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Abstract
Introduction: We evaluate the accuracy of postnatal bio-
chemical and lung function tests performed within 3 h from 
birth for predicting surfactant need in preterm infants ≤34 
weeks’ gestation receiving noninvasive respiratory support 
for respiratory distress syndrome (RDS). Methods: We sys-
tematically searched MEDLINE, Embase, The Cochrane Li-
brary, PROSPERO, and clinicaltrials.gov databases for studies 
published from 2000 to November 10, 2021, cross-referenc-
ing relevant literature and contacting experts. We included 
diagnostic accuracy studies and systematic reviews of bio-
chemical or lung function tests identifying the need for sur-
factant in preterm neonates ≤34 weeks’ with RDS not intu-
bated at birth. The authors individually assessed the risk of 
bias following a tailored QUADAS-2 tool. Results: Eight stud-
ies, including 810 infants, met the inclusion criteria. Four 
tests were included: the click test, the stable microbubble 
test, the lamellar body count on gastric aspirates, and the 
forced oscillation technique. The reference standards were 
transparent criteria for distinguishing the infants according 
to oxygen requirement, which reflected the current criteria 

for surfactant therapy. The risk of bias was judged high be-
cause of the population selection and exclusion of partici-
pants from the analysis. There were no serious concerns re-
garding blinding and applicability. The individual study sen-
sitivity and specificity range from 0.60 to 1 and from 0.51 to 
0.91, respectively. It was not appropriate to combine the ac-
curacy estimates in a meta-analysis because of the heteroge-
neity of the study characteristics. Conclusions: Current evi-
dence is insufficient to recommend biochemical and lung 
function tests for tailoring surfactant therapy.

© 2022 The Author(s).
Published by S. Karger AG, Basel

Introduction

International recommendations for managing respi-
ratory distress syndrome (RDS) advocate using nasal 
continuous positive airway pressure and an early rescue 
surfactant policy as the gold standard [1–4]. Early rescue 
surfactant administration aims to compensate for the lack 
of pulmonary surfactant in preterm infants that results in 
an increased alveolar surface tension, reduced lung com-
pliance and leads to alveolar collapse [5, 6]. The dere-
cruited parts of the lung do not contribute to gas ex-
change.

Current indications for surfactant therapy rely on the 
oxygen required to maintain a target peripheral oxygen 
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saturation [1–3]. Oxygenation-based criteria are straight-
forward for applicability but assume that hypoxia is a di-
rect marker of surfactant deficiency. On the one hand, 
this oxygenation-based approach may miss infants re-
quiring surfactant. In fact, either the external respiratory 
support or the self-generated work of breathing may 
compensate for the increased surface tension and tenden-
cy to lung derecruitment, delaying the increase in oxygen 
demand [7]. On the other hand, some infants may require 
oxygen supplementation for reasons other than surfac-
tant deficiency, including hemodynamic impairment [8], 
poor peripheral perfusion, pulmonary hypertension, in-
adequate thermoregulation, lung hypoplasia, or insuffi-
cient respiratory support [9]. In summary, oxygenation-
based criteria may be inaccurate; second, they may not 
allow a timely treatment [9].

The direct evaluation of the surfactant deficiency, lung 
mechanics, or recruitment has the potential for more ac-
curate and earlier identification of infants requiring ex-
ogenous surfactant. Different techniques have been ex-
plored for testing surfactant quantity and biophysical 
properties. These techniques can be applied to different 
specimens including amniotic fluid, and gastric or tra-
cheal aspirates [10]. Also, despite the challenges of non-
invasive evaluation of lung recruitments and mechanics 
in the first hours of life, new techniques are becoming 
available at the bedside, such as the lung ultrasound (LUS) 
and the forced oscillation technique (FOT). The LUS es-
timates the parenchymal lung aeration using a semiquan-
titative score. The FOT measures the respiratory system 
reactance, which is directly related to lung compliance. 
All these techniques are noninvasive, relatively easy to 
perform, and suitable for preterm infants. However, their 
use has been sparse in various settings, often following 
different protocols for standardization, and only a few 
tests have been applied in large clinical trials after pilot 
studies [11].

The objective of the current systematic review is to 
evaluate the accuracy of biochemical and lung function 
tests conducted within 3 h of birth in identifying the need 
for surfactant in preterm infants ≤34 weeks of gestation 
receiving noninvasive respiratory support for RDS.

Methods

The review protocol was registered on PROSPERO (Internation-
al Prospective Register of Systematic Reviews; CRD42021279259). 
We followed the Preferred Reporting Items for Systematic Reviews 
and Meta-analyses of Diagnostic Test Accuracy (The PRISMA-DTA 
Statement) guidance for reporting our findings [12].

Literature Search
We conducted a comprehensive literature search in three data-

bases (MEDLINE, Cochrane Library, Embase), restricting to human 
subjects, English language, and peer-reviewed papers and abstracts. 
We looked at publications from 2000 to guarantee a preterm infant 
population that may reflect the current clinical practice. In the last 
decades, dramatic variations in neonatal care, including the wide-
spread use of antenatal steroids, the reduction in intubation and in-
vasive mechanical ventilation, and the surge of CPAP coupled with 
surfactant administration by INSURE technique, resulted in a sig-
nificant change in the preterm infant population. Severe RDS requir-
ing intubation and invasive mechanical ventilation became less fre-
quent in favor of milder disease forms, treated with noninvasive sup-
port and early rescue surfactant. In severe RDS requiring intubation, 
surfactant administration is mandatory and easily assessed by stan-
dard clinical tools. Differently, the need for exogenous surfactant in 
milder RDS forms is less easily predictable at birth and noninvasive 
tests to early identify surfactant deficiency gain relevant interest. We 
also looked at two registries (PROSPERO and clinicaltrials.gov) for 
eligible, unpublished studies, and systematic reviews. To optimize 
the search strategy for diagnostic accuracy studies, we followed the 
suggestions by Leeflang et al. [13]. Online supplementary text (for all 
online suppl. material, see www.karger.com/doi/10.1159/000527670) 
reports the search syntax used for each database/register. The last 
search was performed on November 10, 2021. Additional studies 
were identified by cross-referencing relevant literature and contact-
ing experts in the field. The title and the abstract were manually 
screened individually by the two authors for relevance to the review 
before assessing the full-text article for eligibility. Figure 1 represents 
the literature search and selection by the PRISMA 2020 flow diagram 
for systematic reviews [14].

Risk of Bias and Applicability Assessment
The two authors individually assessed the risk of bias using 

QUADAS-2 (a revised tool for the quality assessment of diagnostic 
accuracy studies) for the four key domains: patient selection, index 
test, reference standard, and flow and timing. The tool was tailored 
to the systematic review question as suggested by the members of 
the QUADAS-2 group [13] and described in the online supple-
mentary text. In the absence of a robust “reference standard” test 
for defining surfactant need, oxygenation-based criteria for surfac-
tant therapy were considered “reference standard.” Additionally, 
the authors evaluated the concerns about applicability for the pa-
tient selection, index test, and reference standard domains using 
the same appraisal tool [13]. A.L. and C.V. resolved discrepancies 
by discussion and consensus.

Population, Index Test, Outcomes, and Type of Evidence
Studies that included preterm infants ≤34 weeks of gestation 

were eligible because they represent the age category at risk of RDS. 
More mature infants typically present with other causes of respira-
tory failure. We included spontaneously breathing infants on non-
invasive respiratory support since intubated preterm infants with 
RDS would certainly receive surfactant [1], making the need for 
predicting tests unwarranted. We excluded publications of pre-
term infants presenting respiratory failure secondary to causes 
other than RDS (e.g., congenital malformations, genetic or meta-
bolic disorders, hydrops, heart disease).

The index tests were laboratory and lung function tests per-
formed within 3 h from birth since evidence supports an early res-
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cue surfactant policy [15]. Studies using imaging and clinical 
scores were excluded because they were appraised elsewhere [16] 
or under evaluation in an ongoing systematic review (PROSPERO, 
CRD42021247888), and for the need for more objective tools than 
clinical evaluation. The target condition was RDS requiring surfac-
tant, indicative of a moderate to severe disease, whereas infants 
with mild disease can generally be easily managed with noninva-
sive respiratory support alone.

We included all diagnostic accuracy studies and systematic re-
views aiming at identifying the need for surfactant therapy (or 
clearly defining the population based on FiO2 requirement, which 
reflects current criteria for surfactant therapy-independently from 
the effective surfactant administration) for RDS. Studies evaluat-
ing the diagnostic accuracy for only predicting RDS without pro-
viding details on surfactant therapy were excluded.

Data Extraction, Diagnostic Accuracy Measures, and Other 
Outcomes
Both authors extracted separately the desired data from the re-

ports, including source, setting, time frame for recruitment, charac-
teristic of the study population, sample size, inclusion and exclusion 
criteria, study design, index test, target condition, and reference stan-
dard. The target condition was RDS requiring surfactant. The refer-

ence standard was the criteria for surfactant therapy or transparent 
criteria for distinguishing the infants-based FiO2 requirement, which 
reflected the current criteria for surfactant therapy, independently of 
the effective surfactant administration. Diagnostic accuracy mea-
sures reported were at least one among sensitivity and specificity, 
area under the curve-receiving operator characteristic (AUC-ROC), 
positive predictive value and negative predictive value (NPV), and 
the 95% confidence intervals (95% CI). The number of true positive, 
false positive, false negative, and true negative were calculated when 
not directly provided in the report and other estimates for diagnostic 
accuracy when possible. The Youden Index was computed [17]. Oth-
er outcomes included were the time of life the test was performed and 
the timing for the final results.

Results

Inclusion of Studies and Study Characteristics
The database and register searches identified 791 re-

cords. After the initial screening, we performed a full-text 
review of 47 studies. Four additional studies were found 

Records identified (n = 791)
Databases:
• MEDLINE (n = 385)
• Embase (n = 287)
• Cochrane Library (n = 11)
Registers:
• PROSPERO (n = 108)
• ClinicalTrials.gov (n = 0)

Records screened 
(n = 635)

Reports sought for retrieval 
(n = 48)

Records excluded 
(n = 587)

Reports not retrieved 
(n = 1)

Reports sought for retrieval 
(n = 4)

Reports not retrieved 
(n = 0)

Reports assessed for
eligibility 
(n = 4)

Reports excluded with
reasons: 
Outcome measured (n = 1)

Reports not excluded (n = 42)
with reasons*:
• Population (n = 24)
• Intervention (n = 20)
• Outcome measures (n = 24)
• Type of evidence (n = 21)
• Duplicate publication (n = 1)

Reports assessed
for eligibility 
(n = 47)

Studies included in review 
(n = 8)
Reports of included studies
(n = 8)

Records removed before
screening:
Duplicate records removed
(n = 156)

Records identified from:
Citation searching (n = 3)
Contact with authors (n = 1)

Identification of studies via databases and registers
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Identification of studies via other methods

Fig. 1. PRISMA 2020 flow diagram representing the literature search (including searches of databases, registers, 
and other sources) and selection. Some reports were excluded for more than one reason. Figure adapted from: 
Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, and Mulrow CD, et al. The PRISMA 2020 state-
ment: an updated guideline for reporting systematic reviews. BMJ 2021; 372:n71. doi: 10.1136/bmj bmj .n71.
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by cross-referencing the relevant literature and contact-
ing authors. Eight studies matched the systematic re-
view’s predefined inclusion/exclusion criteria, including 
810 infants in the final analysis. The flow diagram in Fig-
ure 1 illustrates the study selection with reasons for exclu-
sion at each stage.

Table  1 presents the characteristics of the selected 
studies. The study population included preterm infants 
from 24 to 34 weeks of gestation enrolled in tertiary NICU 
settings between 1998 and 2020. Due to incomplete de-
mographic reports, it was impossible to fully assess the 
baseline heterogeneity of the study population (Table 2). 
Nevertheless, the rate of antenatal steroid use (from 17% 
[18] to 97% [19, 20]) and cesarean section (from 60% [18, 
19] to 90% [20]) suggests that a wide variability was like-
ly. Whereas there was a general agreement in the defini-
tion of RDS, encompassing signs of work of breathing, 
hypoxia, and typical imaging findings, the definition of 
the reference standard for surfactant therapy varied, de-
spite oxygen requirement as the basis. The majority of the 
index tests were biochemical tests on the gastric aspirate 
(GASP) [18, 19, 21–25] in one study only on oral aspirate 
[23], comprising the click test (CT) [18], the stable micro-
bubble test (SMT) [18, 19, 21–24] and the lamellar body 
count (LBC) [24, 25]. A single study applied lung function 
testing as an index test: the FOT, evaluating respiratory 
mechanics, in particular, lung reactance as a marker of 
lung recruitment [20]. Online supplementary Table 1 de-
scribes technical details of the tests’ procedure. The sam-
ple processing for SMT was reproducible across the stud-
ies. However, we found substantial differences in the 
analysis for: (1) microbubble (MB) size (from 10 to 25 
μm); (2) main parameters considered (absolute number 
per unit or proportion of MB or average diameter); (3) 
computerized [21, 22] versus manual counts [18, 19, 23, 
24]. The procedures for the LBC analysis also differed. In 
one study, samples were centrifuged, possibly reducing 
the number of lamellar bodies, and analyzed fresh or fro-
zen using different automated cell counters [25]. By con-
trast, the other [24] diluted the samples, systematically 
froze the material, and used a different cell counter. For 
most studies, no private funding source was identified ex-
cept for Verder et al. [25].

Quality Assessment of the Included Studies
Figure 2 synthesizes the methodological quality assess-

ment (risk of bias and concerns regarding applicability) 
of the included studies following the criteria recommend-
ed by QUADAS-2 tool. Online supplementary Table 2 
presents a detailed evaluation of the methodological qual-Ta
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ity. The risk of bias was judged high for patients’ selection 
and flow and timing. One study [24] enrolled patients 
consecutively until the desired sample of both target and 
control infants was reached. Half of the studies followed 
a convenience series based on operator availability [19, 
20, 23, 25], and three studies did not provide sufficient 
details on patient selection [18, 21, 22]. All included stud-
ies had a prospective cohort trial design. The operators 
performing the analysis of the index tests were blinded to 
the patients’ clinical outcome, and clinicians provided 
surfactant therapy (or identified the infants matching the 
criteria for surfactant) without knowledge of the index 
test results, except for one study with missing informa-
tion [25]. In one trial [19], the criteria for surfactant over-
lapped the criteria for intubation, including apneic spells 
and metabolic acidosis beyond FiO2 ≥ 0.4, and therefore 
judged to classify the target condition of surfactant defi-
ciency incorrectly. The index test was performed before 
the reference standard (identification of criteria for sur-
factant therapy). The number of patients enrolled often 
differed from the number of patients included. By con-
trast, no concerns regarding applicability emerged for 
any of the included studies.

Diagnostic Accuracy for Surfactant Therapy and 
Other Secondary Outcomes
Table 3 reports the diagnostic accuracy results of indi-

vidual studies, including the identified cut-off, a 2 × 2 data 
report (true positive, false positive, false negative, true 
negative), and estimates for accuracy with confidence in-
tervals, the Youden Index, and the AUC-ROC. The cut-
off values varied widely within the same kind of index 
test. Online supplementary Figure shows paired forest 
plot of sensitivity and specificity of the index tests. Sensi-
tivity analysis revealed overall a moderately high perfor-
mance (sensitivity > 0.70). Two studies presented an op-
timal sensitivity of 1 [18, 21]. However, their specificity 
was poor (0.45 and 0.53, respectively). Other studies 
showed a sensitivity of 0.80–0.85; nevertheless, the vari-
ability – as shown by the confidence interval – was mod-
erately high [18, 20, 21]. Based on the Youden Index, 
which combines sensitivity and specificity, the best per-
forming tests were the SMT and the LBC in the GASP in 
Daniel et al. [24]. Finally, according to Swets classification 
of the AUC-ROC [26], the SMT by Fiori and the LBC by 
Daniel presented an excellent accuracy (>0.90), whereas 
all the other studies had a moderate accuracy (0.7 < AUC 
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≤ 0.9). The positive predictive value and negative predic-
tive value were reported only in 50% of studies and calcu-
lated considering the prevalence of surfactant need in the 
study population that not always reflected the incidence 
of surfactant need in preterm infants. Online supplemen-
tary Table 1 reports other secondary outcomes.

Conclusion

We evaluated the accuracy of biochemical and lung 
function tests to assess the need for surfactant. Eight stud-
ies [18–25] addressed the objective of the systematic re-
view. They included four different tests (CT, SMT, LBC 
on GASP, and FOT) performed in the early postnatal pe-
riod (within 3 h from birth) to evaluate the need for sur-
factant in preterm infants ≤34 weeks gestation who did 
not require intubation at birth. The overall quality of the 
evidence showed a high risk of bias but no concerns about 
applicability. The individual accuracy of the tests evalu-
ated varied from moderate to high. However, the overall 
interpretation of the study findings might be problematic 
due to high heterogeneity in the population, index test, 
and comparators; therefore, it was not appropriate to con-
duct a metanalysis, and additional evidence is required 
before addressing recommendations for clinical practice.

Even though we limited the study search from 2000, we 
were able to find research up to the present, demonstrat-
ing the compelling and long-lasting need for clinicians to 
tailor surfactant therapy better. The demand for an accu-
rate method to identify infants requiring surfactant has 
clinical, ethical, and economic implications. Clinicians 
aim to find a method with high sensitivity (minimizing the 
false negative) not to miss any infant with surfactant defi-
ciency. Metanalysis demonstrated that surfactant therapy 
reduces critical neonatal outcomes such as mortality, the 
composite outcome of death, bronchopulmonary dyspla-
sia, and air leaks [27]. Additionally, a high specificity is 
also mandatory (minimizing the false positive). Surfactant 
is an animal-derived, expensive drug, and administration 
through direct laryngoscopy may present several compli-
cations: trauma, bleeding, bradycardia, desaturations, 
changes in cerebral blood flow, pain, need for sedation 
and analgesia, and selective administration to the right 
main bronchus. The risk of drawbacks secondary to sur-
factant administration has led to developing less-invasive 
methods for application [28–30]. Efforts for better tailor-
ing the drug indications are also imperative.

In recent years, the role of LUS for individualizing sur-
factant therapy has emerged [16]. The LUS is a bedside, 

radiation-free tool allowing the estimation of parenchy-
mal aeration using a semiquantitative score. A meta-anal-
ysis showed a sensitivity of 0.88 (0.80–0.93) and specific-
ity of 0.82 (0.74–0.89) in evaluating the need for surfac-
tant or mechanical ventilation [16]. Nevertheless, it 
presents limitations. It is a semiquantitative operator-de-
pendent measure. LUS score is subject to variations in 
technique and interpretations, depends on the used 
probe, and requires specific training. LUS can assess only 
a portion (the more superficial one) but not the entirety 
of the lung and it is not a direct measure of the lung func-
tional status. Whether evaluating the surfactant proper-
ties or lung function might be more accurate in identify-
ing the need for exogenous supplementation remains to 
be determined. Also, the different techniques mentioned 
above might be complementary. Comparison among var-
ious techniques remains difficult because of the limita-
tion of the currently used reference standard.

The individual test accuracy varied (from moderately 
low to high) among the different methods and within 
studies evaluating the same test. This heterogeneity might 
be due to differences in (1) the study population (more 
mature infants, higher use of antenatal steroids, variation 
in the definition of RDS, diverse level of care) or (2) meth-
ods for sampling, processing, and analyzing data. For in-
stance, the studies on SMT considered different MB sizes 
(from 10 to 25 μm), various parameters for defining the 
cut-off (absolute number, proportion, or average diame-
ter of MB for a given sampling area) [18, 19, 21–24]; 
sometimes the analysis was performed by an operator [18, 
19, 23, 24], sometimes by a computerized program [21, 
22]; some studies used fresh [19, 24] while others frozen 
samples [18, 21–23]. However, above all, one of the 
study’s significant limitations was the lack of a proper 
gold standard. The standard references were different cri-
teria based on oxygen demand. There is no standard ref-
erence diagnostic test for many clinical conditions, which 
is why new tests are actively sought [31]. Therefore, the 
inadequacy of current oxygenation-based criteria for sur-
factant therapy represents both the systematic review’s 
rationale and important limitation. This limitation pre-
vents the definitive interpretation of the results of the sin-
gle studies. The high accuracy of the index test would only 
indicate a good correlation with a high FiO2 requirement. 
In contrast, a test showing a lower accuracy may express 
a poor agreement with the current criteria but not neces-
sarily signify an inappropriate ability to detect the need 
for surfactant. Nevertheless, comparing the current oxy-
genation-based standard reference is a mandatory first 
step before applying new tests for identifying surfactant-
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deficient subjects in clinical practice. The new tests’ over-
all moderate to high accuracy would encourage further 
research on their clinical application.

Another essential aspect related to surfactant therapy 
is the timing of administration. We considered only tests 
performed within 3 h of birth since evidence suggests this 
is the critical time frame to maximize surfactant benefits 
[15]. In an observational trial, Dargaville et al. [32] found 
preterm infants born between 25 and 28 weeks and 29 and 
32 weeks fail NCPAP – requiring intubation and surfac-
tant – on average at 8 and 18 h after birth, respectively. 
During this interval delay before surfactant administra-
tion, infants are exposed to increased muscle fatigue, risk 
of air leaks, and self-imposed lung tissue stress [33]. All 
the studies included were able to perform the test within 
3 h. One study was excluded because sampling LBC with-
in 6 h [34] and showed worse test accuracy in predicting 
surfactant need, possibly (but not exclusively) due to 
change in the GASP after application of CPAP and gastric 
fluid digestion. By contrast, even though all studies 
claimed the ability to perform a fast, point-of-care test, 
most of the analyses were performed afterward [18, 20–
23], highlighting the “pilot” nature of the studies.

When choosing a diagnostic test, considerations of 
feasibility and cost-effectiveness might be relevant to 
clinical practice. All tests included in the review were (1) 
highly feasible (a very small percentage of patients pre-
sented technical issues), (2) performed at the bedside, (3) 
noninvasive, and (4) did not require patient cooperation; 
therefore, they were all suitable for the NICU environ-
ment. However, the SMT and the CT are more operator-
dependent and require specific expertise (unless per-
formed by a computer) than the LBC and FOT. Overall, 
all tests were low-cost and suitable for resource-limited 
settings except the FOT, which requires a specific me-
chanical ventilator. Nevertheless, the ventilator can be 
used as the standard respiratory support for infants in the 
NICU. Also, FOT is repeatable, whereas if the sample of 
GASP or oral aspirate is missed or critically contaminat-
ed, the analysis cannot be performed. Moreover, FOT 
may be more versatile, offering relevant clinical informa-
tion beyond the first surfactant dose (e.g., repeated sur-
factant doses, optimization of the respiratory support, 
lung function follow-up) [35–38].

We acknowledge the limitations of the current system-
atic review. First, there was a risk of publication bias due 
to both English language restriction and a tendency to 
publish studies with positive findings rather than nonsig-
nificant results. We extended the search to trial registers 
to minimize this issue. Second, the need for defining rig-

orous inclusion criteria might have excluded studies pro-
viding relevant information to the topic, such as the role 
of the surfactant adsorption test [39] or the spectroscopy 
of GASP [40–42]. Third, the risk of bias was judged high, 
even though primarily due to the population selection 
(convenience rather than consecutive series) and time and 
flow domain (not all subjects were included in the analy-
sis). The limitations due to the study design, standard ref-
erence, and heterogeneity have already been addressed.

Nevertheless, the moderate to high accuracy of the 
new tests, supported by a high prevalence of blinding 
(87.5%), should encourage future trial designs. Few stud-
ies further evaluated the tests included in the review [11, 
43]. Whether the new tests alone or in combination with 
oxygenation-based criteria or imaging tests may improve 
important clinical neonatal outcomes (including the need 
for mechanical ventilation, duration of respiratory sup-
port, rate of chronic lung disease, long-term respiratory 
morbidity) deserves further investigation. Given the lim-
itation of the reference standard for surfactant adminis-
tration, randomized-controlled trials are advocated to 
compare surfactant administration performed following 
alternative criteria to the one currently in use.

In conclusion, the systematic review appraised four 
different tests for predicting surfactant therapy, per-
formed on 810 infants that showed individual moderate 
to high accuracy. Nevertheless, due to the high heteroge-
neity, risk of bias, and inconsistency among the studies, 
the strength of evidence was judged low. Further research 
is needed before the new approaches explored in our 
study for tailoring surfactant therapy can be recommend-
ed in clinical practice.
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