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Abstract: To explore the application effect of aminophylline combined with caffeine citrate and GMs in the evaluation 
of neurodevelopmental treatment and follow-up in high-risk preterm infants. A retrospective analysis of 66 high-risk 
preterm infants admitted to Hengshui People’s Hospital from January 2020 to June 2021 was conducted. The children 
who received only conventional treatment were set as the control group, while those who received aminophylline and 
caffeine citrate on the basis of conventional treatment were set as the experimental group, 33 cases each group; GMs 
were used to evaluate the neurodevelopmental function of the children, and the treatment effect was analyzed. The 
normal proportion of GMs assessment results in the twisting phase and restless movement phase of the experimental 
group was superior to the control group (P<0.05); The proportion of children with normal neurodevelopment in the 
experimental group was significantly higher than that in the control group (P<0.05). Aminophylline in combination with 
caffeine citrate can help promote the neurodevelopment of children and improve their physical health using GMs 
assessment in the treatment and follow-up of high-risk preterm infants. 
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INTRODUCTION 
 
With the achievements in modern obstetric technology 
and neonatal medicine, the survival rate of high-risk 
neonates sees an immense improvement in recent years 
(Zhang et al., 2020; Fughhi et al., 2017; Megaly et al., 
2018). However, clinical statistics reveal that neonatal 
brain damage caused by factors such as premature birth, 
asphyxia, and low birth weight has been rising, which are 
the major contributors for disability in children. As a 
result, the treatment and follow-up of high-risk preterm 
infants are attached great attention (Khurana et al., 2017; 
Conte et al., 2017; Lin et al., 2019). Due to the 
incomplete development of various organ systems, 
preterm birth infants are susceptible to apnea after birth, 
or even develop into respiratory distress syndrome in case 
of infection, leading to transient hypoxia and 
underdevelopment of cranial nerves (Minner et al., 2018; 
Escalante et al., 2019; Axelrod et al., 2016). At present, 
caffeine citrate and aminophylline are the mainstay for 
treatment of apnea in high-risk preterm infants. 
Nevertheless, shortcomings such as incomplete evaluation 
of children's neurodevelopment and incomplete 
prognostic follow-up have been found in previous studies. 
Multiple studies at home and abroad argued that the 
quality of general movements (GMs) serves as a new 
practical tool to assess the neurodevelopmental status of 
high-risk infants. Also, it is used to identify early cerebral 
palsy during follow-up and has demonstrated guidance 

value for prognosis. In order to further investigate the 
neurodevelopmental outcome of high-risk preterm infants, 
Hengshui People’s Hospital has implemented GMs during 
the treatment and follow-up to ensure the accuracy and 
consistency of the evaluation of the treatment effects. The 
report is as follows. 
 
MATERIALS AND METHODS 
 
Inclusion criteria 
(1) Patients who conformed to the clinical diagnostic 
criteria for high-risk preterm infants in Practical 
Neonatology (Beladiya et al., 2019); (2) Child and 
parturient who had complete clinical medical records; (3) 
Gestational age less than 37 weeks. 
 
Exclusion criteria 
(1) Patients with congenital nervous system dysfunction; 
(2) Patients with intracranial hemorrhage at birth; (3) 
Patients with congenital heart disease; (4) Patients with 
secondary apnea; (5) Patients with inherited metabolic 
disease. 
 
Case screening 
A total of 66 cases of high-risk preterm infants admitted 
to our hospital from January 2020 to June 2021 were 
selected for retrospective analysis. The children who 
received only conventional treatment were set as the 
control group, while those received aminophylline and 
caffeine citrate on the basis of conventional treatment 
were set as the experimental group, 33 cases each group; *Corresponding author: e-mail: 178618578@qq.com 
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there was no statistical difference in terms of the 
gestational age, gender, and mode of delivery (cistern 
birth/cesarean section) between the two groups; the study 
was carried out with the approval of the ethics committee 
of Hengshui People’s Hospital (approval No.2019-23-34). 
 
All children in the control group were taken care of by a 
responsible personnel after admitting to NICU and placed 
in an incubator to keep airways unobstructed. They were 
given timely oxygen inhalation, antibiotics, anti-infection, 
vitamin K1 and other conventional treatment measures 
and the heart rate, respiration and blood oxygen saturation 
were monitored dynamically. The clinical manifestations 
of children were observed, and appropriate treatment was 
provided in time (Koch et al., 2017; Schmidt et al., 2017; 
Boltia et al., 2020). 
 
On this basis, the children in the experimental group 
additionally received intravenous infusion of 
aminophylline (2ml, Henan Runhong Pharmaceutical Co., 
Ltd., SFDA approval no. H41022266), 2-4mg/kg each 
time based on body weight, which was diluted with 5-
25% glucose injection. At the same time, caffeine citrate 
(Alfa Wassermann SpA, Italy, SFDA approval no. 
H20130109) was intravenously administered at the first 
load of 20mg/kg, and maintained at a dose of 5mg·kg-1·d-1 
after 24h, once a day; all children were followed up for 
more than 6 months. 
 
Observation indicators 
The GMs assessment was used to evaluate the 
neurodevelopmental status of children, including the 
twisting phase, the restless movement phase and the 
follow-up phase (Higgins et al., 2020). 
 
STATISTICAL ANALYSIS 
 
All data analysis was done by software SPSS22.0. The 
counting and measurement data were expressed in the 
form of [n (%)] and (x ± s), and analyzed using X2 and t 
tests, respectively. A p-value of <0.05 was claimed as a 
statistical difference. 
 
RESULTS 
 
Assessment of GMs in the twisting phase 
The normal proportion of GMs in the writhing stage of 
the experimental group was significantly higher than that 
of the control group (p<0.05). The proportion of 
suspicious and abnormal GMs in the experimental group 
was lower than that of the control group, but there was no 
difference between the groups (p>0.05), see table 1. 
 
Assessment of GMs in the restless movement phase 
The normal proportion of GMs assessment results of 
children in the experimental group during restless 
movement was remarkably higher than that of the control 

group (p<0.05). The proportions of suspicious and 
abnormal GMs assessment in the experimental group 
were lower than those of the control group, but the 
difference was not significant (p>0.05), see table 2.  
 
Follow-up results 
The follow-up time of the control group was (8.71±2.06) 
months, the experimental group was (8.64±2.11) months, 
the difference between the groups was not significant 
(p>0.05), and the proportion of children with normal 
neurodevelopment in the experimental group was 
evidently higher than that in the control group (p<0.05), 
and the proportion of neurodevelopmental deviation and 
retardation of the experimental group was lower than that 
of the control group, but the difference between the 
groups was not significant (p>0.05), see table 3. 
 
DISCUSSION 
 
Human brain development thrives from 3 months of 
embryo to 2 years after birth, and the last three months of 
embryo is considered a critical period for brain 
development, in which brain cell proliferation, increase of 
gray matter volume, dendritic axon branching, glial 
proliferation and differentiation, and myelination are 
involved (Lista et al., 2016). However, due to the 
premature birth, the embryonic primary matrix 
degeneration, cerebrovascular watershed adjustment and 
the above-mentioned brain development process are not 
completed in normal order (Puia-Dumitrescu et al., 2019). 
Worse yet is owing to the child’s weak physique, 
underdeveloped body functions, the tolerance of brain 
cells to high-risk factors such as hypoxia, ischemia, 
infection is reduced, the sensitivity is increased, and the 
susceptibility to various injuries such as white matter 
softening is increased. All these hinder the normal 
regulation of neonatal neurodevelopment and give rise to 
sequelae such as mental retardation, language impairment, 
dyskinesia, autism and abnormal behavior (Haid et al., 
2018; Marotta et al., 2020; Shivakumar et al., 2017; 
Aranda et al., 2016).  

 
Aminophylline and caffeine citrate are commonly used 
drugs for the treatment of primary apnea in premature 
infants. FIRMAN BROOKE (Firman et al., 2019) and 
HAIWEI DONG (Dong et al., 2014) confirmed that 
caffeine citrate and aminophylline have a vital role in 
neurodevelopmental promotion for high-risk preterm 
infants and demonstrate a guiding value for the prognosis 
of high-risk preterm infants. 
 
In the present study, the results showed that the normal 
proportion of GMs assessment results in the writhing 
phase and the restless movement phase of the 
experimental group was significantly higher than that of 
the control group. To our best understanding, children 
with normal GMs assessment during the writhing phase 
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and restless movement phase are at fewer odds to develop 
cerebral palsy, and the prognosis is promising, whereas 
children with suspicious and abnormal GMs require 
effective interventions, and follow-up monitoring is 
needed. The results of this study also indicate that the 
combination of aminophylline and caffeine citrate 
promotes the neurodevelopment of high-risk preterm 
infants, and the outcome is outstanding. Aminophylline 
has the strongest relaxing effect on bronchial smooth 
muscle, and it can also expand the bronchi and increase 
the vital capacity, especially for the bronchus in spasticity. 
In addition, aminophylline also expands the coronary 
arteries, increases the blood supply of the myocardium, 
and strengthens the contractility of the heart. Caffeine 
citrate, with highly fat-soluble property, can quickly 
penetrate into the cerebrospinal fluid, and is easily 
tolerated by high-risk preterm infants. It is characterized 
by long half-life, a small range of plasma depth 
fluctuations, and high safety profile. In the current study, 
the proportion of children with normal neurodevelopment 
in the experimental group was significantly higher than 
that in the control group, and the proportion of 
neurodevelopmental deviation and retardation in the 
experimental group was lower than that in the control 
group, but the difference between the groups was not 
significant, indicating that the combination of 
aminophylline and citrate therapy yields a good prognosis 
for high-risk preterm infants, and the combination of GMs 
assessment is more conducive to the prognostic and 
neurodevelopmental status of children. However, the GMs 
assessment in the present study only targeted infants 
within 6 months of age. Therefore, longer follow-up are 

expected be combined with the comprehensive 
developmental quotient (DQ) examination in the future. 
 
Altogether, aminophylline in combination with caffeine 
citrate can help promote the neurodevelopment of 
children and improve their physical health using GMs 
assessment in the treatment and follow-up of high-risk 
preterm infants. 
 
REFERENCES  
 
Aranda JV, Cai CL, Ahmad T, Bronshtein V, Sadeh J, 

Valencia GB, Lazzaro DR and Beharry KD (2016). 
Pharmacologic synergism of ocular ketorolac and 
systemic caffeine citrate in rat oxygen-induced 
retinopathy. Pediatr. Res., 80(4): 554-565.  

Axelrod DM, Sutherland SM, Anglemyer A, Grimm PC 
and Roth SJ (2016). A double-blinded, randomized, 
placebo-controlled clinical trial of aminophylline to 
prevent acute kidney injury in children following 
congenital heart surgery with cardiopulmonary bypass. 
Pediatr. Crit. Care Med., 17(2): 135-143.  

Beladiya JV, Chaudagar KK and Mehta AA (2019). 
Protective effects of Gαq-RGS2 signalling inhibitor in 
aminophylline induced cardiac arrhythmia. Clin. Exp. 
Pharmacol. Physiol., 46(11): 1037-1043. 

Boltia SA, Soudi AT, Elzanfaly ES and Zaazaa HE 
(2020). Effect of genetic algorithm-based wavelength 
selection as a preprocessing tool on multivariate 
simultaneous determination of paracetamol, 
orphenadrine citrate and caffeine in the presence of p-
aminophenol impurity. J. AOAC Int., 103(1): 250-256.  

Table 1: Assessment of GMs in children with twisting stage [n (％)] 
 

Groups N Normal Suspicious Abnormal 
Control group 33 9 (27.27) 18 (54.55) 6 (18.18) 
Experimental group 33 16 (48.48) 15 (45.45) 2(6.06) 
X2  4.191 0.546 2.276 
P  0.041 0.460 0.131 

 
Table 2: Assessment of GMs in children with restless exercise stage [n (％)] 

 
Groups N Normal Suspicious Abnormal 

Control group 33 14(42.42) 14(42.42) 5(15.15) 
Experimental group 33 23(69.70) 9(27.27) 1(3.03) 
X2  2.982 1.668 2.933 
P  0.026 0.196 0.087 

 
Table 3: Neurodevelopmental outcomes of children [n (％)] 
 

Groups Normal Developmental deviation developmental retardation 
Control group 15(45.45) 13(39.39) 5(15.15) 
Experimental group 23(69.07) 9(27.27) 1(3.03) 
X2 3.970 1.091 2.933 
P 0.046 0.293 0.087 

 



Aminophylline in combination with caffeine citrate in neurodevelopmental treatment and follow-up of high-risk preterm  

Pak. J. Pharm. Sci., Vol.35, No.1(Special), January 2022, pp.361-364 364 

Conte L, Pugliese NR and Giannoni A (2017). Reversal of 
ticagrelor-induced arrhythmias and Cheyne-Stokes 
respiration with aminophylline infusion. J. Cardiovasc. 
Pharmacol., 70(5): 290-292.  

Dong H, Ugalde I, Figueroa N and El Saddik A (2014). 
Towards whole body fatigue assessment of human 
movement: A fatigue-tracking system based on 
combined sEMG and accelerometer signals. Sensors 
(Basel), 14(2): 2052-2070. 

Escalante G, Bryan P and Rodriguez J (2019). Effects of a 
topical lotion containing aminophylline, caffeine, 
yohimbe, l-carnitine, and gotu kola on thigh 
circumference, skinfold thickness and fat mass in 
sedentary females. J. Cosmet. Dermatol., 18(4): 1037-
1043.  

Firman B, Molnar A and Gray PH (2019). Early high-dose 
caffeine citrate for extremely preterm infants: Neonatal 
and neurodevelopmental outcomes. J. Paediatr. Child 
Health, 55(12):1451-1457.  

Fughhi I, Campagnoli T, Ali A and Doukky R (2017). 
Impact of a regimented aminophylline administration 
protocol on the burden of regadenoson-induced 
ischemia detected by SPECT myocardial perfusion 
imaging. J. Nucl. Cardiol., 24(5): 1571-1578.  

Haid T and Federolf P (2018). Human postural control: 
assessment of two alternative interpretations of center 
of pressure sample entropy through a principal 
component factorization of whole-body kinematics. 
Entropy (Basel). 20(1): 30. 

Higgins KL and Buck ML (2020). Caffeine Citrate for the 
Prevention of Apnea Associated With Alprostadil 
Infusions. J. Pediatr. Pharmacol. Ther., 25(3): 235-240.  

Khurana S, Shivakumar M, Sujith Kumar Reddy GV, 
Jayashree P, Ramesh Bhat Y and Lewis LES. Long-
term neurodevelopment outcome of caffeine versus 
aminophylline therapy for apnea of prematurity. J. 
Neonatal Perinatal. Med., 10(4): 355-362. 

Koch G, Datta AN, Jost K, Schulzke SM, van den Anker J 
and Pfister M (2017). Caffeine citrate dosing 
adjustments to assure stable caffeine concentrations in 
preterm neonates. J. Pediatr., 191: 50-56.e1.  

Lin CC, Chen WJ, Liaw SF, Lin MW and Lin SC (2019). 
Effects of aminophylline on airway epithelial-
mesenchymal transition in brown Norway rats after 
repeated allergen challenge. Exp. Lung. Res., 45(1-2): 
42-53.  

Lista G, Fabbri L, Polackova R, Kiechl-Kohlendorfer U, 

Papagaroufalis K, Saenz P, Ferrari F, Lasagna G and 
Carnielli VP (2016). Peyona® PASS Group. The real-
world routine use of caffeine citrate in preterm infants: 
A european post authorization safety study. 
Neonatology, 109(3): 221-227.  

Marotta JC, Patel G, Carvalho M and Blakeney S (2020). 
Clinical efficacy of a topical compounded formulation 
in male androgenetic alopecia: minoxidil 10%, 
finasteride 0.1%, biotin 0.2%, and caffeine citrate 
0.05% hydroalcoholic solution. Int. J. Pharm. Compd., 
24(1): 69-76.  

Megaly M, Sandoval Y, Lillyblad MP and Brilakis ES. 
Aminophylline for Preventing Bradyarrhythmias 
During Orbital or Rotational Atherectomy of the Right 
Coronary Artery. J. Invasive Cardiol., 30(5): 186-189. 

Minner SA, Simone P, Chung BB and Shah AP (2018). 
Successful reversal of bradycardia and dyspnea with 
aminophylline after ticagrelor load. J. Pharm. Pract., 
31(1): 112-114.  

Puia-Dumitrescu M, Smith PB, Zhao J, Soriano A, Payne 
EH, Harper B, Bendel-Stenzel E, Moya F, Chhabra R, 
Ku L, Laughon M and Wade KC (2020). Best 
Pharmaceuticals for Children Act-Pediatric Trials 
Network Steering Committee. Dosing and safety of off-
label use of caffeine citrate in premature infants. J. 
Pediatr., 211: 27-32.e1.  

Schmidt B, Roberts RS, Anderson PJ, Asztalos EV, 
Costantini L, Davis PG, Dewey D, D'Ilario J, Doyle 
LW, Grunau RE, Moddemann D, Nelson H, Ohlsson A 
and Solimano A and Tin W (2017). Caffeine for apnea 
of prematurity (CAP) Trial Group. Academic 
performance, motor function and behavior 11 years 
after neonatal caffeine citrate therapy for apnea of 
prematurity: An 11-Year Follow-up of the CAP 
randomized clinical trial. JAMA Pediatr., 171(6): 564-
572.  

Shivakumar M, Jayashree P, Najih M, Lewis LES, Bhat Y 
R, Kamath A and Shashikala (2017). Comparative 
efficacy and safety of caffeine and aminophylline for 
apnea of prematurity in preterm (≤34 weeks) neonates: 
a randomized controlled trial. Indian Pediatr., 54(4): 
279-283.  

Zhang CY, Liu DJ, Hua SD, Guo S, Li XY, Zhang B and 
An LH (2020). Caffeine versus aminophylline in 
combination with oxygen therapy for apnea of 
prematurity: A retrospective cohort study. Exp. Ther. 
Med., 20(5): 46.  

 


