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Introduction 

 Preterms and critically ill newborns admitted to a NICU undergo 

repeated painful and stressful procedures which are necessary 

for their survival. 

 

 Today, pain assessment is an essential component of medical 

care for preterm infants. 
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 Painful procedures cause stress on the developing brain of the 

newborn and have neurodevelopmental adverse effects. 

 

 Proper sedation for neonates undergoing uncomfortable 

procedures may reduce stress and avoid complications. 
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Introduction 



 

 Midazolam is a short acting benzodiazepine which is used 

increasingly in the neonatal intensive care units (NICUs). 

 

 Benzodiazepines activate GABA receptors, but have not 

analgesic effects.  
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Introduction 



The number of studies which discuss the neuroapoptotic and 

neurotoxic effect of sedative analgesics  on developing brain are limited 

in the literature. 

 

 In these, there are also studies that suggested midazolam increased 

neuroapoptosis as well as studies that suggested midazolam reduced 

oxidative stress induced neuroapoptosis and neuronal degeneration.  
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 Apoptosis is a complex mechanism that occured with many energy-

dependent molecular events. 

 

 Caspase-3 is the most common membrane proteolytic enzyme in 

apoptotic pathway. Caspase-3 is particularly responsible for neuronal 

cell death. 
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Study Design 

The aim of this study is to investigate the effect of caffeine and 
midazolam on oxidative stress /neuronal apoptosis marker caspase-3 in 

preterm infants.  
 

 



• The study was performed at the NICU of Zeynep Kamil Maternity 
and Children's Disease Training and Research Hospital,  Department 
of Neonatology, University of Health Sciences, İstanbul-Turkey. 

 

• Local Ethics Committee approved our study (ZKH No:23/27.01.2017) 

 

• Sixty infants between 27-32 GW were enrolled for this prospective 
study. 

 

 

 

Material-Methods  



Material-Methods  

 The infants were divided into 2 groups; 

1) Group 1 (n = 30) caffeine   

2) Group 2 (n = 30) caffeine with midazolam  

 

First serum samples are obtained from cord blood before any 

medications  

Second samples are obtained after medication during the first 36 

hours of life.   

 

. 



 

 

Blood samples were centrifuged and stored (below −80°C). 

Serum TAC (total antioxidant capacity) and TOS (total oxidative 

status) levels are studied by Erel's method.  

 

 

 

 

Serum caspase-3 levels were measured by the human caspase-3 EIA 

kit with instant ELISA technology (Rel Assay Diagnostics).  

 

 

 

 Erel O. A new automated colorimetric method for measuring total oxidant status. Clin Biochem 2005;38:1103–11. 

 

Material-Methods  



 45 patients completed the study (Group 1: n = 23, Group 2: n = 22).  

 15 patients were excluded because of other reasons; 

1. Severe metabolic disorders (hypoglycemia and metabolic 

disturbances),  

2. Septic shock  

3. Severe hypotension   

 
(These clinical conditions might affect the oxidative stress markers of infants !!!) 

 

Results 



Demographical and Clinical Characteristics 

There was no significant difference in terms of demographical and clinical characteristics between study grups (p˃0.05) 



Results 

 No significant difference in terms of oxidative stress markers (TAC1,TOS1, OSI1) and caspase-31 levels before 
medicamentation was observed (p> 0.05).  

 

 

 



TAC2 values are statistically significant higher in Group 2 (caffeine + midazolam)(p=0.015) and Caspase-32  levels are 
significantly lower  in Group 2 (caffeine + midazolam) (p= 0.008) after medicamentation  

 

Results 



 A single subanesthetic dose of midazolam induce neuroapoptosis in 
the cerebral cortex and basal ganglia of newborn mice.   
 
 
Midazolam enhances also the noiciceptive behavior pattern in 
neonatal rats and sensitized cutaneous reflexes. 
 

 

 

 

 

 

 

 

 

Discussion 
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 Opposite studies are in the literature in which is the effect of 

midazolam on dendritic growth discussed. 

 

There are also studies that suggested exposure to sedative drugs for a 

short time can affect dendritic growth and branching without induced 

cell death, as well as studies that suggested exposure to midazolam does 

not affect dendritic growth in rats. 
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The effect of sedative analgesic drugs on brain development has two 
parts 

 
1) Direct toxic effect - the pharmacological effect on pathways of 

immature brain,  
 

2) Indirect toxic effect – that results with respiratory depression, 
hypotension, bradycardia and hypoxemia. 
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 In retrospective studies, morbidities, mortalities and long-term 

neurological outcomes are evaluated, but studies which discussed 

the effect of sedative analgesics with early markers of comorbidities 

failed in the literature. 

 Randomised controlled studies showed.continuous infusion of 

midazolam reduced blood pressure in newborns. 
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In a study with 11 participants (& GW of 26-33W and BW of 780-
2335g) was decrease in mean blood pressure and brain blood flow 
after continuous infusion of midazolam with a dosage of 0.2 mg/kg/h 
observed. 

 
 
 
 

 
In another study, no hemodynamic changes were observed by use of 
0.06 mg/kg/h 24-48 hour continuous midazolam infusion in patients 
˂2000 g 

 

Van Alfen-van der Velden AA,  et al. Effects of midazolam and morphine on cerebral oxygenation and hemodynamics  in 
ventilated premature infants. 2006. Biol Neonate 90:197–202. 
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 The dose of midazolam was 0.05 mg/kg (with cumulative dose of 
0,1-0,3 mg/kg/day ) in our study. 

 

 No hemodynamic impairment was observed. 

 

 There was also no difference in mean MAP (mean arteriel blood 
pressure) values after use of midazolam in preterm infants detected 
(p>0.05). 



  High serum caspase-3 levels are associated with poor prognosis in 

children and adults, but there isn’t any information about its values in 

newborns, especially in preterm infants. 

 

   There are generally animal studies reported. 
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 Our study will be the first study of the literature which evaluated 

the apoptotic effect of sedative analgesics on the preterm brain. 
 



1 

First limitation of 
our study was the 

relative small 
sample size 

2 

We evaluated the 
effect of  

midazolam 
infusion in the 
first 36h of life 

3 

The results of 
long term 
increased 

cumulative dose 
failed 

4 

Comorbidities of 
preterms which 
cause oxidative 

stress& 
neuroapoptosis 

masked the effect 
of sedative 
analgesics 

5 

Long-term follow-
up studies with 

different 
apoptosis 

markers are 
needed in 

sedative analgesic 
used preterms 

Limitations of The Study 



Conclusion  

 The application of midazolam increased total antioxidant 

capacity, decreased the apoptosis indicator caspase-3 and protect 

the brain development  for acute phase in preterm infants.  

 

 Further studies with long-term follow-up are needed in this 

field. 
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