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Lung Ultrasound - Can it be Potentially Painful for

a Newborn?
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ABSTRACT

Aim: We aimed to analyze changes in vital parameters and assess behavioral responses to lung ultrasound (LUS) in preterm and term newborns
hospitalized in a neonatal intensive care unit (NICU).

Materials and Methods: Three groups of neonates (term, 37°7-41%7 weeks; moderate to late preterm, 32°7-36°; and very preterm, <32%7)
were included. Response to LUS was assessed using heart rate (HR), blood oxygen saturation (SpO,), and the neonatal infant pain scale (NIPS).
Reactions to LUS, blood sampling, and nappy change were compared.

Results: Seventy-one infants were enrolled: 30 term, 21 moderate to late preterm, and 20 very preterm. An increase in mean HR and a decrease
in median SpO, during LUS were observed (p<0.001) in all analyzed groups, whereas the median NIPS score was 3. During LUS, 38% of term
infants experienced pain according to NIPS. The same was observed for 47% and 35% of infants in the moderate to late preterm and very
preterm groups. The trend of NIPS increased along with the higher intensity of the stimulus. The highest NIPS values were related to blood
sampling, moderate to LUS, and the lowest to nappy change (p<0.001).

Conclusion: As LUS affects vital parameters and may be perceived as potentially painful in >1/3 newborns, indications for each examination and

adequate pain management should always be considered.
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Introduction

In recent years, the importance of lung ultrasound
(LUS) in neonatal intensive care units (NICUs) has increased
significantly. It has been successfully used for the diagnosis,
management, and monitoring of most pleural and
pulmonary pathologies in newborns, such as pneumonia,
pneumothorax, pleural effusion, and respiratory distress
syndrome (1-5). In comparison with chest radiography, the
main advantage of LUS is the absence of ionizing radiation,
which guarantees the safety of serial imaging in extremely
vulnerable neonates (6,7). Moreover, LUS is non-invasive,

relatively low-cost, and can be performed at the point-
of-care, which is especially important when managing
critically ill, unstable patients in the NICU environment
(8). Although ultrasound has been shown to cause harmful
thermal and mechanical bio-effects in animal models (9-11),
recent studies have not confirmed these findings in clinical
settings (12). Therefore, neonates admitted to NICU are
often subjected to numerous ultrasounds, especially in their
first days of life.

Despite the many advantages of LUS, it remains unclear
whether it can be undoubtedly classified as a neutral
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stimulus in infants. It is intuitively regarded as a non-painful
procedure since it is not related to tissue damage. However,
LUS may cause discomfort to infants, as it requires the use
of gel, the pressure of the ultrasound probe, and regularly
changing of the newborn’s position. To date, an analysis
of short-term behavioral reactions and changes in vital
parameters in newborns undergoing LUS has not been
performed. Moreover, whether premature infants respond
differently to LUS compared with term newborns has not
been evaluated.

The assessment of pain intensity in neonates remains
challenging and is currently based on analyzing changes in
their behavior and vital parameters, such as their heart rate
(HR), respiratory rate, blood pressure, and blood oxygen
saturation (SpO,). Over 40 neonatal pain assessment tools,
which include different combinations of these indicators,
are available (13). One of the most popular is the Neonatal
Infant Pain Scale (NIPS), which is dedicated to procedural
pain assessment in both preterm and term neonates. The
NIPS has been successfully tested for validity and reliability
in the neonatal population (14,15).

The main aim of this study was to analyze changes in
vital parameters and evaluate behavioral response in order
to identify potential pain related to LUS in premature and
term neonates hospitalized in the NICU. The other objective
was to compare infants’ reactions to LUS and other painful
and neutral procedures.

Materials and Methods

Study Design

This study was conducted in a tertiary referral NICU.
The research design is illustrated in Figure 1. Reactions to
three different stimuli were analyzed for each patient: LUS
and two control procedures. Blood sampling was chosen
as the painful control procedure, while nappy change was
used as the neutral control stimulus. The responses to each
procedure were analyzed on different days in the morning
between 6 and 9 a.m., before any other nursing or diagnostic
actions, with at least a 1 hour interval after feeding. The
procedure order was randomly established. The hospital
stay was prospectively analyzed for the number of painful
stimuli experienced by the newborns. The application of
the methods of procedural pain management was also
investigated.

Sample

Infants hospitalized in the NICU were enrolled into this
study. The patients were divided into three groups based on
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their gestational age (GA): term (37°7-41% weeks), moderate
to late preterm (32°7-36%7 weeks), and very preterm (<327
weeks). Patients were considered for this study if they were
in a stable medical condition defined as the absence of
invasive ventilation or cardiovascular support. The exclusion
criteria included the occurrence of major malformations,
severe intraventricular hemorrhage (IVH grade 1V), and
earlier hospitalization in neonatology units longer than 3
days. The analysis of the infants’ responses was performed
after the completion of 35 weeks of postmenstrual age
(PMA) in preterm newborns and before discharge in term
neonates.

Procedures

All ultrasounds were performed by one certified
sonographer who was experienced in LUS using Phillips
HD 11 (Philips, Amsterdam, the Netherlands) or Hitachi-
Aloka Arietta v70 (Hitachi, Tokyo, Japan) scanners with a
linear probe of 12-5 MHz. Five lung areas were routinely
examined: anterior (midline), anterior (right), anterior (left),
posterior (right), and posterior (left), using the transversal
and longitudinal positions of the probe. If the infant was
supine, the anterior parts of the lung were assessed first.
Subsequently, the posterior fields were examined after
changing to the prone position. If the patient was in the
prone position, the LUS was started with posterior field
scans. For all examinations, the ultrasound gel was warmed.
The probe was disinfected before and after each LUS. The
blood samples were obtained from each patient through a
peripheral vein puncture or heel lance. The blood sampling
was performed by qualified nurses. Each patient underwent
a nappy change procedure, which included toileting of the
recto-genital region using wet nappies. For standardization,
the nappy change was carried out by the same researcher
every time. In order not to increase exposure to procedural
pain or stress, the analysis of the infants’ response to
each procedure was performed only on the occasion of
routine daily care or when it was regarded as diagnostically
necessary by the attending physicians.

Instruments

All infants were continuously monitored using pulse
oximeters as part of their routine medical care in the NICU.
Before beginning this study, the baseline HR and SpO, of the
participants were noted. Subsequently, during the entire
procedure, the infants’ vital parameters were evaluated
for maximal HR (HR max) and minimal SpO, (SpO, min)
values. After completing the procedures, the recovery times
were analyzed, which was defined as the time that elapsed
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until HR and SpO, returned to their baseline values. It was
measured separately for each parameter to an accuracy
of 1 second using a stopwatch. The maximum observation
time was 300 seconds. Additionally, AHR was calculated
as the difference between the HR max and the baseline HR.
Finally, ASpO, was estimated by subtracting SpO, min from
the baseline SpO,.

Continuous video recordings of the infants during each
procedure were performed using a digital camera (SONY
HDR-CX250E). Subsequently, all recordings were archived in
order to assess pain intensity with the use of NIPS. The total
pain score ranges from to 0-7. Values of >3 indicate pain (15).
The videos were analyzed by two independent observers
who were experienced in NIPS evaluation. The final NIPS
result was calculated as the average of the results obtained
from the two observers.

Statistical Analysis

Statistical analysis was performed using Statistica
software, version 13.3 (TIBCO Software Inc. Palo Alto, CA,
USA). The results are presented based on the parameters of
descriptive statistics, including mean values and standard
deviations (SD), or median values with first and third
quartiles (Q1, Q3) for continuous variables and numbers
with percentages for categorical variables. To confirm the
normal distribution of continuous variables, the Shapiro-
Wilk test was used. The assessed groups were compared

using the Kruskal-Wallis test, and the t-test was used for
dependent samples. The Wilcoxon test was performed to
analyze changes in vital parameters during LUS. Friedman's
rank test was performed to compare the infants’ responses
during different procedures. The Jonckheere test was applied
to evaluate the trend of NIPS changes with the increase in
the intensity of the stimuli. The Spearman rank test was
used to assess the correlation between HR, SpO,, and NIPS
values. The NIPS values were analyzed for inter-observer
agreement using Kendall's coefficient of concordance.
Statistical significance was set at p-values of <0.05.

Ethical Standards

Written formal consent was obtained from all of the
legal guardians of the newborns. This study was approved
by the Ethics Committee of Jagiellonian University (approval
number: 1072.6120.112.2018).

Results

Study Population

Seventy-one infants hospitalized in the NICU between
June, 2018 and March, 2021 were enrolled. The study cohort
consisted of 30 term neonates (Group 1), 21 moderate to
late preterm (Group 2), and 20 very preterm infants (Group
3). The detailed characteristics of the assessed groups are

presented in Table I.

Figure 1. Study design
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Procedural pain management

During the analyzed procedures, the patients received
methods of non-pharmacological analgesia including non-
nutritive sucking, oral glucose, maternal milk feeding, or a
combination of those methods. Pharmacological treatment
was not used for pain relief, but three patients received it for
other reasons coincidentally.

Changes in vital parameters during LUS

In all analyzed groups, the mean HR increased
significantly during LUS (Figure 2). A decrease in SpO,
values was also observed in both term and preterm infants
(Figure 3). The median change in the vital parameters during
LUS in all the groups did not differ (p=0.08 for AHR and
p=0.91 for ASpO,). The median time of HR recovery was
27 seconds for term neonates, 72 seconds for moderate to
late preterm neonates, and 66 seconds for late preterm
neonates (p=0.11). Very preterm infants were characterized

by the highest median time of SpO, recovery (14 seconds),
whereas term and moderate to late preterm neonates
obtained similar median values (8 seconds and 7 seconds,
respectively; p=0.52).

Evaluation of pain intensity during LUS and control
procedures

The values of Kendall's coefficient of concordance
revealed a high level of agreementin NIPS evaluation between
the two raters (Table Il). During LUS, the median NIPS score
was 3in all analyzed groups. A total of 38% of term infants
experienced pain according to NIPS (>3), whereas these
rates were 47% of neonates from the moderate to late
preterm group and 35% of neonates from the very preterm
group. The analysis of perinatal history and hospitalization-
related parameters did not reveal any predisposing factor to
overreaction to LUS. In term and moderate to late preterm
infants, NIPS scores were positively correlated with HR

Table I. Characteristics of the assessed groups
Group characteristics Term Moderate to late preterm Very preterm
Male 17 (56.67%) 12 (57.14%) 9 (45%)
Gestational age (weeks) 39 (38-40) 33 (33-35) 28 (27-30)
Birth weight (g) 3,340+520 2,080+570 1,220+360
Cesarean section 13 (43.33%) 18 (85.71%) 17 (85%)
1t minute Apgar score (pt.), 7 (4-10) 7 (6-9) 6 (4-6)
Twin pregnancy 0 (0%) 6 (28.57%) 4 (20%)
Age at the admission (days) 1(1-3) 1(1-2) 1(1-1)
Time from admission to analysis (days) 7+4 16+8 57+22
Data are presented as n (%), median (Q1-Q3), or mean + SD
SD: Standard deviation
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Figure 2. Change in HR during LUS
Black: Mean, Blue: HR before LUS, Red: HR max during LUS, HR: Heart rate
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Figure 3. Change in SpO, during LUS
Black: Median, Blue: SpO, before LUS, Red: SpO, min during LUS, SpO:
Blood oxygen saturation, LUS: Lung ultrasound
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Table Il. Inter-observer agreement in the NIPS assessment for different procedures
Statistics procedure Kendall's coefficient of concordance p-value
Nappy change 0.94 <0.001
LUS 0.93 <0.001
Blood sampling 0.87 0.001
LUS: Lung ultrasound, NIPS: Neonatal infant pain scale
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Figure 4. NIPS values during nappy change, LUS, and blood sampling.
Data are presented as medians with quartiles

Red: Nappy change, Green: LUS, Blue: Blood sampling, NIPS: Neonatal
infant pain scale, LUS: Lung ultrasound

max (Rs=0.74, p<0.05, and Rs=0.47, p<0.05, respectively),
while in very preterm neonates, a negative correlation with
SpO, min was observed (Rs=-0.57, p<0.05). In all analyzed
groups, the median NIPS values during LUS were higher than
during nappy change and lower than during blood sampling
(Figure 4). A significant trend of NIPS increase along with
the higher intensity of the stimuli was observed in both
preterm and term infants (p<0.001 for each group).

Change of vital parameters - comparison between
procedures

In term neonates, the median value of HR max during
LUS was significantly lower than during blood sampling
(p<0.02) and did not differ from the median value during
nappy change (p>0.05), whereas, in preterm infants, no
difference in HR max was observed during the procedures
(p>0.05) (Figure 5). SpO, min, HR, and SpO, recovery times
were similar regardless of the type of procedure in all the
analyzed groups.

Discussion

Despite major progress in neonatology, infants who
are admitted to the NICU are still exposed to multiple

Figure 5. HR max during nappy change, LUS, and blood sampling. Data
are presented as medians with quartiles

Red: Nappy change, Green: LUS, Blue: Blood sampling, HR max: Maximal
heart rate, LUS: Lung ultrasound, HR: Heart rate

painful procedures and require a long hospital stay. The
systematic review by Cruz et al. (16) including six different
studies revealed that hospitalized neonates experienced
between 8 and 17 invasive procedures per day during their
first two weeks of hospitalization. A study conducted by
Lee et al. (17) showed that the median lengths of hospital
stay in infants with low birth weight, very low birth weight,
and extremely low birth weight were 21, 46, and 79 days,
respectively. Thus, significant pain loads in newborns are an
unquestionable problem. In particular, exposure to multiple
painful procedures may have long-lasting effects on the
postnatal process of central nervous system development.
Repetitive pain cannot only prolong functional dysmaturity
of the brain, but also induce permanent neuroanatomical
changes, including reduced white matter and subcortical
gray matter maturation, thalamicvolume loss and decreased
functional brain connectivity (18-21). The persistence of
pathological reactions towards pain has also been observed
(22,23). Thus, all procedures in the NICU environment
should be carefully monitored for their indispensability and
influence on neonates. Moreover, for all painful procedures,
recommended evidence-based pain management should be
implemented.
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LUS has revolutionized the diagnosis of newborns. Its
common use significantly decreases exposure to ionizing
radiation and enables repetitive point-of-care lung imaging.
Although the safety of ultrasound has been proven, the lack
of side effects related to LUS should not be equated with
painlessness. To the best of our knowledge, this is the first
study to investigate changes in the vital parameters during
LUS and to evaluate pain intensity using a scale dedicated
to neonates.

Our study demonstrates that LUS is related to short-
lasting disruption of crucial vital parameters, which can be
observed in both term and premature infants of different
GA. It seems that very preterm neonates require more time
for SpO, and HR stabilization after stimulus, as they were
characterized by the longest recovery times of the above
parameters.

Although term and preterm infants obtained the same
median NIPS values, which did not exceed 3 points, which
was taken as the cut-off value for pain, in 35-47% of the
evaluated neonates, the obtained scores were higher. The
presence of procedural overreaction was previously reported
by Chimello et al. (24) and was identified in approximately
1/3 of preterm infants. Further comparison of infants who
experienced LUS as painful in comparison to those infants
who did not experience the procedure as painful did not
reveal any significant differences in their perinatal history
or their course of hospital stay between the groups. The
comparison between NIPS during LUS, nappy change, and
blood sampling suggests that LUS should be classified as a
procedure which moderately reduces the comfort of infants.

Premature babies were analyzed when they were stable
and were already above 35 weeks PMA. We did not evaluate
the reactions of babies in their first days of life; hence, we
could not ascertain whether stimuli in this period may be
even more dangerous. Our data cannot answer the above
question, but they highlight its importance. The same
question can be raised in unstable full-term newborns.

It may be argued whether the observed reactions are
truly caused by pain, or they are rather manifestations of
the stress experienced by newborns. Indeed, both stress
and pain can manifest similarly in neonates. Behaviors
associated with pain (such as grimace, changed breathing
pattern, crying, and flexion of extremities) may accompany
both painful and stressful procedures (25). Changes in vital
parameters are also observed in both types of stimuli (25,26).
The analysis of the pain concept by Fitri et al. (27) indicated
tissue damage as the main attribute distinguishing neonatal
pain from stress. As LUS is not related to the activation

of nociceptors through tissue damage, it can therefore be
intuitively classified as a stressful procedure rather than a
painful one. However, The International Association for the
Study of Pain emphasized that “pain and nociception are
different phenomena” because pain is also strongly related
to the psychological and subjective context (28). Moreover,
not only can the clinical presentation of stress and pain
be similar, but also their effects on the central nervous
system can be similar. Studies based on functional magnetic
resonance imaging showed that response to stress or pain
may overlap in the amygdala, hippocampus, striatum,
insula, and anterior cingulate cortex (29,30). Overall, as
distinguishing between acute pain and stress in newborns
is demanding in clinical and experimental settings and their
effects may be similar, we postulate that strong stress and
pain should be regarded as similar phenomena in newborns.

One of the main strengths of this study is the
methodology of NIPS assessment, as it was based on video
recordings and the evaluations were performed by two
independent observers. A high inter-observer agreement
guarantees good accuracy of these results and reduces
observer bias.

Study Limitations

It should be emphasized that the group of term
newborns assessed for this study was represented by a
population with significant morbidity, which resulted in
NICU admission. Hence, the main limitation of our study is
that the obtained results cannot be generalized to healthy
term neonates or those with only mild health issues.

Another limitation is related to the different time points
of analysis of response to procedures in preterm and term
newborns. Although all infants were examined in a similar
PMA, the premature groups were characterized by an older
chronological age. Hence, further studies are needed to
compare reactions in the first days of life close to the
expected date of delivery in preterm newborns.

Conclusion

Based on the obtained results, it should be emphasized
that although LUS is a safe procedure, it should not be
performed without limits and clinical indications, as it
significantly affects critical vital parameters in neonates.
Moreover, our study suggests that LUS can be classified as
a procedure which is not neutral to infants. Some newborns
may even perceive LUS as a potentially painful procedure,
and the current level of knowledge does not allow them to
be identified in advance, but in such cases, appropriate pain
management should be always used.
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