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Antecedentes: La contaminacion por nitratos se debe al mal manejo de las aguas residuales, el uso excesivo de fertilizantes
y el estiércol generado por el ganado. En comunidades expuestas se han reportado efectos en la salud, como
metahemoglobinemia, alteraciones metabdlicas, disfuncion tiroidea y efectos reproductivos adversos. Los estudios indican
que las mujeres expuestas a nitratos en el agua potable tienen mayor riesgo de hipotiroidismo, especialmente en el emba-
razo, cuando se requieren mas hormonas tiroideas para sostener el desarrollo fetal. Objetivo: Analizar la exposicion a nitra-
tos a través del agua de bebida en mujeres embarazadas y su relacién con la salud tiroidea y el nacimiento pretérmino.
Método: Se realizé un estudio transversal en mujeres embarazadas expuestas a nitratos en el agua potable. Se determiné
el perfil tiroideo por quimioluminiscencia, nitrito plasmadtico, metahemoglobina y lipoperoxidacion por técnicas espectro-
fotométricas. También se documentaron datos antropomeétricos de los neonatos. Resultados: Se encontré que el 72% de
los nacimientos fueron a término y el 18% pretérmino, el 8.5% de las mujeres presentaron hipotiroidismo subclinico y el 1.5%
ambas condiciones: hipotiroidismo subclinico y nacimiento pretérmino. Se encontro riesgo para sufrir hipotiroidismo en las
mujeres que consumen agua de la red publica (OR: 3.64; IC 95%: 1.20-11.01). También se hallaron niveles elevados de
hormona estimulante de la tiroides y de metahemoglobina, y diferencias significativas en medidas antropométricas neona-
tales en los grupos de hipotiroidismo y nacimiento pretérmino. Conclusiones: La exposicion a nitratos puede generar au-
mento en la metahemoglobina, alteraciones tiroideas y estrés oxidante en mujeres embarazadas que consumen agua con
altos niveles de nitratos.

Contaminacién. Nitratos. Nacimiento pretérmino. Hipotiroidismo. Metahemoglobina.

Background: Nitrate contamination is due to poor wastewater management, excessive fertilizer use, and livestock manure.
Health effects such as methemoglobinemia, metabolic disturbances, thyroid dysfunction, and adverse reproductive outcomes
have been reported in exposed communities. Studies indicate that women exposed to nitrates in drinking water are at
increased risk of hypothyroidism, especially during pregnancy, when increased thyroid hormones are required to sustain
fetal development. Objective: To analyze nitrate exposure through drinking water in pregnant women and its relationship with
thyroid health and preterm birth. Method: A cross-sectional study was conducted in pregnant women exposed to nitrates in
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drinking water. The thyroid profile was determined by chemiluminescence, plasma nitrite, methemoglobin, and lipid peroxidation
by spectrophotometric techniques. Anthropometric data of the newborns were also documented. Results: It was found that
72% of births were full-term and 18% were preterm, 8.5% of women had subclinical hypothyroidism, and 1.5% had both
conditions: subclinical hypothyroidism and preterm birth. A risk of hypothyroidism was found in women who consumed water
from the public network (OR: 3.64; 95% ClI: 1.20-11.01). Elevated levels of thyroid-stimulating hormone and methemoglobin
were also found, in addition to significant differences in neonatal anthropometric measurements between the hypothyroidism
and preterm birth groups. Conclusions: Exposure to nitrates can generate increased methemoglobin, thyroid disorders, and
oxidative stress in pregnant women who consume water with high nitrate levels.

Pollution. Nitrates. Preterm birth. Hypothyroidism. Methemoglobinemia.

La contaminacion por nitratos se debe al manejo
inadecuado de las aguas residuales, tanto industriales
como domésticas, ademas de los procesos de atenua-
cién y eliminacion de bacterias, asi como al uso exce-
sivo de fertilizantes ricos en nitratos, lo que contribuye
a la acumulacién de grandes cantidades en los suelos
del campo'. Adicionalmente, el ganado produce tone-
ladas de estiércol rico en compuestos nitrogenados
que se filtran hasta los acuiferos subterraneos, lo que
genera que en algunas comunidades rurales y alta-
mente industrializadas el agua para abastecimiento
humano presente cantidades de nitratos por encima de
los limites recomendados para consumo humano, que
son de 11 mg/l de nitrégeno-nitrato (N-NO-,) y de
0.03 mg/I de nitrégeno-nitrito (N-NO-,)2. El deterioro
ambiental ha causado diversos efectos adversos en la
salud de las comunidades expuestas a corto, mediano
o largo plazo, ya que en lugares con intensa actividad
agropecuaria e industrial el agua también puede estar
contaminada por sustancias que, al interactuar con
otros compuestos inorganicos o biolégicos, podrian
potenciar el efecto de los nitratos®.

Otra fuente de exposicion a los nitratos presentes en
el agua es a través de la dieta, ya que estos se acu-
mulan en las plantas y hortalizas que son consumidas
por animales silvestres y domésticos, y por la pobla-
cion humana; aunque este nitrato dietario no repre-
senta riesgo debido a la presencia de nutrientes y
antioxidantes en los vegetales, si resulta importante en
la suma de ingestas*. También el alto consumo de
alimentos ultraprocesados, que utilizan nitratos y nitri-
tos como potenciadores de sabor o conservadores,
representa otra via importante de exposicién®.

El nitrato ingerido a través del agua de bebida o por
alimentos se absorbe en el intestino delgado mediante
transporte activo, y otra fraccion es reducida a nitrito
por la microbiota del conducto gastrointestinal, que se
absorbe por difusion a través de la mucosa gastrica y

la pared intestinal®. Del nitrato ingerido, aproximada-
mente el 5% es reducido a nitrito por la accion de las
bacterias reductoras presentes en la cavidad oral, y en
torno al 25% es reciclado en parte en las glandulas
salivales, que concentran el nitrato a partir del plasma,
y este es excretado en la saliva y también puede ser
reducido a nitrito, entrando de nuevo al ciclo. Después
de la absorcidn del nitrato y su secrecidn en los fluidos
corporales, es excretado en la orina en un lapso
maximo de 5 horas después de la ingesta’.

En los drganos y tejidos, el nitrato es un reservorio
natural de nitrito que se reduce hasta o6xido nitrico
(NO), el cual tiene un importante papel fisioldgico en
varias vias de sefalizacién y en el mantenimiento de
la homeostasis®. Sin embargo, también se han adjudi-
cado efectos toxicos a los nitratos y sus productos
metabdlicos, entre los que se encuentra la formacién
de especies reactivas de nitrégeno, como las nitrosa-
minas que son potentes carcindgenos para animales y
humanos, y también se producen NO., perdxido, pero-
xinitrito y anion superoxido®°.

En los humanos se han reportado algunas enferme-
dades relacionadas con la ingesta de nitratos, como la
metahemoglobinemia y ciertos tipos de cancer (esto-
mago, higado, colon, pulmén, tiroides, renal y linfoma no
Hodgkin, principalmente)'"'3; ademas, se han reportado
casos de hipotiroidismo y efectos reproductivos adver-
sos'™. No obstante, otros estudios no han encontrado
esta asociacion, por lo que epidemiolédgicamente existe
controversia acerca de sus efectos adversos' 1.

Por otro lado, hay evidencias de que el nitrato puede
ser un disruptor endocrino. Se ha sugerido que es capaz
de inhibir el simportador Na*/I-, alterando la sintesis de
hormonas tiroideas, lo cual puede tener diversas implica-
ciones, desde hipotiroidismo subclinico hasta efectos
reproductivos'. La exposicion a nitratos durante el emba-
razo genera algunos efectos que han sido documentados
en la literatura, entre ellos aborto espontaneo, muerte
fetal, prematuridad, retraso del crecimiento intrauterino,
bajo peso al nacer, malformaciones congénitas y muerte
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de los infantes™. Las evidencias sugieren que la exposi-
cion a nitratos podria estar asociada con cambios meta-
bdlicos, estrés oxidante y alteraciones en la glandula
tiroides que potencialmente pueden establecer una dis-
rupcion endocrina capaz de afectar la salud de la madre
y el desarrollo fetal.

En este trabajo se realizé un estudio transversal en
mujeres embarazadas expuestas a nitratos en el agua
potable y se documentaron la resolucién del emba-
razo, algunos marcadores metabdlicos y las medidas
antropométricas neonatales. Se consideraron como
variables respuesta el hipotiroidismo subclinico y el
nacimiento pretérmino.

Este estudio siguié las recomendaciones de las
guias internacionales SAGER (Sex and Gender
Equity in Research) y STROBE (Strengthening the
Reporting of Observational Studies in Epidemiology).
Se realizéd un estudio transversal comparativo en
mujeres que asistieron a su control prenatal en el
Hospital General de Ciudad Lerdo, Durango y el
Nuevo Hospital General de Gdmez Palacio, Durango;
en ambos se atiende a pacientes residentes de zonas
urbanas y rurales en las que se han documentado
altos niveles de nitratos en el agua de consumo
humano.

A las mujeres se les realiz6 una platica informativa
y fueron invitadas a participar en el estudio. Tras firmar
una carta de consentimiento informado se les aplic
un cuestionario validado para documentar datos epi-
demioldgicos relevantes para el estudio. Después del
parto se recolectaron datos antropométricos de los
neonatos.

El estudio fue aprobado por el Comité de Etica e Investiga-
cién con el registro R-2023-018 COFEPRIS 123301538X0201,
se realizd bajo las normas éticas vigentes y se mantuvo el
anonimato de las participantes.

Se incluyeron mujeres embarazadas residentes de
zonas de exposicién a nitratos en el agua de bebida.
Los criterios de inclusién fueron ser mayor de 18 afios
(o tener el consentimiento del tutor y médico tratante),

llevar su control prenatal en el hospital indicado, ser
residente de una de las comunidades de estudio por
mas de 1 afo, y consumir agua principalmente de grifo
o de las maquinas purificadoras locales. Los criterios
de exclusion fueron ser menor de 18 afios, consultas
de emergencia, tener menos de 1 afio de residencia
en la comunidad, padecer una enfermedad endocrina
diagnosticada previa al embarazo, cancer u otra enfer-
medad cronica degenerativa, y estar en tratamiento
con antirretrovirales, antituberculosos o antidepresi-
vos. Fueron criterios de eliminacién tener datos incom-
pletos 0 muestras degradadas. Se consideraron como
variables respuesta el hipotiroidismo subclinico (defi-
nido como la alteracion tiroidea caracterizada por con-
centraciones séricas elevadas de hormona estimulante
de la tiroides [TSH] con niveles normales de tiroxina
libre [TAL] de acuerdo con los rangos de referencia
establecidos para la poblacion o el trimestre de emba-
razo correspondiente) y el nacimiento pretérmino (defi-
nido como el que ocurre antes de las 37 semanas
completas de gestacion calculadas por el médico
tratante).

Tras ayuno de 8 horas se recolectaron 4 ml de sangre
periférica de cada participante en un tubo sin anticoa-
gulante y 4 ml en un tubo con EDTA (EDTA-coated
tubes, BD Vacutainer®, Becton, Dickinson and Company,
Franklin Lakes, NJ, USA). El suero y el plasma se obtu-
vieron dentro de las 2 horas siguientes a la recoleccion
de la muestra sanguinea, se determind inmediatamente
el perfil tiroideo y se almacenaron alicuotas de suero y
plasma a —80 °C hasta su procesamiento.

La cuantificacion de hormonas tiroideas (TSH, triyo-
dotironina libre [T3L] y T4L) se realizé mediante inmu-
noensayo  (Maglumi 800  chemiluminescence
immunoassay analyzer, SNIBE, Shenzhen, China) utili-
zando los estandares de calidad y los controles de
referencia para cada marcador. Los valores de referen-
cia para TSH fueron de 0.35-4.5 Ul/ml, para T3L de
2.2-4.2 pg/dl y para T4L de 0.4-1.4 ng/dl. El hipotiroi-
dismo subclinico se define por unos valores de TSH por
encima del limite superior del rango de referencia, con
concentraciones normales de T4L, confirmado en al
menos una medicién sérica. En las mujeres embaraza-
das, la definicién considera rangos de referencia espe-
cificos por trimestre: TSH > 2.5 Ul/ml en el primer
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trimestre y TSH > 3.0 Ul/ml en el segundo y el tercer
trimestres, con T4L dentro del rango normal, para cla-
sificar hipotiroidismo subclinico.

Para la metahemoglobina se utilizé sangre total,
colectada en EDTA, y se determin6 por el método pro-
puesto por Sakata et al.'® que consiste en reacciones
colorimétricas en presencia de azida de sodio y ferri-
cianuro de potasio, con posterior lectura de las absor-
bancias a 630 nm en un espectrofotometro (Multiskan,
Thermo Scientific, Waltham, MA, USA).

Para la determinacion del nitrito plasmatico se des-
proteinizé la muestra y se aplico reactivo de Griess, y
posteriormente se midié la absorbancia a 540 nm en
un espectrofotdmetro. Se realiz6 una curva de referen-
cia con nitrito de sodio con limite de deteccion de
0.5-100 umol/ml.

La determinacién de productos de la peroxidacion
lipidica se realizd en plasma sanguineo con el kit
10009055 para TBARS (Cayman Chemical), que con-
siste en la detecciébn de malondialdehido (MDA)
mediante la reaccion con &cido tiobarbitdrico (TBA).
Posteriormente se midio la absorbancia a 540 nm en
un espectrofotometro. Se realizd una curva estandar
en el rango de 0.0625-50 uM de MDA.

El nacimiento pretérmino se define como aquel que
ocurre antes de las 37 semanas completas de gestacion,
calculadas a partir del primer dia de la dltima menstrua-
¢cion o segun estimacidn clinica o ultrasonografica.

Previa autorizacion de la paciente y del médico gine-
cologo tratante, se documentaron los datos clinicos y
antropométricos sistematicos del recién nacido.

Todos los datos generados se registraron en una hoja
de calculo, en una columna por variable, identificando

la categorizacién y las unidades de medida. En el ana-
lisis de las variables cuantitativas se realizaron pruebas
de normalidad y se reportd la estadistica descriptiva e
inferencial paramétrica 0 no paramétrica, segun el
caso. También se realizé un andlisis de regresion logis-
tica binaria para establecer posibles asociaciones. Para
los andlisis estadisticos se utilizo el programa R version
4.2.3 (R Core Team, 2023) y se considerd estadistica-
mente significativo un valor p < 0.05.

Se incluyeron en el estudio 163 mujeres que conclu-
yeron su embarazo, en las cuales el 72% de los naci-
mientos fueron a término y el 18% pretérmino. El 8.5%
de las madres fueron clasificadas con hipotiroidismo
subclinico y el 1.5% presentaron hipotiroidismo subcli-
nico y nacimiento pretérmino.

Se consideraron tres grupos: control a término, pre-
término e hipotiroidismo. Al realizar la comparacién
entre grupos no se encontraron diferencias significati-
vas en cuanto a edad materna, nimero de gestas,
dificultad para embarazo y embarazo de riesgo; tam-
poco en comorbilidad como diabetes e hipertension,
aunqgue hubo una significancia marginal en infecciones
de vias urinarias (p = 0.06). En las semanas de gesta-
cion si se encontro diferencia significativa (p = 0.0001)
entre los grupos (Tabla 1).

Se realizé un andlisis de regresion logistica entre el
consumo de agua de la red publica que contiene nive-
les de N-NO-, por encima de los limites permisibles y
el nacimiento pretérmino, y se encontrd una odds ratio
(OR) de 1.36 (intervalo de confianza del 95% [IC 95%):
0.49-3.74; p = 0.5), mientras que para el hipotiroidismo
subclinico se encontr6 una OR de 3.64 (IC 95%:
1.20-11.01; p = 0.02).

El cuanto a los niveles de TSH, para el grupo con-
trol se encontré6 una mediana (min-max) de 2.08
(0.71-3.93) Ul/ml, para el grupo pretérmino de 2.34
(1.35-3.91) Ul/ml y para el grupo con hipotiroidismo de
5.87 (4.22-8.96) Ul/ml (p = 0.003), asi como una ten-
dencia a disminuir la T3L y la TAL en este ultimo grupo.

El porcentaje de metahemoglobina en el grupo a
término fue del 0.8% (0.7-5.6), en el pretérmino del
0.6% (0.06-1.49) y en el de hipotiroidismo del 1.24%
(0.2-2.61) (p = 0.003).

El nitrito plasmatico y los niveles de MDA no mostraron
diferencias significativas entre los grupos (Tabla 2).

En cuanto a los datos antropométricos de los neo-
natos, se obtuvieron diferencias significativas en los
parédmetros bajo peso al nacer, longitud y perimetros
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Tabla 1. Caracteristicas generales de la poblacion de mujeres embarazadas participantes

Variable A término
(n=117)

Edad, afios 23 (16-43)

Semanas de gestacion 39.1 (38-41.5)

N.° gestas 2 (0-5)
Dificultad para embarazarse 22 (18.8)
Embarazo previo de riesgo 23 (19.6)
Abortos 22 (18.8)
Malformaciones 1(0.85)
Ceséreas 49 (41.8)
Diabetes 1(0.85)
Infeccion de vias urinarias 12 (10.2)
Hipertension 4(3.41)
Preeclampsia 4 (3.41)
Consume agua de red publica 15 (12.8)
Cocina con agua de red publica 29 (24.7)

Pretérmino Hipotiroidismo _
(n=29) (n=14)
22 (17-37) 19 (15-30) 0.15
37 (25-37.6) 39 (38-41) 0.0001
2(1-2) 1(0-1) 0.19
4(13.7) 2(14.2) 0.86
7(24.1) 2(14.2) 0.33
7(24.7) 2(14.2) 0.67
2(6.8) 1(7.14) 0.10
16 (55.1) 7 (50) 0.26
2(6.8) 0 0.15
7(24.1) 4(28.5) 0.06
1(3.4) 2(14.2) 0.29
1(3.4) 0 0.65
4(13.7) 4 (28.5) 0.3
7(24.1) 7 (50) 0.15

Las variables edad, semanas de gestacion y nimero de gestas se presentan como la mediana (min-max) y el valor de p corresponde a Kruskal-Wallis. Las demas
variables fueron dicotémicas y se reportaron como n (%), el valor de p corresponde a la prueba de y2.

Tabla 2. Perfil tiroideo y biomarcadores de estrés oxidante en las mujeres embarazadas

Variable A término Pretérmino Hipotiroidismo
(n=117) (n =29) (n=14)

TSH, Ul/ml 2.08 (0.71-3.93)
T3L, pg/di 2.23 (1.4-3.5)
T4L, ng/dl 0.60 (0.39-0.96)

Metahemoglobina, n (%) 0.8 (0.07-5.6)

Nitrito plasmatico, uM 14.6 (0.05-33.6)

Lipoperoxidacion, uM 2.62 (0.72-36.7)

2.34 (1.35-3.91) 5.87 (4.22-8.96) 0.003

2.21(1.1-2.6) 2.13 (1.4-3.6) 0.43
0.56 (0.39-0.92) 0.59 (0.40-0.88) 0.18
0.64 (0.06-1.49) 1.24 (0.2-2.61) 0.003
16.1 (0.09-26.6) 14.0 (0.85-23.1) 0.43
1.74 (0.82-22.7) 3.64 (0.80-57.9) 0.18

Los datos son presentados como mediana (min-méx), y el valor de p corresponde a la prueba de Kruskal-Wallis.

T3L: triyodotironina libre; TAL: tiroxina libre; TSH: hormona estimulante de la tiroides.

toracico y abdominal, asi como en defectos al naci-
miento en el grupo de pretérmino (Tabla 3).

Discusion

Los nitratos se han clasificado como contaminantes
con efectos adversos para la salud humana; como un
efecto agudo, la metahemoglobinemia en los infantes,
mientras que entre los efectos subcronicos y crénicos

destacan el estrés oxidante y las alteraciones endocri-
nas. La glandula tiroides puede ser alterada por diversos
contaminantes que actuan como disruptores endocrinos,
capaces de interferir con la sintesis de hormonas tiroi-
deas que son de gran importancia para la salud metabé-
lica y reproductiva, especialmente durante el embarazo,
cuando existe un aumento en la demanda de hormonas
tiroideas para sostener el desarrollo fetal®°.

55
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Parametros antropométricos de los neonatos, clasificados segin la resolucién del embarazo

Bajo peso al nacer 1(0.85)

Defectos al nacimiento 1(0.85)

Peso al nacer 3305 (2490-5020)

Longitud 52 (44-57)
Perimetro cefalico 35 (31-64)
Perimetro toracico 34 (31-43)
Perimetro abdominal 32 (26-52)

4(13.7) 0 0.007
3(10.3) 0 0.03
2871 (860-4139) 3265 (2500-3870) 0.0001
50 (32-56) 51.5 (48-56) 0.003
34 (24.5-37) 35 (33-37) 0.13
32 (21.5-37) 34 (32-36) 0.0001
31 (19-36) 32 (26-35) 0.001

Los datos se presentan como n (%) para las variables categéricas y como mediana (min-méx) para las variables continuas. El valor de p se determiné mediante la prueba

de x2 para las proporciones y la prueba de Kruskal-Wallis para las variables continuas.

Actualmente hay suficiente evidencia de que los nitra-
tos pueden alterar la captaciéon de yodo y conducir a
hipotiroidismo y alteraciones metabdlicas en la poblacién
expuesta. Se ha reportado que la deficiencia, incluso
sutil, de hormonas tiroideas maternas tiene efectos
adversos en el embarazo y en el desarrollo intelectual
de la progenie. Sin embargo, el diagnéstico y el trata-
miento del hipotiroidismo subclinico en mujeres emba-
razadas aun presenta controversias debido a los
cambios fisiologicos de estas hormonas durante la
gestacion. Aunque se ha resaltado la importancia de
establecer los rangos de referencia especificos para
TSH, T3L y T4L en cada trimestre del embarazo, ha
sido dificil debido a la variabilidad entre ensayos y
otros factores como la etnia, la ingesta de yodo, la
exposicion a ciertos contaminantes, etc., por lo que
estos valores son aplicables solo para poblaciones
locales?'. Gietka-Czernel y Glinicki®® consideran que
una suplementacién con levotiroxina en bajas dosis
puede tener beneficios terapéuticos en la disminucion
de las tasas de aborto espontaneo y de nacimiento
prematuro cuando la intervencion se realiza en el pri-
mer trimestre del embarazo en mujeres con TSH de
2.5-10 Ul/ml. En cambio, Maraka y Dosiou?® consideran
que la suplementacion con levotiroxina unicamente
esta indicada ante valores de TSH > 4 Ul/ml. En este
estudio, las mujeres no conocian sus niveles de TSH
y, por lo tanto, no hubo una suplementacién con levo-
tiroxina durante el embarazo.

Por otro lado, una de las complicaciones del emba-
razo es el aumento de la presion arterial que puede
conducir a hipertension gestacional y preeclampsia, que
son las principales causas de morbimortalidad materna

y perinatal. Los nitratos se metabolizan a nitritos y pos-
teriormente a NO, que tiene un papel fisioldgico en la
angiogénesis, la vasodilatacion y, por lo tanto, el con-
trol del tono vascular; sin embargo, un exceso de NO
tiene efectos deletéreos al inducir estrés oxidante e
hipoxia, que caracterizan las crisis hipertensivas y el
establecimiento de la preeclampsia®*. Existen diversos
marcadores para analizar la biodisponibilidad alterada
del NO que puede conducir a disfuncion endotelial,
entre ellos la enzima dxido nitrico sintasa endotelial
(eNQS) y el nitrito plasmatico. Kaihara et al.?> analiza-
ron las concentraciones plasmaticas de eNOS en
mujeres embarazadas sin complicaciones, en una
cohorte de mujeres con hipertension gestacional y en
otra cohorte independiente con preeclampsia. Encon-
traron una alta expresién de eNOS en las mujeres con
preeclampsia, pero no observaron correlaciéon con los
niveles plasmaticos de nitrito. Bahadoran et al.® con-
sideran que la ingesta de nitrato dietético a través de
los vegetales en las mujeres embarazadas con defi-
ciencia de NO puede ser una opcidn para atenuar la
hipertension y la preeclampsia al mejorar el flujo san-
guineo placentario, favoreciendo la salud materna y
neonatal. Sin embargo, también consideran que la
suplementacion dietética rica en nitratos, acompanada
de otras fuentes como alimentos ultraprocesados y
nitratos del agua de bebida durante el embarazo,
puede tener resultados adversos maternos, como
metahemoglobinemia y disfuncion tiroidea, y ademas
puede inducir alteraciones en las células embrionarias
debido a que los metabolitos del nitrato atraviesan la
barrera placentaria?®.
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En el caso del nitrato presente en el agua de con-
sumo humano, este actia como un contaminante y las
dosis pueden alcanzar niveles superiores a los permi-
sibles por las normas de calidad del agua potable.
Gandarilla-Esparza et al.?” reportaron entre 7.18 y
24.35 umol/ml de nitrito plasmatico en mujeres residen-
tes en zonas de baja y alta exposicion a nitratos en el
agua de consumo humano. También encontraron un
aumento en el porcentaje de metahemoglobina, una
prevalencia de hipotiroidismo subclinico del 8.3% vy
dafio genotdxico en los linfocitos de mujeres residentes
en las zonas con alta exposicion a nitratos. En este
estudio, el nitrito plasmatico fue mas elevado en el
grupo de nacimiento pretérmino, aunque no hubo dife-
rencia significativa entre los grupos. Sin embargo, en
el porcentaje de metahemoglobina si se observd un
incremento significativo en las mujeres embarazadas
con hipotiroidismo subclinico. A este respecto, Moho-
rovic®® destaca que en la patogénesis de las complica-
ciones del embarazo la metahemoglobina y la hemdlisis
desempefian un papel importante, y ambas se produ-
cen como resultado del estrés oxidativo. Sin embargo,
la metahemoglobina es un fenémeno reversible por el
equilibrio oxidante-antioxidante, mientras que la hemé-
lisis se produce como resultado del estrés oxidativo en
la membrana eritrocitaria y es un evento irreversible.
Los autores sugieren el monitoreo de estos marcado-
res en las mujeres bajo condiciones de vulnerabilidad,
con la finalidad de implementar un método de interven-
cién para disminuir el riesgo, tanto para la madre como
para el feto.

En este contexto, otro marcador de estrés oxidante
que ha sido monitoreado en las mujeres embarazadas
es el MDA. Taseer et al.?® analizaron los niveles de
albumina y MDA en mujeres con estrés oxidante que
evolucion6 a preeclampsia en las semanas 34-36 del
embarazo, y encontraron niveles mas altos de estos
marcadores en las mujeres con crisis hipertensivas.
Por su parte, Ocktariyana y Wahyuni®® analizaron el
ejercicio y la suplementacion con vitamina C durante
el tercer trimestre del embarazo, y observaron que los
niveles de MDA disminuyeron de manera significativa
después del tratamiento combinado. Aunque en este
estudio no se observaron diferencias significativas en
los niveles de MDA circulantes en el plasma de las
mujeres embarazadas, los valores mas altos se obser-
varon en los grupos de hipotiroidismo y de nacimiento
a término, y en este Ultimo grupo se documentaron
mujeres con hipertension, preeclampsia e infecciones
de vias urinarias, que pueden modificar los valores de
estos marcadores; es posible que estas mujeres hayan

tenido intervenciones que controlaron el estrés oxi-
dante y, por lo tanto, pudieron llevar a término su
embarazo.

En este estudio no encontramos una asociacion
entre el nacimiento pretérmino y el consumo de agua
de la red publica, pero si se encontré un aumento del
riesgo de hipotiroidismo al consumir agua de la red
publica tanto como agua de bebida como para cocinar
los alimentos. Aunque en algunos casos las mujeres
reportaron que consumian agua purificada, esta se
refiere al agua que es dispensada por las maquinas
purificadoras locales, que en muchos casos no cum-
plen con el mantenimiento adecuado, como el cambio
periddico de filtros y un sistema de osmosis inversa, y
por lo tanto no son capaces de eliminar todos los con-
taminantes del agua, entre ellos los nitratos.

Coffman et al.’' estudiaron aproximadamente un
millén de registros médicos y encontraron que la expo-
sicion a nitratos en el agua de consumo humano
(= 25 mg/l de N-NO3) se asocid con reduccion del
peso y de la talla de los neonatos. Sherris et al.?? halla-
ron que la exposicion a nitratos en el agua de bebida
de una regién agropecuaria, incluso a dosis de
5-10 mg/I N-NOS, se relacionaban con nacimiento pre-
maturo antes de las 36 semanas de gestacion. Lin et
al.®3, en un metaandlisis, compararon las exposiciones
a nitratos mas alta y mas baja, y concluyeron que los
estudios de cohorte encuentran una asociacion
modesta entre la exposicion a nitratos y el nacimiento
pretérmino (OR: 1.05; IC 95%: 1.0-1.10), mientras que
los estudios de casos y controles encuentran una aso-
ciacion entre la exposicion a nitratos en el agua potable
y el riesgo de presentar malformaciones congénitas
(OR: 1.51; IC 95%: 1.12-2.05). Finalmente, la poblacion
de este estudio esta expuesta a altas concentraciones
de nitratos en el agua de consumo humano debido a
la alta actividad agropecuaria e industrial de la region,
por lo que resulta importante realizar monitoreos y
estudios en la poblacion vulnerable para identificar
riesgos, detectar marcadores y poder hacer interven-
ciones tempranas en beneficio de las mujeres emba-
razadas y de la salud de los neonatos.

Este estudio presenta como principal fortaleza la
evaluacion de una poblacién vulnerable, mujeres
embarazadas expuestas crénicamente a nitratos en el
agua de consumo humano, integrando la exposicion
ambiental con biomarcadores endocrinos, de estrés
oxidante y desenlaces neonatales, lo que aporta un
enfoque bioldgico integral. La medicién simultanea del
perfil tiroideo, la metahemoglobina, el nitrito plasmatico
y los parametros antropométricos neonatales, junto
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con el uso de técnicas analiticas estandarizadas y la
adherencia a las guias STROBE y SAGER, fortalecen
la calidad metodoldgica. No obstante, el disefio trans-
versal limita la inferencia causal, y la estimacion de la
exposicion se basoé en la fuente de agua consumida
sin mediciones domiciliarias directas, ademas de no
considerar cuantitativamente factores de confusion
potenciales como la ingesta dietética de nitratos y de
yodo. A pesar de estas limitaciones, los hallazgos
aportan evidencia relevante sobre el impacto de la
exposicion a nitratos en la funcion tiroidea durante el
embarazo.

La exposicion a nitratos puede generar un aumento
de la metahemoglobina, alteraciones tiroideas y estrés
oxidante en las mujeres embarazadas que consumen
agua con nitratos, y esta situacion puede conducir a
una disminucion del peso en los neonatos.
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Antecedentes: E/ contacto precoz piel con piel (CPPP) del recién nacido (RN) después del nacimiento ofrece beneficios
para la madre y el RN (binomio), favorece un vinculo mas estrecho, mayor tiempo de lactancia y autoeficacia de la madre
en la lactancia. Objetivo: Evaluar el efecto del CPPP del RN en la autoeficacia materna en la lactancia. Método: Estudio
cuasiexperimental con grupo control no equivalente. Participaron 94 binomios. El grupo de intervencidn recibié CPPPR se
incluyeron RN de 35 a 42 semanas, con via de nacimiento vaginal o cesdrea. Los RN que recibieron CPPP fueron colocados
en medio del pecho de la madre y los del grupo control recibieron los cuidados habituales del RN. Las madres de ambos
grupos contestaron el BSES-SF a las 24 horas del nacimiento en el servicio de alojamiento conjunto. Resultados: En los
47 binomios de cada grupo (CPPP y sin contacto), la mediana de la edad materna fue de 26 afios, la mediana de la edad
gestacional de los RN fue 39 semanas, la mediana del peso fue de 3097 g y la mediana de la duracion del CPPP fue de
40 minutos. Ningun RN presentd hipotermia. El puntaje de la BSES-SF tuvo una mediana de 60. Conclusiones: No hubo
diferencia de la autoeficacia materna en la lactancia mediante la escala BSES-SF en las madres con y sin CPPP; el 78.7%
reporto alta autoeficacia. El CPPP es una maniobra sencilla y segura que se puede aplicar a binomios estables indepen-
dientemente de la via de nacimiento.

Contacto piel con piel. Lactancia. Autoeficacia.

Background: Early skin-to-skin contact (SSC) of the newborn after birth offers benefits for both mother and newborn (the
dyad), promoting a closer bond, longer breastfeeding duration, and increased maternal self-efficacy in breastfeeding.
Objective: To evaluate the effect of early SSC of the newborn on maternal self-efficacy in breastfeeding.
Method: Quasi-experimental study with non-equivalent control group. 94 binomials participated. The intervention group re-
ceived SSC. Newborns were between 35 and 42 weeks gestation, delivered vaginally or by cesarean section. The SSC group
was placed on the mother’s chest. The control group received standard newborn care. Mothers in both groups completed
the BSES-SF 24 hours after birth in the rooming-in unit. Results: Of the 47 mother-baby pairs in each group (contact-based
breastfeeding and no contact), the median maternal age was 26 years, the median gestational age of the newborns was
39 weeks, the median birth weight was 3097 g, and the median duration of contact-based breastfeeding was 40 minutes.
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No newborns presented with hypothermia. The median BSES-SF score was 60. Conclusions: There was no difference in
maternal self-efficacy in breastfeeding as measured by the BSES-SF scale between mothers with and without contact-based
breastfeeding; 78.7% reported high self-efficacy. Contact-based breastfeeding is a simple and safe procedure that can be
applied to stable mother-baby pairs regardless of the delivery method.

Skin-to-skin. Breastfeeding. Self-efficacy.

La leche materna es el alimento ideal para el lactan-
te, pues tiene propiedades inmunitarias y nutricionales
necesarias para su salud y su desarrollo fisico y men-
tal'. En México, las précticas en lactancia materna (LM)
distan de las recomendaciones de la Organizacion
Mundial de la Salud (OMS)?; de acuerdo con la En-
cuesta Nacional de Salud y Nutricion (ENSANUT) de
2021-2023, la prevalencia de la LM exclusiva a los 6
meses fue del 33.6% y solo el 47.7% de los recién
nacidos (RN) la iniciaron en la primera hora de vida.

La leche materna contiene lipidos, proteinas, hidra-
tos de carbono y factores inmunitarios necesarios para
el RN“. El calostro es rico en vitaminas, minerales,
inmunoglobulina A secretora, lactoferrina, oligosacari-
dos humanos, factor de crecimiento epidérmico y factor
estimulante de colonias®, y contiene mas de 400 pro-
teinas con funciones nutritivas, antimicrobianas e
inmunomoduladoras®, propiedades que son muy im-
portantes para la salud del RN.

Se considera una LM eficaz al proceso interactivo de
la madre y el RN (binomio) en el que la transferencia
directa de leche se realiza en forma y cantidad ade-
cuadas. El contacto piel con piel consiste en la colo-
cacion del RN desnudo sobre el pecho materno,
cubierto con un gorro y una manta tibia, en intimo
contacto entre sus cuerpos; se considera precoz
(CPPP) cuando ocurre en los primeros 30 minutos des-
pués del nacimiento’. Si la maniobra se realiza en las
primeras 2 horas después del nacimiento, ha demos-
trado ser una medida efectiva para una LM eficaz®®.

En los mamiferos es importante mantenerse dentro
del entorno materno después del nacimiento y provo-
car comportamientos innatos, con mejor regulacion
fisioldgica del sistema cardiorrespiratorio, digestivo,
hormonal y conductual del RN. En las primeras 2 horas
de vida, el RN experimenta un estado denominado
«periodo sensitivo», provocado por la descarga hormo-
nal del trabajo de parto, manteniéndolo receptivo para
una lactancia exitosa®.

Segun Widstrom'?, los nueve comportamientos inna-
tos del RN al nacimiento son la presencia del llanto, la
relajacion, el despertar, la apertura ocular, la actividad

motora v, tras una segunda fase de descanso, arrastre
del RN para tocar, lamer y succionar el pezén, y finalmen-
te quedarse dormido. Este «periodo sensible» predispone
y prepara a los binomios para desarrollar un patron de
interaccion reciproca y sincronica para realizar la primera
toma en los primeros 60 minutos de vida; después de los
120 minutos, el RN entra en un periodo de somnolencia
y es menos probable que demande el pecho'®.

Dentro de los beneficios del CPPP para el RN se
encuentran una mejor oxigenacion, organizacion cere-
bral y del sistema motor, regulacion térmica, menor
gasto energético, una mejor adaptacion extrauterina y
LM exclusiva. Los beneficios para la madre son el au-
mento de oxitocina y betaendorfinas que favorecen la
contraccién uterina, menor sangrado y dolor, incremen-
to de la eyeccion del calostro, menor nivel de estrés y
aumento de los sentimientos de proteccion y de la
capacidad para cuidar al RN. La OMS y el Fondo de
las Naciones Unidas para la Infancia (UNICEF) reco-
miendan que se realice de manera inmediata y conti-
nua en partos tanto vaginales como por cesarea'’, en
RN de méas 34 semanas, siempre que las condiciones
lo permitan'-'3; sin embargo, el vinculo puede ser me-
nos efectivo en los nacimientos por cesarea'.

La autoeficacia en la LM se refiere a la confianza que
una mujer tiene en si misma y en su capacidad percibida
para amamantar’®. Un instrumento para medirla es la
Breastfeeding  Self-Efficacy ~ Scale-Short  Form
(BSES-SF)'5, cuya version en espafol tiene un alfa de
Cronbach de 0.93'6. Consta de 14 preguntas agrupadas
en dos categorias, técnica (seis preguntas) y pensamien-
tos intrapersonales (ocho preguntas), y de acuerdo con
el puntaje obtenido se clasifica en baja (14-32), media
(33-51) y alta (52-70 puntos) autoeficacia'”.

El CPPP evita la separacion del binomio y tiene be-
neficios para ambos. Esta maniobra sencilla podria me-
jorar la autoeficacia de la madre en la LM, por lo que el
objetivo del presente estudio fue evaluar el efecto del
CPPP del RN en la autoeficacia materna en la LM.

Se emplearon la metodologia Quasi-Experimental
Design and Methods de Howard White y Shagun
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Sabarwal (UNICEF, Office Research-Innocent)® y la
guia internacional de los informes de evaluaciones no
aleatorias de intervenciones conductuales y de salud
publica (TREND Statement Checklist; https://www.
equator-network.org/reporting-guidelines/consort/)
para garantizar el rigor y la transparencia del presente
trabajo.

Se realiz6 un estudio cuasiexperimental con grupo
control no equivalente, de marzo a agosto de 2025.
Todas las participantes firmaron el consentimiento
informado.

El estudio se realiz6 en el servicio de tococirugia y
alojamiento conjunto del Hospital General de Zona con
Medicina Familiar No. 2 de Apizaco, Tlaxcala, México.
La muestra estuvo conformada por 94 binomios (madre
e hijo), 47 en cada grupo. Se incluyeron madres con
parto vaginal o cesdrea, de 16 a 45 afios, que supieran
leer y escribir. Los RN fueron de 35 a 42 semanas de
gestacion, con un peso de 2000 a 4200 gramos y
Apgar a los 5 minutos de vida > 7. Se excluyeron las
madres con discapacidad intelectual, preeclamsia con
criterios de gravedad, hemorragia obstétrica (despren-
dimiento de placenta, acretismo placentario, placenta
previa), anestesia general y partos gemelares. Se ex-
cluyeron los RN con malformaciones craneofaciales o
sindromes genéticos, Apgar < 6 a los 5 minutos de
vida, presencia de dificultad respiratoria o temperatura
axilar < 36 °C a los 5 minutos.

Se calcul6 el tamafio de la muestra con el programa
G* Power 3.1.9.7, prueba U de Mann-Whitney, tamafo
del efecto 0.7, error de estimacion de 0.05 e intervalo
de confianza del 95% (IC 95%). La seleccion de la
muestra fue por casos consecutivos y por grupos no
equivalentes.

El protocolo fue aprobado por el Comité Local de
Investigacion con registro R-2025-2902-013.

Previa firma del consentimiento informado de las
participantes, uno de los investigadores obtuvo la in-
formacion mediante un cuestionario estructurado en el
area de tococirugia y estuvo presente en el parto.

En el grupo que recibié la maniobra, el RN, posterior
a recibir los cuidados inmediatos por el pediatra, fue
cubierto con un gorro de algodén en la cabeza y des-
pués del minuto 5 de vida (CPPP) fue colocado en
medio del pecho desnudo de la madre y cubierto con

una manta tibia. En los RN que nacieron por cesarea
se solicité el consentimiento del ginecoobstetra y del
anestesidlogo antes de la maniobra, siguiendo los li-
neamientos para no contaminar el lecho quirdrgico. Se
obtuvo la temperatura axilar del RN al inicio y al final
de la maniobra, y los binomios se mantuvieron en ob-
servacion por el investigador durante el tiempo que
duré el CPPP. Los RN del grupo control recibieron los
cuidados inmediatos habituales, fueron cubiertos con
una manta tibia y se mantuvieron al lado de la madre.
A las 24 horas del parto, en el servicio de alojamiento
conjunto, las participantes de ambos grupos contesta-
ron el BSES-SF para evaluar la autoeficacia en la LM,
y de acuerdo con el puntaje obtenido se clasificaron
en baja (14-32), media (33-51) o alta (52-70).

Las variables cualitativas se expresaron en frecuen-
cia y porcentaje, y las variables cuantitativas en media,
desviacion estandar, mediana y rango intercuartilar
(RIC), segun la distribucién de los datos. Para el ana-
lisis inferencial se aplicaron la prueba exacta de Fisher,
los rangos sefialados de Wilcoxon y la prueba U de
Mann-Whitney. Se considerd significancia estadistica
un valor p < 0.05. Todos los andlisis se realizaron en
el programa SPSS para Windows version 26.0 (IBM
SPSS Statistics, IBM Corp.).

Se incluyeron 94 binomios, 47 en cada grupo (CPPP
y sin contacto). La edad materna fue de 17 a 43 afos
(mediana: 26; RIC: 23-32). El numero de embarazos y
nacimientos fue de 1 a 5 (mediana: 2) y la edad ges-
tacional de los RN fue de 37 a 41 semanas (mediana:
39). Al nacimiento, el peso fue de 2240 a 3835 gramos
(mediana: 3097) y la talla de 45 a 54 centimetros (me-
diana: 50). La puntuacion de Apgar a los 5 minutos fue
de 8 a 9 (mediana: 9). En el 86.1% (81) de los RN se
aplicé pinzamiento tardio del cordén umbilical, con un
tiempo de 55.8 minutos (IC 95%: 53.64-58.08).

En cuanto al puntaje de la BSES-SF, la mediana fue
de 60 y el 78.7% de las madres mostraron alta autoe-
ficacia en la LM, sin diferencia entre los grupos
(p = 0.892) (Tabla 1).

También se compard la autoeficacia materna en la
LM de acuerdo con el tipo de nacimiento, sin mostrar
significancia estadistica (p = 0.578) (Tabla 2). El anali-
sis bivariado entre el nivel de autoeficacia materna en
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Tabla 1. Variables cuantitativas

ECRT -

Edad (afios); mediana (RIC), media + DE 26 (23-32) 27.3+52 26.8 + 6.01 0.690*

Peso del RN (g); media + DE, mediana (RIC) 3094 + 337.7 3075 (2820-3305) 3100 (2850-3320) 0.560*

Talla (cm), mediana (RIC) 50 (49-51) 50 (49-51) 50 (49-51) 0.655

Puntaje BSES-F, mediana (RIC) 57.7 (53-66) 61 (53.5-66) 55 (46.6-61) 0.892"

Duracién del contacto (min), mediana (RIC) 40 (31-49) NA
I T

Temperatura del RN (°C), mediana (RIC) 36.6 (36.4-37.1) 36.9 (36.5-37.3) 0.001*

*Prueba t de Student para muestras independientes.

"Prueba U de Mann-Whitney.

*Rangos sefalados de Wilcoxon.

BSES-SF: Breastfeeding Self-Efficacy Scale-Short Form; DE: desviacion estandar; NA: no aplica; RIC: rango intercuartilar; RN: recién nacido.

Tabla 2. Efecto del contacto piel con piel precoz en la autoeficacia materna en la lactancia

T N N N N

Puntaje BSES-SF, mediana (RIC) 57.71 (53-66) 61 (52-67) 60 (53-65) 0.578*
Con CPPP, n 47 22 25 NA
Sin CPPP, n 47 21 26

Total, n 94 43 51

*Prueba U de Mann-Whitney.
BSES-SF: Breastfeeding Self-Efficacy Scale-Short Form; CPPP: contacto piel con piel precoz; NA: no aplica; RIC: rango intercuartilar.

la LM con el CPPP y la via de nacimiento tampoco
mostro significancia estadistica (Tabla 3).

Discusidn

Los beneficios de la LM para el binomio son impor-
tantes, pero la tasa de LM exclusiva a los 6 meses en
todo el mundo es del 44%?. Una variable que podria
mejorar este dato es la autoeficacia materna en la LM,
que se define como la confianza de la madre y su ca-
pacidad para amamantar',

La BSES-SF se ha utilizado para predecir la tasa de
LM a los 6 meses'®. Balaguer et al.'® utilizaron esta
escala para la deteccion de madres en riesgo de inte-
rrupcion de la LM, y el puntaje obtenido fue de 58, con
una sensibilidad del 80%. En el presente estudio, el
puntaje en la BSES-SF a las 24 horas después del
nacimiento se obtuvo una mediana de 57.7, superior a
lo reportado.

La autoeficacia materna en la LM puede variar de
acuerdo con el nivel socioecondmico de cada pais. En
un estudio en Taiwan se encontrd que solo el 25% de
las puérperas iniciaron la LM en el posparto inmediato;
en la BSES-SF, el puntaje fue de 46.47 + 14.0 en el
grupo que inicid la LM y de 40.06 + 10.9 en el grupo
que no la inicié®. La unidad donde se realizo el pre-
sente estudio cuenta desde el afio 2015 con la certifi-
cacion de «Hospital del nifio y la nifia» otorgado por la
Organizacion Panamericana de la Salud (OPS) y la
OMS para fomentar las practicas de LM de manera
exclusiva en el puerperio inmediato, lo que podria ex-
plicar los puntajes mas altos en la misma escala, pues
el 78.7% de las madres fueron clasificadas con una
alta autoeficacia en la LM, sin diferencia entre los
grupos.

Entre los beneficios del CPPP se encuentran una
mejor regulacién de la temperatura y de la glucemia
del recién nacido, y el mantenimiento de la lactancia

63
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Relacion entre el contacto piel con piel precoz y la autoeficacia materna en la lactancia

Contacto precoz piel con piel

No 36 38.2

Si 38 40.4

Total 74 78.7
Via de nacimiento

Vaginal 33 445

Cesérea 4 43.6

Total 74 78.7

*Prueba exacta de Fisher.
BSES-SF: Breastfeeding Self-Efficacy Scale-Short Form.

exclusiva desde las 4 semanas hasta los 6 meses de
vida'". En un ensayo clinico se comparé el efecto del
CPPP en la autoeficacia materna en la LM utilizando
el cuestionario BSES en su version larga al mes del
parto.?' Se incluyeron 92 binomios, 47 en el grupo de
CPPPy 45 en el grupo control, y los puntajes obtenidos
fueron de 53.42 + 8.57 y 49.85 + 5.50 (p = 0.0003),
respectivamente. Los autores concluyen que el CPPP
es un método sencillo y accesible para mejorar la au-
toeficacia materna en la LM?'. Aunque en su estudio
utilizaron el cuestionario en version larga y en el pre-
sente trabajo se utilizé la BSES-SF en su version corta,
en ambos grupos la mayoria tuvo una calificacion alta
y el CPPP no mostré diferencia entre los grupos, tal
vez por realizarse en el puerperio inmediato, por lo que
seria necesario realizar estudios de cohorte que ade-
mas incluyan otras variables como la edad, la escola-
ridad, la lactancia previa, etc.

La termorregulacion neonatal plantea un desafio
considerable para realizar el CPPP en el RN pretérmi-
no o de bajo peso. La primera hora posparto es un
periodo critico de transicion fisiolgica del entorno in-
trauterino al extrauterino, que se conoce como la «hora
dorada». En una revision sistematica en la que se
analizé el efecto del CPPP en la temperatura de los
RN pretérmino se concluyd que, aunque la temperatura
fue ligeramente menor a los 60 minutos de vida, no
hubo diferencia significativa en la incidencia de hipo-
termia o hipertermia entre los RN con y sin CPPP?2,
En este estudio no se incluyeron RN prematuros, pero
en el grupo que recibid la maniobra ningun RN presen-
t6 hipotermia independientemente de la via de naci-
miento, por lo que podemos considerar el CPPP una
practica segura en cuanto a la termorregulacion de los
RN de término sanos.

7 74 4 42 0116
9 95 0 0

16 17.0 4 42

7 74 3 31 0486
9 95 1 1.06

16 17 4 42

A mayor tiempo de CPPP se han reportado mejores
tasas de inicio y duracion de la LM, y mayor autoefi-
cacia en la madre. En un ensayo clinico que incluyd
RN de término nacidos por ceséarea electiva, el grupo
que recibié CPPP lo inicié entre 10 y 30 minutos des-
pués del nacimiento y la duracion fue de 90 minutos,
la duracion intraoperatoria fue de al menos 30 minutos
y se continud en el posoperatorio, y ningun RN presen-
t6 hipotermia®3. En el estudio se consideré el CPPP,
que se inicié a los 5 minutos del nacimiento indepen-
dientemente de la via de alumbramiento, y la duracion
de la maniobra fue menor, con una mediana de 40 mi-
nutos. Los RN del grupo control permanecieron arro-
pados junto a su madre hasta su egreso. Esto podria
explicar que el 78.8% de la muestra haya mostrado
una alta autoeficacia materna en la LM, sin diferencia
entre los grupos.

En un ensayo clinico aleatorizado se investigd la
duracion del CPPP en nacimientos por cesarea y el
inicio de la LM, y se encontré que a mayor tiempo del
CPPP mas temprana es la LM, ademas de una reduc-
cion de la pérdida de sangre posoperatoria y un menor
ingreso de ingreso del RN a la unidad de cuidados
intensivos®®. En el presente estudio, ningin RN que
recibié CPPP ingres6 a cunero patoldgico y ninguna
madre presentd hemorragia obstétrica.

En un ensayo clinico se evaluaron los efectos del
CPPP sobre la percepcion del dolor posoperatorio, la
calidad de las contracciones uterinas y la satisfaccion
materna®. El grupo que recibié la maniobra obtuvo
puntuaciones mas bajas de dolor (escala visual anald-
gica: 2y 3; p < 0.001) y presento contracciones uterinas
infraumbilicales mas intensas (p < 0.001) y mayores
niveles de satisfaccion (9.98 vs. 6.50; p < 0.001), por
lo que se concluye que el CPPP en nacimientos por
cesarea es una intervencion eficaz y humanizadora,
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reduce el dolor, favorece las contracciones uterinas y
aumenta la satisfaccion materna®s. En nuestro estudio
no se valor6 una escala del dolor de las madres, pero
ninguna participante que recibié el CPPP suspendio la
maniobra por dolor o incomodidad.

La gran mayoria de los estudios se han centrado en
los beneficios del CPPP en la LM. En una revision sis-
tematica sobre el CPPP intraoperatorio en partos por
cesarea, este se asociod con una mayor satisfaccion
materna en el parto y fue eficaz para reducir la inci-
dencia del trauma psicoldgico posparto, incluido el
trastorno de estrés postraumatico®®. Aun existe reticen-
cia en el personal de salud para realizar esta maniobra
en el intraoperatorio; una de las claves es la comuni-
cacion efectiva entre el personal y lograr que el CPPP
se realice de manera habitual.

No hubo diferencia en la autoeficacia materna en la
LM medida con la BSES-SF entre las madres con y sin
CPPP: el 78.7% reporto alta autoeficacia. EI CPPP es
una maniobra sencilla y segura que se debe realizar
lo mas temprano posible a los binomios estables, in-
dependientemente de la via de nacimiento.

Al personal de obstetricia, anestesiologia y enferme-
ria del hospital donde se realiz6 el estudio.

La presente investigacion no ha recibido ninguna
beca especifica de agencias de los sectores publicos,
comercial o con animo de lucro.

Los autores declaran no tener conflicto de

intereses.

Proteccion de personas y animales. Los autores
declaran que los procedimientos seguidos se confor-
maron a las normas éticas del comité de experimenta-
ciéon humana responsable, de acuerdo con la Asocia-
cién Médica Mundial y la Declaracion de Helsinki. Los
procedimientos fueron autorizados por el Comité de
Etica de la institucion.

Confidencialidad, consentimiento informado y
aprobacidn ética. Los autores han seguido los proto-
colos de su institucion para acceder a los datos de las
historias clinicas. Se ha obtenido el consentimiento
informado de los pacientes y se cuenta con la aproba-
cién del Comité de Etica.

Declaracion sobre el uso de inteligencia artificial.
Los autores declaran que no se utilizé algun tipo de
inteligencia artificial generativa para la redaccion ni la
creacion de contenido de este manuscrito.
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Background: Neonatal crying is the primary form of communication and conveys critical information about an infant’s physiological
and emotional status, allowing differentiation between healthy neonates and those with pathological conditions. Objective: To
explore how neonatal crying influences nurses’ perceptions of the caregiving relationship. Methods: A qualitative phenomeno-
logical study was conducted using purposive sampling. Twenty in-depth interviews were performed with nurses working in a
hospital neonatal unit. Data were analyzed using Colaizzi’s seven-step method. Results: Participants’ mean age was 30 years
(standard deviation = 3.2). Six interrelated themes emerged: neonatal crying as communication; nurses’ emotional responses;
affective care as a core professional practice; work overload and institutional constraints; unit culture and teamwork; and empa-
thy shaped by professional training. Conclusions: Neonatal crying functions as a central communicative signal through which
newborns express physical and emotional needs. Effective neonatal care, therefore, requires an integrative approach that tran-
scends physiological assessment and incorporates relational and emotional dimensions of care.
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Antecedentes: El llanto neonatal es la principal forma de comunicacion y transmision de informacidn crucial sobre el estado
fisiologico y emocional del lactante, permitiendo diferenciar entre neonatos sanos y aquellos con condiciones patoldgicas.
Objetivo: Explorar como el llanto del neonato influye en la percepcion de la relacion de cuidado por parte de las enfermeras.
Método: Estudio cualitativo con disefio fenomenoldgico mediante muestreo intencional. Se llevaron a cabo 20 entrevistas en
profundidad con enfermeras que laboran en una unidad neonatal hospitalaria. Los datos se analizaron utilizando los siete pasos
del método de Colaizzi. Resultados: La edad promedio de las participantes fue de 30 afos (DE: 3.2). Emergieron seis temas
interrelacionados: el llanto neonatal como comunicacion, las respuestas emocionales de las enfermeras, el cuidado afectivo como
préctica profesional central, la sobrecarga laboral y las restricciones institucionales, la cultura de la unidad y el trabajo en equipo,
y la empatia modulada por la formacion profesional. Conclusiones: El llanto neonatal actia como una sefial comunicativa central
mediante la cual el recién nacido expresa necesidades fisicas y emocionales. Por tanto, el cuidado neonatal efectivo requiere un
enfoque integrador que trascienda la valoracion fisioldgica e incorpore dimensiones relacionales y emocionales del cuidado.
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The first 28 days of life, known as the neonatal
period, constitute the most vulnerable stage for child
survival. During this period, newborns face the highest
risk of mortality, with a global average rate of 17
deaths/1000 live births in 2023. Although this figure
represents a 53% reduction since 1990, it remains a
priority challenge for health systems worldwide." The
neonatal period is characterized by extreme fragility;
any sign of distress, including crying, acquires imme-
diate clinical significance, as it may reflect urgent
physiological and emotional needs requiring timely
intervention.

Crying is the primary means of communication for
the neonate, and variations in tone, rhythm, and inten-
sity allow for the identification of changes in the infant’s
physical and emotional state, even enabling differenti-
ation between healthy neonates and those with patho-
logical conditions, such as neurological injury. Thus,
crying functions as a biological indicator of the new-
born’s health status and well-being.?2 More recently,
multimodal integration of crying signals, combined with
physiological and contextual parameters, has been
identified as one of the most promising directions for
advancing research, as it improves the accuracy of
neonatal state interpretation.®

Nevertheless, this biomedical approach must be com-
plemented by a profound understanding of the relational
dimension of care. Several studies*® have documented
that, although health professionals acknowledge the
importance of communicating with neonates during
care, difficulties persist in achieving genuine empathic
connection, particularly with critically ill or extremely
preterm infants. It has been emphasized that high-risk
neonates must be cared for both objectively and sub-
jectively, and that accurate interpretation of their sig-
nals, including crying, requires professional experience
and clinical sensitivity.”

Similarly, significant challenges in empathizing with
extremely preterm neonates have been identified,
underscoring the need to strengthen strategies that
enhance this connection.® In addition, the importance
of health professionals observing and recognizing
patient emotions has been highlighted, even in contexts
where emotions are expressed non-verbally, as occurs
during the neonatal period.® Recognizing these emo-
tional manifestations enables a more comprehensive
understanding of the meaning of crying, guiding inter-
ventions that address both the clinical and affective
dimensions of neonatal care.

However, the literature also indicates that, although
professionals recognize the importance of empathic
care,'0 they do not always fully integrate it into daily
practice due to workload demands, institutional proto-
cols, and the complexity of care. These tensions reveal
a gap between the ideal of humanized care, centered
on sensitivity and the interpretation of emotional cues,
and the operational reality of neonatal units, where
work overload, service regulations, and the patient’s
critical condition may hinder the emotional integration
of care.

Within the multidisciplinary healthcare team, the neo-
natal nurse is the professional best positioned and
most qualified to interpret neonatal crying for several
key reasons: nurses spend the greatest amount of time
with the newborn," possess specialized training in neo-
natal physiological, neurological, and emotional devel-
opment, develop holistic assessment skills,'> and base
their practice on principles of humanized care.'®' Fur-
thermore, neonatal nurses maintain close contact with
families, facilitating continuity of the emotional bond.'

In this context, understanding how nurses, who are
in direct and continuous contact with neonates, per-
ceive and interpret crying, and how it influences the
caring relationship, becomes crucial.'® Therefore, a
phenomenological approach is particularly appropriate
for this exploration, as it allows access to nurses’ lived
experiences, the meanings they attribute to crying, the
emotions it elicits, the ethical and relational dilemmas
that emerge, and how these elements shape the caring
relationship in an environment where patient vulnera-
bility is at its maximum.

Accordingly, the research problem focuses on explor-
ing in depth how nurses’ perceptions of the caring
relationship are influenced by neonatal crying, integrat-
ing the emotional, technical, and organizational dimen-
sions of care. Understanding this phenomenon will
strengthen clinical practice, align professional actions
more closely with humanized care, and make a mean-
ingful contribution to the well-being and survival of new-
borns during their most critical stage. This study seeks
to expand the body of knowledge in perinatology by
incorporating the relational and emotional dimensions
of neonatal care, which have traditionally been less
explored.

A qualitative study with a phenomenological
approach'”'® was conducted using semi-structured
interviews with nurses who provide direct neonatal care
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in hospital units in the city of Puebla, Mexico. In this
study, the literature review and interviews were guided
by Affective Events Theory to understand nurses’ expe-
riences in caring for neonates in the neonatal intensive
care unit.

Participants were selected through purposive sam-
pling based on the following inclusion criteria: being an
actively practicing nurse in neonatal care units, having
at least 6 months of experience in the area, and having
provided direct care to newborns. Nurses who, for
administrative or personal reasons, were unable to
complete the interview were excluded. Participant
recruitment was conducted progressively according to
availability and data saturation. New participants were
included until theoretical saturation was reached, at
which point no new categories, meanings, or patterns
emerged from the data. This criterion ensured the ade-
quacy and richness of the corpus for phenomenological
analysis. In addition, internal sample variability was
considered to enhance interpretive depth by including
nurses with different levels of experience, shifts, and
responsibilities within the unit, thereby capturing a
diversity of perspectives that enriched understanding
of the phenomenon.

Data collection was carried out from August to
October 2025 through in-depth semi-structured inter-
views lasting approximately 20 min, conducted in a
previously designated space within the hospital units
to ensure privacy and comfort. To ensure the relevance
and clarity of the instrument, an interview guide was
developed based on input from five neonatal intensive
care specialist nurses and Affective Events Theory."
The guiding questions included in the interview are
presented in table 1.

Data analysis followed Colaizzi’s seven-step method?°
to emphasize interpretation of nurses’ perceptions
regarding how neonatal crying influences the caring
relationship (Table 2). The study results were reported
in accordance with the Standards for Reporting Quali-
tative Research®' and the Consolidated Criteria for
Reporting Qualitative Research checklist.?

Methodological rigor was ensured through strategies
aimed at strengthening credibility (data and transcripts
were confirmed and verified by participants to ensure
accuracy), transferability (achieved through a clear and
detailed description of the research context and sam-
ple), and confirmability (supported by the inclusion of
sufficient participant quotations in the findings).?®

This study received approval from the Ethics and
Research Committee of the Graduate Studies Depart-
ment of a private university in the city of Puebla, which

Guiding questions of the interview guide

How do you perceive and understand the crying of the
newborns under your care?

What emotions or sensations do you experience when caring
for a crying neonate?

What strategies or actions do you use to soothe the neonate,
and how do you decide which approach to apply in
each situation?

In what ways does your professional training influence your
response to neonatal crying?

How does the unit environment, including colleagues and
institutional policies, affect the way you respond to
neonatal crying?

What do you believe the neonate is attempting to communicate
through crying, and how does this perception guide your
caregiving practice?

How do you manage your own emotions or workload when
crying is persistent or involves multiple neonates, and what
strategies do you use to maintain the quality of care?

The questions included are part of a semi-structured interview guide designed to
facilitate an in-depth exploration of the phenomenon; the order and wording may
vary according to the dynamics of the interview. This guide was developed based
on a phenomenological approach; therefore, the questions are intended to elicit
open narratives that reflect the participants’ lived experiences.

Colaizzi's method

—_

. Reading and rereading of the transcripts to gain an overall
understanding of the participants’ experiences.

[

Extraction of significant statements related to the
phenomenon under investigation.

w

. Formulation of meanings from the significant statements.

&

Organization of the formulated meanings into thematic
clusters and overarching themes

[$2]

. Development of an exhaustive description of the essential
structure of the phenomenon.

(=2}

. Articulation of the fundamental structure of the phenomenon.

~

. Validation of the study findings through participant
feedback (member checking) to complete the analysis.

The table presents the steps of Colaizzi's method for the phenomenological data
analysis, aimed at identifying essential meanings and themes of the participants’
experiences.

certified that the protocol complies with ethical princi-
ples and guarantees participant confidentiality and pro-
tection. To protect privacy, participants were identified
using codes E1-E14.
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Demographic characteristics of the participants

E1 Female 23 TE 3
E2 Male 33 LE 10
E3 Female 24 EE 2
E4 Female 27 LE 5
E5 Female 28 LE 4
E6 Female 25 EE 3
E7 Female 40 LE 13
E8 Male 33 TE 10
E9 Female 40 ES 12
E10 Female 26 M 4
E11  Female 34 TE 9
E12  Female 28 LE 7
E13  Female 33 EE 10
E14  Female 31 EE 9
E15  Female 29 LE 8
E16  Female 32 LE 5
E17  Female 30 LE 10
E18  Female 45 LE 12
E19  Female 33 LE n
E20 Female 24 LE 2

Description of the sociodemographic characteristics of the study sample.
TE: nursing technician; LE: bachelor of nursing; EE: nursing specialist;
M: master’s degree.

The sample consisted predominantly of 20 nurses,
of whom 90% were women and 10% were men. The
mean age of the participants was 30.9 years (standard
deviation = 3.2). Table 3 presents the sociodemo-
graphic characteristics of the participants.

The phenomenological explication of the interviews
enabled an in-depth understanding of nurses’ lived
experiences in response to neonatal crying and how
this situation influences the caring relationship. Through

Emergent categories from the qualitative

analysis

Neonate
communication

Emotional
experiences

Affective care

Teamwork
and unit
culture

Workload and
institutional
conditions

Empathy and
professional
training

Crying is understood not only as a
physiological phenomenon but as an emotional,
clinical, and relational construct that guides
nurses’ actions within neonatal care

Reveal that neonatal care involves a profound
emotional dimension, where the neonate’s cry
acts as a trigger for complex feelings that
permeate the nurses’ body and subjectivity

Represents an essential component of
neonatal care, emerging from the
phenomenological encounter between the
nurse and the neonate

Collaboration facilitates a supportive
environment that allows nurses to share the
emotional burden of crying, while tensions
regarding care styles also emerge

Constitutes an environment that directly
affects the emotional dimension of
neonatal care

Develops as a dynamic competence,
influenced by professional training, personal
sensitivity, and work conditions

The table presents the emergent categories identified from the qualitative data
analysis, reflecting the central themes and patterns of the participants’
experiences.

this process, and following phenomenological reduc-
tion, six emergent categories were identified, each
accompanied by subcategories and textual excerpts
that represent the meanings expressed by the partici-
pants (Table 4).

The nurses consistently interpreted crying as the
newborn’s primary means of communication. They per-
ceived it as a message requiring an immediate response
and as an expression of various forms of discomfort,
physiological needs, and emotional states. Several par-
ticipants defined crying as a call for help: “It's a cry for
help” (E1), “It's their way of communicating with us”
(E4). Others described it as a sign indicating an unmet
need: “Something hurts or is bothering them” (E6),
“They cry because they need something, because
something is happening” (E9).

For some nurses, crying was also associated with
medical interventions: “They cry because something is
bothering them, because they are very invaded” (E10).
In this way, crying was understood not only as a
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physiological manifestation but also as a clinical and
emotional element that guides care. Nurses’ responses
to crying were articulated at two complementary levels:
clinical-instrumental and affective—relational.

Most participants described conducting a rapid
assessment when the neonate cried, which involved
observing vital signs, access lines, positioning, devices,
and overall condition. As one nurse stated: “First, |
assess them, | see if it's not something physical, |
check catheters, tubes, whether they’re cold or hot”
(E12). Another participant explained: “When they cry,
you have to check everything: oxygen saturation, skin
color, whether something hurts” (E16).

Simultaneously, crying activated the need to provide
comfort. Nurses resorted to human contact and emo-
tional containment practices: “I hold them, | rock them,
I talk to them softly” (E11), “Sometimes | hug them a little
and they calm down” (E14), “They like being close, feel-
ing warmth” (E8). Even in environments where certain
strategies were restricted, nurses sought alternatives:
“Sometimes you want to give them a pacifier, but here
they hardly allow it... so you look for another way to calm
them” (E3). Care, therefore, was expressed through a
combination of technical actions and acts of affection.

Overall, crying was understood not merely as a phys-
iological phenomenon but as an emotional, clinical, and
relational construct that guides nurses’ actions in neo-
natal care. Interpreting crying involved accessing a pre-
linguistic language that allowed nurses to establish a
more empathic, responsive, and need-adjusted caring
relationship. The experience of crying thus became a
central axis of the nurse-newborn bond, providing
depth and meaning to caregiving practice.

Neonatal crying generated intense emotions among
nurses, particularly when it persisted despite multiple
attempts to soothe the infant. Some described this
experience as difficult: “I feel powerless when it doesn’t
stop” (E1), “It causes me anxiety because you don't
know what else to do” (E4). Stress was also a recurrent
emotion: “Sometimes it’s very stressful when they're all
crying” (E7), “It's overwhelming when you have many

crying at the same time” (E10). To prevent these
emotions from negatively affecting care, nurses
employed regulation strategies: “| take a deep breath
so | don’t get nervous” (E11), “Sometimes | step out for
a moment to calm myself” (E13). These experiences
reveal the emotional complexity of neonatal care.

Crying not only demands a clinical response but also
elicits intense emotional reactions that shape nurses’
caregiving experience. When crying persists despite
efforts to comfort the infant, nurses described feelings
of helplessness and anxiety. These experiences reveal
an inherent emotional tension in the caregiving role,
where the desire to alleviate neonatal distress con-
fronts the limits of professional intervention.

Stress emerged as a recurring emotion, particularly
in situations where multiple neonates cried simultane-
ously. Testimonies highlighted an experience of sen-
sory and emotional overload, intensifying the complexity
of the neonatal environment. This stress stemmed not
only from crying itself but also from the need to priori-
tize care in a context where every demand appeared
urgent.

In response, nurses adopted conscious emotional
self-regulation strategies to preserve care quality and
protect their own well-being. These practices illustrate
the agency nurses exercise over themselves, recogniz-
ing the importance of maintaining calm as an essential
component of caregiving. Such coping mechanisms
enable them to sustain therapeutic presence even in
emotionally demanding situations.

Overall, these experiences reveal that neonatal care
entails a profound emotional dimension, in which crying
acts as a trigger for complex feelings that permeate
nurses’ bodies and subjectivities. Far from being merely
a clinical event, crying becomes a relational phenomenon
that challenges nurses to balance sensitivity, technical
competence, and emotional self-care in order to sustain
an authentic, stable, and ethical caring relationship.

Participants recognized that neonates require care
that integrates both technical skill and affection. When
separated from their mothers, nurses perceived crying
as an emotional demand they sought to address:
“Babies need love... here we're like their mom” (E7),
“When the mother isn’'t here, we try to give them that
affection” (E10).

Affective care was provided through physical contact,
gentle words, containment, and closeness: “A hug
always helps, even though they say we shouldn’t hold
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them too much” (E11). However, institutional tensions
persisted that could limit these practices: “Some col-
leagues say you shouldn’t hold them, that they get used
to it” (E12), “Sometimes they tell you not to hold them,
but if you don’t, they don’t calm down” (E16). This cat-
egory illustrates the conflict between institutional norms
and the neonate’s humanized needs.

Nurses expressed that neonatal care cannot be
reduced solely to technical procedures but requires an
affective dimension intrinsic to their professional role.
In the temporary absence of the mother, crying was
perceived as an emotional appeal that directly engaged
nurses’ sensitivity and ethical responsibility. These
expressions reveal how nurses assume a surrogate
attachment role, providing emotional containment and
warmth in an intensive clinical environment.

Affective care manifested through practices such as
skin-to-skin contact, gentle voice, containment, and
physical holding, which nurses identified as essential
for calming the neonate and fostering emotional secu-
rity. These experiences reveal a conviction that bodily
closeness constitutes a therapeutic resource beyond
its cultural or intuitive character.

Nevertheless, this affective commitment coexisted
with institutional tensions that, through formal policies or
staff beliefs, could limit or discourage such practices.
Some nurses noted norms, recommendations, or peer
judgments that questioned the use of holding or pro-
longed containment. Participants acknowledged that
these restrictions conflicted with the neonate’s expressed
needs, revealing a dilemma between institutional disci-
pline and the humanization of care. Here, professional
sensitivity confronted guidelines prioritizing efficiency or
standardization over emotional bonding.

Overall, this category demonstrates that affective
care is not an optional complement but an essential
component of neonatal care, emerging from the phe-
nomenological encounter between nurse and neonate.
Participants experienced this dimension as an ethical
expression of their profession and as a terrain of ten-
sion requiring balance between norms, expectations,
and intuitive responses to neonatal distress.

Teamwork emerged as a central factor in responding
to neonatal crying. Most nurses reported seeking help
when feeling overwhelmed: “If | see | can’t handle it, |
tell a colleague, ‘help me a bit” (E11), “We support each
other because it's heavy” (E12). However, tensions also
arose between caregiving styles: “Some do hold them,

but others let them cry” (E3), “Sometimes you want to
help the baby and they tell you not to because it’s not
your patient” (E12). These differences reveal how unit
culture directly influences the quality of emotional care.

Teamwork appeared as an essential element for sus-
taining care in a neonatal environment marked by high
emotional demand and workload. Nurses described a
collaborative dynamic activated particularly when cry-
ing generated emotional overload. These experiences
revealed that neonatal care was not conceived as an
individual task but as a collective effort requiring mutual
availability, shared sensitivity, and coordination among
professionals.

Alongside collaboration, tensions emerged from differ-
ences in caregiving styles, particularly in interpreting and
responding to crying. Discrepancies regarding physical
contact and emotional containment indicated that emo-
tional care was not fully standardized but mediated by
personal beliefs, prior training, and learned unit models.

These divergences intensified when internal norms or
dynamics limited affective intervention in situations where
nurses perceived the neonate required comfort. In this
sense, unit culture functioned as an implicit normative
framework regulating not only caregiving actions but also
expressions of sensitivity and affective availability.

Overall, this category illustrates that service culture
decisively influences the quality of neonatal emotional
care. While collaboration fosters a supportive environ-
ment that allows nurses to share the emotional burden
of crying, tensions around caregiving styles and norms
reveal a constant negotiation between technique, sen-
sitivity, and institutional rules.

Workload was identified as one of the main barriers
to responding promptly to crying. “It's not the same to
have one baby as three... you can’t calm them the
same way” (E2), “When they’re all crying, you don’t
know which one to attend to first” (E5). Participants
also mentioned deficiencies in infrastructure and mate-
rial resources: “There aren’t enough incubators” (E10),
“Sometimes the pumps don’t work and that delays
everything” (E1). These limitations hinder timely and
humanized care, generating frustration.

Nurses described workload as a major barrier condi-
tioning their capacity to respond sensitively and
promptly to neonatal crying. The number of assigned
patients directly influenced the quality of emotional
care they could provide. Participants experienced a
constant tension between professional duty and real
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constraints of time and physical availability, revealing
an ethical conflict between the ideal of humanized care
and operational capacity.

In addition to workload, institutional deficiencies in
infrastructure and material resources exacerbated
these difficulties, slowing clinical activities and affecting
neonatal stability and the ability to respond promptly to
crying. These limitations underscore that emotional and
physiological care of the newborn is closely linked to
structural conditions, which, when insufficient, increase
nurses’ physical and emotional burden.

In this context, participants experienced frustration
when institutional conditions distanced them from the
humanized care they deemed essential in neonatology.
This frustration stemmed not only from workload vol-
ume but from the experience of being unable to act
consistently with their professional ethics, sensitivity,
and affective commitment.

Overall, this category demonstrates how workload
and insufficient institutional conditions create an envi-
ronment that directly affects the emotional dimension
of neonatal care, shaping a scenario in which tech-
nique, sensitivity, and caregiving ethics are constrained
by structural factors beyond nurses’ control.

Nurses considered their training to positively influ-
ence their ability to empathize with neonates: “Special-
ization makes you more empathic, more aware” (E12),
“With training, you understand their fragility better”
(E15). However, some acknowledged that empathy also
depends on individual character: “There are people
who, even if trained, aren’t very sensitive” (E8). They
also noted that stress and overload could temporarily
diminish empathic capacity.

Nurses emphasized that their capacity to empathize
with neonates was strongly influenced by professional
training, particularly advanced education and clinical
experience. Training enabled the development of a more
sensitive, informed, and conscious perspective on neo-
natal vulnerability, positioning empathy not merely as an
emotional disposition but as a professional competence
nurtured by knowledge and experience.

However, nurses recognized that empathy was not
exclusively dependent on training but also on individual
sensitivity and character. Testimonies showed that
empathy emerged at the intersection of learned skills
and personal dispositions, highlighting its complex and
variable expression among professionals with similar
technical preparation.

Participants also identified empathy as susceptible to
fluctuation, particularly under high levels of stress,
fatigue, or workload. In such moments, emotional con-
nection with the neonate could be temporarily reduced,
not due to lack of interest or sensitivity, but because of
environmental demands. This experience illustrates
empathy as a finite emotional resource requiring sup-
portive conditions for full expression.

Overall, this category reveals empathy in the neona-
tal setting as a dynamic competence influenced by
professional training, personal sensitivity, and working
conditions. Nurses experienced empathy as essential
to humanized care while acknowledging its vulnerability
to institutional and emotional pressures within the clin-
ical environment.

The overall objective of this study was to explore in
depth how nurses’ perceptions of the caring relation-
ship are influenced by neonatal crying. The findings of
this phenomenological study reveal that neonatal
nurses’ interpretation of crying constitutes a profoundly
relational and emotional phenomenon, strongly condi-
tioned by the organizational dynamics of the clinical
environment. In this sense, crying is not understood
solely as a physiological indicator, but rather as a mes-
sage laden with emotional and clinical meaning.?* This
broad understanding of crying reinforces the impor-
tance of professional sensitivity in the neonatal assess-
ment process and aligns with theoretical models?®:26
that position prelinguistic communication as a funda-
mental axis of early bonding.

In direct relation to the study objective, nurses
accounts of their emotional experiences in response to
crying highlight a dimension that is often underestimated
in neonatal practice: the emotional burden of care. Feel-
ings of helplessness, anxiety, and stress described by
participants reflect what the literature has conceptual-
ized as moral distress or ethical tension,?*?® particularly
when nurses perceive that they are unable to respond
to the neonate’s needs with the promptness and warmth
demanded by their own ethics of care. This emotional
tension does not represent an individual failure, but
rather the outcome of a highly demanding environment
in which multiple urgent needs converge simultaneously.
These findings underscore the importance of work envi-
ronments that promote emotional regulation, profes-
sional supervision, and peer support.?®

The study also demonstrates that affective care
constitutes an essential component of the nursing role
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in neonatology. Physical contact, emotional contain-
ment, and expressions of closeness®® emerge as ther-
apeutic interventions that are as relevant as technical
procedures. These results are consistent with human-
ized care approaches in perinatology,®! which empha-
size that affective presence contributes to the
neonate’s physiological, emotional, and behavioral
stability. However, the institutional tensions identified,
particularly norms or beliefs that discourage physical
holding or restrict intervention when the infant is not
part of the nurse’s direct assignment, reveal contra-
dictions between organizational logic and the newborn
actual needs. This incongruence highlights the
urgency of reviewing internal policies that, although
well-intentioned, may inhibit humanized care practices
widely endorsed by international perinatology
guidelines.

Unit culture emerges as a decisive modulating fac-
tor in responses to neonatal crying. While peer sup-
port functions as a critical emotional buffer, differences
in caregiving styles reflect heterogeneity in training
models and personal beliefs within the team. This
variability, far from being anecdotal, constitutes a
determining factor in the quality of emotional care.
Building a unit culture oriented toward neonatal sen-
sitivity requires clinical leadership, standardization of
best practices, and educational spaces that foster
shared criteria and promote a neonate- and fami-
ly-centered approach.

Another central finding is the influence of workload
and institutional conditions on nurses’ capacity to pro-
vide timely and affective care.>32 Task saturation, lack
of material resources, and infrastructural limitations
condition not only responses to crying but also the
quality of affective interaction. This phenomenon is
consistent with international studies®* showing that
shortages in staffing and equipment directly affect neo-
natal clinical and emotional outcomes. From this per-
spective, humanization of care is not merely an ethical
imperative but also a quality-of-care indicator,3® requir-
ing structural investment, adequate staffing ratios, and
institutional policies that ensure sufficient time for sen-
sitive and individualized care.

Finally, the category related to empathy and profes-
sional training highlights that nurses’ capacity to under-
stand and respond affectively to neonates is not static,
but dynamic and shaped by individual, educational, and
occupational factors. Empathy emerges as a compe-
tence that integrates innate sensitivity with advanced
clinical experience; however, its expression is affected
by stress and emotional workload. These findings

underscore the need to strengthen continuing education
programs, self-care strategies, and work environments
that support staff emotional well-being, key elements for
sustaining care quality in neonatal units.

Based on the findings of this study, future research
is encouraged to further explore the emotional dimen-
sion of neonatal care, particularly how nurses manage
anxiety, stress, and ethical tension associated with
neonatal crying. In addition, future studies could focus
on evaluating interventions aimed at strengthening
empathy and emotional regulation, as well as analyzing
the real impact of institutional humanization policies in
neonatal units. Finally, incorporating the perspectives
of other caregiving actors, such as parents and mem-
bers of the multidisciplinary team, and exploring crying
in specific clinical contexts would broaden understand-
ing of early bonding and care responses.

Although this study was conducted with nurses from
several centers, multicenter studies involving a larger
number of institutions are needed to verify and com-
plement these findings. Another limitation is the rela-
tively small sample size, which may not be representative
of all neonatal nurses. Future research is expected to
incorporate quantitative or mixed-methods designs to
expand and strengthen the evidence base.

This study provides a comprehensive understanding
of neonatal crying as a clinical, emotional, and organi-
zational phenomenon, demonstrating that nurses’
responses are constructed at the intersection of pro-
fessional sensitivity, institutional conditions, and unit
culture. Promoting care models that integrate these
dimensions will enable progress toward a more human-
ized, sustainable, and effective neonatal practice, one
capable of responding to neonatal crying not only as a
clinical sign, but as a profound expression of the new-
born’s need for bonding, security, and specialized care.
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Background: Patent ductus arteriosus (PDA) is common in preterm neonates and is associated with significant morbidity.
Paracetamol has emerged as a safe and effective alternative to traditional treatment for inducing PDA closure. Echocardio-
graphy enables morphometric measurement of the ductal diameter to assess response to treatment. Objective: To evaluate
the impact of paracetamol versus ibuprofen on the morphometric reduction of PDA in preterm neonates, contributing to the
optimization of therapeutic protocols and improvement of clinical outcomes. Methods: A clinical trial was conducted to assess
the efficacy of paracetamol in the morphometric reduction of PDA compared with ibuprofen. Means and standard deviations
were used for normally distributed variables, and medians with interquartile ranges (IQR) for non-normally distributed varia-
bles. Normality was assessed using the Shapiro-Wilk test. Pre-and post-comparisons were performed using Student’s t-test,
while between-group comparisons were conducted using Student’s t-test, Welch’s t-test, or the Mann-Whitney U test, as
appropriate. The significance level was set at o. = 0.05. The sample size was n = 21/group. Results: A total of 42 preterm
newborns with PDA were included, divided into two groups (paracetamol n = 21, ibuprofen n = 21). The mean gestational
age was 273 weeks, and the average birth weight was 1,404 g. Both groups were comparable in terms of sex and length.
PDA closure was greater in the ibuprofen group (2.64 mm) compared with the paracetamol group (1.71 mm). Conclusion:
Standard-dose ibuprofen demonstrated greater efficacy than paracetamol for PDA closure in preterm newborns.

Paracetamol. Ibuprofen. Premature. Newborn. Cardiovascular. Patent ductus arteriosus.

Antecedentes: E/ conducto arterioso persistente (CAP) es comtn en neonatos prematuros y ocasiona una morbilidad sig-
nificativa. EI paracetamol surge como alternativa segura y eficaz al tratamiento tradicional para inducir el cierre del CAP. La
ecocardiografia permite medir morfométricamente el didmetro del conducto para evaluar la respuesta al tratamiento.
Obijetivo: Evaluar el impacto del paracetamol en comparacion con el ibuprofeno en la reduccion morfométrica del CAP en
neonatos prematuros, contribuyendo a optimizar los protocolos terapéuticos y mejorar los resultados clinicos. Método: Ensayo
clinico para valorar la eficacia del paracetamol en la reduccion morfométrica del CAP comparado con el ibuprofeno. Se
usaron media y DE para las variables normales, y mediana y RIC para las no normales. La normalidad se evalué con la
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prueba de Shapiro-Wilk. Las comparaciones pre-post se realizaron con la prueba t de Student; entre grupos, con t de Stu-
dent, Welch o Mann-Whitney, segun procediera. El nivel de significancia se establecio en o. = 0.05. El tamafio de la muestra
fue de 21 sujetos por grupo. Resultados: Se estudiaron 42 recién nacidos prematuros con CAR, divididos en dos grupos:
paracetamol (n = 21) e ibuprofeno (n = 21). La edad gestacional media fue de 273 semanas y el peso promedio fue de
1404 g. Ambos grupos eran comparables en sexo y talla. El cierre del CAP fue mayor con ibuprofeno (2.64 mm) que con
paracetamol (1.71 mm). Conclusiones: E/ ibuprofeno a dosis estandar demostré mayor eficacia que el paracetamol para el

cierre del CAP en recién nacidos prematuros.

Paracetamol. Ibuprofeno. Prematuro. Recién nacido. Cardiovascular. Conducto arterioso persistente.

The clinical management of preterm neonates rep-
resents a constant challenge in contemporary pediat-
rics due to the complexity of their physiological
conditions and their vulnerability to multiple complica-
tions. Among these, patent ductus arteriosus (PDA) is
one of the most common cardiovascular conditions in
this population and can lead to significant morbidity if
not managed appropriately.! The ductus arteriosus is
an essential fetal structure for intrauterine circulation;
its persistence after birth creates an abnormal connec-
tion between the aorta and the pulmonary artery, dis-
rupting neonatal hemodynamics and causing important
clinical consequences. The pathophysiology of PDA in
preterm infants is related to vascular immaturity and an
inadequate response to the natural closure mecha-
nisms that normally occur after birth. This condition can
result in increased pulmonary blood flow, heart failure,
and a higher risk of complications such as intracranial
hemorrhage or chronic lung disease.?

Consequently, early identification and timely treat-
ment of PDA have become crucial aspects for improv-
ing outcomes in preterm neonates. Historically,
pharmacological management of PDA has included the
use of non-steroidal anti-inflammatory drugs such as
indomethacin and ibuprofen, which act by inhibiting
prostaglandin production and facilitating ductal clo-
sure.® However, these drugs have limitations due to
renal and gastrointestinal adverse effects, prompting
the search for therapeutic alternatives with a better
safety profile. In this context, paracetamol has emerged
as a promising option, due to its different mechanism
of action and better tolerance in preterm neonates.*

Growing evidence supporting the efficacy of parac-
etamol for PDA closure has been provided by multiple
clinical studies comparing its effects with ibuprofen and
placebo. A randomized clinical trial reported that
oral paracetamol was equally effective as ibuprofen in

inducing PDA closure in preterm infants, with a favor-
able safety profile.®®

These findings have been corroborated by recent
systematic reviews and meta-analyses, which consoli-
date paracetamol as a valid and safe alternative for the
treatment of PDA in neonatology.®® Pharmacological
management also requires an accurate assessment of
the ductus arteriosus to evaluate treatment response.
Echocardiography has become the diagnostic tool of
choice, allowing morphometric measurement of ductal
diameter and real-time hemodynamic assessment.®

This technique facilitates monitoring of the therapeutic
effect of paracetamol through evaluation of the reduction
in millimeters of the persistent ductus arteriosus, a key
aspect for deciding whether to continue or modify treat-
ment. Echocardiographic morphometry provides quan-
titative data that enable individualized and precise
management, improving clinical efficacy and reducing
unnecessary risks.'

From a pharmacokinetic perspective, paracetamol
metabolism in preterm neonates differs significantly from
that in older children and adults due to hepatic and
renal immaturity characteristic of this population."
Reduced capacity to metabolize and eliminate the drug
may influence dosing and treatment safety; therefore,
understanding these variations is essential to optimize
its use. In addition, individual variability makes close
monitoring during paracetamol therapy imperative to
prevent toxicity.*'?

Management of PDA in preterm neonates has also
evolved in terms of therapeutic approach, where the deci-
sion between pharmacological treatment, conservative
management, or surgical intervention depends on clinical
severity, treatment response, and individual neonatal
characteristics.'® Although surgical ligation remains an
option in refractory cases, it is associated with signifi-
cant morbidity and is therefore avoided when possible
through early and effective pharmacological therapy.™
In this regard, the use of paracetamol has modified
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therapeutic strategies by offering a less invasive alter-
native with a lower adverse-effect profile.'®

At present, clinical guidelines and neonatal practice
show a growing trend toward including paracetamol as
first-line therapy or as an alternative for PDA closure;
however, debates persist regarding optimal dosing, treat-
ment duration, and long-term safety.'®'” Heterogeneity in
protocols and variability in clinical response underscore
the need for further research to define precise parame-
ters for morphometric evaluation and the clinical efficacy
of paracetamol in this vulnerable population.'®1°

In summary, echocardiographic morphometry of the
PDA represents a fundamental tool to measure the effi-
cacy of paracetamol in preterm neonates, allowing quan-
tification of changes in ductal diameter and objective
assessment of therapeutic response.?® This supports a
personalized approach that optimizes PDA management,
reduces associated morbidity, and improves clinical out-
comes.?"?* Therefore, it is imperative to further investi-
gate the morphometric evaluation of PDA in neonates
treated with paracetamol and to compare it with ibupro-
fen, to establish robust evidence supporting its use and
to refine therapeutic protocols in pediatrics.

The objective of the study is to evaluate the impact
of paracetamol versus ibuprofen on morphometric
reduction of PDA in preterm neonates, contributing to
the optimization of therapeutic protocols and improve-
ment of clinical outcomes.

The international CONSORT 2025 guideline (http:/
www.consort-statement.org/) was used to ensure the
rigor and transparency of the present study.

A randomized, controlled, open-label clinical trial was
conducted to evaluate the efficacy of paracetamol ver-
sus ibuprofen in the morphometric reduction of PDA in
preterm neonates. The study was carried out between
January 2022 and October 2025 at the Regional High
Specialty Hospital of Ciudad Victoria (IMSS Bienestar)
and the General Hospital of Ciudad Victoria (Table 1).2

A total of 42 preterm neonates (< 37 weeks of ges-
tation) with an echocardiographic diagnosis of PDA >
1.5 mm were included. The sample size was 21 patients/
group, calculated to detect a mean difference of 1 mm,

Sample size calculation for a difference
between two means

Difference between means 1
Standard deviation 1
Effect size (c = DM/s) 0.80
Alpha error (2 tails, Za/2: 1.960) 5%
Beta error (1 tail, ZB =0.842) 20%
Base sample size per group (n) 21
Total base sample size (2n) 42
Adjusted sample size per group (8% loss) 23

Alpha error: statistical significance; Statistical power: 1-beta error; n: number of
patients in each group.

with a standard deviation (SD) of 1 mm, an alpha error
of 5%, and a power of 80%. The random allocation
sequence was generated by a researcher not involved
in participant enroliment, using a simple randomization
method (lottery).

Patients were assigned to receive either intravenous
paracetamol (15 mg every 6 h for 6 days) or intravenous
ibuprofen (10 mg/kg initial dose, followed by 5 mg/kg
at 24 and 48 h). The dependent variable was the reduc-
tion in PDA diameter, measured by echocardiography
before and after treatment?® (Fig. 1).

Adverse events were prospectively monitored during
treatment and follow-up, including gastrointestinal
bleeding, renal function impairment, thrombocytopenia,
and elevation of liver enzymes.

The primary outcome was morphometric reduction
of the PDA, measured in millimeters by transthoracic
echocardiography after completion of pharmacological
treatment. Secondary outcomes included the rate of
ductal closure and the need for additional medical
treatment or surgical intervention.

Due to the nature of the interventions, the study had
an open-label design. Echocardiographic outcome
assessment was performed by a neonatologist blinded
to treatment allocation.

Categorical variables were described using frequen-
cies and percentages, and continuous variables using
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pressure for 6 days n =21 5 mglkg/day n =21 pressure
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Day 4 of |—> of the PDA Morphometric echocardiogram Day 4 of
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Flow diagram of the study population enrolled in the study. Source: Terrin et al.® BNP: B-type natriuretic
peptide; BP: blood pressure; BoP: balance of pulmonary; PDA: Patent ductus arteriosus.

mean + SD or median with interquartile range (IQR),
according to their distribution. Normality was assessed
using the Shapiro-Wilk test. Pre-and post-comparisons
were performed using paired Student’s t-test or the
Wilcoxon test, and between-group comparisons using
Student’s t-test, Welch’s t-test, or the Mann-Whitney U
test, as appropriate. A p < 0.05 was considered statis-
tically significant.

The study was conducted in accordance with the
General Health Law on Health Research and the ethi-
cal principles for research involving human beings,
with informed consent obtained from parents or legal
guardians.

De-identified individual participant data, the data dic-
tionary, and the statistical code are available from the
corresponding author upon reasonable request. The
study protocol and statistical analysis plan were devel-
oped before study initiation and are also available from
the corresponding author upon reasonable request.

This randomized clinical trial was not registered in
a public clinical trial registry, as it was conducted
before registration became an institutional mandatory
requirement.

During the study period, 42 very preterm neonates
admitted to the neonatal intensive care unit with a diag-
nosis of PDA were enrolled. Diagnosis was established
by echocardiography performed by a pediatric cardiol-
ogist. The population was divided into two groups. In
the first group (n = 21), intravenous paracetamol was
administered at a dose of 15 mg/kg/dose every 6 h for
6 days. Morphometric assessment of the PDA, using
the pulmonary end (ductal pulmonary orifice) > 1.5 mm
as the baseline criterion, was performed on day 1 as
the initial measurement and subsequently on day 4 as
the final measurement to obtain a parameter in millime-
ters (mm).

In the second group (n = 21), ibuprofen was admin-
istered at standard doses: 10 mg/kg as the initial dose,
followed by a second and third dose of 5 mg/kg/day.
On day 4, a morphometric echocardiographic assess-
ment of the PDA was performed, again using a pulmo-
nary orifice diameter > 1.5 mm as the criterion for
treatment indication. Ibuprofen management was con-
sidered the gold standard, as it has been reported to
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Table 2. Demographic statistics of the study population treated with paracetamol (n = 21)

Variables
Sex

Female 9 429

Male 12 57.1
Weight 21 100 1241.00
Length 21 100 311
Head circumference 21 100 29.88
Gestational age 21 100 26.59

n: number; %: percentage; X : mean; SD: standard deviation; SW: Shapiro-Wilk.

achieve PDA closure rates exceeding 80%. If any neo-
nate treated with paracetamol did not achieve closure
by day 4, treatment with ibuprofen at standard doses
was considered. If, for any reason, closure was not
achieved by day 4 and the PDA pulmonary orifice
remained > 1.5 mm, the patient was considered a can-
didate for percutaneous or surgical closure according
to the criteria of the interventional cardiologist or car-
diovascular surgeon. Figure 1 presents the flow dia-
gram of the entire study population.

Table 2 describes the demographic and anthropo-
metric characteristics of the study population treated
with paracetamol (n = 21). Sex distribution showed a
predominance of males, with 12 patients (57.1%), while
9 were female (42.9%). Regarding continuous vari-
ables, mean weight was 1241.0 g (SD + 306.6), with an
IQR between 1040.0 g (25" percentile) and 1415.0 g
(75" percentile). Mean length was 37.1 ¢cm (SD = 3.2),
with percentile values ranging from 35.5 cm to 39.0 cm.
Mean head circumference was 29.6 cm (SD + 2.7), with
a percentile range of 28.0 cm to 32.0 cm. Mean gesta-
tional age was 26.6 weeks (SD + 2.8), with an IQR
between 25.0 and 28.3 weeks. The Shapiro-Wilk nor-
mality test showed that all quantitative variables had a

Parameters

306.62 25 1040.00 p=0914
50 1250.00
75 1415.00
3.22 25 35.50 p =0.321
50 37.00
75 38.50
2.72 25 28.00 p = 0.557
50 29.60
75 32.00
2.82 25 25.00 p =0.427
50 217.00
75 28.25

normal distribution (p > 0.05), allowing analysis using
parametric statistics.

Table 3 shows the demographic and anthropometric
characteristics of the study population treated with ibu-
profen (n = 21). Sex distribution showed a slight pre-
dominance of females, with 11 patients (52.4%), while
10 were male (47.6%). Regarding quantitative variables,
mean weight was 1404.8 g (SD + 557.3 g), with an IQR
between 1035.0 g (25" percentile) and 1697.5 g
(75" percentile). Mean length was 38.5 cm (SD = 6.4),
with percentile values ranging from 36.0 cm to 42.0 cm.
Mean head circumference was 31.0 cm (SD + 3.0), with
an IQR between 28.0 cm and 33.0 cm. Mean gesta-
tional age was 28.0 weeks (SD = 3.7), with a percentile
range between 26.0 and 29.0 weeks. The Shapiro-Wilk
test demonstrated that all quantitative variables were
normally distributed (p > 0.05), permitting parametric
analysis.

Table 4 presents the echocardiographic morphomet-
ric changes of the PDA after treatment with ibuprofen
and paracetamol. Each group consisted of 21 patients
(50% / group). The overall morphometric reduction was
greater in the ibuprofen group, with a mean reduction of
2.64 mm (SD + 1.28), compared with the paracetamol
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Table 3. Demographic statistics of the study population treated with ibuprofen (n = 21)

Variables
Sex

Female 1 52.4

Male 10 47.6
Weight 21 100 1404.80
Length 21 100 38.08
Head circumference 21 100 31.00
Gestational age 21 100 28.02

n: number; %: percentage; X: mean; SD: standard deviation; SW: Shapiro-Wilk.

Parameters

557.31 25 1035.00 p = 0.054
50 1280.00
75 1697.50
6.39 25 36.00 p=0.154
50 37.00
75 42.00
3.04 25 28.00 p = 0.487
50 31.80
75 33.00
3.66 25 26.00 p =0.158
50 28.00
75 29.00

Table 4. Echocardiographic morphometric changes of the patent ductus arteriosus: ibuprofen versus paracetamol

Total reduction value (mm)

% Normality Levene's Welch's test p for difference
test (SW) test Difference between means between means
Cl 95%
Paracetamol 21 50 1.7 0.77 0.712 0.014 p=0.93 < 0.05
(0.27 1.59) 0.007
Ibuprofen 21 50 264 1.28 0.410
Statistical power Cohen’s d 0.88 (0.26-1.5) Effect size: Large
98.1% Effect size:

Small: 0.20 Medium: 0.50 Large: 0.80

Levene’s test: p value for difference in variances, p < 0.05 Welch's test: “valid in the presence of heteroscedasticity.”
n: population; %: percentage; X: mean; SD: standard deviation; SW: Shapiro-Wilk; 95% Cl: confidence interval.

Source: Terrin et al..

group, which showed a mean reduction of 1.71 mm
(SD £ 0.77).

Quantitative variables showed a normal distribution
according to the Shapiro-Wilk test (paracetamol
p = 0.712; ibuprofen p = 0.410). Levene’s test demon-
strated unequal variances between groups (p = 0.014);
therefore, Welch’s t-test was used for comparison of
means. The analysis revealed a statistically significant

difference in PDA morphometric reduction between treat-
ments (95% confidence interval: 0.27-1.59; p = 0.007),
favoring ibuprofen. The effect size was large (Cohen’s
d = 0.88), with a statistical power of 98.1%.

Figure 2 shows the box-and-whisker plot of PDA mor-
phometric reduction in the paracetamol and ibuprofen
groups. A higher median and greater dispersion of
morphometric reduction are observed in the ibuprofen
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Difference of means

p=0.00

31

02
Paracetamol Ibuprofen

Box-and-whisker plot: morphometric reduction
(mm) of patent ductus arteriosus ibuprofen versus
paracetamol. Source: Terrin et al.b

group compared with the paracetamol group. In the
paracetamol group, morphometric reduction had a
median of 1.71 mm, with a narrow IQR and extreme
values ranging from 0.2 to 3.1 mm. In contrast, the
ibuprofen group showed a higher mean reduction of
2.64 mm, with a wider IQR and extreme values between
0.5 and 5.0 mm. Comparison between groups demon-
strated a significant difference in PDA morphometric
reduction favoring ibuprofen (p = 0.007), consistent with
the inferential analysis. The graphical representation
visually confirms the greater magnitude of the ibuprofen
effect compared with paracetamol.

Table 5 shows the comparison of echocardiographic
morphometric PDA closure before and after treatment
with ibuprofen and paracetamol. In the ibuprofen group,
the mean PDA diameter decreased from 3.54 =+
1.54 mm in the pre-treatment evaluation to 1.75 +
1.17 mm in the post-treatment evaluation, representing
an average morphometric closure of 1.80 mm. In the
paracetamol group, the mean diameter decreased from
1.60 + 0.60 mm to 1.69 + 0.35 mm, with an average
morphometric closure of 0.91 mm.

Shapiro-Wilk normality tests showed a lack of normal
distribution in pre- and post-treatment measurements
in both groups (p < 0.05). Therefore, the Mann-Whitney
U test was used for comparisons, revealing statistically
significant differences in both intragroup and intergroup
analyses (p < 0.001). Welch’s test confirmed the pres-
ence of heteroscedasticity between variances. These
results demonstrate a greater magnitude of PDA mor-
phometric reduction in the ibuprofen-treated group
compared with the paracetamol-treated group.

Figure 3 illustrates the architectural design of the
clinical trial, including baseline status, intervention, and

outcome (reduction in PDA morphometry in mm), as
well as diagnostic delineation, prognostic stratification,
and potential biases. The outcome is reported as the
percentage of pharmacological reduction of the PDA in
preterm neonates treated with both medications (parac-
etamol and ibuprofen).’

No serious adverse events related to the use of
paracetamol or ibuprofen were recorded during the
study period.

The results confirm the effectiveness of pharmaco-
logical closure of the PDA, measured in millimeters, in
preterm neonates. Total morphometric reduction was
2.64 mm with ibuprofen and 1.71 mm with paracetamol,
with an average pre-and post-reduction of 1.81 mm for
ibuprofen and 0.91 mm for paracetamol. In this study,
reduction in millimeters was greater and more rapid in
the group of preterm neonates treated with ibuprofen
by the 4" day, findings that are very similar to those
reported by Pourarian et al. in 2005. In that study,
higher doses of ibuprofen (double the standard dose)
achieved a reduction in PDA diameter from 2.09 mm
to 0.77 mm by day 4, corresponding to a reduction of
1.32 mm, with measurements limited to the pulmonary
end of the ductus arteriosus.?®2° When standard
doses were used, the reduction was smaller, from
1.68 mm to 0.81 mm, but remained statistically signifi-
cant (p = 0.046). It is important to note that the findings
of that study are consistent with the present investiga-
tion, as both confirmed morphometric reduction of the
ductus arteriosus with the use of ibuprofen and parac-
etamol at standard doses®'.

The differences observed between studies may be
explained by several factors. The present study exclu-
sively included preterm neonates, whereas other stud-
ies evaluated term neonates. Genetic variability may
also influence treatment response and favor faster duc-
tal closure. In addition, physiological factors related to
population characteristics — such as size, structure, and
vascularization of the ductus arteriosus — as well as
drug metabolism, including absorption and distribution,
may result in higher local drug concentrations at the
ductal level. Clinical and physiological differences
at the time of intervention, including age, overall
health status, and comorbidities, may further influence
treatment effectiveness. Measurement techniques, cri-
teria used to define morphometric closure, and nutri-
tional or environmental factors may also contribute to
variability in outcomes®>-38,
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Table 5. Morphometric closure of patent Ductus arteriosus before versus after treatment
(ibuprofen vs. paracetamol) (mm)

Variables Pre-

treatment

Post-treatment

Normality test

Variance Final
closure (mm)

Ibuprofen 21 354 154 21 173 117  p=0.00 p =0.00 p=0.00 HETEROSEXEDASTICITY 1.8
Paracetamol 21 260 060 21 169 035 p=0.00 p =0.00 p=000 HETEROSEXEDASTICITY 0.91
n: population; X: mean; SD: standard deviation; SW: Shapiro-Wilk; mm: millimeters.
Source: Terrin et al.’
BASELINE STATUS INTERVENTION OUTCOME
[PHARMACOLOGICAL| PDA CLOSURE
n= 14 (66.7 %) N= 21
PARACETAMOL > REDUCTION (mm)
0.91
PRETERM NEWBORN
PDA
(PATENT DUCTUS (PHARMACOLOGICAL |
ARTERIOSUS) PDA CLOSURE
n= 14 (66.7 %) N= 21
IBUPROFEN REDUCTION (mm)
DIAGNOSTIC PROGNOSTIC 1.80
DEMARCATION STRATIFICATION
QUALITY OF THE
STUDY POPULATION PDA INTERVENTION

Preterm newborns

< 37 weeks gestational
age (WGA) Diagnostic
definition:Patent ductus
arteriosus (PDA)
Selection criteria:
Inclusion:< 37 WGABoth
sexesTreatment with

Cardiac echocardiography
(pediatric cardiologist)

Both sexes

Preterm newborns < 37
weeks gestational age (WGA)
Laboratory tests:

BNP (B-type natriuretic
peptide)
C

p or par
IPDA risk criteria:
Hemodynamically unstable
PDARenal failure

P blood count (CBC)
Blood chemistry
Serum electrolytes

Procalcitonin

Cardiac echocardiography
(pediatric cardiologist)

Standard paracetamol
management: 15 mg/kg/dose
every 6 hours|

buprofen:

1st dose: 10 mg/kg/dose

2nd and 3rd doses: 5 mg/kg/dose

PERIPHERAL INTERVENTIONS

STANDARDIZED OUTCOME MEASUREMENT

Ibuprofen: 2.6 mm
Paracetamol: 1.7 mm
Closure rate for both groups: 66.7%

SECONDARY OUTCOMES

No renal injury
No gastrointestinal bleeding
No deaths

Gastrointestinal bleeding | C-reactive protein (CRP) 1stp

nol regimen: if unsuccessful —

Exclusion:37 WGANo Transfontanelle
diagnosis of PDAReferred | cranial ultrasound
from another hospital
Congenital malformations

switch to 1st ibuprofen regimen
1st ibuprofen regimen: if unsuccessful —
proceed to surgical closure

Neonatal resuscitation
(NRP)

Figure 3. Architectural design of the clinical trial. Source:

Closure of PDA remains a highly debated
topic, although significant advances have been
achieved in recent years for neonates affected by this
condition. The most commonly used drugs are cycloo-
xygenase (COX) inhibitors, such as indomethacin and
ibuprofen, which act by inhibiting prostaglandin synthe-
sis and show variable success rates. In some cases, a
second treatment cycle or surgical or percutaneous
intervention is required when pharmacological therapy
fails. These drugs are not free of complications, partic-
ularly indomethacin, which has been associated with

Terrin et al.

oliguria, transient renal failure, gastrointestinal compli-
cations such as necrotizing enterocolitis, and alter-
ations in cerebral blood flow. Ibuprofen has a similar
mechanism of action but a more favorable safety pro-
file, with a lower risk of renal and gastrointestinal com-
plications, although adverse effects may still occur.
Paracetamol has emerged as a promising alternative,
especially in cases in which COX inhibitors are contra-
indicated. The choice of pharmacological agent should
be individualized for each patient, taking into account
gestational age, birth weight, renal and hepatic function,
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and the presence of comorbidities. Pharmacological
closure represents an effective strategy for PDA man-
agement in selected populations, with a variable
risk-benefit profile among available medications.3%-4

These advances have contributed to a better under-
standing of conditions specific to preterm neonates,
which can be devastating yet potentially modifiable in
terms of outcome, including congenital heart diseases
such as PDA. Although diagnosis poses a clinical chal-
lenge, management is equally demanding, often requir-
ing advanced infrastructure, specialized technology,
and pediatric cardiology expertise — resources that are
not always available, particularly in low-income coun-
tries. This is compounded by the high economic cost
associated with comprehensive care in high-specialty
hospitals, a factor of increasing relevance in communi-
ties with limited resources and rising neonatal morbidity
and mortality, which may be related to growth in this
vulnerable population and migratory processes.*#%0

Preterm neonates are at higher risk of congenital
heart disease, and prolonged exposure to hemody-
namic shunting can increase neonatal morbidity and
mortality. Incomplete understanding of the molecular
mechanisms involved in ductal closure has driven clin-
ical trials and the accumulation of clinical experience,
which have contributed to changes in management
strategies. These efforts have helped focus interven-
tion on patients who truly require treatment, highlighting
the complexity of this condition.5"52

The magnitude of shunting depends primarily on the
relationship between systemic and pulmonary vascular
resistance. In early stages, PDA produces pulmonary
volume overload of the left ventricle, which may prog-
ress to respiratory failure, heart failure, and growth
retardation. Without treatment, prognosis is poor; there-
fore, early, multidisciplinary intervention and timely clin-
ical suspicion can significantly modify outcomes.%®

In the present study, a ductal closure rate of 66.7%
was observed for both drugs, consistent with reports in
the national and international literature. A significant
reduction in PDA diameter was documented, with
greater and faster morphometric reduction achieved
with ibuprofen compared with paracetamol when stan-
dard doses were used.>

This study has some limitations, including its
open-label design, relatively small sample size, and
short follow-up period, which may limit generalizability
and preclude detection of rare adverse events. Multi-
center studies with larger sample sizes are needed to
confirm these findings and to further define the optimal

role of paracetamol and ibuprofen in the management
of PDA in preterm neonates.

It is confirmed that ibuprofen at standard doses
achieves more effective closure of PDA in preterm neo-
nates compared with paracetamol.
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