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Abstract

Background: The aim of the study was to evaluate the 
visual organ in children with severe hypoxic-ischemic en-
cephalopathy treated with controlled hypothermia.

Methods: Controlled hypothermia was performed in the 
Neonatal Intensive Care Unit in Zabrze using the CritiCool & 
Cure Wrap System. Children were qualified and examined 
by neonatologists. All children were treated with whole-
body hypothermia for 72 hours with a target temperature 
of 33 to 34oC in analgosedation with through biophysical 
monitoring. After recovery from controlled hypothermia, 
an ophthalmic examination was performed. The study in-
cluded 74 newborns.

Results: In all newborns transparent optical media were 
found. Subconjunctival hemorrhage was present in 6 eyes. 
Only in one case, the retinal blood vessels were dilated as a 
consequence of circulatory system disorders. 

Conclusions: Ophthalmic examination of children after 
controlled hypothermia allows early implementation of lo-
cal and general treatment in case of abnormality.

Keywords: Hypothermia; Newborn; Ophthalmology; Hypoxic-
ischemic encephalopathy; Retina.

Abbreviations: HIE: Hypoxic-Ischemic Encephalopathy; aEEG: 
amplitude integrated electroencephalography: BD: Base Deficit; 
CNS: Central Nervous System; SIMV: Synchronized Intermittent-
Mandatory Ventilation; cPAP: Continuous Positive Airway Pres-
sure; HFO: High Frequency Oscillatory Ventilation; HFPPV: High 
Frequency Percussive Ventilation; IPPV: Intermittent Positive 
Pressure Ventilation; RR: Relative Risk; NNT: Number Needed 
to Treat.
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Background

The use of hypothermia in the treatment of the effects of 
sudden cardiac arrest and injuries to the central nervous sys-
tem became of interest already in the years 1940-1950, but it 
was only the use of moderate hypothermia in the 1980s that 
gave satisfactory results in the management of hypoxemic brain 
damage [1,2]. Clinical benefits of hypothermia not only depend 
on lowering of body temperature, but also on the rate of hypo-
thermia induction, its duration and the rate of normothermia 
restoration [1].

Hypoxic-Ischemic Encephalopathy (HIE) resulting from peri-
natal hypoxia is the main cause of cerebral palsy and neurode-
velopmental deficits in full-term newborns. The incidence of 
encephalopathy is about 2-6 cases per 1000 live births [3-5].

Severe hypoxic injury is associated with two phases of bio-
chemical brain damage. In the initial phase the neurons die im-
mediately; after reperfusion there is a period of latency with a 
short-term return of energy metabolism. This leads to the sec-
ondary phase with accumulation of cytokines, brain edema and 
failure of oxidative mechanisms ultimately resulting in delayed 
neuronal death. Between the primary injury and the second-
ary phase there is a latent phase, which lasts about 6 hours 
and is referred to as the therapeutic window. The duration of 
the latent phase is inversely proportional to the severity of the 
ischemic-hypoxic injury [3,5]. Newborns with perinatal hypoxia 
symptoms are treated in the neonatal intensive care units, but 
the commonly used drugs did not show beneficial neuroprotec-
tive effects [6]. Studies on biochemical and pathomorphological 
changes carried out in animals undergoing experimental hy-
poxia confirmed the beneficial effect of early post-resuscitation 
hypothermia on biochemical processes and late neurological 
effects [3,7].

Ophthalmic examination of newborns in intensive care units 
is one of the additional examinations designed to exclude con-
genital ocular abnormalities as well as disorders resulting from 
intrauterine infections, metabolic diseases or resuscitation car-
ried out in the first minutes of the child’s life.

The aim of our study was to evaluate the visual organ in 
children with severe hypoxic-ischemic encephalopathy treated 
with controlled hypothermia. 

Methods

Retrospective study with controlled hypothermia was per-
formed in the Neonatal Intensive Care Unit in Zabrze using the 
CritiCool & Cure Wrap System. Children were qualified and ex-
amined by neonatologists. The inclusion criteria were acute hy-
poxia incident, HIE symptoms, seizures, changes in amplitude 
integrated Electroencephalography (aEEG), long resuscitation, 
5 and 10 minute Apgar scores <5, cord blood pH <7.0 and Base 
Deficit (BD) of umbilical-cord arterial blood<18, and, in particu-
lar, time within 6 hours of an acute hypoxia incident. The exclu-
sion criteria were lack of parental consent for treatment, head 
injuries or skull cracks causing Central Nervous System (CNS) 
bleeding, anal obstruction, body weight under 1800 g, preg-
nancy week <36, serious developmental defects, high doses of 

anticonvulsant prophylaxis >20mg/kg of phenobarbital [10]. All 
children underwent 72-hour whole-body hypothermia with the 
target temperature of 33 to 34oC in analgosedation with full bio-
physical monitoring. The newborns were intubated; a catheter 
was placed in the umbilical cord vein and bladder, and a ther-
mometer in the anus. Intra-arterial catheters were inserted for 
invasive blood pressure monitoring [2,10]. The study comprised 
74 newborns, 148 eyes, 32 girls and 42 boys. Children were 
born with an average weight of 3196.5 kg and, on average, in 
the 39 week of pregnancy. Thirty-eight (51.35%) children were 
delivered by Caesarean section, the remaining 36 (48.65%) 
were vaginal deliveries. The average pH of umbilical cord blood 
after birth was 6.69 (±0.22); base deficit of umbilical-cord arte-
rial blood was 16.67(±4.13).

The newborns were evaluated on the Apgar scale 1, 3, 5 and 
10 minutes after birth. The mean Apgar score at 1 minute of 
life was 1.53, at 3 minutes 2.64, at 5 minutes 3.79, and at 10 
minutes 4.54. 

 All children were intubated and ventilated in Synchronized 
Intermittent-Mandatory Ventilation (SIMV) mode, then Contin-
uous Positive Airway Pressure (cPAP). Three children required 
support with High Frequency Oscillatory Ventilation (HFO) 
mode. High Frequency Percussive Ventilation (HFPPV) was used 
in three and Intermittent Positive Pressure Ventilation (IPPV) in 
two children.

Changes in the central nervous system are presented in Ta-
ble 1.

An ophthalmic examination was performed in all neonates in 
the first week after the controlled hypothermia. The examina-
tion was carried out with a manual slit lamp and Fison binocular 
indirect ophthalmoscope after pupil dilatation by instillation of 
0.5% tropicamide and 2.5% phenylephrine hydrochloride solu-
tion into the conjunctival sac. Before the examination, a topical 
anaesthetic, proxymetacaine hydrochloride 0.5%, was instilled 
into the conjunctival sac, eyelid speculum was placed and globe 
indentation was applied during fundus examination.

Results

All newborns had transparent optical media. Subconjuncti-
val hemorrhages were found in 6 eyes, purulent discharge in 
conjunctival sac in one eye. Mild anterior chamber hemorrhage 
was noted in one eye, which then gradually resorbed. Anterior 
segment changes are presented in Table 2.

In all examined eyes, normal pink pale optic disc with smooth 
margin and pale pink macula without reflex were found. Only 
in one case, the retinal blood vessels were dilated as a conse-
quence of circulatory system disorders. Slight retinal pigment 
epithelium defects in the peripheral retina were noted in one 
eye. Nine newborns had diffuse bilateral pre- and intraretinal 
hemorrhage; one child had massive hemorrhage.

Intravenous cyclonamine (Etamsylate®) and troxerutin (Poso-
rutin®) were instilled into the conjunctival sac as instituted by 
the ophthalmologist. Subsequent fundus examination revealed 
gradual hemorrhage resorption. Table 3 presents fundus chang-
es.
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Table 1: Central nervous system changes.

Central Nervous System Changes Number Percentage

Intraventricular hemorrhage (IVH) Io 4 5.4

Malacia 1 1.35

Slow flow in transverse venous sinus 1 1.35

Hypoxic-ischemic changes 21 2.84

Transverse venous sinus thrombosis and sigmoid 
venous sinus thrombosis

3 4.05

Supradural hematoma 5 6.75

Thalamic vasculopathy 1 1.35

Brain edema 2 2.7

Abnormal flow in the cerebellar arteries 1 1.35

Choroid plexus cyst 1 1.35

Ischemic stroke 1 1.35

Table 2: Anterior segment changes.

Anterior Segment Changes Number Of Eyes Percentage

Purulent discharge in the conjunctival sac 1 0.67

Subconjunctival hemorrhage 6 4.05

Hemorrhage in the anterior chamber 1 0.67

Table 3: Fundus changes.

Fundus Changes Number Of Eyes Percentage

RPE loss 1 1.35

Pre- and intraretinal hemorrhage 20 13.51

Dilated retinal vessels 2 1.35

Discussion

Many clinical trials have confirmed that survival without se-
vere neurological abnormalities was significantly more frequent 
in newborns treated with controlled hypothermia. A random-
ized Toby Trial by Azzopardi et al. showed that hypothermia re-
duced brain damage in ischemic-hypoxic encephalopathy [8]. 
Neuroprotective effects of hypothermia result from a decrease 
in cerebral metabolism. Under these conditions, the consump-
tion of ATP is slowed down despite the lack of oxygen and glu-
cose supply, and the ionic pumps remain efficient for longer. 
Hypothermia prevents neurons from being damaged by apop-
tosis, reduces the release of glutamate thus inhibiting the path-
ological stimulation of neurons and the influx of calcium ions 
into cells. It significantly reduces the release of reactive oxygen 
species and slows down peroxidation processes [9]. Shah [11] 
reviewed the reports from 13 clinical trials published between 
1998-2009 comprising a total of 1440 children with perinatal 
hypoxia treated with controlled hypothermia or normothermic 
therapy. All newborns also received standard treatment. The 
efficacy of treatment was assessed at the age of 12 months. 
Among the general parametries, 535 newborns were evaluated 
for severe visual deficit. Relative Risk (RR) was 0.59 (0.35-0.98) 
and Number Needed to Treat (NNT) was 20 (9-100). The au-

thor emphasized that although controlled hypothermia was a 
safe and effective method of treatment for perinatal hypoxia-
induced encephalopathy, temperature reduction of hypoxic 
organism can be carried out only when the expected benefits 
outweigh the risk associated with hypothermia. Cold injury syn-
drome, a potential complication of therapeutic hypothermia, 
can result in sclerema, multisystem organ damage, especially 
intravascular coagulopathy, glucose instability, hypovolemia, 
reversible cardiovascular effects and late coagulopathy [12-18].

Only few authors evaluating the effects of controlled hypo-
thermia in children with perinatal hypoxia have assessed the 
ophthalmic status after recovery from hypothermia. Jacobs et 
al. [19] assessed the neurological condition at 2 years of age, 
ie., 24 months after controlled hypothermia. Among numerous 
parameters evaluated by the authors was legal blindness, which 
was found in 1 patient (1.3%) in the group treated with hypo-
thermia compared to absence of legal blindness in the control 
group. Shankaran et al. [20] evaluated children aged 6-7 years 
who had suffered neonatal hypoxic–ischemic encephalopathy 
and had received hypothermia or usual care. Visuospatial dys-
function was found in 4% of the children treated with hypother-
mia and 3% of those receiving usual care (P=0.80). The rates of 
blindness were 1% and 4% in the hypothermia and usual care 
group, respectively. The difference was not statistically signifi-
cant.

In our retrospective study we evaluated the ophthalmic con-
dition of 74 children in the first week following controlled hypo-
thermia. It was a standard ophthalmic consultation in children 
treated in neonatal intensive care units; changes were found in 
23 eyes (15.54%). Preretinal hemorrhage was observed in 20 
eyes of 10 children (13.51%) including massive bilateral retinal 
hemorrhage with vision threatening potential in one child - 2 
eyes (1.35%). 

The literature also includes reports on ophthalmic exami-
nations of healthy children. Vinekar et al. [21] evaluated 1021 
healthy full-term newborns within 72 hours of birth. Forty-eight 
babies had abnormal findings (4.7%). Retinal hemorrhages were 
the most common abnormality (52.1%) seen in 2.4% of all ba-
bies screened. Callaway et al. [22] report the birth prevalence, 
risk factors, characteristics and location of fundus hemorrhages 
of the retina and optic nerve present in newborns at birth. The 
prevalence of fundus hemorrhages was 20.3% (41/202 infants) 
of which 95% involved the periphery, 83% involved the macula, 
and 71% involved multiple layers of the retina. Vaginal deliv-
ery was associated with a significantly increased risk of fundus 
hemorrhages. Our results are comparable – preretinal hemor-
rhages were diagnosed in 80% and 20% of the vaginally- and ce-
sarean-delivered babies, respectively. (Czy powyższe zdanie jest 
poprawne gramatycznie?) Ma et al. [23] enrolled 481 infants at 
45.1 ± 6.1 days after birth. 198 infants had abnormal findings 
(41.2%). Retinal white spots and retinal white areas were the 
most common findings (42.9% of abnormalities and 17.7% of all 
infants screened). The second major finding was retinal hemor-
rhage (16.2% of abnormalities and 6.7% of all infants screened). 
In our study, white spots in the fundus periphery were found in 
1 eye, which constituted 0.67% of the examined eyes.

One of the largest multicenter studies was the analysis car-
ried out by Tang et al. [24]. Fundus examination was performed 
in newborns within 42 days after birth. A total of 199 851 new-
borns were included in this study. The authors detected 18 198 
(9.11%) abnormal cases. The most frequent abnormality was se-
vere retinal hemorrhage found in 6.41% of the study population.
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Studies including ophthalmic evaluation of full-term babies 
born without signs of perinatal hypoxia indicate the presence 
of retinal hemorrhages in a significant proportion of newborns. 
The majority of these studies are carried out at one month after 
birth, which may, to some extent, result in underestimating the 
number of children with retinal hemorrhages due to their spon-
taneous absorption over time. Nevertheless, our newborns 
with perinatal hypoxia treated with controlled hypothermia did 
not exhibit a significantly higher number of fundus hemorrhag-
es compared to that revealed by other authors.

At present, newborn eye screening is not a standard of care 
even in developed countries though it should be noted that 
early detection of abnormalities could contribute to prompt 
management and reduction in visual morbidity. 

Conclusions

The most frequent changes observed in the eye in the first 
days after controlled hypothermia were pre- and intraretinal 
hemorrhages. Ophthalmic examination of newborns with peri-
natal hypoxia treated with controlled hypothermia allows early 
implementation of topical and general treatment in case retinal 
hemorrhage is diagnosed. Furthermore, eye evaluation in chil-
dren undergoing controlled hypothermia did not reveal signifi-
cant differences compared to the studies on healthy neonates 
who did not require intensive general treatment. 
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