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Objective: The main purpose of our study was to determine the predictors for complication in neonates with LOS.

Material and methods: This were a retrospective cohort study conducted in neonatal intensive care unit between June 2016 to
February 2020. Neonates with LOS were enrolled in this study. According to whether merged complication after LOS, neonates
were divided into complication group and non-complication group. The demographic data, perinatal conditions, blood cell count
analysis, blood culture, hypo proteinemia within 1 week after the onset and treatment measures were compared.

Results: A total of 87 neonates with LOS were enrolled in this study. Significant differences were observed between the com-
plication and non-complication group with regard to haemoglobin (Hb), decrease of Hb, hypo proteinemia and red blood cell
transfusion (P < 0.05). Further comparison found that neonates with LOS who had moderate and more severe anemia at the time
of onset were more likely to have complications than those with mild or no anemia. The results of binomial stepwise logistic re-
gression suggested that significant decrease of Hb (OR=0.045,P=0.025<0.05) and hypo proteinemia(OR=0.266, P=0.007<0.05)
were independent predictors for complication in neonates with LOS. A receiver operating characteristic analysis showed that
the AUC was 0.807 for decrease of Hb.

Conclusion: Significant decrease of Hb and hypo proteinemia were independent predictors for complication and may predict

the occurrence of complication in neonates with LOS in the early stage.
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Introduction

Neonatal Sepsis (NS) is one of the most common infectious
diseases in newborns with high morbidity and mortality, and
remains as the third major cause of neonatal death, especially
in developing countries [1-2]. Sepsis can cause many diseas-
es, such as septic shock, neonatal Necrotizing Enterocolitis
(NEC), meningitis, osteomyelitis [3]. The occurrence of these
diseases not only increases the mortality of newborns, and also
cause short-term and long-term sequelae, such as intestinal ste-
nosis, short bowel syndrome, neurological and skeletal system
sequelae, etc [4-6], Seriously affect the quality of newborns’s
life. Therefore, exploring the predictors of complications of
NS help to take targeted prevention measures to reduce the in-
cidence of complications and mortality. Up to now, there are
many studies on the severity and prognosis of sepsis all over
the world, but very few studies on the predictors for compli-
cations with NS, especially quantitative indicators. Hence, we
hope that through this study, we can obtain quantitative indica-
tors which are easy to obtain in clinical practice to predict the
occurrence of complications, with a view to reducing the inci-

dence of complications and provide new clues for optimizing
the treatment strategy in the early clinical stage.

The occurrence of LOS is often accompanied by varying de-
grees of reduction in Hemoglobin (Hb). The decrease of Hb
may cause ischemic and hypoxic damage to the body, causing
redistribution of blood and microcirculation disorders, which
may eventually have an adverse effect on the tissues and organs
of neonates, thereby aggravating the condition. But this is lim-
ited to theoretical speculation. On the other hand, a large num-
ber of inflammatory mediators are released after LOS, which
can inhibit albumin synthesis. In addition, a large amount of
albumin in the body quickly synthesizes acute-phase protein,
causing the albumin level to drop. Studies have shown that
hypoalbuminemia was a risk factor for prognosis of sepsis in
adults. Regrettably, there was no study focused on the relation-
ship between the decrease of Hb and Hypoproteinemia and the
complication in neonates with LOS. As such, our current study
is unique in that it mainly focused on predicted approach of the
the complication in neonates with LOS which has a potential
to change the current recommendation in developing countries.
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Methods

Study subjects

This was a retrospective cohort study conducted in neonatal
intensive care unit (NICU). Neonates with LOS (age > 3 days)
diagnosed by a neonatal specialist at at the First Hospital Af-
filiated to Army Medical University, China between June 2016
to February 2020. According to whether merged complications
after LOS, neonates were divided into complication and non-
complications group. Exclude: (1) Intrauterine infection leads
to early-onset sepsis (Age < 3 days), meconium aspiration syn-
drome; (2) Those with genetic metabolic diseases (Newborns
will be screened for genetic metabolism 3 days after birth); (3)
Hb reduction caused by intracranial hemorrhage, gastrointes-
tinal hemorrhage, pulmonary hemorrhage; (4) Decrease of Hb
caused by iatrogenic blood drawing.

This study was approved by the Ethics Committee of the First
Hospital Affiliated of Army Medical University. All methods
were performed in accordance with the relevant guidelines and
regulations. The informed consent for participation in the study
was obtained from legal guardians.

Clinical definitions

The diagnostic criteria for LOS refer to the Guidelines for the
Diagnosis and Treatment of Neonatal Sepsis (2003) revised by
the Chinese Medical Association [7]. Diagnostic criteria for
sepsis: infants have fever or low body temperature, less crying,
poor response and feeding and other clinical manifestations.
At the same time, blood culture or sterile body cavity cultured
pathogenic bacteria. Or have the above clinical manifestations
and have at least the following two: (1) Blood cell count analy-
sis: the white blood cell (WBC) count <5 x 109/L, or increased
(when the age < 3d, WBC > 25 x 109/L; the age > 3d, WBC >
20 x 109/L); (2)Cell classification: immature neutrophils / total
neutrophils (I/T) > 0.16; (3)Platelet count (PLT) < 100 x 109/L;
(#)C-reactive protein (CRP) > 8 mg/L. Complications caused
by LOS include septic shock, NEC, meningitis, osteomyelitis,
Diffuse intravascular coagulation (DIC). For the diagnosis of
complications, refer to the fourth edition of Practical Neonatol-
ogy [3]. Hemoglobin (Hb) in the neonatal period < 145 g/L is
anemia, 144 - 120 g/L is mild, - 90 g/L is moderate, - 60g/L is
severe, and < 60 g/L is extremely severe [8]. Diagnostic criteria
for hypoproteinemia: serum albumin (Alb) <25g/L [9].

Data collection

Demographic data were obtained from the electronic medi-
cal records and included mother's prenatal condition, such as
whether there was premature rupture of membranes, amniotic
fluid meconium pollution, maternal hypertension and diabetes,
etc. At the same time, the information of neonates, such as gen-
der, gestational age, birth weight, age of onset, comorbidities,
blood cell count analysis, blood culture, albumin within 1 week
after the onset and treatment measures (after the occurrence
of LOS and before the occurrence of complications) was also
recorded. When patients first showed the symptoms of LOS
(such as fever, poor response and feeding), the blood samples
collected for the first time would be examined. Laboratory pa-
rameters such as WBC, PLT, Hb, the decrease of Hb, blood
culture and albumin were measured.

In addition, we collected the most recent Hb before LOS and
interval between two Hb collections ( the most recent Hb be-
fore LOS and Hb at the early stage of LOS). There were no

differences in the most recent Hb before LOS and sample col-
lection interval between the two groups. At the same time, we
calculated the amount of venous blood collection in the early
stage of LOS in the two groups to avoid the decrease of Hb
caused by iatrogenic blood collection. There was no significant
difference in venous blood collection between the two groups.
Calculate the decrease of Hb: the most recent Hb before LOS -
Hb at the early stage of LOS.

Statistical analysis

SPSS 20.0 was used for statistical analysis. The continuous
variables of non-normal distribution were rendered as median
interquartile range (IQR) percentiles and were compared using
Mann-Whitney U-tests. Categorical variables were presented
as absolute number and percentage. Differences in categorical
variables were assessed for significance using Chi-square test
and Fisher’s Exact test. Multivariate logistic regression analy-
sis was used to assess the independent predictors for complica-
tion in neonates with LOS. The receiver operating character-
istic (ROC) method was conducted to evaluate the utility of
different variables in predicting complications in neonates with
LOS. The sensitivity and specifcity were compared by analyz-
ing the area under the ROC curve. P < 0.05 was considered
significant.

Results

Comparison of general data between the two groups

Total 87 neonates with LOS were included, 56 in the non-com-
plication group and 31 in the complication group, including
14 cases of NEC, 6 of septic shock, 8 of meningitis, 2 of os-
teomyelitis, and 1 of DIC. Demographic characteristics of the
two groups were presented in Table 1, including their gender,
gestational age, birth weight, age of onset, perinatal situation,
comorbidities, etc. The results showed that there were no sig-
nifcant differences were observed regarding these data among
the complication group and non-complication group(P > 0.05).

Significant differences in Hb, decrease of Hb, hypo protein-
emia and red blood cell transfusion

Significant differences were observed between the complica-
tion and non-complication group with regard to Hb, decrease
of Hb, hypo proteinemia within 1 week after the onset and red
blood cell transfusion (P < 0.05). No significant difference in
WBC, PLT, blood culture and mechanical ventilation was ob-
served between the two groups (P > 0.05, Table 2). Further
analysis of the impact of different degrees of anemia on the in-
cidence of complication suggested that neonates with moderate
or more severe anemia were more likely to have complications
than those with mild or no anemia (P < 0.05, Table 3).

Significant decrease of Hb and hypoproteinemia were inde-
pendent predictors for complication in neonates with LOS

Binomial stepwise logistic regression was used with whether
complication occurred as the dependent variable, and the above
statistically significant indicators, including Hb, decrease of
Hb, hypo proteinemia and red blood cell transfusion were
used as independent variables to test whether each factor had
a significant effect on complication. The results suggested that
significant decrease of Hb (OR=0.045,P=0.025<0.05)and hypo
proteinemia (OR=0.266, P=0.007<0.05)were independent pre-
dictors for complication in neonates with LOS. (Table 4).
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Table 1: The baseline clinical characteristics of the complication and non-complication group.

Complication (n = 31) Non-Complication (n =56) | P
Gender (Male, n%) 13 (41.9%) 31 (55.4%) 0.182
Gestational Age (Week) 31.96 (30.14~34.57) 32.67 (31.50~34.36) 0.325

. . 1659.19 (1305.00~2090.00 | 1753.57 (1307.50~2057.50

Birth Weight (g) ) ) 0.532
Age of Onset (d) 18.61 (11.00~23.00) 19.09 (12.00~26.75) 0.483
Breasteeding (n%) 25 (80.6%) 49 (87.5%) 0.531
Cesarean section (n%) 19 (61.3%) 39(69.6%) 0.429
PROM > 18h (n%) 5(16.1%) 11(19.6%) 0.685
Meconium pollution of amniotic fluid (n%
) 1(3.2%) 2(3.6%) 1
Pregnancy hypertension (n%) 5(16.1%) 14(25.0%) 0.337
Maternal diabetes (n%) 3(9.7%) 11(19.6%) 0.361
Asphyxia (n%) 2(6.5%) 4(7.1%) 1
Small for gestational age (n%) 7(22.6%) 21(37.5%) 0.153
NRDS (n%) 11(35.5%) 13(23.2%) 0.22
Apnea (n%) 7(22.6) 12(21.4%) 0.901

PROM > 18 h indicates Premature rupture of membranes > 18 hours, NRDS indicates neonatal respiratory distress syn-
drome. The continuous variables of non-normal distribution were rendered as median interquartile range (IQR) percentiles
and were compared using Mann-Whitney U-tests. Categorical variables were presented as absolute number and percent-
age, and were compared using Chi-square test and Fisher s Exact test. P < 0.05 was considered significant.

Table 2: Comparison of laboratory indicators and treatment measures between the two groups.

Complication (n = 31) Non-Complication (n = 56) | P
WBC (x10°/L) 9.76 (4.69~15.14) 11.32 (5.81~12.79) 0.794
PLT (x10%L) 187.65 (113.00~257.00) | 202.77 (97.25~282.50) 0.982
HbXg/LKX 111.74 (106.00~119.00> | 123.71 (106.25~132.25) | 0.012
Decrease in HbXg/LK 17.87 (6.00~27.00) 9.71 (2.00~17.00) 0
Blood culture (positive, n%) 13X41.9%K 25K44.6%X 0.807
Hypoproteinemia (n%) 20K64.5%X 14K21.5%K 0
Mechanical ventilation (n%) 10X32.3%NKX 12K21.4%KX 0.266
Red blood bell infusion (n%) | 17X54.8%K 16X28.6%K 0.016

WBC indicates white blood cell, PLT indicates Platelets and Hb indicates hemoglobin. The continuous
variables of non-normal distribution were rendered as median interquartile range (IQR) percentiles and
were compared using Mann-Whitney U-tests. Categorical variables were presented as absolute number
and percentage, and were compared using Chi-square test and Fisher s Exact test. P < 0.05 was consid-

ered significant.

Table 3: Comparison of the severity of anemia between the two groups.

Complication (n = 31)

Non-Complication (n = 56) | P

No Anemia or Mild Anemia (n%)

TX22.6%X

30K53.6%NX

Moderate or Above Degree Anemia (n%)

24K77.4%KX

26K46.4%X

0.005

Table 4: Logistic regression analysis results.

b SE(b) | Walds | P OR | 95% CI for OR
Decreasc of Hb | 0.045 | 0.02 | 5.048 | 0.025 | 1.046 | (1.006-1.087)
Hypoproteinemia | -1.326 | 0.494 | 7.204 | 0.007 | 0.266 | (0.101-0.699)

Hb indicates Hemoglobin.
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The high predictive value of decrease of Hb for complica-
tion in neonates with LOS

The Receiver Operating Characteristic (ROC) analysis of LOS
showed that Area Under the Curve (AUC) was 0.807, suggest-
ing that decrease of Hb may predict the occurrence of compli-
cation in neonates with LOS (Table 5, Figure 1).

Table 5: The ROC curve of the decrease of Hb for predicting
complication in sepsis.

Cut-
o . Youden
off Sensitivity | Specificity | .
index

value

Decrease

of Hb (g/L)

AUC=0.807 | 14.5 0.81 0.73 0.54

(0.703-0.912

X
13.5 0.84 0.68 0.52
16.5 0.71 0.8 0.51
15.5 0.74 0.75 0.5
17.5 0.65 0.84 0.49

Hb indicates Hemoglobin.

ROC

0.6

Sensitivity

0.4

0.2+

0.0 T T T
(1) 02 04 06 0s 1.0

1 - Specificity

Figure 1: The ROC curve of decrease of Hb for predicting
complication in neonates with LOS.

Discussion

The neonatal immune system is immature, highly susceptible
to many microorganisms and prone to sepsis, especially pre-
mature infants and low birth weight infants. Long-term use of
invasive procedures and intravenous nutrition increase the inci-
dence of sepsis. Due to the low immunity and weak resistance
of the newborn, sepsis often develops rapidly from subclini-
cal symptoms to severe systemic infection symptoms, causing
damage to systemic organs and the occurrence of diseases,
such as NEC, meningitis, septic shock, DIC, etc, making sepsis
become an important cause of neonatal death [10]. Therefore,
it is great significance to analyze the specific risk factors of
complications and death of sepsis, taking active control mea-
sures to reduce the incidence of complications and mortality.
Our study found that there was significant difference in Hb,
decrease of Hb, hypoproteinemia within 1 week after the on-
set and red blood cell transfusion between the complication
group and non-complication group. Further logistic regression
showed that significant decrease of Hb and hypoproteinemia

were independent predictors for complication in neonates with
LOS.

The effect of anemia and decrease of Hb on the complications
and prognosis of neonates with LOS

Sepsis is often accompanied by anemia or a decrease in he-
moglobin concentration. Many causes can lead anemia, such
as iatrogenic blood loss, reduced serum iron levels, shortened
red blood cell life and increased destruction, etc. In addition,
vascular endothelial glycocalyx shedding and intravenous fluid
administration lead to blood thinning [11-13], which is also
manifested by a decrease in Hb, causing thinning ‘anemia’.
But in the early stage of sepsis, the decrease of Hb is mostly
caused by increased destruction of red blood cells and damage
to the glycocalyx layer. In severe infection, a large number of
inflammatory factors are released, on the one hand, directly
destroying red blood cells, causing a decrease in Hb. On the
other hand, a large number of inflammatory factors destroy the
glycocalyx layer of the vascular endothelium, causing dilution
anemia. Therefore, we speculate that the decrease of Hb may
reflect the level of inflammation in the body, the more obvious
the decrease in Hb, the more severe the inflammation. After
the occurrence of sepsis, the body may have microcirculation
disturbances, leading to tissue ischemia and hypoxia. When se-
vere infection occurs, a large number of inflammatory factors
are secreted in the body, which leads to true anemia or dilute
‘anemia’ through various mechanisms. The significantly re-
duced Hb further causes ischemia and hypoxia, and redistribu-
tion of blood in the body, causing or aggravating the microcir-
culation disorder. Eventually, sepsis and significantly reduced
Hb complement each other and cause adverse effects on tissue
organs. Studies have shown that anemia is a high-risk factor
of NEC [14-18], and the incidence of NEC in children with
moderate or above anemia is higher than that without anemia
or mild anemia [19]. Jung SM [20] found that low hemoglobin
levels (< 9.0 g/dL) were observed in approximately 20% of
patients with septic shock, and the severity of decrease in these
levels correlated with mortality, the lower the Hb, the higher
the mortality rate. Loftus TJ [21] found that reducing anemia
may improve the prognosis of sepsis patients. This study found
that the incidence of complications in children with sepsis was
closely related to the severity of anemia and the degree of Hb
reduction at the onset. Moderate or above anemia and signifi-
cantly reduced Hb are more likely to have complications. At
the same time, this study found that after the occurrence of
sepsis and before the occurrence of complications, the trans-
fusion of red blood cells may increase the incidence of com-
plications. Many studies have also shown that the transfusion
of red blood cells can lead to the occurrence of NEC [22-23],
and increase the chance of surgery in children with NEC and
reduce the survival rate [24]. A foreign study on blood transfu-
sion after sepsis in children showed that after sepsis-related
anemia, compared to the restrictive strategy group, there had a
significantly higher incidence of acute respiratory distress syn-
drome and acute lung injury in the liberal transfusion group.
Moreover, mortality was significantly higher, and liberal trans-
fusion might be associated with a worse outcome [25]. In addi-
tion, other studies found that the transfusion of red blood cells
may increase the mortality of critically ill patients [26-27]. It
should be pointed out that the anemia associated with sepsis is
not all true anemia, and sometimes it may be caused by blood
dilution related to fluid load [28-29]. Therefore, after the oc-
currence of sepsis, even if the Hb is reduced, it is necessary to
strictly grasp the blood transfusion pointer and carefully infuse
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red blood cells.

Further logistic regression showed that decrease of Hb was
an independent predictor for complication in neonates with
LOS. By comparing the ROC curves of the decrease of Hb,
the results showed that the AUC was 0.807 for the decrease of
Hb, which suggests that decrease of Hb (cut-off value: 14.5)
may predicted the occurrence of complication in neonates with
LOS.

The effect of hypoproteinemia on the complications and prog-
nosis of neonates with LOS

This study found that the incidence of hypoproteinemia in the
complication group was significantly higher than that in the
non-complication group. Logistic regression showed that hy-
poproteinemia was an independent predictor for complication
in neonates with LOS. Hypoproteinemia is a common compli-
cation of sepsis and albumin can be reduced by about 10-15
g/L within 1 week after sepsis. After infection, a large number
of inflammatory mediators such as interleukin - 1 (IL - 1), IL -
6 and tumor necrosis factor - o are released, which can inhibit
albumin synthesis. In addition, when children have sepsis, the
body will have fever, stress and inflammation. These symp-
toms will accelerate metabolism, a large amount of albumin in
the body quickly synthesizes acute-phase protein, causing the
albumin level to drop [30]. At the same time, increased per-
meability and destruction of vascular endothelial integrity can
also lead to hypoalbuminemia [9]. Hypoproteinemia can cause
the plasma colloid osmotic pressure to drop and a large amount
of fluid remains in the tissue gap, which reduces the effective
blood volume of the body and causes damage to multiple or-
gan functions. In addition, albumin can clear free radicals in
the body and inhibit the production of oxygen free radicals by
multinuclear cells. But when sepsis occurs, a large number of
inflammatory factors are secreted, leading to proinflammatory
and anti-inflammatory imbalances in the body, the activity of
free radicals is out of control, and a large number of free radi-
cals are produced. The occurrence of hypoalbuminemia leads
to a weakening of the body's ability to scavenge free radicals
and promote the development of sepsis. Therefore, it is neces-
sary to pay attention to children with hypoalbuminemia after
the occurrence of infection. For those with sepsis complicated
with hypoalbuminemia, the hypoalbuminemia should be ac-
tively corrected to reduce the incidence of complications.

Conclusion

A careful analysis of the decrease of Hb and hypo proteinemia
within 1 week after LOS, which is easily accessible and af-
fordable, represents a valuable tool to predict the occurrence of
complication in neonates with LOS in the early stage.
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