Revista
Brasileira

de Enfermagem RESEARCH

REBEnN

Accuracy of the defining characteristics in nursing
diagnoses of Hyperthermia in newborns

Acurdcia das caracteristicas definidoras do diagndstico de enfermagem Hipertermia em recém-nascidos
Precision de las caracteristicas definidoras del diagnéstico de enfermeria Hipertermia en recién nascidos

Wislla Ketlly Menezes de Aquino', Marcos Venicios de Oliveira Lopes', Viviane Martins da Silva",
Nathaly Bianka Moraes Froes', Angélica Paixao de Menezes'",
Aline de Aquino Peres Almeida', Bianca Alves Sobreira'

"Universidade Federal do Ceard, Postgraduate Program in Nursing. Fortaleza, Ceard, Brazil.
"Universidade Federal do Ceard, Health Sciences Center, Department of Nursing. Fortaleza, Ceard, Brazil.
Universidade Federal do Ceard, Graduate in Nursing. Fortaleza, Ceard, Brazil.

How to cite this article:
Aquino WKM, Lopes MVO, Silva VM, Frées NBM, Menezes AP, Almeida AAP, et al. Accuracy of the defining
characteristics in nursing diagnoses of Hyperthermia in newborns. Rev Bras Enferm [Internet]. 2018;71(2):357-62.
DOI: http://dx.doi.org/10.1590/0034-7167-2017-0037

Submission: 02-24-2017 Approval: 04-30-2017

ABSTRACT

Objective: to clinically validate the accuracy of the defining characteristics in nursing diagnoses of Hyperthermia in newborns.
Method: a cross-sectional study conducted in units of medium and high risk in a maternity from the city of Fortaleza-CE. A total
of 216 newborns were evaluated to identify the defining characteristics of diagnoses. A latent class model with random effects
was used to measure sensitivity and specificity. Results: Hyperthermia was present in 5.6% of the sample. The characteristics
lack of suction maintenance (31.3%); skin warm to touch (25.5%); lethargy (24.2%); and tachypnea (21.4%) were the most
frequent. Stupor presented higher sensitivity (99.9%) and specificity (100%) while vasodilation characteristics, irritability and
lethargy only showed significant values for specificity (92.7%, 91.6% and 74.3%, respectively). Conclusion: four characteristics of
high specificity contribute to Hyperthemia. However, stupor is the only one with significant sensitivity to identify it at its early-stage.
Descriptors: Nursing Diagnosis; Hyperthermia; Newborn; Control of Body Temperature; Neonatology.

RESUMO

Obijetivo: validar clinicamente as caracteristicas definidoras do diagnodstico de enfermagem, Hipertermia em recém-nascidos.
Método: estudo transversal, realizado em unidades de médio e alto risco de uma maternidade localizada na cidade de
Fortaleza-CE. Foram avaliados 216 recém-nascidos para a identificacdo das caracteristicas definidoras do diagndstico em
estudo. Um modelo de classe latente com efeitos randdémicos foi utilizado para estabelecer medidas de sensibilidade e
especificidade. Resultados: a Hipertermia esteve presente em 5,6% da amostra. As caracteristicas Nao manutengao da sucgao
(31,3%); Pele quente ao toque (25,5%); Letargia (24,2%); e Taquipneia (21,4%) foram mais frequentes. A caracteristica estupor
apresentou maior sensibilidade (99,9%) e especificidade (100%), enquanto as caracteristicas vasodilatagao, irritabilidade e
letargia, apresentaram apenas valores de especificidade significativos, respectivamente 92,7%, 91,6% e 74,3%. Conclusao: a
Hipertermia est4 relacionada a presenca das quatro caracteristicas com alta especificidade, entretanto, a caracteristica estupor
foi a Ginica com sensibilidade significativa para identificacao do diagnostico em estagio inicial.

Descritores: Diagnostico de Enfermagem; Hipertermia; Recém-Nascido; Regulacao da Temperatura Corporal; Neonatologia.

RESUMEN
Objetivo: validar clinicamente las caracteristicas definidoras del diagnostico de enfermeria, Hipertermia en recién nascidos.
Método: estudio transversal, realizado en las unidades de medio y alto riesgo de una maternidad ubicada en la ciudad de Fortaleza-
CE. Fueron evaluados 216 recién nascidos para la identificacion de las caracteristicas definidoras del diagnéstico en estudio. Un
modelo de clase latente con efectos aleatorios fue utilizado para establecer las medidas de sensibilidad y especificidad. Resultados:
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La Hipertermia estuvo presente en el 5,6% de la prueba. Las caracteristicas en el Mantenimiento de la succién (el 31,3%); la Piel
caliente al toque (el 25,5%); la Letargia (el 24,2%); y la Taquipnea (el 21,4%) fueron mas frecuentes. La caracteristica estupor presento
la mayor sensibilidad (el 99,9%) y la especificidad (el 100%), mientras que las caracteristicas vasodilatacién, irritabilidad y letargia,
presentaron solamente los valores de especificidad significativos, respectivamente el 92,7%, el 91,6% vy el 74,3%. Conclusién:
La Hipertermia esta relacionada a la presencia de las cuatro caracteristicas con alta especificidad, mientras tanto, la caracteristica
estupor fue la Gnica con sensibilidad significativa para identificacién del diagnostico en etapa inicial.

Descriptores: Diagndstico de Enfermeria; Hipertermia; Recién Nascido; Regulacion de la Temperatura Corporal; Neonatologia.
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INTRODUCTION

In newborns (NB), heat losses are generally higher than its pro-
duction, especially among Preterm Newborns (PNB) of low weight
at birth®. However, studies also show that exposure to hot environ-
ments (inadequate clothing for room temperature, phototherapeu-
tic treatment, radiant heat cots and/or neonatal incubators when
not regularly adjusted) contribute to increased temperatures both
in the body of term (TNB) and preterm newborns (PNB)Z-2),

Neonatal hyperthermia deserves attention because the brain is
a quite sensitive organ to thermal changes. Mechanisms possibly
associated with this effect include the liberation of free radicals
and excitatory neurotransmitters that cause epilepsy. Despite the
fact that most patients with high temperature had fever, increases in
body temperature can have another reason, i.e., increases in the en-
vironment temperature can affect the newborn’s body temperature,
thus being considered hyperthermia. Fever is a nosological entity
characterized as a syndrome caused by inflammatory symptoms,
while hyperthermia does not comprise pyrogenic molecules and
has a thermoregulatory center that remains unchanged. Besides
clinical history, some physical signs can indicate hyperthermia such
as warm and dry skin“-. When caused by dehydration, usually it
was also possible to note weight loss and inadequate suction®.

We can highlight important differences between thermal
changes caused by the environment and the ones caused by in-
fections. In fever, there is an increase in core temperature with
subsequent increase in skin temperature. This is because bac-
teria or endotoxins have the ability to raise the set point of the
hypothalamic center. Under these circumstances, we adjusted
the temperature to a value higher than the standards (36.5°C to
37°C in NB) such as 39°C. During fever, vasoconstriction can
occur as an attempt to conserve heat, contributing to the emer-
gence of cold extremities, dark or pale spots and differences of
up to 3°C between the temperatures measured in different body
regions”9.

On the other hand, hyperthermia starts with an increase in
skin temperature followed by an increase in core temperature.
Which is because of the skin—air temperature range; when
the air temperature is higher than the temperature of the skin,
the NB absorbs heat by convection. The NB can get angry
and anxious and/or stand in a flaccid position to increase heat
transfer from the skin to the environment, which can lead to
vasodilation and vasoconstriction as it occurs in fever®.

NANDA International (NANDA-)® taxonomy included
hyperthermia as part of the nursing diagnosis by 1986 and re-
viewed its structure by 2013. In the last review, we added new

defining characteristics and changed the definition to “body tem-
perature above the daytime standards because of thermoregula-
tory failure.” The latest edition of NANDA-I taxonomy includes
15 defining characteristics, nine of them being added (abnormal
posture, apnea, coma, irritability, lethargy, stupor, hypotension,
vasodilatation and lack of suction maintenance) and six remain-
ing from the previous version (epilepsy, epilepsy crises, flushing,
skin warm to the touch, tachycardia and tachypnea).

Despite being reviewed, there is still no knowledge on
which defining characteristics are more accurate to diagnose
hyperthermia. The accuracy of the defining characteristics is
a way of clinically validating nursing diagnoses based on sen-
sitivity and specificity measures and of classifying individuals
with and without a nursing diagnosis"®'",

In this context, the early detection of thermal imbalance de-
pends on the nurse’s knowledge on the characteristics that de-
fine accuracy. As any technology, the measurement equipment
can fail, thus we cannot consider the temperature value exclu-
sively. In addition, nursing actions must be taken based on the
patient’s clinical signs that allow the continuous validation of
nursing results"?. This study aims to clinically validate the defin-
ing characteristics of diagnoses of Hyperthermia in newborns.

METHOD

Ethical aspects

The institution’s Research Ethics Committee approved this
study. Parents/legal guardians have signed an informed con-
sent form before data collection.

Design, local of study and period

This is a cross-sectional study on the accuracy of the de-
fining characteristics of nursing diagnoses of Hyperthermia
developed in neonatal units of medium and high risk of a ma-
ternity from Fortaleza-CE, from October 2015 to March 2016.

Sample and inclusion and exclusion criteria

The sample comprised 216 NB, including the ones aged up
to seven days, who were consecutively sampled after their ad-
mission. Newborns that were hemodynamically unstable and/
or with fever caused by infections were excluded. According to
the measurements recommendations to study diagnosis accu-
racy, the initial estimate of the sample was obtained considering
15 subjects to each evaluated characteristic (14), totaling 210
participants'’®. However, a final sample of 216 was obtained be-
cause of the increased availability of NB during data collection.
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Study protocol

The instrument used for data collection comprised a three-
part form: 1. Clinical data (birth conditions, delivery, gestational
age, post birth age and weight); 2. Physical exam organized in
organic systems to identify the defining characteristics; 3. Stan-
dard operating procedure (SOP) containing the conceptual and
operational definitions of the measured defining characteristics.
Conceptual and operational definitions were created from the
query of articles and textbooks of Physiology, Semiology and
Neonatology.

The construction of the instrument was conducted followed
by an integrative review aiming at investigating the literature and
the description of signs and symptoms from hyperthermia that
were still not part of defining characteristics of NANDA [ for this
diagnosis. After the review, there were only signs for hypotonia,
which was later added to the SOP. The instrument was subjected
to the evaluation of the members of a research group on nurs-
ing diagnoses regarding children’s health. The definitions of the
defining characteristics were presented and some comments on
their clarity and applicability were made by participants, the
ones considered relevant being adopted by us.

Although the defining characteristics, convulsions and convul-
sive seizures have different conceptual definitions, the operation
methods of evaluation are the same. Then, we decided to use only
the term convulsive seizures. Hypotension was evaluated in NB
in units of medium complexity because of limitations regarding
the auscultatory and palpatory measurement methods, both con-
sidered unreliable due to the size of the children’s arms and the
difficulty in listening to the Korotkoff sounds caused by the low
frequency and amplitude of the pulses’®. On the other hand, it
was possible to measure the blood pressure of NB hospitalized in
units of high risk, because they were being electronic monitored.

Data were collected by a previously trained team that com-
prised nurses from a research group on nursing diagnosis, as
recommended by specialists"" of diagnosis accuracy. To stan-
dardize data collection, all participants of the data collection
team strictly followed the operational definitions included in
the SOP of the defining characteristics under evaluation.

Statistical analysis

Data were analyzed by statistical package R version 3.1.1. The
descriptive analysis of the data comprised measures of absolute
frequencies, percentages, and measures of central tendency and
dispersion. In addition, confidence intervals of 95% were calcu-
lated proportionally to categorical variables. The Lilliefors test was
applied to observe adherence at normal distribution. The associa-
tion between the defining characteristics and the clinical variables
of NB was analyzed using the Chi-square test and/or Fisher’s exact
test according to the frequencies of each category. To measure
the extent of the relation between the defining characteristics and
the categorical variables of interest, Odds Ratio (OR) with a con-
fidence interval of 95% was used. Weight and the presence of
some of the defining characteristics were evaluated by applying
the Mann-Whitney nonparametric test.

To verify sensitivity (proportion of subjects with nursing diag-
nosis for which the indicator is present) and specificity (proportion
of subjects without diagnosis for which the indicator is absent) of
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each defining characteristic, the latent class analysis (LCA) method
was used based on the model of random effects. A model of two
latent classes with random effects was used to measure sensitiv-
ity and specificity values with confidence intervals of 95%. The
model of randomized effects implies a conditional dependency
between the defining characteristics of the diagnosis under analy-
sis. Thus, this approach implies that a latent variable (nursing di-
agnosis) determines the associations between the directly observ-
able variables (defining characteristics). From these relations, the
measures of diagnosis accuracy were calculated. To verify how
good the adjustment of latent class models was, a likelihood ratio
testG? was applied. In this analysis, randomLCA and polLCa pack-
ages from the software R were used>-19,

From the model, the defining characteristics that showed
no statistical significance were deleted and a new model was
adjusted. The lack of statistical significance was not consid-
ered when the upper limit of the confidence interval for sen-
sitivity and specificity was lower than 50% and/or when the
confidence interval included this value.

RESULTS

In this sample, PNB (IG < 37 weeks) were the most pre-
dominant, representing 67.1% from the total. The average age
was of 34.5 weeks, the average weight at data collection was
of 2,152.7 g (DP = 887.7), and 54.5% of them were male.
Despite the prevalence of PNB, a small number depended
on breathing support, while 63.9% remained in ambient air.

Regarding devices for heat maintenance and control, we
identified that 10.6% of the sample used a warm and humid
incubator. In addition, 50% of NB were in incubators with-
out humidification, 6.5% of them were in radiant-heat cra-
dles, 31% in common warm cradles, and 1.9% in BiliBeds.
In addition to BiliBed, we applied phototherapy in 26.3% of
PNB using Bilitron, considering they could not be removed
from the incubators. Regarding intravenous therapy for anti-
biotics (25.4%), hydration (25%), when compared with TNB
(17.1%), PNB showed to be the most frequent.

Regarding medical diagnoses, respiratory diseases were the
most frequent (30%), followed by perinatal infections (22%),
and prematurity (23%), while metabolic and hemodynamic
disorders and congenital malformations were not as frequent
(8% and 5%, respectively). Another parcel was still under
clinical observation and had no diagnosis (12%).

Hyperthermia showed a prevalence of 5.6%. Table 1 pres-
ents 13 characteristics from the 15 evaluated in the sample;
we did not find coma and seizures in the sample. The most
frequent defining characteristic was lack of suction mainte-
nance (31.3%), followed by warm skin (25.5%), lethargy
(24.2%), and tachypnea (21.4%). Least frequent characteris-
tics were hypertension (0.5%), apnea (2.8%), stupor (5.6%),
vasodilation, abnormal posture, and irritability (7.9%).

By analyzing the association between the defining characteris-
tics and clinical data of this population, we identified that NB not
undergoing phototherapy had a higher chance to show characteris-
tics such as flushing, (OR = 2.80; 95% CI: 1.03 — 7.58; 2 = 4.39;
gl = 1; p = 0,036) and lethargy (OR = 2,24; 95% Cl: 1.01 — 4.93;
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2 = 4.13; gl = 1; p = 0.042). Intravenous hydration increase of
chance in tachypnea (OR = 2.17; 95% Cl: 1.07 — 4.37;2 = 4.77;
gl = 1; p = 0.029). Current weight was statistically inferior among
children with these characteristics, lack of suction maintenance (av-
erage rank: 77.91 vs. 107.15; U = 2861.5; p = 0.001), tachycar-
dia (average rank: 84.52 vs. 111.50; U = 1728.5; p = 0.046) and
stupor (average rank: 55.58 vs. 110.07; U = 589.0; p = 0.003).
We identified no statistical relationship between the defining char-
acteristics and the use of devices for maintenance and control of
heat loss.

Table 2 presents data regarding the latent class of analysis
of Hyperthermia diagnosis. After adjusting the model, there
was four defining characteristics left. Stupor was the character-
istic that showed the highest sensitivity value (99.9%), which
means that, when it occurs, it is likely that the patient is at the
early stages of Hyperthermia. The same characteristic showed
the highest value for specificity (100%), followed by vaso-
dilation (92.7%), irritability (91.6%), and lethargy (74.3%).
Therefore, the presence of these four characteristics is a strong
indicative of Hyperthermia.

Table 1 — Defining characteristics of Hyperthermia diag-
nosis in the sample (N = 216), Fortaleza, Cears,
Brazil, 2016
Defining characteristics n % 95% ClI
Lack of suction maintenance 61 313  249-384
Warm skin 55 255 19.9 -31.9
Lethargy' 52 24.2 18.7 - 30.6
Tachypnea' 46  21.4 16.2 - 27.6
Flushing 36 16.7 12.1-22.5
Hypotonia 36 16.7 12.1-22.5
Tachycardia 24 11.1 74-16.3
Irritability’ 17 7.9 4.8-12.6
Abnormal posture? 17 7.9 4.8-12.6
Vasodilation 17 7.9 4.8-12.5
Stupor? 12 5.6 3.1-9.9
Apnea 6 2.8 1.1-6.3
Hypotension 1 0.5 0.0-2.9

Note: 'n = 215;2n = 214;°n = 213; 95% Cl: 95% of confidence interval

Table 2 —

care unit (N = 216), Fortaleza, Cear4, Brazil, 2016

Latent class model adjusted with random effects for nursing diagno-
ses of hyperthermia among newborns admitted to neonatal intensive

Accuracy of the defining characteristics in nursing diagnoses of Hyperthermia in newborns

DISCUSSION

The health team is always concerned with prevention of hy-
pothermia, this way some of the measures taken to reverse hypo-
thermia can cause hyperthermia by excess of heat. In our study,
we observed the use of blankets, boots and gloves with NB in
medium risk units who were in warm cradles because they were
more exposed to the air-conditioning of the neonatal unit. This is
important because warm cradles, when compared with incuba-
tors, do not provide a neutral thermal environment capable of
ensuring a minimum metabolic expenditure and a stable body
temperature®. However, using these protection measures in ex-
cess is a common cause of hyperthermia because of the new-
born’s difficulty in dissipating heat®.

Regarding the influences of technology, the literature de-
scribes that NB undergoing phototherapy are exposed to sev-
eral changes, such as diarrhea; increases in water loss, which,
when added to the period of breastfeeding adjustment can
lead to dehydration; susceptibility to Hyperthermia and Hypo-
thermia due to direct exposure to heat (light) or lack of heating
in the normal crib or Bilitron; as well as the darkening of the
skin, called Bronze Baby Syndrome"”. Differently from the
expected, none of the defining characteristics showed associa-
tion with phototherapy. Newborns that were not undergoing
phototherapy had a higher chance of presenting flushing and
lethargy, both part of the Hyperthermia diagnosis.

Itis possible that these divergent results are associated with
technological change. Currently, neonatal units have modern
phototherapy equipment, such as the LED light emitting Bi-
litron and Bilibed. Unlike the fluorescent and incandescent
lamps previously used, in LED lamps, most of the energy is in
the visible spectrum of light and does not generate heat.

Interestingly, tachypnea showed association with the use of in-
travenous hydration. The use of intravenous hydration is common
among NB that are still not capable of eating, as it restores the
losses and meets the required amount of calories to increase body
mass. This treatment is for newborns < 1,500g who are unable to
eat, present breathing discomfort, necrotizing enterocolitis, severe
asphyxia, and surgical pathologies"®. It is likely that intravenous
hydration has showed association with tachypnea, not for being
a risk factor for Hyperthermia, but for its indication being more
frequent among NB predisposed to breathing stress.

Regarding the diagnosis in Hyperthermia,
the characteristics that showed higher frequen-
cy were: lack of suction maintenance (31.3%),
followed by skin warm to the touch (25.5%),
lethargy (24.2%), and tachypnea (21.4%). Bra-

Defining charac-

ga etal. (2013) found similar results, warm skin

teristics Se 95% Cl 5 95% Cl being the most frequent characteristic (58.7%),

followed by lethargy (45.7%) in the diagnosis
Vasodilation 17.50 00.08 - 99.88 92.71 49.36 - 98.97 of Hyperthermia. The low frequencies of the
Lethargy 00.00 00.00 - 00.00 74.37  64.95-85.35 characteristics identified in our study influ-
Stupor 99.97 99.32-100.00 100.00  100.00 - 100.00 enced the latent class model for hyperthermia,
Irritability 00.00 00.00 - 00.02 91.61  86.95-95.33 which ended up including only four character-
Prevalence: 5.6%  G* = 10.67 GL =6 p = 0.098 istics and determining a low prevalence of di-

Note: Se: sensitivity; Sp: Specificity; 95% CI. Confidence interval of 95%; G2 likelihood ratio; DF:
Degrees of freedom

agnosis in the studied sample. Although it has
been identified a wide range of characteristics
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(a total of 13), their low frequencies reduced the likelihood of
association between them, thus establishing a latent class model
with adequate adjustment.

Regarding the sensitivity and specificity measures, stupor was
the one that showed the best sensitivity and specificity value,
while vasodilation, irritability, and lethargy only showed signifi-
cant values for specificity. According to these data, studies on the
effects of Hyperthermia in newborns highlight the presence of
vasodilation, stupor, lethargy and irritability as important signs of
the body undergoing Hyperthermia®'?, Some of these respons-
es are an attempt to dissipate heat. Considering newborns have
a reduced ability to sweat, they need vasodilation to help them
conduct warm blood to the skin and dissipate more heat®".

Regarding behavior changes, the child can become angry
and anxious and stand in a flaccid posture to increase the dis-
sipation of heat from the skin to the environment®". The pos-
ture response of the new born to hyperthermia is the exten-
sion of arms and legs, the reduction in spontaneous activity
and the increase in the duration of sleep, in an attempt to
dissipate as much heat as possible®?.

Despite abnormal posture being a lot present in the litera-
ture, in the data of this research, it only had a frequency of
6.7%; hypotonia, on the other hand, had a frequency of 16.7%.
This is due to the fact that it is not possible to measure abnor-
mal posture in all newborns, considering the normal flexed
position is not common among PNB, because their flexor tone
will only be fully developed by the 32nd gestational week. In
addition, extreme premature newborns do not have the ability
to change their posture during the first week of life; only 30%
of newborns above 30 weeks are able to extend their mem-
bers. After two weeks, this number increases to 87%. Thus,
in the first week of life, PNB are more vulnerable to thermal
instability, because they cannot modify their body position yet
to contribute to heat dissipation or conservation®?.

Study limitations

Limitations found in this study concerned the aspects of the
population under study. In this sample, the highest frequency
was for PNB in this particular group. Because of its anatomo-
physiological immaturity, several defining characteristics can be
absent, despite the increasing temperatures, which explains the
low frequencies among the defining characteristics of this study.
In addition, it was not possible to evaluate hypotention among
NB hospitalized in units of medium complexity because these
units did not carry out the electronic monitoring of blood pres-
sure, considering its verification is not common among stable
NB. Defining characteristics such as hypotension, abnormal

Accuracy of the defining characteristics in nursing diagnoses of Hyperthermia in newborns

posture, lack of suction maintenance, vasodilation, and skin
warm to touch were difficult to measure because they depended
on the newborn’s maturation, so we might have underestimated
them. It is worth highlighting the defining characteristics that
showed significant sensitivity and specificity measures were
only valid for NB aged up to seven days.

Contributions to the health field

The sensitivity and specificity measures of the found defin-
ing characteristics can add useful information to the process of
diagnosis of Hyperthermia in NB. Considering the complexity
of a nursing diagnosis, we hope the evidences from this study
contribute to discussions and investigations on the matter and
also to the evaluation of this diagnosis in clinical practice.

CONCLUSION

The sensitivity and specificity measures of the found defining
characteristics can add useful information to the process of diag-
nosis of Hyperthermia in NB. We were able to evaluate the profile
of hospitalized NB in units of medium and high complexity. We
identified that stupor showed the highest sensitivity value, which
means that, at its presence, the patient’s might have been going
through the early stages of Hyperthermia. The characteristics with
high specificity values were: stupor, vasodilation, irritability and
lethargy, therefore, the four of them are important to confirm the
presence of Hyperthermia. On the other hand, stupor proved to
be useful both for confirmation and for early diagnosis.

Considering the frequencies of the defining characteristics
were low, the results must be used with caution. The literature
highlights that both frequencies and accuracy measures can
be influenced by the hyperthermia, which means they can
be higher with the worsening of clinical conditions. Unfortu-
nately, the lack of studies with similar methodology limited
the comparison of the results of this study.

This way, there is need for future studies with larger sam-
ples to find more serious spectra of the phenomena investi-
gated and compare the serious and light spectra to be able
to state with higher precision if these defining characteristics
represent the diagnosis of Hyperthermia in this population.
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