early in the paper
“This is a retrospective study conducted at an
academic tertiary neonatal intensive care unit (NICU)
that admits preterm newborns from 23 weeks of
gestation onwards. Our inclusion criteria were (...)

Our exclusion criteria were (...)”

Page 4

Page 4-5



Setting

Describe the setting, locations, and relevant dates,
including periods of recruitment, exposure, follow-up,
and data collection

“at an academic tertiary neonatal intensive care unit
(NICU) that admits preterm newborns from 23 weeks
of gestation onwards (...) our inclusion criteria were
preterm neonates with a gestational age between 23
weeks (23 weeks and 0 days) and 30 weeks (29 weeks
and 6 days), born between January 1, 2008, and
October 31, 2023 (...)The data collection protocol

included information about (...)”

| Page5

Participants

6

(a) Give the eligibility criteria, and the sources and
methods of selection of participants. Describe methods of
follow-up

“inclusion criteria were preterm neonates with a
gestational age between 23 weeks (23 weeks and 0
days) and 30 weeks (29 weeks and 6 days), born
between January 1, 2008, and October 31, 2023. (...)
In our NICU, ideally, on D1 of life, all preterm infants
undergo an initial cranial ultrasound examination,
which is then repeated weekly.”

(b) For matched studies, give matching criteria and
number of exposed and unexposed

Our study wasn’t matched.

Page 4-5

Not

applicable




Variables

7

Clearly define all outcomes, exposures, predictors,
potential confounders, and effect modifiers. Give
diagnostic criteria, if applicable

Supplementary Table 1

Page 25-

30

Data sources/

measurement

8*

For each variable of interest, give sources of data and
details of methods of assessment (measurement).
Describe comparability of assessment methods if there is
more than one group

“In our NICU, ideally, on D1 of life, all preterm
infants undergo an initial cranial ultrasound
examination, which is then repeated weekly. We used
Volpe JJ's classification (18) for the classification of
IVH (...) Additional hematological indices, including
the platelet-to-lymphocyte ratio (PLR), neutrophil-to-
lymphocyte ratio (NLR), and lymphocyte-to-monocyte
ratio (LMR), were calculated from the blood count.”

Supplementary Table 1

Page 5,

25-30

Bias

Describe any efforts to address potential sources of bias
“ The multivariate analysis by logistic regression
adjusted to gestational age and birth weight revealed
no significant associations between hematological
parameters and indices of D1 and the occurrence of
IVH. (...) The multivariate analysis by logistic
regression adjusted to clinical chorioamnionitis,

gestational age, birthweight, use of endotracheal tube,

Pages 7-8



mechanical ventilation and oxygen in the delivery
room, surfactant, days of invasive mechanical
ventilation and nCPAP, oxygen dependency at 36
weeks, oxygen at discharge, total parenteral nutrition,
transfusion of red blood cells and platelets, Hs-PDA,
PVI, LPV¢, early and nosocomial sepsis and ROP
found an (...) The multivariate analysis by logistic
regression adjusted to confounding variables (multiple
gestation, clinical and histologic chorioamnionitis,
chorionic vasculitis, gestational age, birthweight, use
of endotracheal tube and surfactant, Apgar score at
1st minute <5 in the delivery room, occurrence of
pneumothorax, systemic postnatal steroids, inhaled
bronchodilator, oxygen at discharge, transfusion of

red blood cells and platelets) showed”

Study size

10

Explain how the study size was arrived at

A convenience sample was used to obtain at least
thirty patients with each of the three degrees of
intraventricular hemorrhage (I-11I), in a minimum of

ninety patients.

Not

applicable:

Quantitative

variables

11

Explain how quantitative variables were handled in the
analyses. If applicable, describe which groupings were
chosen and why.

“ symmetrically distributed continuous variables were

described using the mean (+ standard deviation), and

Pages 6




asymmetrically distributed continuous variables by
the median (minimum-maximum). (...) the
Independent t-test or Mann-Whitney U test were
employed for symmetric and asymmetric continuous

variables, respectively.”

Statistical

methods

12

(a) Describe all statistical methods, including those used
to control for confounding

“Statistical analysis was performed using IBM SPSS
Statistics version 28 for Windows (IBM SPSS
Statistics®, Inc., Chicago, IL, USA). (...) Chi-square
or Fisher’s exact test were used to compare
categorical variables, and the Independent t-test or
Mann-Whitney U test were employed for symmetric
and asymmetric continuous variables, respectively.
Predictors were evaluated through multivariate
analysis using logistic regression. A p-value < 0.05 was
considered statistically significant. (...) The
multivariate analysis by logistic regression (...)”

(b) Describe any methods used to examine subgroups and
interactions

“An analysis in the subgroup of patients with IVH-3
(severe IVH) was carried out. The univariate analysis
showed (...)The multivariate analysis by logistic

regression adjusted to confounding variables (multiple

Page 6

Page 8



gestation, clinical and histologic chorioamnionitis,
chorionic vasculitis (...)”

(c) Explain how missing data were addressed
All the variables selected for the study were detailed in

the clinical file of each patient, therefore, there wasn’t
any missing data.

(d) If applicable, explain how loss to follow-up was
addressed

We didn’t have any follow up time.

(e) Describe any sensitivity analyses

Not

applicable

Not

applicable

Not

applicable

Results

Participants

13%*

(a) Report numbers of individuals at each stage of
study—eg numbers potentially eligible, examined for
eligibility, confirmed eligible, included in the study,
completing follow-up, and analysed

“ From 241 premature newborns with gestational age
between 23 and 29+6 weeks admitted in our NICU, 35
(14.52%) were excluded (...) Two hundred and six
(85.48%) were eligible and therefore included in this
study.”

(b) Give reasons for non-participation at each stage

“ 35 (14.52%) were excluded: 18 outborns, 1 affected
by TORCH infection, 5 with major congenital
anomalies, 1 with chromosomal abnormalities, 6 with

Apgar score at S minutes < 3, 2 with twin-to-twin

Page 6

Page 6



transfusion syndrome, and 2 with fetal growth
discrepancy”

(c) Consider use of a flow diagram
In this study, there weren’t any patients excluded

because of loss of follow-up or loss of interest in
participation. Therefore, we considered there was no

necessity of doing flow diagrams.

Not

applicable

Descriptive

data

14%

(a) Give characteristics of study participants (eg
demographic, clinical, social) and information on
exposures and potential confounders

“ In the IVH group, clinical chorioamnionitis
(p=0.004) was significantly more prevalent. (...) For
the total sample, the median of the gestational age was
27 (range: 23-29) completed weeks and the mean birth
weight was 933.30 (£266.8 SD) grams. Both of these
variables were significantly lower in the IVH group
(p<0.001 and p<0.011, respectively). (...) Data on
delivery room management for the total sample and
the subgroups IVH and no-IVH newborns are
presented in table 3. In the IVH group, the use of
endotracheal tube (p=0.043), invasive mechanical
ventilation (p=0.042) and use of oxygen (p=0.048) were
significantly more prevalent. Data on the neonatal

morbidity and mortality for the total sample and the

Page 6-7



subgroups IVH and no-IVH newborns are shown in

table 4.”
(b) Indicate number of participants with missing data for | Not
each variable of interest
All the variables selected for the study were detailed in | applicable
the clinical file of each patient, therefore, there wasn’t
any missing data.
(c) Summarise follow-up time (eg, average and total Not
amount)
The patient sample was assessed until hospital applicable
discharge. There wasn’t any necessity to collect
follow-up data after discharge.

Outcome data 15*  Report numbers of outcome events or summary measures | Page 17-
over time 24

“From two hundred and six preterm neonates eligible
included in this study, 120 developed intraventricular

hemmorhage (IVH)” Tables 2-6




10

Main results

16

(a) Give unadjusted estimates and, if applicable,
confounder-adjusted estimates and their precision (eg,
95% confidence interval). Make clear which
confounders were adjusted for and why they were
included

Table S. “The multivariate analysis by logistic
regression adjusted to gestational age and birth
weight revealed no significant associations between
hematological parameters and indices of D1 and
the occurrence of IVH. The multivariate analysis
by logistic regression adjusted to clinical
chorioamnionitis, gestational age, birthweight, use
of endotracheal tube, mechanical ventilation and
oxygen in the delivery room, surfactant, days of
invasive mechanical ventilation and nCPAP,
oxygen dependency at 36 weeks, oxygen at
discharge, total parenteral nutrition, transfusion of
red blood cells and platelets, Hs-PDA, PVI, LPVe¢,
early and nosocomial sepsis and ROP found an
association between oxygen dependency at 36
weeks of GA and IVH [OR=2.41; 95%CI: 1.18-
4.90, p = 0.016]. The multivariate analysis by
logistic regression adjusted to confounding
variables (multiple gestation, clinical and histologic

chorioamnionitis, chorionic vasculitis, gestational

Pages 8,

20-22



11

age, birthweight, use of endotracheal tube and
surfactant, Apgar score at 1st minute <5 in the
delivery room, occurrence of pneumothorax,
systemic postnatal steroids, inhaled bronchodilator,
oxygen at discharge, transfusion of red blood cells
and platelets) showed that occurrence of PVI
(»=0.002) and LPVc (p <0.001) were significantly

more prevalent in the IVH-3 group ”

(b) Report category boundaries when continuous Not
variables were categorized applicable
We didn’t categorize any continuous variable
(c) If relevant, consider translating estimates of Not
relative risk into absolute risk for a meaningful time applicable
period

Other analyses 17 Report other analyses done—eg analyses of subgroups | Page 8
and interactions, and sensitivity analyses
“An analysis in the subgroup of patients with IVH-
3 (severe IVH) was carried out.”

Discussion

Key results 18 Summarise key results with reference to study Page 9-10

objectives

*“ the two groups differed significantly in
gestational age, with the IVH group having a
significantly lower gestational age and,

consequently, a lower birth weight. (...) Our results




12

do not support the hypothesis that hematological
parameters and indices on D1 differ between
patients with and without IVH (...) In this study,
BPD was found to be associated with IVH after

multivariate analysis (...) ¢

Limitations 19

Discuss limitations of the study, taking into account
sources of potential bias or imprecision. Discuss both
direction and magnitude of any potential bias

“The retrospective nature is the main limitation of
this study. (...) data may be incomplete, inaccurate,
or collected inconsistently, (...) confounding
variables (...) retrospective nature limits the ability

to infer causal relationships”

Page 11

Interpretation 20

Give a cautious overall interpretation of results
considering objectives, limitations, multiplicity of
analyses, results from similar studies, and other
relevant evidence

“we assert that this study has the potential to make
a meaningful contribution to future meta-analyses
that evaluate the relationship between early
hematological parameters and intraventricular

hemorrhage in preterm infants.”

Page 11

Generalisability 21

Discuss the generalisability (external validity) of the

study results

Page 11




13

“ This study encompasses a robust patient sample,
enabling a comprehensive assessment of the
association between hematological parameters and
indices collected on D1 and the occurrence of IVH,
which reinforces confidence in our findings.
Additionally, the single-center design, coupled with
a consistent blood collection methodology and
rigorous laboratory analysis, significantly enhances
the robustness of our results. Given these strengths,
we assert that this study has the potential to make a

meaningful contribution”

Other information

Funding 22 Give the source of funding and the role of the funders | Not
for the present study and, if applicable, for the original ‘
study on which the present article is based applicable

*Give information separately for exposed and unexposed groups.

Note: An Explanation and Elaboration article discusses each checklist item and gives
methodological background and published examples of transparent reporting. The STROBE
checklist is best used in conjunction with this article (freely available on the Web sites of
PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at
http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the
STROBE Initiative is available at http://www.strobe-statement.org.
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Article Types
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Article Type Main Text Abstract Limit Keywords Limit Title Limit
Original Manuscript No limit Up to 300 words 4 to 9 keywords Up to 25 words
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Short Communication No limit Up to 300 words 4 to 9 keywords Up to 25 words
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Research Series

Letters: To ensure your response to a published article is timely, please submit your letter no later than 4
weeks of print publication of the original paper. Letters submitted after 4 weeks from print publication will

not be considered.

General Guidelines

e  You must submit a digital copy of your manuscript. Hard copy submissions are not accepted.

e Keep the format of your manuscript simple and clear. We will set your manuscript according to our
style — do not try to “design” the document.

e The manuscript, including the title page, abstract and keywords, text, references, figure captions, and
tables should be typewritten, double-spaced in 12-point font with 1-inch margins all around and saved

as one file.

e Each figure should be saved as its own separate file. Do not embed figures within the manuscript file.
This requires special handling by Thieme’s Production Department.
e Keep abbreviations to a minimum and be sure to explain all of them the first time they are used in the

text.

e  The manuscripts should be written in American English.
e The authors should use Systéme International (SI) measurements. For clarity, nonmetric equivalents
may be included in parentheses following the SI measurements.
e Use generic names for drugs. You may cite proprietary names in parentheses along with the name and
location of the manufacturer.
e Credit suppliers and manufacturers of equipment, drugs, and other brand-name material mentioned in

the manuscript within parentheses, giving the company name and primary location.
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Abstract and Keywords
See the section Article Types for word limits.

The abstract should briefly outline the content of the article and any conclusions it may reach. It should be
structured as follows: Objective, Study Design, Results, Conclusion. The keywords should be words a reader
would be likely to use in searching for the content of the article.

Key Points

e 3to5 key points should be supplied.
e Please limit the length of each key point to 50 characters or less

Main Document

e Please clearly distinguish the hierarchy of headings within the manuscript by using capital letters,
underline, italic, and bold styles as necessary.

e Asneeded, use italic, superscripts, subscripts, and boldface, but otherwise do not use multiple fonts and
font sizes.

e Do not insert page or section breaks except where noted in the Author Instructions.

e Use hard returns (the Enter key) only at the end of a paragraph, not at the end of a line. Allow lines of
text to break automatically in your word-processing software. Do not justify your text.

e Use only one space, not two, after periods.

e Create tables using the Table function in Microsoft Word.
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Figure Captions

Figures include photographs or radiographs, drawings, graphs, bar charts, flow charts, and pathways, but
NOT lists or tables.

Figures must be cited sequentially in the text. Number all figures (and corresponding figure captions)
sequentially in the order they are cited in the text.

Figure captions should be written after the reference list. Insert a page break between the end of references
and the start of figure captions.

Figure captions should include a description of the figure and/or each lettered part (A, B, etc.) and of any
portions of the figure highlighted by arrows, arrowheads, asterisks, etc.

For a figure borrowed or adapted from another publication (used with permission), add a credit line in
parentheses at the end of each figure legend. This credit line should be a complete bibliographic listing of the
source publication (as a reference), or other credit line as supplied by the copyright holder. For example
(Reprinted with permission from Calfee DR, Wispelwey B. Brain abscess. Semin Neurol 2000;20:357.)

Tables

Data given in tables should be commented on but not repeated in the text. Be sure that lists or columns of
related data are composed in a word-processing program like the rest of the text.

Do not intersperse tables in the text. Tables should appear after the figure captions. Insert a page break
between the end of the figure captions and the start of the tables.

Tables must be double-spaced and numbered in the same sequence they are cited in the text. A short
descriptive title should be provided for each table.

If a table contains artwork, supply the artwork separately as a digital file.

For tables borrowed or adapted from another publication (used with permission), add a credit line as the
first footnote beneath each table. This credit line should be a complete bibliographical listing of the source
publication (as a reference), or other credit line as supplied by the copyright holder. For example, “Reprinted
with permission from Calfee DR, Wispelwey B. Brain abscess. Semin Neurol 2000;20:357.” (“Data from...”
or “Adapted from...” may also be used, as appropriate.)

Other footnotes for tables should be indicated in the table using superscript letters in alphabetical order.
Any abbreviations used in the table should be explained at the end of the table in a footnote.
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