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Mode of Action, Efficacy, and Safety 
of Radiant Warmers in Neonatology

D. Singer

13.1  Risk of Hypothermia in Term and Preterm Neonates

Human neonates are at heightened risk of hypothermia. However, contrary to what 
is often believed, their propensity to cool down is not, or not merely, due to an 
“immaturity” of thermoregulation. In fact, at least term neonates are well adapted to 
their small body size by their comparatively high specific (i.e., weight-related) met-
abolic rate and by the ability to produce extra heat in their brown adipose tissue. 
Nevertheless, as a result of their relatively large surface-to-volume ratio and the 
steeply increasing heat loss with decreasing ambient temperatures, their maximal 
thermogenic capabilities are already attained at temperatures which are still deemed 
to be comfortable by adults. Moreover, the “invisibility” of non-shivering thermo-
genesis often leads to an underestimation of the thermal stress experienced by neo-
nates with subsequent neglect of thermal care. The risk of hypothermia is even more 
pronounced in preterm neonates due to their smaller body size in conjunction with 
a true “immaturity” of the thermoregulatory effector systems (lack of both white 
and brown adipose tissue, slow increase in basal metabolic rate up to a level appro-
priate for body size, elevated permeability of skin resulting in higher evaporative 
water and heat losses) [1–4].

The adverse effects of cold are primarily caused by the combination of dimin-
ished peripheral perfusion (to decrease heat loss) and elevated metabolic rate (to 
increase heat production). The imbalance of oxygen supply and demand results in a 
metabolic acidosis that triggers pulmonary vasoconstriction and leads to a “vicious 
cycle” of hypoxia. The indirect effects of counter-regulation are potentiated by the 
direct effects of cold, especially by the impairment of blood coagulation which 
contributes to the increased risk of brain hemorrhage in hypothermic preterm 
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neonates. Altogether, unintentional (accidental) hypothermia is known to increase 
morbidity and mortality in term and even more so in preterm neonates [1, 5, 6]. This 
contrasts with therapeutic (induced) hypothermia which has long been used in car-
diac surgery to prevent brain damage during extracorporeal circulation and has now 
been established as a neuroprotective treatment for posthypoxic states in both adults 
(cardiac arrest) and neonates (perinatal asphyxia) [7, 8]. However, the undisputable 
beneficial effects of a cold-induced reduction in metabolic rate are only attained if 
thermoregulation is pharmacologically suppressed and are thus completely different 
from the potentially life-threatening sequelae of accidental hypothermia to be pre-
vented by appropriate thermal care.

13.1.1  Methods of Thermal Care in Neonatology

To avoid unintentional cooling in term and preterm babies, extensive precautions to 
prevent and, where inevitable, replace heat losses are mandatory in clinical neonatology. 
In delivery rooms and on neonatal wards, thermal care is basically provided by either 
radiant warmers or incubators [2, 3, 9, 10]. In the latter, thermal protection comes from 
circulating warm air (heat convection) and, even more importantly, from high satura-
tions of water vapor to reduce evaporation from the newborn’s body surface. In radiant 
warmers, heat is supplied/replaced by infrared irradiation. Since radiant heat elicits 
evaporation on the body surface, part of its warming effect is instantaneously counter-
acted by heat losses so that, when directly compared, heat radiators are slightly less 
effective in supplying heat than humidified incubators. If, however, evaporation is inhib-
ited (e.g., by plastic sheets used to cover the babies), radiant warmers and incubators are 
equivalent in their thermo-protective effects [10, 11].

Despite their heating power, radiant warmers are often insufficient to compen-
sate for the huge heat losses occurring in extremely low birthweight neonates during 
delivery room care. This could theoretically be counteracted by a corresponding 
increase in radiant power density (irradiance). However, conventional radiant warm-
ers have one major drawback which limits their practical use: The low-energy, long- 
wave infrared (IR-B and IR-C) radiation they emit has a relatively low depth of 
penetration. The accumulation of heat within the outer skin layers not only causes 
some thermal discomfort in the caregivers, but also leads to a dependency of the 
newborn’s heat uptake on its peripheral circulation [4, 12, 13]. If skin perfusion 
were to be greatly reduced (e.g., under conditions of circulatory shock), or if the 
irradiance were to be further increased, a local overheating would inevitably result. 
In fact, severe cases of burns have been observed after resuscitation of asphyctic 
neonates under conventional IR radiators [14].

13.1.2  Aim of the Studies Reported

In view of the aforementioned limitations of conventional radiant warmers, the tech-
nology of water-filtered heat radiators [12], which emit a modified IR-A spectrum and 
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should combine an enhanced depth effect with less surface overheating, has attracted 
some interest in neonatal care [13]. Several studies which have tested the potential 
benefits of water-filtered IR-A (wIRA) irradiation in neonates will be summarized in 
this contribution. Briefly, these studies can be subdivided into physical investigations, 
conducted to elucidate the particular mode of action of wIRA in comparison with 
conventional IR irradiation in agar phantoms, and clinical observations that have been 
performed to test the efficacy and safety of either type of heat radiators in human term 
and preterm neonates under common hospital conditions.

13.2  Materials and Methods

13.2.1  Physical Investigations

Most of the physical investigations were carried out on agar phantoms like those 
used in radiotherapy [12, 13, 15, 16]. Since these are mainly composed of water and 
allow direct evaporation from the surface, they have thermal properties somewhat 
similar to human tissues, and, more specifically, to preterm neonates. The phantoms 
were exposed to either conventional radiant warmers from different suppliers 
(DR = Dräger, H&L = Heinen & Löwenstein; F&P = Fisher & Paykel) or to the 
water-filtered infrared-A (wIRA) radiator manufactured by Hydrosun. The radia-
tion power density (irradiance) was uniformly adjusted to 30 mW/cm2 and the dura-
tion of irradiation amounted to 60 min. Temperature measurements were performed 
using customary temperature probes placed within the core and on the surface of the 
phantoms. Alternatively, surface temperatures were assessed by infrared thermom-
etry. In addition to the phantom studies, a number of thermographic measurements 
were carried out on the skin of healthy adult volunteers.

13.2.2  Clinical Observations

Clinical observations were performed on term and preterm neonates who were 
exposed to conventional IR or to wIRA irradiation as an alternative or supplemen-
tary source of heat. They were all in typical clinical settings in which an extra heat 
loss could be anticipated (primary care in the delivery room, incubator care in the 
intensive care unit, physical examinations on the neonatal ward). Body core and/or 
surface temperatures were alternatively measured by customary rectal thermome-
ters, single spot infrared thermometers, or infrared thermography (Nikon 
LAIRD-S270). Since the latter often yields rather qualitative results, extra effort 
was undertaken to quantify the thermographic records. To this end, a grid of mea-
suring points was laid over the body. By calculating the arithmetic means of closely 
adjacent measuring points, a total of four regional temperatures (of head, trunk, 
arm, and leg) was obtained which were then weighted according to the relative con-
tribution of the respective regions to the total body surface area. In this way, a mean 
body surface temperature was determined (Fig. 13.1).
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13.3  Results and Discussion

13.3.1  Physical Investigations

The physical measurements on agar phantoms revealed a surprisingly clear differ-
ence in the effects of wIRA in comparison with conventional IR irradiation: Whereas 
with conventional radiators, the surface temperatures at the end of the 60-min irra-
diation period clearly exceeded the core temperatures, the wIRA radiator resulted 
not only in an improved central warming, but also in a markedly diminished super-
ficial overheating with the surface temperature being even lower than the core tem-
perature (Fig. 13.2). The central warming effect was uniformly augmented when 
plastic sheets were used to attenuate evaporation. However, whereas under conven-
tional IR radiators this related to an excessive increase in surface temperatures, the 
surface temperature in the wIRA-exposed phantoms did not reach higher levels than 
under conventional irradiation without plastic sheets (Fig.  13.3). From the time 
course of the heating process, it became evident that the central warming is pre-
ceded by a superficial accumulation of heat in conventional IR irradiation, with the 
heat transfer occurring by “secondary” conduction (in living beings, also by 
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TmHead= (18 + 19 + 20 + 21) / 4 (e.g.)
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Fig. 13.1 Thermographic observations comparing the effects of water-filtered IR-A (wIRA) and 
conventional IR irradiation on human neonates during routine examinations. To quantify the 
results, a grid of measuring points was laid over the thermographic pictures. Regional temperatures 
(e.g., head temperature) were calculated as arithmetic means of several measuring points. The 
mean body surface temperature was determined as the weighted mean of regional temperatures 
(according to the contribution of the respective regions to the total body surface area)
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convection) from the surface to the core (Fig. 13.4). In contrast, the heat seems to be 
primarily deposited in deeper “tissue” layers under wIRA irradiation, with the 
warming of the surface being due to a back-diffusion of heat rather than to a direct 
local effect. Therefore, a comparatively low gradient between the (higher) core and 
the lower (surface) temperature is established (Fig. 13.5). In both cases, a leveling 
of the surface temperature increase can be observed which indicates a new equilib-
rium between radiative heat uptake and evaporative heat loss, and thus disappears 
when evaporation is prevented by plastic sheets.
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Fig. 13.2 Surface and core temperatures of agar phantoms after 60-min exposure to different 
types of IR irradiation (30 mW/cm2, means of n = 3, each): Whereas conventional radiant warmers 
(Dräger [DR], Heinen & Löwenstein [H&L], or Fisher & Paykel [F&P]) all lead to a much higher 
increase in surface than core temperatures, the wIRA radiator (Hydrosun [HY]) results in a pre-
dominant, and more pronounced increase in body core temperature with markedly reduced sur-
face warming
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Fig. 13.3 Effects of plastic sheets on surface (a) and core (b) warming under different types of IR 
irradiation (60 min, 30 mW/cm2, mean of n = 3, each): With the use of a plastic sheet, the increase 
in core temperature is more pronounced with all types of irradiation. However, whereas this is 
associated with an excessive increase in surface temperature for conventional radiators (DR, H&L, 
F&P), the surface temperature for wIRA irradiation (HY) is not higher than for conventional IR 
irradiation without a plastic sheet

13 Mode of Action, Efficacy, and Safety of Radiant Warmers in Neonatology



172

TS

TS

TC

TS

TC

a

b

c

0

2

4

6

8

0 10 20 30 40 50 60

T (core)
T (surface)

0

2

4

6

8

0 10 20 30 40 50 60

T (core)
T (surface)

Time [min]

Te
m

pe
ra

tu
re

 In
cr

ea
se

 [°
C

]

with
sheet:

without
sheet:

Fig. 13.4 Heat transfer under conventional IR irradiation: The graphs represent the time course of 
core and surface temperature during a 60-min exposure to conventional IR irradiation without or 
with the use of plastic sheets. It is obvious that under conventional IR irradiation, a primary 
increase in surface temperature TS (a) precedes the secondary increase in core temperature TC (b), 
with the heat transfer occurring by conduction. With the use of a plastic sheet, not only is the 
increase in surface temperature much steeper, but also the final leveling off of the surface tempera-
ture is missing (c), probably due to the lacking cooling effect of evaporative water loss
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Fig. 13.5 Heat transfer under wIRA irradiation: The graphs represent the time course of core and 
surface temperature during a 60-min exposure to wIRA irradiation without or with the use of plas-
tic sheets. In contrast to conventional IR irradiation (see Fig. 13.4), the increase in core tempera-
ture precedes superficial warming, which thus appears to be due to the back-diffusion of heat from 
deeper “tissue” layers. Using of a plastic sheet results in a largely homogeneous warming of outer 
and inner parts of the phantom

D. Singer



173

Incidentally, in parallel to the weaker surface heating effect, the induction of 
evaporation was also seen to be less pronounced in wIRA irradiation. This was 
found in complementary studies on either agar phantoms or pieces of meat which 
both exhibited an approx. 20–30% smaller loss of water at equal duration of wIRA 
exposure compared to conventional IR irradiation.

To further complement the physical investigations, a number of thermographic 
measurements were carried out in adult volunteers exposed to a 20-min irradiation 
with conventional “baby warmers” in comparison with the wIRA radiator. 
Remarkably, with the conventional radiant warmers, an almost painful elevation of 
skin temperature by approx. 5 °C was attained at the end of the observation period, 
whereas the skin temperature only rose by approx. 2.5 °C with the wIRA radiator 
(at equal irradiances).

13.3.2  Clinical Observations

Clinical observations were focused on the changes in body surface temperature or 
on the maintenance of core temperature in term and preterm neonates subjected to 
either type of IR irradiation.

With regard to the body surface temperature, a thermographic study was per-
formed on neonates who underwent routine examinations at a room temperature of 
25 °C (i.e., without extra heat sources), under a conventional radiant heater (Weyer 
Ceramotherm 2000) or with the aid of a wIRA radiator (Hydrosun). At “pure” room 
temperature, a marked decrease in the mean body surface temperature occurred, 
reflecting the peripheral vasoconstriction of thermoregulating newborns. This could 
be prevented using radiant warmers, with the mean body surface temperature being 
slightly, but significantly higher in the conventional than in the wIRA group 
(Fig. 13.6). Although this result was biased by a slightly longer duration of exami-
nations in the conventional IR than in the wIRA group, the study has once more 
demonstrated that the two types of IR irradiation differ in their surface effects. 
Incidentally, it has also shown that the calculation of a mean body surface tempera-
ture using a mathematical weighting algorithm is a valuable method for quantifying 
thermographic records.

With respect to body core temperatures, it was found that the use of two addi-
tional wIRA radiators as supplementary sources of heat did not alter the rectal tem-
perature at the end of delivery room care, but still resulted in a smaller decrease in 
body temperature during the subsequent transport to the neonatal intensive care unit 
(Fig. 13.7). This implies that the heat deposits built up by wIRA irradiation in the 
depth of tissues exert a preventive effect against cooling, whereas the warming 
effect of conventional radiant warmers terminates as soon as the newborns are 
removed from the heat source.

In addition to these results, it has been shown that wIRA irradiation exhibits a 
lower absorption and better transmission rate through incubator walls so that the 
risk of heat-induced material damage is lower, and the thermoprotective effect of 
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Fig. 13.6 Mean body surface temperature changes in term neonates subjected to routine clinical 
examinations without (room temperature, 25 °C) or with either conventional (Weyer) or wIRA 
radiators (Hydrosun; 15 mW/cm2 in both cases). At room temperature, a marked decrease in the 
mean surface temperature is to be observed as an effect of peripheral vasoconstriction. This is 
prevented by heat radiators, with the mean body surface temperature for conventional IR irradia-
tion being slightly but significantly higher than for wIRA irradiation
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Fig. 13.7 Effective rectal temperature in preterm neonates after primary care in the delivery room 
(a), as compared with the temperature drop occurring during the subsequent incubator transport to 
the neonatal intensive care unit (b): Whereas the use of two wIRA radiators (in addition to the 
conventional radiant heater) did not lead to a measurable increase in rectal temperature at the end 
of delivery room care, the drop in temperature during the transport was significantly lower than 
after conventional IR irradiation alone. Apparently, the heat deposits built-up by wIRA irradiation 
in deeper tissue layers exert a preventive effect in terms of less subsequent cooling
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wIRA radiators used as a “back-up” to incubator care is superior to that obtained 
with conventional infrared “lamps” (Hanau Sollux 750) [13].

13.4  Current Practice and Unresolved Issues

Based on these and other results, wIRA radiators have been introduced on many 
neonatal wards over the past few years where they are currently used as a supple-
mentary source of heat for use during procedures which bear a risk of cooling (pri-
mary care in the delivery room, intensive care procedures with opened incubator 
doors). The possibility of supplying extra heat without an increased risk of superfi-
cial burns has greatly promoted the acceptance of this novel technology.

In contrast to the short-term use of wIRA radiators, their long-term use in neona-
tal care (as a continuous source of heat) has, however, so far been limited by 
two issues:

First, concerns have been raised that near-infrared irradiation might cause retinal 
damage due to its ability to penetrate the posterior chamber of the eye [17, 18]. 
However, no IR-related injury to the newborn eye has ever been reported [19], and 
computational models show that even when using a wIRA radiator at short dis-
tances, the respective irradiations would remain below critical limits [20]. 
Furthermore, animal studies on the use of wIRA irradiation as an adjunctive treat-
ment for chlamydial eye infections found no evidence of retinal damage [21, 22], 
whereas conversely, near-infrared exposure has been shown to reverse age-related 
visual impairment [23, 24]. Thus, although further studies are needed on the poten-
tial impact of IR irradiation on the developing eye [25], there is currently no evi-
dence of any adverse wIRA effects that would outweigh the risk of superficial burns 
induced by conventional radiant warmers.

Second, the cylindrical shape of currently used wIRA radiators results in a 
defined beam which differs from the rectangular irradiation area of ceramic or steel 
tube heaters designed to be mounted over diaper changing tables. Here, further 
research is necessary to examine whether the natural filtering effect of water might 
not be imitated by artificial materials, thus enabling a flatter design of radiant warm-
ers without loss of the specific wIRA properties.

13.5  Summary and Conclusions

In summary, a series of physical investigations on agar phantoms and adult volunteers, 
as well as several clinical observations on term and preterm babies, have shown that 
wIRA irradiation has surprisingly different thermal effects as compared to conven-
tional radiant warmers used in neonatal care. Due to its specific physical properties, 
resulting in an “enhanced depth effect with less surface overheating,” it is especially 
suited as a supplementary source of heat under conditions where extra heat losses 
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need to be replaced without an increased risk of burns. Provided some minor technical 
and biomedical issues are satisfactorily addressed, wIRA irradiation appears to have 
further potential for the thermal care of term and preterm neonates.
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