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1  |  INTRODUC TION

Pain is an unpleasant emotional- sensory feeling caused by actual or 
potential damage (Usta et al., 2021). It is reported that hospitalized 
preterm infants routinely suffer a median of 16 invasive procedures 
per day (Cruz et al., 2016), such as endotracheal suctioning (ES), which 
is a common and necessary invasive procedure to suck out lung se-
cretions from the tracheobronchial of preterm infants (Taplak & 
Bayat, 2021). Acute pain caused by ES will negatively affect the effect 
of respiratory support, further leading to hypoxia, infection, unstable 

vital signs, etc. (Schults et al., 2021). In addition, repetitive pain ex-
posure can cause a range of adverse effects on neurodevelopment, 
stress response systems, and pain sensitivity, which can last for life. 
(Cruz et al., 2016; Guo et al., 2020). Guidelines (Chen et al., 2020; Lim 
& Godambe, 2017) have emphasized the importance of assessing and 
managing neonatal procedural pain to reduce any potentially harmful 
consequences. Over the last few decades, physicians have recognized 
that infants can be more sensitive to pain and suffer from severe acute 
and long- term adverse effects of it. While physician practices in new-
born pain management have improved, they remain shortcomings, and 
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there are significant differences between medical centres (Agakidou 
et al., 2021). Currently, procedural pain in infants can be managed by 
non- pharmacological and pharmacological interventions. While phar-
macologic treatments have confirmed their effectiveness in relieving 
pain, their applicability in prematurity is limited and can lead to ad-
verse consequences, such as physiological dependence, liver and kid-
ney toxicity, respiratory depression, and seizures (Perry et al., 2018). 
In contrast, non- pharmacologic interventions have given promising 
results in various routine procedures, but their role in relieving the 
pain of ES in preterm infants is still under scrutiny.

2  |  BACKGROUND

Suctioning for preterm infants is a painful procedure and causes 
changes in vital signs and other parameters (Sinha et al., 2021). Non- 
pharmacological pain relief methods such as non- nutritive sucking, 
kangaroo care (KC), facilitated tucking (FT), and expressed breast 
milk (EBM) are short- impacted, well- tolerated and can be performed 
independently by nursing (Fatollahzade et al., 2020). However, cur-
rent studies on non- pharmacological pain relief reported inconsist-
ent results. In addition, considering the unclear risks of glucose and 
sucrose (Gao et al., 2016), it is also crucial to assess the safety of 
non- pharmacological interventions for ES pain in preterm infants. 
Numerous existing reviews have discussed non- pharmacologic man-
agement for the pain of venipuncture (McNair et al., 2019), heel 
lance (Salvioli et al., 2017) and retinopathy of prematurity (Pirelli 
et al., 2019), there are currently no published reviews investigating 
non- pharmacologic pain management for ES in preterm infants. It is 
important to summarize existing methods for pain relief to provide 
reliable answers about their effectiveness and to enhance their use 
in the care of premature infants. Therefore, the aims of this review 
are: (1) to examine the use of non- pharmacologic interventions dur-
ing ES, (2) to explore the efficacy of non- pharmacological interven-
tions for ES compared to usual care and (3) to assess the safety of 
non- pharmacological interventions for ES.

3  |  THE STUDY

3.1  |  Design

This systematic review was per the Preferred Reporting Items for 
Systematic reviews and Meta- Analyses guidelines (Page et al., 2021). 
The protocol had been registered with the International Prospective 
Register of Systematic Reviews (CRD42021276058).

3.2  |  Method

3.2.1  |  Search strategy and study selection

To identify more relevant studies, we developed the search strate-
gies with the help of a librarian and searched the six open databases 
(Web of Science, PubMed, the Cochrane Library, Embase, PsycNET 
and CINAHL) from inception to 1 September 2021. Table 1 provided 
a complete list of search terms in PubMed. For a comprehensive lit-
erature search, the researchers also searched the references of key 
articles.

Import all retrieved articles into Endnote software to remove du-
plicate articles. On the Rayyan website, two independent reviewers 
according to the eligible criteria scrutinized the abstracts and titles. 
Full texts of relevant studies were then assessed, and eligible stud-
ies were finally included. Any disagreements were recorded and re-
solved in consultation with a third reviewer.

3.2.2  |  Inclusion and exclusion criteria

The inclusion criteria were as follows: (a) crossover or parallel rand-
omized controlled trials; (b) infants born before 37 weeks gestation; 
(c) use non- pharmacologic interventions to manage infant's pain dur-
ing ES; (d) the effects of pain relief measured by composite pain scale 
based on physiological and behaviour, and/or safety of interventions 

#1 “Infant, premature” [mesh]

#2 “extremely premature” [Title/Abstract] OR “premature infant*” [Title/Abstract] 
OR “preterm infant*” [Title/Abstract] OR “premature birth” [Title/Abstract] OR 
“preterm birth” [Title/Abstract]

#3 #1 OR #2

#4 “Suction” [Mesh]

#5 ((Aspiration*, Mechanical [Title/Abstract]) OR (suction* [Title/Abstract])) OR 
(Mechanical Aspiration* [Title/Abstract])

#6 #4 OR #5

#7 “Pain” [Mesh]

#8 “Analgesia” [Mesh]

#9 (pain* [Title/Abstract]) OR (analgesia [Title/Abstract])

#10 #7 OR #8 OR #9

#11 #3 AND #6 AND #10

TA B L E  1  Pubmed search strategy
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or clinical outcomes assessed; (e) English publications. The exclu-
sion criteria were as follows: (a) premature infants with congenital 
anomalies, intracranial haemorrhage, seizures or other major dis-
eases (b) use of both pharmacological and non- pharmacological in-
terventions; (c) duplicate articles or papers from the same patient 
population; (d) review, case studies, conference reports, letters or 
qualitative research.

3.2.3  |  Quality assessment

Two reviewers evaluated the quality of included studies using the 
Cochrane revised tool (RoB 2.0), which was designed to assess the 
risk of bias in randomized trials (Higgins et al., 2021). This tool in-
cludes five categories (randomization process, deviations from the 
intended interventions, missing outcome data, measurement of the 
outcome, and selection of the reported results), and each category 
can be judged as low risk of bias, some concerns, or high risk of 
bias. Any disagreements were resolved in consultation with a third 
reviewer.

3.2.4  |  Data extraction

From eligible studies, two reviewers independently extracted the 
information, including author, year of publication, country, type of 
study, sample size, characteristics of participants (gestational age 
and weight), characteristics of the intervention, measurement of in-
dicators and outcomes. The disagreement was resolved through a 
discussion with another researcher.

4  |  RESULTS

4.1  |  Search results

A total of 282 records were retrieved and screened. After deleting 
duplicate files, 156 studies were identified, 130 of which were ex-
cluded after screening titles and abstracts. Since then, 26 full- text 
articles were screened out, and 16 of them have been excluded for 
various reasons. Finally, only 10 studies were included in this review 
(Figure 1).

4.2  |  Characteristics of included studies

Table 2 summarized the characteristics of included studies. The 10 
included studies were from Germany (n = 2), Finland (n = 2), Iran 
(n = 2), Australia (n = 1), India (n = 1), the United States (n = 1) 
and Turkey (n = 1). All studies were randomized trials with control 
groups or placebo groups, including intervention with a control 
group (n = 6), one control group with several intervention groups 
(n = 2), and all were intervention groups (n = 2). All the studies 

were published from 2004 to 2021. The sample size of the studies 
ranged from 20 to 108, the weight of participants was more than 
560 grams, and the gestational age ranged from 23 and 37 weeks. In 
addition, the types of respiratory support were different, including 
non- invasive ventilation (Axelin et al., 2009; Rodrigues et al., 2017; 
Vezyroglou et al., 2015), invasive mechanical ventilation (Alinejad- 
Naeini et al., 2014; Fatollahzade et al., 2020; Taplak & Bayat, 2021; 
Ward- Larson et al., 2004) and both of them (Axelin et al., 2006; 
Desai et al., 2017; Mitchell et al., 2013).

Table 3 summarizes the characteristics of the interventions in 
each study. A total of nine non- pharmacological interventions were 
reported: gentle human touch (GHT) (Fatollahzade et al., 2020), 
FT (Alinejad- Naeini et al., 2014; Axelin et al., 2006, 2009; Taplak 
& Bayat, 2021; Ward- Larson et al., 2004), swaddling (Desai 
et al., 2017), oral sucrose (Desai et al., 2017), oral glucose (OG) (Axelin 
et al., 2009; Rodrigues et al., 2017; Vezyroglou et al., 2015), EBM 
(Desai et al., 2017; Rodrigues et al., 2017), KC (Mitchell et al., 2013), 
breast milk smell (BMS) (Taplak & Bayat, 2021) and white noise (WN) 
(Taplak & Bayat, 2021). The timing of the assessment varied from 
5 min before the pain procedure to 5 min after the procedure. The 
outcome indicators included individual vital signs, behavioural re-
sponse, pain scores, salivary cortisol levels, clinical outcomes, the 
tolerability of the administered drugs, and parents' perspective.

4.3  |  Quality assessment and bias of the studies

Figure 2 reported the risk of bias. Five studies (Axelin et al., 2009; 
Mitchell et al., 2013; Rodrigues et al., 2017; Taplak & Bayat, 2021; 
Vezyroglou et al., 2015) had a low risk of bias, and four studies were 
judged to raise some concerns (Alinejad- Naeini et al., 2014; Axelin 
et al., 2006; Desai et al., 2017; Fatollahzade et al., 2020), and one 
study (Ward- Larson et al., 2004) was assessed to have some con-
cerns in two domains (randomization process and measurement of 
the outcome). However, given that participants included were pre-
mature infants and the intervention process was strictly required, 
we still believed in the reliability of the result.

4.4  |  Outcome analysis

Focusing on the purpose of this research, we report the results from 
the following three aspects.

4.4.1  |  Comparison of the effectiveness between 
different non- pharmacological interventions and 
usual cares

Eight studies compared the effectiveness of non- pharmacological 
interventions and usual care to relieve the pain of ES in preterm 
infants. Touching therapy has been shown to relieve pain in some 
ways. Seven studies reported three interventions related to touch: 
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FT, GHT and KC. Five studies using FT all reported it was an ef-
fective non- pharmacological intervention to relieve the pain of ES 
during or after the procedure in premature infants. Four of the stud-
ies (Alinejad- Naeini et al., 2014; Axelin et al., 2006, 2009; Ward- 
Larson et al., 2004) showed that FT significantly reduces the score 
of pain during or immediately after suctioning (p < .05). Axelin et al 's 
study (Axelin et al., 2006) found that FT significantly reduced NIPS 
scores during suctioning (p < .001), but the statistically significant 
difference disappeared 1 min after the suction procedure (p = .084). 
However, FT could significantly reduce PIPP- R mean score 1 min be-
fore and 3 min after suctioning procedure compare with usual care 
(p < .05) (Taplak & Bayat, 2021). GHT (Fatollahzade et al., 2020) also 
can reduce the PIPP score immediately after suctioning in premature 
infants in an RCT study (p < .002). However, Mitchell. et al. found the 
KC was not effective after suctioning, and the baseline salivary cor-
tisol levels were also not statistically significant between the groups 
(p = .49) (Mitchell et al., 2013).

Oral sweet solutions and breast milk have been shown to re-
lieve pain in a single tissue injury procedure. One study (Rodrigues 
et al., 2017) reported the effects of EBM and dextrose in relieving 
pain and found that EBM (11.35 ± 3.05 vs 13.45 ± 3.27, p = .04) and 
25% dextrose (11.25 ± 2.73 vs 13.20 ± 2.55, p = .02) both can signifi-
cantly relieve pain during the procedure. In addition, the analgesic 

effect of EBM remained statistically significant compared to the 
control group 1 min (p = .02) and 5 min (p = .01) after the procedure. 
Three studies reported the effects of OG and presented different re-
sults. In Axelin et al.'s study, PIPP scores of OG (mean: 11.05 ± 2.31, 
p = .014) were significantly lower than placebo (mean: 12.4 ± 2.06) 
during pharyngeal suctioning (Axelin et al., 2009). However, glucose 
(8.0, KI: 7.1– 8.9, p > .05) did not significantly relieve pain in the first 
few days after birth in late preterm infants compared with placebo 
(8.6, KI: 7.8– 9.4) during oropharyngeal suctioning in the study of 
(Vezyroglou et al., 2015). In addition, a randomized controlled study 
comparing the effects between BMS, WN, FT and the usual care 
group showed no statistical difference in PIPP- R scores between the 
groups during the procedure (p = .46) (Taplak & Bayat, 2021), but the 
PIPP- R score of WN and FT was statistically lower than the control 
group 1 min before the procedure (p = .048) (Taplak & Bayat, 2021).

4.4.2  |  Comparison of the effectiveness of 
different non- pharmacological interventions

Four studies assessed the effectiveness of different non- 
pharmacological interventions for the pain of ES. One randomized 
crossover trial (Axelin et al., 2009) analysed the effectiveness of OG, 

F I G U R E  1  PRIMSA flow diagram
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FT, opioid and placebo. The evidence showed that compared with 
placebo, OG (11.05 ± 2.31, p = .014) and FT by parents (11.25 ± 2.47, 
p = .034) were both effective in relieving pain during the procedure, 
surpassing the effectiveness of opioid (11.85 ± 2.80, p = .339), which 
is not statistically better than placebo (12.40 ± 2.06). In another study 
comparing multiple interventions using FT (Taplak & Bayat, 2021), 
the FT group had the lowest mean PIPP- R score compared to other 
WN and BMS; and revealed a significant difference in PIPP- R mean 
scores 3 min after suctioning procedure (p = .047). In addition, FT 
and WN groups were more effective in relieving pain more than 
BMS in premature infants 1 min before the procedure (p = .048). One 
randomized controlled clinical trial (Desai et al., 2017) evaluated the 
analgesic effects of three different interventions during suctioning: 
swaddling, EBM and sucrose. The mean procedural PIPP score for 
sucrose (11.47 ± 3.23) was lower than the other two groups (EBM: 
12.88 ± 3.59; Swaddling: 12.11 ± 3.87), but there was no statistical 
difference between the three groups (p = .24). Rodrigues. et al. also 
analysed the effectiveness of EBM for the preterm infant (Rodrigues 
et al., 2017). The results showed that there was no statistical differ-
ence between EBM and glucose during and 1 min and 5 min after the 
suctioning (p > .05), but the effectiveness of EBM was more durable.

4.4.3  |  Safety of non- pharmacological interventions

Three studies examined the safety of non- pharmacological interven-
tions to relieve the pain of ES in preterm infants. Two of the three 
trials evaluated the adverse effects of OG compared with placebo. 
Vezyroglou et al. (2015) found placebo group (58.7%) had a higher 
incidence of adverse events than OG, but this difference was not 
statistically significant. In this study, which defined coughing, chok-
ing, apnoea, and a 20% deviation from baseline data in breathing, 
HR and SPO2 as short- term adverse reactions. However, in another 
randomized controlled crossover study (Axelin et al., 2009), OG 
(21.25%) compared with placebo (12.5%) showed more short- term 
adverse effects (SatO2 < 85, HR <100). This study also found FT 
(5%) by the parent group had a lower incidence of short- term ad-
verse reactions compared with other groups (Axelin et al., 2009). 
Axelin. et al. assessed the possible impact of parental touch and also 
concluded that FT by parents not only did not cause pain to prema-
ture infants but also can make infants calm down more quickly com-
pared to the control care (5 s vs. 17 s, p = .024) (Axelin et al., 2006).

5  |  DISCUSSION

This review was conducted to identify non- pharmacologic inter-
ventions to relieve pain during ES in preterm infants and determine 
their effectiveness and safety. This review revealed that non- 
pharmacological interventions in the process of endotracheal suc-
tion may be more effective in relieving pain than usual care. Strong 
evidence that FT is preferable regardless of whether its operator is a 
nurse or a parent, but some non- pharmacological interventions were A
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inconsistent in relieving pain in premature infants. Regarding safety 
still a lack of research, but FT is reliable, the safety of OG is contro-
versial in relieving pain during ES in premature infants.

The review includes the investigation of different types of 
non- pharmacological interventions in the process of ES in prema-
ture infants. In the current review, compared to usual care, several 
non- pharmacological interventions (FT, GHT, Oral sucrose and WN) 
were exceeded in reducing procedure pain. Although some non- 
pharmacological interventions used to relieve pain during ES did 
not achieve statistical differences compared with usual care such 
as Swaddling, KC and EBM, their pain scores show a decreasing 
trend, which has certain implications for future research and clinical 
practice.

This systematic review also explored the differences in the ef-
fectiveness of different non- pharmacological interventions. There 
is strong evidence that FT is significantly better than usual care 
and other non- pharmacological interventions during and after the 
ES procedure. Five studies included had evaluated that in different 
weights, different gestational ages and different populations, the 
promotion of abdominal folding is significantly better than in others. 
This finding is consistent with the claim in the literature that FT can 
reduce pain in infants (Gomes Neto et al., 2020; Hartley et al., 2015). 
This result can be interpreted with gate control theory in pain con-
trol associated with touch. According to this theory, touch causes 
an endogenous dispersion of endorphins, which helps regulate pain 
impulses at the spinal cord level and has the effect of relieving the 
pain (Mathew & Mathew, 2003). In addition, the convenient folding 
not only supports the baby's position but also imitates the position 
of the foetus in the womb, providing familiar comfort, promot-
ing physical stability, and reducing pain scores. Not to be ignored, 
the presence and touch of a caregiver can also relieve pain (Lopez 
et al., 2015). The effectiveness of GHT and KC in relieving pain can 
also be explained. As one of the fastest evolving senses in newborns, 
touch has always been considered to reduce stress and relieve pain. 
Touching can enhance the activity of the vagus nerve, increase the 
level of β- endorphin in the body, and reduce the level of cortisol 
and adrenaline, thereby reducing pain (Qiu et al., 2017). For KC, the 
reason why the outcome does not reach statistical significance may 

be due to the small sample size and the optimal duration (Johnston 
et al., 2017). In this study, the suction procedure was not performed 
simultaneously with the intervention. Besides, WN can also effec-
tively relieve pain or relax ventilated preterm infants before the pro-
cedure (Taplak & Bayat, 2021), which is similar to the sound familiar 
to premature babies during the foetal period. WN as a musical ther-
apy had been reported that can lead to slower heart rate, calmer 
and more regular respiratory rate, and lower blood pressure (Yaman 
Aktaş & Karabulut, 2016).

In addition, studies on the effects of OG and EBM on pain re-
lief have shown different results. Glucose is one of the most widely 
studied sweetening solutions, and systematic reviews and meta- 
analyses have proved its effectiveness for analgesia during minor 
surgical pain in neonates (Harrison et al., 2017). However, it is not 
clear the analgesic effectiveness of glucose on ES. These inconsis-
tent conclusions in our study may be related to the heterogeneity of 
the included samples, for example, glucose dose, gestational age and 
type of respiratory support. The two groups of preterm infants re-
ceived different doses of glucose in different concentrations (0.2 ml 
of 24% glucose vs. 0.3 ml/kg of 20% glucose) (Axelin et al., 2009; 
Vezyroglou et al., 2015). Studies have shown that the gestational 
age is positively associated with oxygen saturation and negatively 
associated with HR, affecting pain score and thus affecting results 
(Guo et al., 2020). The subgroup analysis results study by Desai 
et al. showed that these non- pharmacological interventions cannot 
relieve the pain of ES in children using mechanical ventilation, but 
may be effective in relieving pain in non- invasive ventilation (Desai 
et al., 2017). Similarly, respiratory support differed between the two 
trials (Desai et al., 2017; Rodrigues et al., 2017) using EBM, which 
may have resulted in different outcomes. Consistent with our find-
ings, previous systematic reviews have suggested that Swaddling 
(Nelson, 2017) and EBM (Benoit et al., 2017) alone should not be 
considered an adequate intervention. Future research can use a 
more scientific and effective combination of non- pharmaceutical 
interventions to relieve recurrent procedural pain in preterm infants 
(Guo et al., 2020). Overall, these findings confirmed the conclusions 
of previous reviews that non- pharmacological interventions may 
provide an evidence base for preventing and managing procedural 

F I G U R E  2  Risk of bias assessment for 
the RCTs
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pain in infants (Perry et al., 2018; Pillai Riddell et al., 2015). These re-
sults indicate that non- pharmacological interventions are promising 
and effective in relieving ES pain in preterm infants.

This systematic review also summarized each intervention's ad-
verse reactions and clinical outcomes to determine the safety of non- 
pharmacological pain interventions. Three trials examined the safety 
of non- pharmacological interventions for the pain of ES in preterm in-
fants. FT is preferable, and the safety of glucose interventions is con-
troversial. Similar findings were found in Gomes Neto et al.'s study 
that FT is quite safe and beneficial for infants of all gestational ages 
(Gomes Neto et al., 2020). For glucose, the analgesic effects have 
been demonstrated in several studies (Kassab et al., 2012), but the 
short- term and long- term effects on nerves and development are in-
consistent. Moreover, previous studies have mostly described a single 
mild procedural pain such as a heel puncture. There are few studies 
on the adverse effects of repeated moderate to severe pain such as 
ES. Axelin et al.'s study (Axelin et al., 2009) found that compared with 
opioids (5%) or FT by parents (5%), the short- term adverse reactions 
of OG (21.25%) are significantly increased. In another included study 
(Vezyroglou et al., 2015), OG delivery via nasal CPAP did not cause 
statistically significant serious adverse reactions, but the study found 
that the incidence of adverse events in the glucose group was lower 
than that in the placebo group. In addition, this study also found that 
the higher the gestational age, the lower the possibility of adverse 
reactions, which can partly explain the inconsistent results between 
the two groups. The oropharyngeal function of the premature infant 
is not fully developed, which makes them more likely to have ad-
verse reactions such as suffocation. Premature babies are at greater 
risk of swallowing dysfunction due to poor oropharyngeal function 
(Prabhakar et al., 2019), and are more likely to have adverse reactions 
such as suffocation. There is a need for replication studies that use 
similar, clearly defined outcomes in the future.

5.1  |  Strengths and limitations

To our knowledge, this is the first systematic review of non- 
pharmacological interventions for pain during ES in preterm infants 
and assessing the efficacy and safety. There were several limita-
tions in this review. First, non- pharmacological interventions used 
different scoring tools, and different assessment time was used to 
measure results. These characteristics may have a high degree of 
heterogeneity affecting the results. Second, due to the small number 
of included studies and sample sizes for each intervention method, 
it is impossible to synthesize and compare the effects of each. Third, 
we only reviewed the research published in English, which limited 
the generalization of the research results.

6  |  CONCLUSIONS

This systematic review identified a range of non- pharmacological in-
terventions used for relieving pain during ES in preterm infants and 

assess their effectiveness and safety. The key finding demonstrated 
that non- pharmacological interventions produced statistically signifi-
cant pain relief during ES in preterm infants. FT is an effective and 
safe management method to relieve pain compared to other non- 
pharmacological interventions, which nurses can use to manage pain 
during ES in preterm infants. Due to the diversity of the interventions 
and the small number of trials per intervention included in this sys-
tematic review, the obtained evidence is helpful but cannot be con-
sidered robust.
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