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Preface

Clinicians and researchers in pediatric intensive care often struggle to find suitable platforms
to publish their observations and findings: Adult critical care deems the patients too young and the
conditions too rare, neonatology considers the patients too old and the interventions too invasive, and
general pediatrics views the courses as too acute and the approach as too technical. To address this
issue, we encouraged our colleagues to submit their work to a Special Issue of the journal Children.
This Reprint presents the resulting collection of papers, covering the full spectrum of the field and
documenting its current state. A Spanish resuscitation study confirms the superior efficacy of the
two-thumb technique for chest compressions, in line with the latest international guidelines. Three,
mostly case-based, papers from Italy, Poland, and Germany focus on infections caused by Group A
Streptococci and Respiratory Syncytial Virus. Another study examines the impact of the COVID-19
lockdown on admissions to Pediatric Intensive Care Units (PICUs) in Germany. In this context, the
topic of suicidality is also addressed, which a Greek paper analyzes in more detail. The use of organ
replacement therapy is outlined in a German cohort of patients with Congenital Diaphragmatic Hernia,
suggesting that both early and late need for ECMO is linked to a severe course. Meanwhile, a study of
neonates and infants with severe pulmonary hypertension from New York identifies inhaled iloprost
as a safe and effective alternative with a potential to avoid the need for ECMO. Finally, the Spanish
KIDS TRIAL protocol focuses on arterial hypertension resulting from sleep-disordered breathing, and
a US follow-up project addresses the vital issue of PICU survivorship. Although this volume provides
only a brief, non-systematic overview of clinical observations and study results, it clearly asserts that
pediatric intensive care medicine has become an independent specialty with its own expertise and

raison d’étre, alongside general pediatrics, neonatology, and adult critical care.

Martin E. G. Blohm and Dominique Singer
Guest Editors






children MDPI
3

Article

A Comparison between Three Different Techniques
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Prolonged Infant Resuscitation: A Cross-Over Study with
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Abstract: The aim of the study was to compare the quality of CPR (Q-CPR), as well as the perceived
fatigue and hand pain in a prolonged infant cardiopulmonary resuscitation (CPR) performed by
lifeguards using three different techniques. A randomized crossover simulation study was used
to compare three infant CPR techniques: the two-finger technique (TF); the two-thumb encircling
technique (TTE) and the two-thumb-fist technique (TTF). 58 professional lifeguards performed three
tests in pairs during a 20-min period of CPR. The rescuers performed compressions and ventilations
in 15:2 cycles and changed their roles every 2 min. The variables of analysis were CPR quality
components, rate of perceived exertion (RPE) and hand pain with numeric rating scale (NRS). All
three techniques showed high Q-CPR results (TF: 86 + 9%/TTE: 88 4 9%/TTF: 86 + 16%), and the
TTE showed higher values than the TF (p = 0.03). In the RPE analysis, fatigue was not excessive with
any of the three techniques (values 20 min between 3.2 for TF, 2.4 in TTE and 2.5 in TTF on a 10-point
scale). TF reached a higher value in RPE than TTF in all the intervals analyzed (p < 0.05). In relation
to NRS, TF showed significantly higher values than TTE and TTF (NRS minute 20 = TF 4.7 vs. TTE
2.5 & TTF 2.2; p < 0.001). In conclusion, all techniques have been shown to be effective in high-quality
infant CPR in a prolonged resuscitation carried out by lifeguards. However, the two-finger technique
is less efficient in relation to fatigue and hand pain compared with two-thumb technique (TF vs. TTE,
p =0.01).

Keywords: lifeguards; infants; resuscitation; chest compression; two fingers; two thumbs

1. Introduction

Pediatric out-of-hospital cardiac arrest (OHCR) is a rare event [1], but when infant
OHCR does occur, drowning is a common cause and is a global public health problem

Children 2022, 9, 910. https:/ /doi.org/10.3390/ children9060910 1 https://www.mdpi.com/journal/children
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drowning and is a global public health problem [2—4] that especially affects toddlers and
children aged 0—4 years [5]. Lifeguards usually represent the first line of prevention and
intervention in aquatic environments [6,7] and one of their fundamental competencies is
cardiopulmonary resuscitation (CPR) [7-10]. Despite this, only the studies by Weber and
Moran focused on pediatric CPR applied by lifeguards [11].

In drowning cardiac arrest, systemic hypoxia is the primary factor [12,13], so conven-
tional CPR including ventilations and compressions is the main recommended strategy [13].
The aim of ventilation is to combat hypoxia [14], and the role of compression is to achieve
the necessary cerebral and coronary perfusion [15,16].

For the resuscitation of infants, the pediatric section of the European Resuscitation
Guidelines 2021 (ERCG2021) [17] recommends the use of the standard two-finger technique
(TF) for one rescuer and the two-thumbs encircling technique (TTE) for two rescuers,
although it does open the possibility of other techniques as an alternative to traditional
methods when resuscitation conditions or fatigue are limiting factors [17]. Ladny et al.
have recently proposed a modification of the TTE technique which they have termed “two-
thumb-fist” (TTF) [16], which consists of placing the thumbs together and perpendicular
ata 90° angle [18] over the lower third of the infant’s thorax, and applying force with the
weight of the body. All these recommendations for pediatric CPR are focused on the most
common OHCA situations, either assisted by bystanders or medical teams. However, to
our knowledge there is still a lack of evidence related to which techniques can optimize the
quality of pediatric CPR with less fatigue and minimizing the injurious consequences for
the rescuer, especially in particular resuscitation situations (e.g., drowning and isolated
locations). Our study arises from the belief that current infant CPR techniques can be
improved [16] and therefore should be studied and analyzed for each context according to
the location where the cardiac arrest occurs (e.g., aquatic environments), the type of rescuer
(lifeguards) and the resuscitation time (i.e., prolonged).

The objective of this study is to compare three pediatric resuscitation techniques in
a lifeguard-assisted out-of-hospital aquatic setting over a prolonged period of time, to
determine the quality of resuscitation as well as the perceived fatigue and hand pain of
the rescuers.

2. Materials and Methods
2.1. Study Design

A randomized crossover manikin study was performed to compare the recommended
pediatric CPR techniques [17]: two-finger (TF) and two-thumb encircling (TTE) and the
new 2-thumb-fist technique (TTF) (Figure 1).

Two-finger Two-{humb—ﬁst
(TF) (TTE) (TTF)

Figure 1. (1) Two-finger technique, (2) two-thumb encircling, (3) two-thumb-fist.

2.2. Participants

This study involved a sample of 58 professional lifeguards from 3 Spanish cities
(Pontevedra, Santander and Murcia). 40% (1 = 23) were female and 60% (1 = 35) were male.
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The sample size was based on an assumed minimum of effect size (ES) of 0.25, and
error probability of 0.05, and a statistical power of 0.80. These assumptions provided a
sample size of 28 study participants computed by G*Power 3.1.9.2 software (Heinrich-
Heine-Universitat, Diisseldorf, Germany). The final sample was 58 participants, giving a
statistical power of 0.99 assuming the effect size and error probability parameters described
above. Their mean age was 27 + 10 years old, their weight was 70 £ 12 kg and their height
was 172 £ 9 cm. All participants were informed about the study and gave their written
informed consent. The research respected the Helsinki Declaration and the study protocol
was approved by the Ethics Committee of the University School of Education and Sport
Sciences of the University of Vigo, number 03-0121, date: 18 January 2021.

2.3. Study Protocol
The details can be seen in Figure 2.

n=58
lifeguards

Roller refresher-____________________ N

randomization for crossover

20 min of CPR (15-2)

Two-finger Two-thumb encircling Two-thumb-fist
(TTE) (TR

Assessment tools

|

CPR: Laerdal Instructor App® Fatigue: Rate of Perceive Exertion (RPE) Hand pain: Numeric Rating Scale (NRS)

[ R T R S A A T R 1]

I I n E r [ I . . ) I I

No Pain Worst possible pain

Q-CPR=(Q-CC+ Q-V)/2

Figure 2. Flow chart design and assessment tools.

2.3.1. Step 1 Roller Refresher

Prior to the study, the rescuers received a one-hour training refresher course given by
three instructors who are experts in pediatric CPR. All participants were familiarized with
the three techniques, with their partner in the resuscitation team and with the manikin on
which the tests would be performed.

2.3.2. Step 2 CPR Trial

Each team of rescuers (pair of lifeguards) performed 3 resuscitation tests of 20 min
on an infant manikin. The order of the three tests was randomized. To avoid the effect of
fatigue, each test was performed 24 h apart. Each team of rescuers (2 lifeguards) followed
the sequence as recommended by ERCG2021 [17] for trained responders: After the first
5 rescue breaths, the team followed the sequence of 15 chest compressions (CC) and
2 ventilations (V). One lifeguard performed CC with the randomized technique while the
other rescuer delivered V with an infant-size bag-valve-mask (Laerdal. Stavanger, Norway).
Every 8 cycles (approximately 2 min) the roles were exchanged between rescuers. The total
test time was 20 min.

2.4. Variables
2.4.1. Cardiopulmonary Resuscitation Variables

Quality parameters were evaluated and disaggregated into Quality of CC (Q-CC),
Quality of V (Q-V) and overall CPR Quality (Q-CPR). Each variable was expressed as a
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percentage and its calculation is based on the following formulas published in previous
studies [19]: Q-CPR = [(Q-CC + Q-V) = 2], Q-CC, calculated using the formula; Q-CC =
[%CC with adequate depth + %CC with correct chest recoil + %CC with adequate rate
(100-120 CC per minute) =+ 3] and Q-V = V-C = Number of V x 100. Quantitatively, the
number of CC and number of V performed during each test were also recorded.

For data analysis, a Laerdal Little Baby QCPR (Stavanger, Norway) manikin () was
used, with the Laerdal Instructor App (Stavanger, Norway) configured according to the
ERCG2021 [17]. This model corresponds to a baby of 3 months and approximately 5.5 kg.

2.4.2. Rate of Perceived Exertion (RPE) Parameters

At the perceptual level, the modified rating of perceived effort (RPE) [20] was recorded
(measurement of the range 0/10—rest/maximal). Previously, the lifeguards were trained in
the knowledge and use of this scale. The RPE was measured individually at five different
time points: minute 0, 5, 10, 15 and 20 min into the test.

2.4.3. Hand Pain during CPR

Hand pain was measured using a Numeric rating scale (NRS) whose values range
from 0 (no pain) to 10 (worst possible pain) [21,22]. NRS is a scale that is easy to interpret,
is intuitive and meets the reliability requirements for pain assessment [22]. The hand pain
was also measured individually at five different time points: minute 0, 5, 10, 15 and 20 into
the test.

2.5. Statistical Analysis

Statistical analysis was performed with IBM SPSS Statistics v.20 for Windows (Armonk,
NY, USA). To describe the categorical variable (sex), absolute and relative frequencies were
used. To describe the continuous variables of the study, measures of central tendency
(mean), dispersion (standard deviation) and confidence estimators (95% confidence in-
tervals) were used. The normality of the distributions was tested using the Kolmogorov-
Smirnov and Shapiro-Wilk tests as appropriate and, depending on the results of these
analyses, parametric or nonparametric tests were performed. In the parametric analyses,
the ANOVA repeated measures test was used and in the nonparametric analyses the Fried-
man repeated measures test with Bonferroni correction in pairs comparisons was used.
For significant comparisons, the effect size (ES) was also calculated with the Rosenthal
test. For the interpretation of ES, Cohen’s recommendations were followed: (<0.2: trivial;
0.2-0.5: small; 0.5-0.8: medium; 0.8-1.3: large; >1.3: very large) A significance level of 0.05
was assigned.

3. Results

The results are based on an analysis of 87 tests, comprising 1740 min of CPR. All the
overall results can be seen in Figure 3.

Q-CPR (in %) Rate of perceived exertion (0-10) Hand pain during CPR (0-10)
100 0 10
—e TF
TTF
75 75 75
50 5 1]
TF
TF
25 25 - TTF 25
TTF
1) o o
Q-CPR a-cc a-v 0 5 10 15 20 0 5 10 15 20

Figure 3. Chart of the results.
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3.1. Cardiopulmonary Resuscitation Variables

The results of the CPR tests are shown in Table 1. All techniques obtained high Q-CPR
values (TF: 86 + 9%, TTE: 88 & 9%/TTF: 86 & 16%). TTE was statistically superior to TF
(TTE vs. TF; p = 0.03) although the 2% improvement is not of particular clinical relevance.
No differences were found between the techniques in the quality of chest compressions or
in the quality of ventilations, with values above 80% in all cases. The quantitative variables
of number of CC and number of V were similar, without any statistical significance.

Table 1. Results of CPR test (1 = 29 pairs).

TF TTE TTF Friedman or ANOVA Test
Variables (p = 0.05)
1:’5;;1 CI (95%) Mean (SD) CI (95%) I:g;;‘ CI (95%) (In Brackets) Effect Size with
Rosenthal Test
Q-CPR (%) 86 (9) [82-89] 88 (9) [84-91] 86 (16) (80-92] TF V(S]'EST gg; 0.03
Q-CC (%) 85 (11) [81-89] 88 (9) [84-91] 88 (9) [85-92] NS
Q-V (%) 86 (12) [76-90] 86 (13) [82-91] 82 (23) [73-91] NS
CcC 1438 (155) [1379-1496] 1437 (104) [1398-1477] 1442 (131) [1392-1491] NS
\% 197 (21) [189-205] 197 (14) [191-202] 197 (17) [191-204] NS
TF: two-finger, TTE: two-thumb, TTF: two-thumb-fist Q-CC: Quality of chest compressions; Q-CPR: CPR global
quality; Q-V: Quality of ventilations; CC: Number of chest compression; V: Number of ventilations. SD: Standard
deviation, CI: 95% Confidence intervals, NS: Not significance.
3.2. Rate of Perceived Exertion (RPE)
The RPE results are shown in Table 2 and Figure 3. In the intragroup analysis, the
significant increase in RPE occurs progressively in all techniques at each control point,
compared with baseline state (minute 0). No statistical significance was found in any
technique in the intragroup comparison between minutes 15 and 20 (p > 0.05). In the
comparison of the techniques (intergroup) in each of the sections, statistically significant
differences were found between TF and TTE. The TF technique generated a higher RPE
from min 5 to min 20 (min 5 p = 0.003, min 10 p < 0.001, min 15 p = 0.02, min 20 p = 0.01).
Table 2. Results of Rating of Perceive Exertion (RPE). (1 = 56; 2 missed).
TF TTE TTF Friedman Test
Variables Mean o Mean o Mean o with Bonferroni Correction
D) CI (95%) D) CI (95%) (SD) CI (95%) (7 = 0.05)
RPE minute 0 0.0 (0.1) [0.0-0.1] 0.1(0.3) [0.0-0.2] 0.0 (0.2) [0.0-0.1] NS
RPE minute 5 1.9 (1.6) [1.5-2.3] 1.5(1.2) [1.2-1.8] 12(1.2) [0.9-1.5] TF vs. TTF = 0.003 (0.46)
RPE minute 10 2.6 (1.7) [2.2-3.1] 2.1(1.3) [1.8-2.5] 1.7 (1.4) [1.3-2.1] TF vs. TTF < 0.001 (0.53)
RPE minute 15 29(1.7) [2.5-3.4] 2.5 (1.6) [2.0-2.9] 2.2 (1.6) [1.8-2.6] TF vs. TTF = 0.02 (0.37)
RPE minute 20 3.2 (1.8) [2.7-3.7] 24(1.7) [2.0-2.9] 2.5 (1.7) [2.0-2.9] TE vs. TTF = 0.01 (0.38)
Friedman Test with 0vs. (5,10,15,20) < 0.001 0vs. (5,10,15,20) < 0.001
Bonferroni correction 5vs. 10=0.03 0 \/55;725’(11%1250’)22) 0< 0%$01 5vs. (15,20) < 0.001
(p =0.05) 5vs. (15,20) < 0.001 B ’ 10 vs. 20 = 0.002

TF: two-finger, TTE: two-thumb, TTF: two-thumb-fist. RPE: Rating of perceive exertion SD: Standard deviation,
CI: 95% Confidence intervals, NS: Not significance.

3.3. Numeric Rating Scale (NRS) for Hand Pain

The results of hand pain are shown in Table 3 and Figure 3.

In the intragroup analysis, the significant increase in NRS occurred in all three tech-
niques analyzed at each control point (p < 0.05); in the comparison of the techniques
(intergroup) significantly higher values of hand pain were observed throughout the test
when using TF compared to TTE (min 0 vs. 5: p = 0.007, min 5 vs. 10: < 0.001, min 10 vs.
15: p < 0.001 and min 15 vs. 20: p < 0.001) and with TTF (p < 0.001 for all intervals). The
ES value was medium (0.5 to <0.8) in the comparison of TF with TTE while from min 5
onwards it was large (0.8 to <1.3) in the TF and TTF comparison.
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Table 3. Results of Numeric rating scale (NRS). (1 = 56; 2 missed).

TF TTE TTF Friedman Test
Variables with Bonferroni Correction
o o Mean Mean
Mean (SD) CI (95%) Mean (SD) CI (95%) (SD) (SD) (p = 0.05)
NRS minute 0 0.0(0.2) [0.0-0.1] 0.1(0.1) [0.0-0.1] 0.0 (0.1) [0.0-0.1] NS
. TF vs. TTE = 0.007 (0.44)
NRS minute 5 25(1.8) [2.0-3.0] 1.3 (1.1) [1.0-1.6] 1.0 (1.1) [0.7-1.3] TF va. TTF <0001 (0.73)
, TF vs. TTE < 0.001 (0.63)
NRS minute 10 3.7 (2.2) [3.1-4.2] 2.0 (1.3) [1.6-2.3] 1.5 (1.4) [1.1-1.9] TFve, TTF < 0,001 (0.91)
NRS minute 15 4222) [3.6-4.8] 22(13) [1.8-2.5] 1.9 (1.4) [1.5-2.2] g v EIE :8'8811 ((8978))
NRS minute 20 47 (2.5) [4.0-5.4] 25 (15) [21-29]  22(15) [1.7-2.6] g v EIE :8'8811 ((8'33))
Friedman Test with 0vs. (5,10,15,20) < 0.001 0vs. (5,10,15,20) < 0.001
Bonferroni 5vs. 10 = 0.013 5vs. 10 = 0.021 o (55%%1256?(2 S
correction 5vs. (15,20) < 0.001 5vs. (15,20) < 0.001 10.VS éO 20 063
(p =0.05) 10 vs. 20 < 0.001 10 vs. 20 = 0.041 T

TF: two-finger, TTE: two-thumb, TTF: two-thumb-fist, NRS: Numeric rating scale, SD: Standard deviation, CI: 95%
Confidence intervals, NS: Not significance.

4. Discussion

This study was to assess the quality of resuscitation, the perceived fatigue and the
hand pain with three pediatric CPR techniques in an aquatic environment assisted by
lifeguards. The main findings were: (a) the rescuers are able to maintain a high quality
of CPR regardless of the technique employed, (b) perceived fatigue is low in all three
techniques, although slightly higher in TF and (c) hand pain using the TF technique is
moderate compared to TTE and TTF which was mild.

Survival from pediatric cardiac arrest and a favorable neurological outcome is asso-
ciated with the duration of CPR [23], as well as witnessed cardiac arrest Delivery of high
quality CPR is likely to be another major factor [24]. Therefore, the analysis of the different
methods of providing CC in infants has two important challenges; the first one achieving
and maintaining high quality CPR without developing fatigue.

Traditionally the TF technique has been recommended when there is only one res-
cuer [17] and one of the main reasons is to minimize the no-flow time [25], although the
time saved compared to TTE is just over half a second [26] and it could be further reduced
if two rescuers are carrying out the resuscitation. On the other hand, TTE is recommended
when CPR is performed by at least two trained first responders [17], although some studies
consider it superior even if performed individually [26-28]. One of the main strengths of
TTE is the improvement in the depth of CC [26-31] compared to TE. This is something that
the new TTF method developed by Ladny et al. and Smereka et al. has also achieved [16,18],
with the placement of the thumbs at 90°. However there is no superiority in either quality
or depth between the methods using the two thumbs TTE or the TTF [32,33]. In our study,
we analyzed the Q-CPR in a comprehensive manner. All three techniques achieved values
above 85% with no statistically significant differences between groups. The quantification
of good CPR in a simulation with manikins has been arbitrarily assumed to be equal to or
higher than a value of 70% [34]. One possible explanation is that rescuers have comprehen-
sive training which includes endurance and strength capabilities [35], and their work also
specifically requires training in both the lower and upper limbs (including hand muscles),
in addition to good physical health to allow CPR to be performed [36] even to allow CPR
to be performed under conditions of previous fatigue [8].

One of the analysis points was to find out the intensity of the fatigue and if there were
any differences in the technique used. Our findings showed low intensity fatigue (between
light and moderate) with no differences between the ways of providing CC. The study
by Reynols et al. [37] also found no differences between the techniques analyzed (TT vs.
TTE) during 5-min of CPR, but did assume a higher intensity of “hard” fatigue for TT and
“somewhat hard” i.e., hard for TTE. Jung et al. did find high fatigue values during a 5-min
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test with a single-rescuer, especially in the TF technique [38]. Possibly the most relevant
difference is the time during which CC is performed without without changing rescuers
and it seems that fatigue is also related to the type of victim and increases with greater
size [37].

Santos-Folgar et al. analyzed the anatomical area of the upper limb with the greatest
fatigue to during 10-min of CPR with the TF technique and found that the only point where
fatigue was high was the area between the fingers and the palm of the hand (8 points out
of 10) [39]. The Santos-Folgar’s study used the Visual Analogue Scale (VAS) as a fatigue
assessment tool. The most common use of this scale is the assessment of pain and the
population studied was nursing students, which could perhaps be a confounding bias
with fatigue. For this reason, pain was included as a variable using the NRS as a tool
because of its better sensitivity [21] in addition to being one of the most widely used
scales [40]. As expected, TF resulted in significantly higher pain, which at the end of the
test was an increase of 25% compared to the other two techniques. These results are in
agreement with previous studies that found the hand to be the least comfortable place
during TF [28,38]. The use of the body weight on the fingers in TTF or the pressure of the
two hands encircling the infant’s thorax using the anatomical gripper with the thumbs
in TTE seems more efficient. Moreover, there is greater involvement of larger muscles or
powerful kinetic chains compared to TF whose compression force is lower [29] since it
is projected exclusively from the wrist to the two fingers as well as in a smaller contact
area [38].

Indeed one of the practical implications of this study is to understand the effects
of prolonged pediatric CPR and to optimize it in order to offer the most comfortable
alternatives to rescuers, who often operate in remote locations with scarce resources. “Pain
cannot be treated if it cannot be assessed” [22] and applied to this study, TTE or TTF would
be the preferred choice. The current results should encourage lifeguard organizations to
explore these different techniques within their protocols and incorporate fatigue and pain
assessment scales to promote best professional practice in the safest, most efficient manner
and to avoid injuries that may detract from lifeguard service.

Limitations of the Study

This study has limitations that should be pointed out. First, it is a simulation study
with physically fit rescuers in a controlled context; therefore, in a real situation, with a
different first responder profile and in a different resuscitation environment, the results
may be different. In this study, not all variables which determine the quality of CPR
were collected by an APP software limitation, especially the depth of compression in
millimeters, so results must be construed with this important restriction. Another limitation
for understand the results was the manikin represents a three-month-old baby. This study
should be tested with older and larger toddlers. The limited sample of this study is another
important limitation, so further research is needed in order to validate the results obtained.
The strength of this study is the novelty and relevance of the topic, as well as the limited
evidence in this context. Simulation-based analysis with manikins is useful when the
possibility of analysis in situations with real patients has not existed so far.

5. Conclusions

All techniques have been shown to be effective in high-quality infant CPR during
a prolonged resuscitation provided by lifeguards. However, the two-finger technique is
less efficient in relation to rescuers comfort with high fatigue and hand pain compared to
two-thumb techniques (TTE and TTF). This study supports the recommendation that the
traditional two-finger technique in the context of prolonged resuscitations should not be
the preferred option when there is more than one rescuer.
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Abstract: Currently, it remains unclear why some children develop invasive group A Streptococcus
(iGAS) and how to manage this condition. Therefore, to explore available works in the literature,
we performed a scoping review aiming to analyze the current literature on clinical presentation
of different illnesses outcomes of iGAS, with a specific focus on predictors of invasive infection,
including an assessment of the prodromal stages of the disease and the possible presence of previous
non-invasive GAS infections in children that later developed iGAS. Methods: We conducted a
systematic search on PubMed and SCOPUS of all pediatric studies reporting iGAS cases, following
the Preferred Reporting Items for Systematic reviews and Meta-Analyses extension for Scoping
Reviews (PRISMA-ScR) checklist. For those studies in which multivariable analysis investigating
iGAS risk factors was performed, a second review was performed and reported in detail. Results: A
total of 209 studies were included. Five studies investigated risk factors for iGAS, the most relevant
being varicella infection, chronic underlying illness, presence of the speC gene in GAS strains,
acetaminophen and ibuprofen use, children nonwhite, living in low-income households, exposure
to varicella at home, persistent high fever, having more than one other child in the home, and new
use of NSAIDs. Although we observed a progressive increase in the number of papers published
on this topic, no trials investigating the benefits of clindamycin or intravenous immunoglobulins
were found and low-to-middle-income countries were found to be poorly represented in the current
literature. Conclusions: Our scoping review highlights important gaps regarding several aspects
of iGAS in children, including prodromic presentation and optimal treatment strategies. There is
also little representation of low—-middle-income countries. The current literature does not allow
the performance of systematic reviews or meta-analyses, but this work should inform healthcare
professionals, policy makers, and funding agencies on which studies to prioritize on this topic.

Keywords: group A Streptococcus; GAS; invasive group A Streptococcus; iGAS; IVIG; clindamycin

1. Introduction

Streptococcus pyogenes (group A Streptococcus, GAS) can cause a broad spectrum of
infections, ranging from minor illnesses such as pharyngitis and superficial skin infections
to severe and invasive diseases, including pneumonia, meningitis, sepsis, streptococcal
toxic shock syndrome, and necrotizing fasciitis [1]. An invasive disease is defined as the
isolation of GAS from a normally sterile site of the body and it occurs when bacteria spread
throughout the bloodstream, the cerebrospinal fluid, the lungs, and soft tissue [1]. A critical
virulence factor is the M protein [2,3]. Invasive group A Streptococcus infection (iGAS) is a
life-threatening condition, with high case fatality rates and high morbidity. In fact, invasive
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disease can lead to several long-term sequelae, being an important cause of premature
disability in pediatric populations [1].

Surveillance is essential to establish the real burden of this disease in children. Ac-
cording to the CDC’s Active Bacterial Core surveillance reports, overall iGAS incidence
increased every year from 2012 to 2019; in 2020, especially during the first months of the
pandemic period, the incidence of invasive disease saw a historical drop and the change
was greatest for children aged 5 to 17 years [4]. Unexpectedly, the preliminary data from
the surveillance reports of 2022 showed a monthly increase in the incidence of iGAS in-
fection in children from September to November, thus leading the CDC to issue a health
advisory [5]. Data from the first months of 2023 confirmed a higher incidence of these
infections, compared to pre-pandemic levels. Different European countries reported to
the ECDC an increase in iGAS disease in children aged less than 10 years from September
2022, with Ireland, France, and the UK reporting several deaths, too [6]. In the Nether-
lands, in 2022, a more than twofold increase in the number of iGAS infections compared
to pre-pandemic reports was observed, with a higher increase in children under 5 years
of age [7]. Otherwise, the UK experienced a surge in the number of invasive infections
in children younger than 15 years [8]. However, the ongoing investigations have not yet
found a new strain or increased antibiotic resistance, so the WHO has assessed the risk for
the general population posed by iGAS infections as low [9]. Nevertheless, the report of
higher than usual numbers of cases of iGAS has alarmed both the public and clinicians,
with consequences for routine care. Higher rates of antibiotic prescriptions have been
reported [10]. As a possible consequence, during these months of iGAS case number surges,
a shortage of amoxicillin has been reported in most European countries [10].

One of the reasons that may have induced such public opinion is parents’ fear of GAS
infection, and theoretical attempts for early diagnosis and treatment are goals of preventing
non-invasive GAS infection from evolving into iGAS. However, so far, little is known
about the natural history of iGAS and whether an invasive infection is the consequence
of a non-recognized GAS infection or colonization. So far, we know that an increase in
the incidence of iGAS is related to the high circulation of respiratory viruses, especially
Respiratory Syncytial Virus (RSV) and seasonal influenza [11,12] and chickenpox can be a
facilitating factor for the development of iGAS. Conversely, what is less known is whether
it is possible to prevent the development of iGAS by early recognition and treatment of
GAS infection. This last observation has direct implication on routine care because if iGAS
suddenly begins as a sudden invasive infection without a previous phase of non-invasive
GAS infection/colonization, there is no need for the public and healthcare professionals to
be exaggeratedly scared of iGAS and, therefore, antibiotic use may be reduced. Conversely,
if the literature suggests that iGAS develops after a non-treated possible or certain GAS
infection, this suggests that better strategies are needed to achieve the goal of preventing
the development of iGAS.

For these reasons, we performed a scoping review aiming to analyze the current
literature on clinical presentation of different localizations and the main outcomes of
iGAS, with a specific focus on predictors of invasive infection, including an assessment of
the prodromic stages of the disease and the possible presence of previous non-invasive
GAS infections in children that later developed iGAS. Our team opted for a scoping
review because it is currently unknown if there is any evidence that early treatment of
non-complicated GAS infections can prevent iGAS or if iGAS is the consequence of an
undiagnosed non-complicated GAS infection or if iGAS should be treated with intravenous
immunoglobulins (IVIG) and clindamycin (or one of them) or not. Therefore, we decided
to explore what types of paper are currently available as well as where and when available
studies have been performed, aiming to inform researchers if systematic reviews and
meta-analyses on this topic are feasible or not and to inform what studies are needed to fill
current gaps.
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2. Materials and Methods
2.1. Search Strategy and Selection Criteria for Included Studies

Our review aims to study a very broad topic to provide the scientific community with
a picture of the current literature available in this regard. For this reason, a scoping review,
conducted in line with a previously published protocol [13] and well-defined guidelines,
seemed to us the best methodological choice. For reporting, we decided to follow the
indication of the Preferred Reporting Items for Systematic reviews and Meta-Analyses
extension for Scoping Reviews (PRISMA-ScR) checklist [14].

A single author (FM) developed a search strategy, subsequently discussed and ap-
proved by all the team, based on a combination of the following terms: “pediatric”, “iGAS
(and its possible clinical manifestations)”, and “group A Streptococcus pyogenes”. We consid-
ered children and pediatric patients younger than 18 years. The search strategy for PubMed
is available in the extended data section of the protocol. The terms used for this search
were adapted for use with other bibliographic databases thanks to the Polyglot Function of
Systematic Review Accelerator. PubMed and SCOPUS were the two databases screened
and only articles written in English were included. We did not apply any data restrictions
and included studies published until 31 January 2023. PubMed and SCOPUS searches were
performed on the same day.

The main review question is “which are the predictors of clinical iGAS”?

This review also assess the following sub-questions:

1. Which are the most frequently reported localizations of different types of iGAS?
2. Which outcomes are reported in the literature about the different types of iGAS
(pneumonia, meningitis, sepsis, and abscesses)?

This review includes studies performed on children and adolescents (younger than
18 years) with a confirmed diagnosis of iGAS defined as a laboratory isolation of GAS
from any normal sterile site or isolation of GAS from a non-sterile site in patients with
necrotizing fasciitis or streptococcal toxic shock syndrome. We include children diagnosed
with pneumonia, sepsis, abscesses, or meningitis, due to GAS invasion.

One author screened for possible duplicates. Following the indication of the inclusion
criteria, two reviewers (CG and VP) independently screened titles and abstracts and
subsequently full texts to select works that could be included in the review. In case of a
discrepancy between the two (we had 482 conflicts), a third reviewer (DB) decided whether
to include the works.

2.2. Data Extraction

An initial data extraction was performed by a single reviewer (CG for half the in-
cluded papers and VP for the other half) who compiled an initial Excel sheet in which the
following information was collected: year of publication, type of study, region of origin,
either retrospective or prospective study, either monocentric or multicentric study, if a
multivariable analysis was performed or not, number of centers included, sample size,
enrollment start and end date, length of participants” follow-up, study eligibility criteria,
age of patients, number of female patients, if analysis of comorbidities was performed
or not, number of patients with comorbidities, if antibiotics were given, if intravenous
immunoglobulins were given, if clindamycin was given, number of patients who died
because of the disease, number of patients who died for other reasons, number of patients
who survived with sequelae, and what type of sequelae were developed.

Considering the high number of studies included, we decided to perform a second
data extraction including only papers in which multivariable analysis investigating iGAS
risk factors was performed. For those articles, the following information was collected and
presented in a single table: number of patients with invasive infection, inclusion criteria,
previous or starting symptoms or conditions which could lead to iGAS, associated factors
detected through univariable or multivariable analysis, Streptococcal infection previously
detected and not treated, previous therapy, and death from Streptococcal disease or sequelae
due to the invasive infection.
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A critical appraisal was not pursued due to its limited relevance within the scope of a
scoping review, postponing this objective to any future systematic reviews.

3. Results

Two-hundred and nine studies were included in our scoping review (Figure 1) and
the general characteristics of the studies included are reported in Table 1. The full list of
studies included in the scoping review is available in the Supplementary Materials.

[ Identification of studies via databases and registers ]
)
Records removed before
g screening:
8 Duplicate records removed (n
2] Records identified from*: N =1910)
E Registers (n = 4198) Records marked as ineligible
o by automation tools (n =0)
= Records removed for other
reasons (n = 0)
—
A
()
Records screened Records excluded**
——>
(n =2288) (n=1810)
; !
=
=
g Reports excluded:
S Reports assessed for eligibility > -publication language(n=104)
L (n=478) -wrong study design (n=95)
-wrong outcome (n=83)
-background article (n=53)
-wrong population (n=23)
-wrong publication type
— (n=12)
)
o Studies included in review
3 (n =209)
=
©
=
—

Figure 1. Study flowchart. *, ** not fulfilling study criteria.

Table 1. Study characteristics.

Number of Studies

(N =209)
Type of study
RCT 0
NRCT 0
Observational 54
Case report 141
Case series 14
Study design
Retrospective 205
Prospective 4
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Table 1. Cont.

Number of Studies
(N =209)
Number of centers
Monocentric 177
Multicentric 32
Region
Europe 60
Africa 6
North America 87
Central or South America 2
Asia 47
Oceania 7
Multivariable analysis for iGAS risk factors performed 5
Information about comorbidities collected 115

Included papers described iGAS cases characterized by the following clinical localiza-
tions: CNS localizations (thirty-six studies), streptococcal toxic shock syndrome (thirty-five
studies), skin (twenty-five studies), sepsis (twenty-three studies), cardiac (eight studies),
gastrointestinal (six studies), pneumonia (six studies), osteomyelitis (five studies), kidneys
(one study), and a variety of clinical iGAS localizations in fifty-five studies.

It is possible to observe a progressive incrementation in the number of papers pub-
lished on this topic over the years with most of the observational studies published in the
last seven years. Figure 2 shows the distribution of studies according to type of study and
year of publication.

Distribution of studies according to year of publication and type of study

O Case report
Q NG @ O Case series
Q Observational
@

-

=
&) @

Untill 1990 1991-1995 1996-2000 2001-2005 2006-2010 2011-2015 2016-2022

Q
@@@

Figure 2. Distribution of studies according to type of study and year of publication.

Most of the papers (141, 67.5%), were case reports, 14 (6.7%) case series, and 54 (25.8%)
observational studies. Eighty-seven studies (41.6%) were performed in North America,
60 (28.7%) in Europe, 47 (22.5%) in Asia, and the remaining 15 (7.2%) in Africa or Oceania or
Central/South America. In only five studies, a multivariable analysis investigating factors
associated with iGAS was performed. The cumulative number of patients in all the studies
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was 3068 (1222 females, 39.8%) with a mean age of 59.9 (£50.04) months and 1145 patients
(37.3%) presented at least one comorbidity.

The most frequently reported therapies were clindamycin (for 594 patients, 19.4%), an
antibiotic different from clindamycin (for 1667 patients, 54.3%), and immunoglobulins (for
196 patients, 6.4%). Not all the studies reported data about therapy.

Data about outcomes were collected too, pooled from all studies included, which
included overall 3068 patients. Between the different studies, two-hundred and seven
patients (6.7%) died from the disease, fifteen children (0.5%) died from other causes, and
169 children (5.5%) presented sequelae (Table 2).

Table 2. Population cumulative characteristics.

Patients (N = 3068)

Female 1222

Age (months)

Mean (SD) 59.9 (£50.04)
Comorbidity 1145
Clindamycin in addition to other antibiotics 594
Intravenous immunoglobulin 196

Death from disease 207

Death from other causes 15

Alive with sequelae 169

In Table 3, the main characteristics of the five studies performing multivariable analy-
sis are summarized [11,12,15-17]. None of these studies signaled a positive case of GAS
detected before the onset of iGAS. According to the multivariable analysis, the risk fac-
tors reported were varicella infection, chronic underlying illness, chickenpox associated
with the diagnosis of necrotizing fasciitis, presence of the speC gene in the GAS strain,
acetaminophen and ibuprofen use, children nonwhite, living in low-income households,
exposition to varicella at home, persistent high fever, having more than one other child in
the home, and new use of NSAIDs.

15



Children 2023, 10, 1472

(8)

uonendury

payads JoN payoads JoN

(£9°0-10°0) 80°0
O pasnlpy -901nos
B JNOY}IM BTWRLId)ORY-

(¢8'1-80°0)

8¢°0 O ‘uorssarddnsounuruy-
(£8'T-6€0)

10°T IO ‘ssau[[t prqiowo)-

(1) uonoajur

punom [edr3mg-

() uondayuI IPIAYILd
SNOUDA [eIUd))-

() snisnurs-

(%) erpaw sunO-

(£) SUOISaY UDYS IYIO-
(¢1) snr8ukreyq-

(ST) errodLIeA-

anssiy
1J0s pue unys-

SS1S-
sisdog-

[o1] s10Z
98 “on3nen

d1ueja)g

poyoads
JON

payads JoN payads jJoN

(6°€1-C1

‘1D %S6 ‘07 “M0)
urexns §yo ut auad
Dads yo aduasaig-
FeT-L1

‘1D %856 ‘T'9 “40)
UOTIIFUT P[[3TBA -

(8T-1°0) §0 MO 15 ((S'T-1°0)
70 "MO) 1T-Zaws ((TF-€0)
T'TM0) ess {((LF1-6'T)

L7 90) D°ds (((S'1-T°0)

$'0 O) Vods saus8 aduaniIA-
(S'T-1°0) 70 IO 2d4y T wwe-
(€0-T0)

80°0 MO ‘Dg 2an1sod GyH-
(0T-8°0) 66'0 MO ‘IO~
(0T-07) 0°T "MO ‘I'ld-
(0'T-0°T) 0°T “JO ‘sshooyduwk-
01-0T)

0T MO “S[[e2 1edPNUA[O -
(0T-0T) 0°T MO “DIM-
(£9-17) 021 YO “SS1S-
(€0T-6'0) ¥'1 MO

‘as F swoydwAs Aepp ueay-
(ST-80) 71

MO ‘ds F amjeradwoy URIIN-
(9°52-¢2)

G/ O “e[[9OLIRA JUDY-
(10'1-86°0)

660 4O ‘dS F o3 uedN-
(ETT-5T°0)

22°0 O ‘o[ewrsy Iopuan)-

(1)
SVO! 210§9q ypuow
© UTY}M B[[3OLIRA-

SVOI WO~
sisdog-

wa)sAs
SNOAIDN SYO)-

SVD 89
Areuowrndorpie)

[e1] 6002
d 1a1poury

SUOT}OJUT aNSsT
}JOs pue uns-

(sjuaneq
jo
IdqunN)
Jeanbag

Wmmwmmh—
10§
weaq

pajeaiy,
JON pue paj31Rq
AIsnoradig SvO

duadmsuy gy o1
aro0yaq Aderay,

(sisATeuy
J[qerreANIA) PadRR
S10)0¥,] PIIEIOSSY

(SisA[euy ajerreArun)
Pa12333(J 510308, PIJLII0SSY

(syusned 3O
IaquIny]) SUOIpUO))
10 swojdwfg
Sunae)g 10 snoradrg

SVO!

CHOIQ UOISHPUL 44 15 qumpy

oyny

“MOIAISUI d) 910§ SYIM 7 3} UT S(IVSN Sursn pajreys juedonaed [oruod

© Jey) 10 Pasouderp sem SSaUf[I 210Jaq YoM g 9} UT S(JIYSN Sursn pajae)s juanped ased e jey]) sajedIpur (S3nIp AI0jewe[jul-1jue [eproIa)suolr)

SATVSN JO 9Sn Mau,, 90e1 pue Xas 10§ PI[[OIJUOD JIdM SISATeUER Y} Y30y , "SISA[eUR UOISSIZAI © Y3IM SATPTYS Y} JO SOTjSLIdjoRIey)) ¢ d[qeL,

16



Children 2023, 10, 1472

(e'6—€€0)

€T IO ‘uonyedridwod
sty jo swoydwi4s 10
suSis jo yuswdofaAap ayy
a10j0q uajoxdngr jo asn-
(€€-8'7) 9°6 WO

19A9J Y31y JUD)SISId J-
(91-9'2) ¥'9 VMO ‘dwoy

(€T) 1) 0°C AT ¢
usjordngr pue Je e[[adLIEA 0 pasodxq- ©91-9 w 0 %o A0 .Awwwo&wn_
woydounueyeoy- (SI-2) TS A0 pue oy q.:asﬁ °) W ‘mv. uonayur anssy (1]
0 0 (9) Auo uajordnqy- poypadsjoN  ‘SPIOY2SnOY aW0dUI-MO] o110 a0 Ao udsatnay. (z9) eIPoMEA- 3OS pue upyS- 76 100z ‘0o
(61) swoydwAs ur SurAr] udxpIYd- : (@7-650) 960 SVOI- N [onwreg
e[adLIR 10§ ‘ATUO (I1-¥'T) ‘8¢ MO Ny -
LVl sc 4O O ‘sn ATuo uaydourure}ady:
uaydoururejeoy- dIymuou uIp[IYD- :
(§T—T1) 9'S
MO ‘(udyoxdnqr pue
uaydoururejaoe) yjog-
(11-850) 5T
IO ‘@sn AJuo uajoxdnqy-
(9T¥€0) ¥6'0 YO ‘Osn
Auo uaydourure}ady-
(1) sorrewoue
Teyrua8uod ardnmin-
(1) \AEMQ WE@&U.
— (1) erdapdupeny-
% (1) waysureiq N %EOM.MUM
S WY ‘(uonpdajur . 0 ewrowApuady- B mﬁmwmo.
e o8 €°9 W ‘sprose. mcﬁmvwwmlm w (T) J9pIOSIP SIMZIAG- &me
COTPIED J tosans o ssouSler y 1™ pa GOmm (1) juerdsues reusy- SNOAId [zt] 000z
0 IS payads JoN payoads JoN 10j) syrsey JurzhoIddU .xoM:MvuwN Ew WM@E m. (1) sntsoAwoyeurra(]- TN m<Uﬁ. IS 74 ‘puerdne
3o sisouSerp ayj ym (€' T-20) w BUM e ma u.m<. (D) spupre o ow :momww y g uay
pajenosse xoduaxpryd- (95-0€) % W wSKmvﬂ:wM. PIOJRWNAYI S[TUIAN - 1 P U.
(S7—7'0) LL "o ‘ssault . © s Arerpig- onssn
Suikprapun >ruory>- ¥) oseasip i
UIA[I2pUn dIuoIy) Serpres [e3usduos)- }JOs pue uns
(11) LoueuSye-
(T1) eunpsy-
(T€) eTpEOLIRA-
(syuaneg (syuaned jo
jo aseostd duadinsuf YOI Pojeail (stshreuy (s1sA[euy djerreAru)) IdquIny]) SUOKIPUO)) SVOI
I_dquNN]) 103 a1033q Aderay, 10N pue 2212 A[qEHEARTMA) PaR2ta( Pa19313(J 10308, PI)RIIOSSY 10 swoydwAg PHOIHD Hotsnpuy Jo _qUINN oy
ea(q A[snoraadig syo SI0}0€] PIJeIdOSSY :
aefanbag W : : Sumnae)g 10 snoradrg

J10D) *€ S[qEL

17



Children 2023, 10, 1472

(#0-10°0) 60°0 IO
Soam 7 ised 9y} ur asou
\AECSM e yum MWDEQE
proyasnoy e Suraep-
(88'0-15°0) £9°0 IO

(08°0-80°0) ST'0 O ‘S¥2M T
jsed ay) ur (sprunyr) asou Auumni
© U}IM I9qUISW P[OYAsSNoY -
(16:0-15°0) 69°0 “JO ‘uonELINPd
reyuazed jo [oAd[ 1OYSIE-

g (yuoged owoy mﬂr ut mEoEonE. (66:0-99°0) 180 (yuaned
payads 1) SpIoI}S- 19'%S-80°7) ¥9°01 “JO ‘DwoYy 9y} Ul SWOOI JIOJA- 1) uonddjur ATH- [11] S00T
JON 4 (syuened paypads 10N “40 ‘(sAIvVSN) (62°6-20'T) (syuonyed SVt 8¢ “HS 10308
6) SAIVSN- s8n1p Arojewnurepyur ST°€ 4O *SAIVSN JO 9sn MIN- €) UORIIJUL AZA-
-Tjue [eproiajsuou (96'91-66'T) 92°S VO owoy
JO oSN MaU//- AU} UT PIYD ISY30 [< JO dOUISIIJ-
(F8'7L-6€) 9891 (1T £=20°1)
MO Pwoy dyj ur 14°C “JO ‘sejowis oym
PIIYd 19Y30 [< Suraey- , Iyejared Arewtid e Suraey-
Amtwﬂﬁmm aseostd duadmsuy gy oI Pojeail (stshreuy (sIsATeuy ajerreArun)) hwn_zhﬁﬂw Mﬁ%w—ﬂ:ou SVOI
10§ Y JON pue papa}dd  d[qeLRARNIA) PRl . v iy BLID}LID) UOISNIU . oyny
IquNN) aro0yaq Aderayy, . Pa193)3(J SI0jd€] PIIID0SSY 10 swojdwikg R : Jo _dqUINN
ea(q A1sno1adig sy $I0}0e PIJeI0SSY :
aefanbag b : : Sunreg 10 snoradrg

J10D) *€ S[qEL

18



Children 2023, 10, 1472

4. Discussion

In this scoping review, we analyzed the existing literature, providing information on
the risk factors, localizations, treatments, and outcomes of children with iGAS. In particular,
our focus was to address if studies explored risk factors for iGAS, including common
symptoms like pharyngitis/otitis and whether previous GAS infections and whether an-
tibiotics were associated with the development of iGAS. Unfortunately, we found only five
well-designed studies that could provide multivariate analyses on risk factors associated
with iGAS, and no studies provided information about previous infection/colonization
with GAS in children later diagnosed with iGAS, nor was information available about
any antibiotic treatment of a potential prodromal phase of iGAS. In addition, no random-
ized controlled trials were found that explored the role of IVIG, in association or not in
association with clindamycin, on the outcomes of iGAS. Our study, therefore, highlights
important gaps in current knowledge which is reflected in the uncertainty of medical
doctors about what to do to prevent iGAS infection. To our knowledge, this is the first
systematic mapping, through a standardized scoping review approach based on PRISMA
guidelines, of all available works in the literature on risk factors and treatments used for
iGAS, including details about types of study. In particular, the strongest risk factors high-
lighted in the studies with multivariable analysis were varicella infection (OR, 6.2; 95% CI,
1.7-22.4) in the Minodier study [15]; association with the diagnosis of necrotizing fasciitis
(RR, 4.5 (1.0-20)) in the Laupland study [12]; exposure to varicella (OR 6.4 (2.6-16)) in the
Lesko study [17]); presence of the speC gene in GAS strains (OR, 4.0; 95% CI, 1.2-13.9) [15];
acetaminophen and ibuprofen use (according to Lesko [17], acetaminophen only use (OR,
0.94 (0.34-2.6)), ibuprofen only use (OR, 2.5 (0.58-11)), and both (acetaminophen and
ibuprofen) (OR 5.6 (1.2-25)); according to Factor [11], (NSAIDs) OR, 10.64 (2.08-54.61));
children nonwhite; living in low-income households; exposure to varicella at home; persis-
tent high fever; having more than one other child in the home; and new use of nonsteroidal
anti-inflammatory drugs (NSAIDs) [11,12]. These data are mostly in line with previous
publications in the literature describing that the presence of one other child living in the
same house, varicella zoster virus infection, and the use of nonsteroidal anti-inflammatory
drugs have been reported in the literature as risk factors for iGAS [11,12]. Of the five
studies performing multivariate analyses and including a total of 487 children, details
about the diagnosis of pharyngitis, otitis, or sinusitis before iGAS were reported only for
13, 4, and 2 children, respectively, and it was not clear for any of them if they were tested
or not for GAS. This means that, in 2023, we are still unaware if a diagnosis of iGAS is
preceded by a non-invasive infection (or colonization) with GAS and, as a consequence, it
is completely unknown if low thresholds for testing and treating GAS may have any effect
on reducing iGAS incidence, even in periods of high numbers of cases, as may happen in
cold seasons with high circulation of respiratory viruses. As such, at the moment, clinicians
should not test every child with mild symptoms or non-consistent symptoms for GAS nor
routinely offer empiric treatment with penicillin or beta-lactams in an attempt to prevent
iGAS. Similarly, such information should be transferred to the public in order to avoid the
exaggerated fear of iGAS noticed during the 2022-23 winter season in Europe, which may
have worse longer-term implications such as antibiotic shortages, development of drug
resistance, and an overflow of patients in emergency departments. With the limited current
state of knowledge, it is plausible that indiscriminate GAS testing and treatment may have
a minimal effect in preventing iGAS infections.

To better understand if children with iGAS have, in the days or weeks before the
disease, a possible GAS infection/colonization that might have been diagnosed and treated
to prevent iGAS, new prospective studies are highly needed. In this regard, a new Euro-
pean pediatric prospective study (PEGASUS) is currently implementing an observational
study on pediatric invasive group A streptococcal disease, with the aim of describing the
incidence, risk factors, clinical phenotypes, microbiology and resistance, treatment, and
outcomes of iGAS in children across Europe (https://www.pegasus-study.eu/, accessed
on 20 July 2023).
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Although our scoping review highlights that no studies investigated what happened
in the weeks before the diagnosis of iGAS, the reinforcement that chickenpox is a strong risk
factor in several studies may have public health implications. For example, some countries
like United Kingdom do not routinely suggest chickenpox vaccination for children [18]
for several reasons, including the usual self-limiting nature of the illness and the possible
faster decline in induced immunity compared with natural immunity, which in turn can
predispose zoster and other VZV complications in the elderly population [19]. However,
considering the high burden of iGAS in countries like the UK and its association with
previous cases of chickenpox, such a choice may be reconsidered (if not, the public should
at least be made aware of this association and possible indirect benefit of the vaccination)
to provide a more comprehensive decision to parents [20,21].

In this scoping, we mapped the therapeutic strategies used to manage iGAS infection.
Currently, most guidelines do not give strong indications about the use of clindamycin
and/or IVIG, although most experts use them. Clindamycin is a frequent choice given
its action of ribosome and the consequent ability to inhibit protein synthesis, therefore
limiting the production of GAS toxins [22]. Similarly, IVIG can neutralize toxin activity [23].
However, none of the studies that used clindamycin or IVIG were randomized or random-
ized controlled trials. As such, even a systematic review or meta-analysis to reply to this
question would not be enough, while a RCT to understand the role of clindamycin, with or
without IVIG, is highly needed. Currently, the ability to link multinational referral centers
should allow such a study design. Of note, a recent Japanese nationwide observational
study evaluated the effectiveness of intravenous immunoglobulin therapy for invasive
group A Streptococcus infection [24]. A total of 481 patients (median age, 65 years; female,
49.7%) were included in the analysis. The overall mortality rate was 31.0%. After adjusting
for background factors, we found that IVIG treatment had no effect on in-hospital mor-
tality (adjusted odds ratio (OR): 0.99, 95% confidence interval (CI): 0.93-1.04, p = 0.92).
Similar results were obtained after propensity score matching (OR: 1.00, 95% CI: 0.62-1.61,
p > 0.99). The authors concluded that IVIG administration had no survival benefit in adult
iGAS patients.

An important finding of this paper is the underrepresentation of iGAS publications
from low-to-middle-income countries (LMICs). Paradoxically, LMICs are the countries
that still suffer the most from non-suppurative consequences of GAS infections, including
rheumatic fever [25]. Therefore, it is plausible to expect that these countries also have
a higher incidence of GAS and iGAS infections, particularly if we consider that, in our
scoping review, being of nonwhite ethnicity was also a risk factor in developing iGAS. This
represents an important gap and this information should be used by policy makers and
funding agencies to facilitate multinational studies on the topic that also include LMICs.

All together, the findings of our scoping review, despite highlighting current gaps in
iGAS knowledge, may still provide some recommendations to healthcare professionals.
First, we were not able to find studies evaluating whether iGAS is the consequence of an
unrecognized uncomplicated GAS infection and, therefore, indiscriminate use of antibiotics
in any tonsillitis case is not appropriate. However, some strong risk factors are coherent in
several studies, such as previous cases of chickenpox. Therefore, a possible strategy for
next winter to limit iGAS cases, in light of the unexpectedly high peak cases of 2022-2023,
would be to expand the access to varicella vaccinations in children in those countries not
recommending it. In a survey performed in the Netherlands, varicella infection preceded all
cases of necrotizing fasciitis [26]. In the Netherlands, varicella vaccination is not included in
the national immunization program and the 2022 varicella epidemic in the Netherlands was
higher than expected, leading the authors to speculate if varicella infections contributed
to recent surges of iGAS [27]. In periods of high GAS circulation and notification of iGAS
cases, like in the current post-pandemic era, a rethinking of the indirect benefits of varicella
vaccination on iGAS development may be warranted. Also, two studies [11,17] found an
association of NSAIDs, confirmed by an older review as well [28]. Although a causative
link has not been proven, hypotheses for such an effect have been proposed, including
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the ability of NSAIDs to interrupt the negative feedback loop that limits production of
tumor necrosis factor (TNF)-alpha or its possible role in masking the signs and symptoms
of developing severe infection [29,30]. As such, healthcare professionals and public policy
makers may consider providing balanced information campaigns on the use of over-the-
counter medications for pain and fever to the public, particularly in periods of high GAS
circulation and unusual increase in notification rates of iGAS cases.

Our scoping review has some limitations. We only included studies published in
English. Although we also attempted a mixed approach linking a mapping of the literature
with a synthesis of main data when feasible, we did not perform a meta-analyses and sensi-
tivity data reported should be considered as approximate to provide a general perspective
of what is known on the topic. Also, our search was limited to the two databases SCOPUS
and Pubmed. Although this is a limitation, we still screened as many as 4198 papers, and
two is the minimum required numbers of databases for systematic reviews, and we only
had access to them in our institution. Last, the article extraction process was performed by
two authors due to the extensive number of articles, an approach that carries the potential
for bias, although the two reviewers were trained on data extraction by the PI (DB) and the
coordinator of the search strategy (FM).

5. Conclusions

In conclusion, our scoping review highlights important gaps on several aspects of
iGAS in children, including prodromic presentation and optimal treatment strategies. No
pediatric trials were found, and only a small number of studies have been performed in
LMICs, where iGAS may have a higher incidence. Only four studies were prospective. Our
findings should inform researchers, policy makers and funding agencies on which study
designs should be prioritized on this topic, focusing efforts and funds on those studies that
may help us in responding the most important questions on this topic: researchers have to
better understand how we can recognize, and treat, early GAS infections to prevent the
development of iGAS and clarify if the use of clindamycin, with or without IVIG, improves
outcomes of iGAS.
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Abstract: Introduction: Scarlet fever is usually a mild childhood disease caused by type A streptococci.
This disease is spread by droplets, mainly through direct contact with an infected person or the objects
they have used. In pediatrics, these are significant risk factors for the transmission of infectious
diseases. However, it is important to remember the possibility of serious complications in the course
of scarlet fever. Aim: This paper provides a discussion of two pediatric cases in order to determine the
possibilities of diagnosis, differentiation, and treatment of patients with severe, non-obvious courses
of scarlet fever. Methods: The case reports of two patients hospitalized in a pediatric department
due to Streptococcus pyogenes infection were examined. Results: The patients were admitted to the
emergency room with symptoms not directly indicative of type A streptococcal infection, which
required further diagnosis. Both patients complained of weakness at the time of presentation. They
had an elevated temperature, were dehydrated during the course of gastroenteritis, and passed
liquid stools without pathological admixtures. Further stages of diagnosis and treatment required
hospitalization in the pediatric department. Therapeutic benefit from the implemented treatment was
obtained, and the patients were discharged in good general condition with further recommendations.
Conclusions: Medical history, which is often very detailed, can be the key to making the final
diagnosis and can supplement the data collected on the basis of laboratory tests. Scarlet fever does
not always occur with a mild course, and sometimes its course can be quite non-specific and may
require a thorough diagnosis.

Keywords: streptococcal infection; children; scarlet fever; hospitalization

1. Introduction

Streptococcus pyogenes is a bacterium belonging to group A streptococci (GAS), which
is a significant etiological factor of infections in children, but also among adults. This
pathogen causes a number of infections in the pediatric population, including pharyngitis,
tonsillitis, scarlet fever, infectious impetigo, pneumonia or subcutaneous tissue inflam-
mation, erysipelas, and toxic shock syndrome. Pharyngitis is one of the milder forms of
infection, with approximately 616 million cases diagnosed worldwide each year. Existing
statistical data indicate that there are about 163 thousand deaths annually in the world
due to invasive streptococcal infection. Thus, it is an important epidemiological risk factor
for death and severe complications [1]. Scarlet fever is a common infectious disease with
a characteristic morphology; however, according to existing data, its diagnosis is often
delayed or not considered at all in groups of children over five years of age due to its
similarity to streptococcal pharyngitis [2,3]. Distinguishing between viral and bacterial
etiologies of acute pharyngitis can be problematic when attempting to make a correct
diagnosis. Current statistics indicate that for acute pharyngitis and acute tonsillitis in
children, less than 30% are of bacterial origin [4,5]. The highest peak incidence of GAS
pharyngitis is observed during winter months. In addition, an increased number of cases
may also occur in spring and summer [4,6].
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This paper presents two cases of patients hospitalized in the Department of Pediatrics,
Medical University of Silesia, in which the medical interview turned out to be the key to
making the final diagnosis of severe, atypical scarlet fever.

2. Case Reports
2.1. Patient 1
2.1.1. Patient Information

A 4-year-old patient came to the emergency room in the Department of Pediatrics
due to dehydration during the course of gastroenteritis and worsening skin lesions. Over
the previous three days before admission, the boy had a high and intense fever reaching
41 °C with a mediocre response to antipyretics. He passed numerous liquid stools without
pathological admixtures. On the day before hospital admission, a small, maculopapular,
and itchy rash was present on the patient’s skin, as well as redness. His lips were dry and
cracked. The boy drank water quite willingly, but his diuresis was significantly limited
according to his parents’ opinion. The examination showed that the patient and his parents
had an upper respiratory tract infection two months before hospitalization, when he
received Cefuroxime orally in a dose appropriate for his age. Subsequently, three weeks
before hospitalization in the ward, the patient received Clarithromycin in the oral form for
14 days as an outpatient due to pharyngitis. The information obtained from the parents did
not indicate that the patient had contracted COVID-19.

2.1.2. Clinical Findings and Diagnostic Assessment

In the emergency room, a physical examination revealed severe signs of dehydration,
an average clinical condition, significant weakness (the appearance of a very sick child),
and discrete swelling of the hands and feet. Moreover, the patient had chapped redness
of the lips, with swelling of the gums and tongue, and cervical lymphadenopathy with
predominance on the left side. The patient’s skin showed erythema on the face, and
fine-petal rash in the area of the chest, abdomen, back, and buttocks.

The preliminary laboratory tests showed high inflammatory parameters, leukocytosis
with neutrophilia, hyponatremia, compensated metabolic acidosis, high urea concentration,
and decreased GFR (Table 1). Initially, due to the child’s severe clinical condition and sig-
nificantly elevated inflammatory parameters, which could indicate severe sepsis, cultures
were taken from urine (negative result), feces (negative result), blood (negative result), and
from a throat swab. The quantitative test for antibodies on the second day of his stay turned
out to be positive, with a result of 141.2 U/mL. During hospitalization, it was hypothesized
that the patient might have contracted COVID-19 during the infection two months prior to
admission to the ward. Control laboratory tests, including inflammatory parameters, were
performed after 72 and 96 h of hospitalization and at the end of therapy, i.e., on the nineth
day of therapy (Table 2). On the fifth day, the result of the microbiological examination of
the throat was obtained, which showed the presence of streptococcus pyogenes in the high
titer (++). This bacterial species is sensitive to beta-lactam antibiotics. Thus, penicillin
was the drug of choice. During hospitalization, abdominal ultrasound was performed
four times, lung ultrasound was performed three times, and lymph node ultrasound was
performed once. The first ultrasound examination of the abdominal cavity performed on
the second day of hospitalization showed a slight amount of interloop fluid. In the next
two follow-up examinations which were carried out on consecutive days, there was no
deterioration. The last follow-up examination performed on the 9th day of hospitalization
showed a regression of the previously described changes. The first ultrasound of the lungs
was performed on the second day of treatment, showing slight bilateral inflammatory
consolidations at the bottom of the lungs, which was confirmed in the next ultrasound
imaging performed 24 h later, resulting in the diagnosis of bilateral pneumonia in the child.
The examination performed on the nineth day of treatment confirmed the regression of the
previously described inflammatory changes in the lungs. The cervical and submandibular
lymph node examination on the fourth day showed inflammatory lymphadenopathy.
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The patient was consulted twice by a cardiologist on the third and tenth days of
treatment due to his severe general condition during the initial days of hospitalization. The
performed electrocardiographic and echocardiographic examinations showed no significant
abnormalities. Despite this, the consulting cardiologist additionally recommended using
NT-proBNP, cardiac markers, and daily monitoring of electrocardiogram for the purpose
of differential diagnosis of pediatric inflammatory multisystem syndrome temporally
associated with SARS-CoV-2 (PIMS-TS). Laryngological consultation was carried out on
the third day of hospitalization, during which a strongly reddened throat and swollen
purulent deposits on the tonsils were found.

Table 1. Initial diagnosis in the emergency room.

Patient Number

Marked Laboratory Tests 1 Patient Number 2 Normal Ranges
Complete blood count
WBC [x103/uL (%)] 17.9 10.6 [4.0-10.0]
Neut [x103/uL (%)] 15.6 (87.2%) 8.4 (79.8%) [1.2-6.0]
Lymph [x103/uL (%)] 0.4 (2.4%) 0.6 (5.4%) [1.0-5.5]
Mono [x103/uL (%)] 1.4 (7.9%) 1.2 (11.6%) [—1.0]
Eosy [x103/uL (%)] 0.2 (1.1%) 0.1 (1.0%) [—0.7]
Baos [x10%/uL (%)] 0.3 (1.5%) 0.2 (2.2%) [—0.1]
RBC [x10°/pL] 447 4.25 [4.0-5.3]
Hgb [g/dL] 12.5 12.0 [11.5-14.5]
HCT [%] 35.2 34.3 [33.0-43.0]
MCV [fL] 78.7 80.6 [76.0-90.0]
MCH [pg] 27.9 28.2 [25.0-31.0]
MCHC [g/dL] 355 35.1 [32.0-36.0]
Rdw [%] 11.3 10.2 [10.0-14.5]
PLT [x103/uL] 322 276 [150-400]
MPV [fl] 54 55 [5.5-12.2]
CRP [mg/L] 290.68 165.7 [—5.0]
Procalcitonin [ng/mL] 51.6 5.0 [—0.5]
ALT [U/L] 37.5 196.3 [—41.0]
AST [U/L] 51.9 173.9 [—41.0]
Urea [mg/dL] 55.9 38.1 [16.6-48.5]
Creatinine [mg/dL] 0.61 0.57 [0.7-1.2]
GFR [mL/min] 51 56.3 [>60]
Sodium [mmol/L] 130 131 [135-145]
Potassium [mmol /L] 441 3.66 [3.5-5.1]
Capillary blood gases
pH 7.40 7.42 [7.3-7.4]
pCO2 [mmHg] 26.2 33.7 [35.0-45.0]
02 [mmHg] 61.6 73.5 [65.0-100.0]
BE —8.6 -2.9 [—2—+2]

General examination of urine
Cloudy urine

Color Cloudy urine 5-10 HPF Light yellow color
Leukocytes 0-2 HPF - <5 HPF
Ketone bodies ++ 2-4 HPF -
RBCs - Single hyaline cast HPF -
Single bacteria HPF

Abbreviations: WBC—white blood count total; Neut—neutrophils total; Limf—total lymphocytes; Mono—
monocytes; Eosy—eosinophils; Baso—basophils; RBC—total red blood count; Hgb—hemoglobin concentration;
Hct—hematocrit; MCV—mean corpuscular volume; MCH—mean corpuscular hemoglobin; MCHC—mean
corpuscular hemoglobin concentration; Rdw—red blood cell distribution width; Plt—total platelet count; MPV—
mean platelet volume; and RBCs—red blood cells.
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Table 2. Diagnostics during hospitalization in the Department of Pediatrics.

I Control II Control IIT Control
Patient Patient Patient Patient Patient Patient
Marked Laboratory Number 1 Number 2 Number 1 Number 2 Number 1 Number 2
Tests (3rd Day of (2nd Day of (4th Day of (4th Day of (9th Day of (10th Day of
Hospitaliza- Hospitaliza- Hospitaliza- Hospitaliza- Hospitaliza- Hospitaliza-
tion) tion) tion) tion) tion) tion)
Complete blood count
WBC [x103/uL (%)] 17.7 9.7 14.1 104 18.2 10.6
Neut [x10%/uL (%)] 9.1 6.0 (61.7%) 3.8 (26.6%) 4.5 (43.4%) 11.8 (65.1%) 5.2 (49.0%)
Hgb [g/dL] 11.1 109 g/dL 11.2 10.61 12.61 124
PLT [x103/uL] 181 226 152 243 412 514
CRP [mg/L] 178.7 103.86 87.45 714 439 39.0
PCT [ng/mL] 18.8 22 6.7 1.8 3.3 0.5
ALT[U/L] 33.9 116.3 32.7 90.5 33.8 77.2
AST [U/L] 404 53.6 329 48.3 36.6 444
Creatinine [mg/dL] <04 0.38 0.24 0.39 0.24 0.33
GFR [mL/min] 79.9 84.5 129.8 82.3 129.8 97.3
Urea [mg/dL] 30.1 224 20.1 23.1 18.6 23.0
Total protein [g/dL] 5.59 5.02 5.46 5.21 5.69 7.68
Total cholesterol
99 140 101 204 172 180
[mg/dL]
Triglycerides
307 492 338 442 342 223
[mg/dL]
LDL fraction
9 13 10 22 118 150
[mg/dL]
HDL fraction
14 14 13 12 23 36
[mg/dL]
Fibrinogen [g/L] 49 4.6 2.7 3.0 2.1 2.5
APTT [sec] 27 31 26 29 29 27
INR 0.9 1.2 1.0 1.1 1.0 1.0
D-dimer [mg/ /] 1.6 1.14 1.9 5.19 0.8 0.7
Troponin T [pg/mL] 49 47 4.8 4.8 47 44
CK-MB [U/L] 20.4 19.6 23.6 21.5 19.8 21.9
NT-proBNP 1178 995 - - 425 -
Albumin [g/dL] 3.14 2.9 - - 3.0 -

Abbreviations: WBC—total white blood count total; Neut—total neutrophils; Hgb—hemoglobin concentration;
Plt—total platelet count; and MPV—mean platelet volume. I Control refers to laboratory tests performed between
24 and 48 h of hospitalization. II Control refers to tests performed again on the 4th day of hospitalization. III
Control refers to tests performed at the final stage of hospitalization on day 9 or 10.

2.1.3. Therapeutic Interventions and Outcome

On the first day of hospitalization, after the laboratory tests, Ceftriaxone at 50 mg/kg/day
in the intravenous form was introduced to the treatment, and after the next three days,
10 mg/kg/dose of Vancomycin was also added and administered intravenously four
times a day. This drug was implemented due to the lack of improvement after the treat-
ment used so far. It was suspected, due to the lack of a definitive throat swab, that a
penicillin-resistant pathogen might be the source of the infection. After the use of third-
generation cephalosporin, laboratory tests showed a decrease in inflammatory parameters
(Table 2), but the boy’s clinical condition did not improve. In addition, diuresis was limited
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(400 mL per 24 h). There was swelling of the feet, hands, and the lumbosacral area. The
erythematous rash persisted. Apart from pharyngitis and tonsillitis, extensive stomatitis
developed in the oral cavity, which prevented the patient from taking liquids and food.
Based on a positive throat swab obtained on day 5 of hospitalization, the patient
was diagnosed with scarlet fever. Streptococcus pyogenes was grown to a large extent, as
well as Haemophilus parainfluenzae. On the same day, oral Phenoxymethylpenicillin at
1,000,000 I.U. was added to the treatment twice a day for a period of 10 days, which lasted
until the end of hospitalization. Previously administered antibiotics were discontinued.
In addition, during hospitalization, the patient was treated intravenously with parenteral
hydration (variable values), multi-electrolyte fluid (QD), and Furosemide (BID). The follow-
ing drugs were administered orally: Spironolactone (QD), Paracetamol (QID), Ibuprofen
(to be taken when it was necessary), Clemastine (QD), and a drug containing Magnesia
hydroaspartas and Kalii hydroaspartas (to be taken when it was necessary).

2.1.4. Post-Hospital Recommendations

The recommendations included the implementation of home isolation until the full res-
olution of all clinical symptoms and the performance of control laboratory tests (urinalysis,
complete blood count, total protein, CRP, creatine kinase, and transaminase concentration)
with outpatient control of the results by the pediatrician. In addition, it was recommended
that the patient avoided excessive physical effort and performed daily weight control on
an empty stomach, with the implementation of a diet of easily digestible food. A referral
was issued for outpatient follow-up visits to nephrology and cardiology outpatient clinics.
In the event of recurrent pre-existing clinical symptoms, the child’s mother was advised to
report again to the pediatric ward. The total time of the patient’s stay in the hospital as a
result of hospitalization was 14 days.

2.2. Patient 2
2.2.1. Patient Information

A 4-year-old boy was admitted to the emergency room of the Department of Pediatrics
late in the evening due to dehydration during the course of gastroenteritis one day after
patient no. 1. Over the previous three days before admission, the boy had a high and
intense fever reaching 40 °C with a mediocre response to antipyretics. He was significantly
weakened, vomiting, and passing liquid stools without pathological admixtures. In addi-
tion, according to the parent’s assessment, diuresis was significantly reduced compared
to the previous days. Over the previous two days before hospital admission, a rash was
present on the child’s skin, which was diagnosed in an outpatient setting as infectious
erythema. During the medical interview, the parents denied having previously contracted
COVID-19.

2.2.2. Clinical Findings and Diagnostic Assessment

During the time spent in the emergency room, the physical examination showed
abnormalities in addition to signs of increased dehydration; significant weakness (the
appearance of a very sick child); and fine-spotted rash on the skin of the face (with a
Filatov’s triangle), chest, abdomen, and genital area; edema on the hands and feet; a
raspberry red tongue; and a reddened throat with swollen red tonsils. On the second day
of hospitalization, the skin rash became “brushy”. Pastia’s lines appeared in the groin and
elbow folds, and the Filatov triangle became very pronounced.

Blood, urine, and feces samples were taken. The preliminary laboratory tests showed
elevated parameters of inflammation and hyponatremia, and significantly elevated activity
of transaminases (Table 1). The quantitative test for antibodies on the second day gave a
negative result. Due to the characteristic symptoms, a pharyngeal culture for GAS was not
ordered. Control laboratory tests, including inflammatory parameters, were performed
after 48 and 96 h of hospitalization and at the end of therapy, i.e., on the 10th day of
therapy (Table 2).
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During hospitalization, three abdominal and retroperitoneal ultrasounds and two
lung ultrasounds were performed. The first abdominal examination was performed on
the third day of hospitalization, showing a slight amount of interloop fluid in the right
iliac fossa and hepatomegaly, which did not change in the control examination performed
after 24 h. Another control examination of the abdomen performed on the eighth day of
hospitalization showed a significant improvement in the form of a reduction in the amount
of interloop fluid. The first ultrasound examination of the lungs performed on the third
day of hospitalization showed the presence of fluid in both pleural cavities, hepatosis of
the lower lobe of the left lung, and numerous small consolidations within the right lung.
The control lung examination carried out on the eighth day of hospitalization showed a
regression of inflammatory changes in the lungs.

On the second and ninth days of hospitalization, the patient underwent cardiological
consultations. The performed electrocardiographic and echocardiographic examinations
showed no significant deviations from the normal state. Additionally, on the second day of
hospitalization, an ENT consultation was carried out, which revealed a vivid red throat,
reddened tonsils, and swollen deposits on the back of the throat along with purulent
discharge. The performed posteroanterior view (PA) + lateral chest X-ray on the ninth day
showed lung areas without focal changes and a silhouette of the heart within normal limits.

2.2.3. Therapeutic Interventions and Outcome

Initially, intensive parenteral hydration was used therapeutically. On the day of admis-
sion, the patient was treated with Ceftriaxone at a dose of 50/mg/kg/day in intravenous
form, which lasted until the eighth day. On that day, the boy had an intense fever reaching
39 °C and was very weak. He had diuresis, but despite the use of parenteral hydration, it
was significantly limited. It amounted to 350 mL per 24 h. Persistent peripheral edema and
a rapid enlargement of the abdominal circumference were also noticed.

Due to the characteristic features of scarlet fever on the second day of hospitalization,
a diagnosis was made in this regard. On that day, Phenoxymethylpenicillin at 1,000,000 L.U.
was administered orally twice a day until the end of hospitalization in a dose appropriate
to the patient’s age, along with a probiotic that had a strain of Saccharomyces boulardii. The
probiotic was used due to continued diarrhea. The following treatments were administered
to the patient intravenously: parenteral hydration (variable values), multi-electrolyte
fluid (QD), Furosemide (BID), and Paracetamol (BID). The following drugs were used
orally: Spironolactone (BID), Ibuprofen (to be taken when it was necessary), Cetirizine
hydrochloride (BID), and inhalations with Budesonide (QD).

2.2.4. Post-Hospital Recommendations

The recommendations included home isolation until complete recovery. Control
laboratory tests were also recommended about a week later (urinalysis, aminotransferase
concentration, complete blood count, total protein, and CRP), together with a consultation
at the pediatric clinic. Avoidance of excessive physical effort, daily weight control on an
empty stomach, and a diet of easily digestible food were also recommended. A referral
for an outpatient follow-up visit to a nephrology clinic was issued. If pre-existing clinical
symptoms recurred, the child’s mother was advised to return to the pediatric ward. The
total time of the patient’s stay in the hospital was 10 days.

2.3. Comparison of Cases

Due to the initially severe clinical condition presented in both boys, the possibility of
a systemic inflammatory reaction after recovering from COVID-19 was taken into account.
Laboratory diagnostics were extended in accordance with the PIMS-TS protocol with a
repetition frequency depending on clinical needs. After the introduction of antibiotic
therapy, a significant decrease in inflammatory markers and aminotransferase activity
was found in both patients. The concentrations of triglycerides were surprisingly high,
while cholesterol and total protein levels were significantly lower. Minor disorders of the
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coagulation system were observed (Table 2). The imaging examinations performed at the
Department of Pediatrics showed inflammatory changes in lung ultrasound (consolidations,
pleural effusion), as well as significant leaks into the third space in the abdominal cavity.

The unusual similarity between both boys during the clinical course of the disease,
as well as the changes in the laboratory and imaging tests, are noteworthy. For logistical
reasons, the boys were placed in one patient room during hospitalization. They turned out
to be friends from one kindergarten in the same group, where an outbreak of scarlet fever
had been diagnosed a few days earlier.

Recognition of the disease as scarlet fever in case no. 2 was considered from the very
beginning, while in case no. 1, due to the lack of characteristic symptoms within the first
few days of hospitalization, the disease was only recognized after obtaining a throat swab
and information from his medical history. After appropriate treatment was implemented,
the condition of boy no. 1 improved rapidly (Table 2).

3. Discussion

In Poland, there is an obligation to report infectious diseases, infections, deaths,
and biological pathogens to the state sanitary inspectorate. This includes scarlet fever.
The epidemiological data prepared by the National Institute of Public Health (NIH)—
National Research Institute indicate a significant increase in the number of incidents (per
100,000 inhabitants) of scarlet fever in 2022 (33.09) compared to the previous year (6.94).
This is due to the reduced transmission of biological pathogens caused by the SARS-
CoV-2 pandemic in 2021, which resulted in restrictions on the movement and attendance
of children and young people in kindergartens and schools, as well as reduced access
to stationary medical consultations during the pandemic. The highest number of cases
in Poland was observed in the first quarter of the year. The statistical data show that
1415 scarlet fevers were diagnosed in Poland in the first half of 2021. This is an incidence
rate of 3.71 per 100,000 inhabitants. In the first half of 2022, 5269 cases were already
diagnosed, giving an incidence rate of 13.81 per 100,000 inhabitants. On the other hand, the
highest number of cases by age falls in the age ranges of 0—4 and 5-9, with a higher incidence
among boys. The number of hospitalizations resulting from scarlet fever in the discussed
years did not exceed 2.5%, and no deaths caused by this disease were recorded [7,8].

Usually, the course of scarlet fever is mild, and a return to normal activity occurs after
two days with the use of appropriate treatment; very rarely is it a reason for hospitalization [2].

In its classic course, scarlet fever remains a fairly simple disease to recognize. The
patients described in this paper, however, were difficult cases to diagnose due to symptoms
that could be indicative of several other childhood diseases. Patient no. 2 had the charac-
teristic features: a distinctive rash, a Filatov’s triangle, a raspberry red tongue, and white
coating. Patient no. 1 also had a confluent erythema on his face, and oral examination was
limited due to severe inflammation of the gums, tongue, and lips, with significant damage
to the mucous membranes.

Both patients gave the impression of “very sick children”. Their activity was signif-
icantly reduced, and the fever responded poorly to antipyretics. A big problem was the
limitation of diuresis, causing peripheral edema of the feet, hands, and sacro-lumbar region.
The fluid balance, which was maintained for several days, leveled off only after the use
of diuretics. The patients had no record of family history of immunodeficiency or serious
bacterial infections. The entire clinical picture gives grounds for considering the existence
of a toxic form of streptococcus pyogenes infection.

Finally, the throat swab as the main standard enabled the final diagnosis of patient
no. 1. The common source of infection, i.e., the kindergarten group and contact with a
confirmed case of scarlet fever, left no doubt that it was indeed this disease. After the
implementation of a dedicated treatment (phenoxymethyl penicillin), intensive parenteral
hydration, diuretic treatment, and use of albumin specimens (in patient 1) with meticulous
fluid balance, the boys’ clinical condition gradually improved. The patients were discharged
in good general condition with recommendations after several days of hospitalization.
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The possible impact of surviving a SARS-CoV-2 infection in children remains an open
question. Patient no. 1 was infected with the Sars-Cov-2 virus shortly before the mentioned
infection, and Patient no. 2 had a negative history. This information was confirmed by a
screening test for the presence of antibodies to this virus. Taking into account the location of
the Department of Pediatrics (Silesia region), the boys’ clinical condition, and the initial test
results, PIMS-TS syndrome was suspected. Finally, the patients did not meet the criteria for
diagnosis, and the treatment implemented was adequately effective.

Another disease that was initially considered was Epstein—-Barr virus (EBV) infection
with a severe course (a high temperature, cervical lymphadenopathy, hepatosplenomegaly,
and swollen tonsils). Patient no. 1 tested positive in a heterophile antibody screening;
however, both boys tested negative for EBV specific antibodies.

The etiology of acute pharyngitis is usually viral. In order not to unnecessarily admin-
ister an antibiotic, it is necessary to introduce differential diagnostics, such as pharyngeal
cultures for bacteria. The leading agent in this group is streptococcus pyogenes. Diagno-
sis based solely on the clinical image can sometimes be quite difficult. This is because
oropharyngeal lesions are not always present in positive cases of infection by GAS. Proper
management avoids the development of the problem of antibiotic resistance in patients
with GAS [5].

Both the CDC and the Canadian Pediatric Society have established criteria for Group
A Streptococcal toxic shock syndrome. These patients meet the criteria for probable toxic
shock [9,10]. In the literature, cases of toxic shock that are caused by streptococcus pyo-
genes can be found, in which mortality in the pediatric population can be very high, and
complications are extremely dangerous [11,12].

Lamagni and colleagues investigated factors that may contribute to the generalization
and severity of S. pyogenes infection. Based on cases in Greece, a conclusion was drawn
about virological factors favoring a severe course of the disease, which may include chicken-
pox. A patient’s current condition should also be confronted with data about vaccinations
and past infectious diseases [12-14].

4. Conclusions

Scarlet fever is generally a mild childhood disease, but the possibility of a severe course
requiring hospitalization also exists. Therefore, this disease should not be marginalized by
other infectious diseases. A diagnosis can be made on the basis of clinical symptoms, but
these symptoms are not always clear. Differential diagnosis with other diseases is required.
Medical history, which is often very detailed, can be the solution to making a definitive
diagnosis and can complement the data collected from the laboratory tests performed.
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Abstract: Background: Spontaneous pneumomediastinum (SP) is generally a benign condition which
can have various etiologies. Data on SP related to respiratory viral infections in children are rare and
there are currently no official guidelines or consistent treatment recommendations for these patients.
Aim: To discuss treatment options considering the recommendations for SP with different etiologies.
Methods: We report three cases of SP, which were related to rhinovirus or respiratory syncytial virus
(RSV) infection. Results: All three patients presented with typical symptoms of a respiratory tract
infection and required oxygen supplementation during the hospital stay. All children benefited
from a conservative, supportive therapy, and bed rest, and could be discharged after seven days or
less without remaining symptoms. Conclusion: Surveillance and monitoring might be reasonable
to detect and treat potential complications in children with SP due to viral infections, as one child
developed an increasing pneumothorax, which had to be treated with a thoracic drainage.

Keywords: pneumomediastinum; children; viral infection; rhinovirus infection

1. Introduction

A pneumomediastinum is generally defined as the presence of interstitial air in the
mediastinum. A spontaneous pneumomediastinum (SP) is caused by an increased pressure
in the airways in comparison to the surrounding tissue, leading to a spread of air into the
mediastinum without any external cause, such as trauma or surgery. In this incidence, air is
often also pressed into the subcutaneous tissue or the pleural space, which is why an SP is
often accompanied with subcutaneous emphysema and pneumothoraces [1]. In most cases,
an SP presents with mild symptoms of chest and neck pain, sore throat, or dyspnea [2]. In
children, SPs occur most commonly in asthma exacerbation or after a Valsalva maneuver
such as vomiting or coughing [3-5]. Other triggering factors can be bronchospasms or
foreign body ingestions. Only 13% to 20% of SPs have been described as occurring related
to viral infections [4,5]. Recently they have also been described for patients with COVID-19
infections [6-8].

SPs related to respiratory viral infections in children are rare and only a few case reports
are published [9,10]. Studies focusing on SPs due to respiratory viral infections are not
available. Accordingly, data regarding the clinical course in these patients is rare, and there are
currently no official guidelines or consistent treatment recommendations for those patients.

In this work, we report three cases of SP, which were related to rhinovirus or respiratory
syncytial virus (RSV) infection in children, and discuss treatment options for these patients,
considering the recommendations for SPs with different etiologies.

Children 2022, 9, 1040. https:/ /doi.org/10.3390/ children9071040 33 https://www.mdpi.com/journal/children



Children 2022, 9, 1040

2. Case Reports
2.1. Case 1

Patient 1 was a three-year-old girl presenting with fever and cough for two days
as well as tachydyspnea and neck swelling. In the clinical examination subcutaneous
emphysema was detected above the clavicles and bilateral rhonchus was auscultated.
Accordingly, a chest X-ray was performed, which showed a pneumomediastinum and
a large subcutaneous emphysema (Figure 1). A polymerase chain reaction (PCR) of the
nasal secretions obtained in our emergency unit was positive for RSV. High C-reactive
protein (CRP) levels (108 mg/L, normal range 0-5 mg/L) led to the assumption of bacterial
superinfection, which led to a treatment with ampicillin (100 mg per kg body weight per
day, divided in three doses) for seven days. Oxygen supplementation was necessary to
keep the saturation between 88% and 92%. Afterwards, oxygen supplementation could be
stopped as the saturation was normal. Additionally, she received supportive intravenous
fluid, and bed rest was prescribed. She recovered and was discharged after seven days.

Figure 1. Imaging findings in patient 1. Chest X-ray showing a pneumomediastinum (black arrows)
and a subcutaneous emphysema, more pronounced on the left site (white arrows).

2.2. Case 2

Patient 2 was a three-year-old girl with a history of three days of fever, obstructive
bronchitis, and dyspnea, as well as a cough with sputum. On physical examination she
presented with bilateral wheezing, rattling noises, and palpable subcutaneous emphysema.
Multiplex PCR of the nasopharyngeal aspirate revealed an acute rhinovirus infection. In
addition, this patient was treated with antibiotics due to bacterial superinfection (also
suspected because of elevated CRP levels (99 mg/L) and received intravenous fluids
(1.2 L of saline per day (85 mL/kg/day)). Therapy with the broad-spectrum antibiotic
agent ceftriaxone (75 mg per kg body weight per day) had already been started by the
referring hospital. To treat the obstructive bronchitis, she received inhalation treatment with
salbutamol and corticosteroids. She required oxygen supplementation via nasal canula to
maintain an oxygen saturation > 94%. Chest radiograph showed a pneumomediastinum
in combination with pneumothorax and subcutaneous emphysema (Figure 2A). Due to
deterioration of symptoms a follow-up X-ray was performed and indicated an increase
in the pneumothorax and pneumomediastinum. A subsequent computed tomography
(CT) of the thorax showed the increasing pneumomediastinum and pneumothorax, as well
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as bilateral atelectases (Figure 2B,C). Because of pulmonary deterioration with increasing
dyspnea, a thoracic drainage was applied to treat the pneumothorax, which led to improve-
ment within the next days. The patient recovered, the drainage could be removed after
three days, and she was discharged after seven days.

Figure 2. Imaging findings in patient 2. In the chest x-ray (A), as well as in CT-imaging (B,C)
bilateral subcutaneous emphysema (white arrows) and a pneumomediastinum (black arrows) with a
Spinnaker sail (angel wing) sign ((A), thymus lobes marked with black arrowheads) was detected. In
addition, there were atelectases (white arrowheads), predominantly of the right upper lobe, as well
as a pneumothorax (black arrowhead in (B)).

2.3. Case 3

Patient 3 was a six-and-a-half-year-old girl who was admitted to our hospital with
dyspnea and epigastric and chest pain after a history of a respiratory infection during the
days before. Because of inspiratory and expiratory stridor, inhalation with bronchodilators
was established and oxygen supplementation was started. In the clinical examination,
a massive subcutaneous emphysema of the neck and chest was observed. Blood tests
detected elevated infection markers (leukocytes of 15.4/nL (normal range 4.7-10.3/nL) and
CRP of 58 mg/L). Therefore, we suspected bacterial superinfection and started empiric
antibiotic treatment with ampicillin (for dosage, see case 1). Multiplex PCR of the nasal
secretion was positive for rhinovirus. An X-ray was performed, showing a pneumomedi-
astinum and pneumothorax as well as a subcutaneous emphysema (Figure 3). Because of
suspected pneumopericardium in the chest X-ray and due to aggravation of the patient’s
symptoms, an additional chest CT was performed. The CT ruled out a pneumopericardium
and confirmed the pneumomediastinum and pneumothorax, and additionally showed
pneumorrhachis (presence of air in the spinal epidural space). We carefully observed the
patient, prescribed bed rest, and performed supportive treatment with oxygen therapy and
intravenous fluid. The patient improved within the next few days and an X-ray before
discharge showed an improvement of the initial findings. A few days later the symptoms
completely resolved, and the patient was discharged after six days.
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)

Figure 3. Imaging findings in patient 3. In the initial chest X-ray, pneumopericardium was suspected
(A). Therefore, a CT was performed (B,C) which showed a pneumomediastinum (black arrows),
accompanied by a large subcutaneous emphysema (white arrow) and epidural pneumatosis (black
arrowhead), but no pneumopericardium. A chest X-ray (D) which was acquired at discharge showed
substantial improvement of the previously mentioned findings.

3. Discussion

In this report, we investigated three cases of children with SP caused by viral infections of
the airways who could be effectively managed with supportive therapy, rest, and monitoring.

RSV and rhinovirus are two of the most common pathogens causing viral respiratory
infections in children and are often seen in winter and beginning of spring [11]. Children
under the age of two years, especially prematurely born toddlers, and those with chronic
illnesses, such as immunodeficiencies or broncho-pulmonary disease, are often hospitalized
with RSV [11]. The coincidence of RSV infection and SP has only been described in two
other case reports before, and only one case of coincident rhinovirus infection and SP has
been described [9,10]. The typical symptoms of these infections, dyspnea and coughing,
which were present in all of our patients, can lead to an increased intrathoracic pressure,
resulting in alveolar rupture, leading to SP.

In children presenting with dyspnea, chest pain, or subcutaneous emphysema, a
chest X-ray may be indicated, which normally leads to the diagnosis of SP, if present.
In unclear cases or suspected complications, such as pneumopericardium and tension
pneumothorax or to exclude an esophageal rupture, a CT scan can be performed, as was the
case with patients 2 and 3 of our report. In patient 3, we also observed a pneumorrhachis,
which may appear to be a serious complication. However, previous studies showed that
pneumorrhachis is self-limiting and does not require specific treatment in the vast majority
of cases [12].

All three of our patients received supportive therapy with oxygen via nasal cannula and
intravenous fluids which led to a substantial improvement of their symptoms. In all cases,
blood tests showed increased inflammatory markers (leucocytes and CRP), which lead to
the suspicion of bacterial superinfection. Therefore, all children received empiric intravenous
antibiotic treatment. Only patient 2 needed additional invasive treatment in terms of a thoracic
drainage to treat an enlarging pneumothorax which caused increasing dyspnea.
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There are currently no guidelines and only a few treatment recommendations for
children with SP. This might contribute to the fact that SP is often overinvestigated and
overtreated [9,12,13]. Our cases suggest that SP in children with viral infections can be
effectively treated with the above-mentioned supportive therapies.

A few larger studies investigated children with SP; however, in these studies the
underlying cause for SP was manifold and their conclusions and recommendations were
not restricted to or focused on viral infections [4,5,14]. In addition, two review articles were
published, summarizing the diagnosis and management of children with SP; however,
these also did not specifically address the etiology of the disease [1,15]. These studies and
reviews recommend a conservative, non-invasive treatment for pediatric patients with
SP, which is in line with our management. Noorbakhsh et al. and Fitzwater et al., who
studied 183 and 96 children, respectively, concluded that short-term observation of a child
with SP with mild symptoms in the emergency department might be sufficient [4,5]. In the
study by Fitzwater et al., in most cases children were admitted to the hospital and some
also to the ICU, although none of them had progression or were intubated [4]. We think
that hospitalization for children suffering from SP secondary to viral infections might be
reasonable to enable rest and monitoring, and especially to enable treatment and detection
of imminent or already present complications.

In conclusion, SP related to viral infections appears to be a benign condition. Support-
ive treatment and rest are effective therapies for SP. Surveillance and monitoring might be
reasonable to detect and treat potential complications.
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Abstract: Children’s and adolescents’ lives drastically changed during COVID lockdowns world-
wide. To compare accident- and injury-related admissions to pediatric intensive care units (PICU)
during the first German COVID lockdown with previous years, we conducted a retrospective mul-
ticenter study among 37 PICUs (21.5% of German PICU capacities). A total of 1444 admissions
after accidents or injuries during the first lockdown period and matched periods of 20172019 were
reported and standardized morbidity ratios (SMR) were calculated. Total PICU admissions due to
accidents/injuries declined from an average of 366 to 346 (SMR 0.95 (CI 0.85-1.05)). Admissions
with trauma increased from 196 to 212 (1.07 (0.93-1.23). Traffic accidents and school/kindergarten
accidents decreased (0.77 (0.57-1.02 and 0.26 (0.05-0.75)), whereas household and leisure accidents
increased (1.33 (1.06-1.66) and 1.34 (1.06-1.67)). Less neurosurgeries and more visceral surgeries
were performed (0.69 (0.38-1.16) and 2.09 (1.19-3.39)). Non-accidental non-suicidal injuries declined
(0.73 (0.42-1.17)). Suicide attempts increased in adolescent boys (1.38 (0.51-3.02)), but decreased
in adolescent girls (0.56 (0.32-0.79)). In summary, changed trauma mechanisms entailed different
surgeries compared to previous years. We found no evidence for an increase in child abuse cases

requiring intensive care. The increase in suicide attempts among boys demands investigation.

Keywords: accident; trauma; injury; lockdown; pediatric intensive care; COVID
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1. Introduction

By the beginning of March 2020, the spread of the new corona virus SARS-CoV had
reached most parts of Europe, including Germany. To prevent an uncontrolled transmission
of the virus, the German state and federal governments announced drastic restrictions to
public and private life. The lockdown came into effect on 16 March and restrained many of
children’s daily activities. This first lockdown to control the pandemic lasted until the end
of May 2020, when restrictions were gradually relaxed.

Several authors have reported drastic declines in pediatric emergency department
visits, which were mainly driven by declines in infectious diseases [1-3]. In the Netherlands
and New Zealand, less children presented to emergency departments with trauma [4,5]. The
lockdown with restrictions to public and private life posed completely new and unknown
challenges for families in Germany. Parents had to work at home and simultaneously care
for their children, which led to psychosocial stress [6,7]. High rates of clinical anxiety and
depression among parents have been reported from the United States during this time [1].
Across countries, there was major public concern that the lockdown restrictions would
lead to an increase in unrecognized child abuse due to lack of social control by schools
and kindergartens.

The aim of this study was to examine changes in accident- and injury-related ad-
missions to pediatric intensive care units (PICU) during the German COVID lockdown
compared to corresponding calendar periods of previous years. To address this issue, we
conducted a retrospective observational multi-center study among 37 pediatric intensive
care units (PICU) across the country.

2. Methods
2.1. Study Design and Recruitment

The study was designed as a retrospective observational multicenter analysis. Mem-
bers of an informal mailing list of the German Society of Neonatal and Pediatric Intensive
Care (GNPI) were inquired via email to participate in the study. Additionally, German
children’s hospitals with intensive care units were identified via the homepage of German
Society for Pediatrics (Deutsche Gesellschaft fiir Kinder- und Jugendmedizin). Inquiries
for participation in the study were sent out to representatives via email twice between
September of 2020 and February of 2021.

2.2. Eligibility and Identification of Cases

Patients < 18 years of age admitted to a German pediatric intensive care unit due to
accidents or injuries were eligible. Patients were admitted to the pediatric intensive care unit
if they had or were at risk for severe acute decompensation, neurologic deterioration, life-
threatening organ dysfunction, hemodynamic instability, or required invasive or continuous
monitoring due to the severity of their condition. The evaluation of the clinical condition
and decision for PICU admission was at the discretion of the attending physician/hospital.
The observation period was the first German lockdown (16 March to 31 May of 2020), the
corresponding calendar periods of the years 2017-2019 served as reference period. Eligible
diagnoses were S00-S99 and T00-T78 according to the German modification of the ICD
system (ICD-10-GM). S codes apply for trauma diagnoses and T codes apply for other
types of injuries or damage from external sources. Eligible patients were identified via local
hospitals” medical controlling services.

2.3. German Lockdown

The German lockdown came in to effect on 16 March 2020 with school and daycare
closures. Recreational facilities including playgrounds were closed and people were urged
to reduce their contacts and stay at home. Group gatherings were prohibited. Performing
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individual sports outside or leaving the house was not prohibited or restricted to a specific
distance from home or to a specific length of time. Compared to other European countries
such as France, Italy, Spain, and the United Kingdom (UK), the German lockdown was less
strict and relied on voluntary participation of the population. Unlike in other countries,
restructuring of the health care system was not applied to pediatric departments and
pediatric intensive care units, which remained fully functional during the lockdown. From
the beginning of May, the lockdown measures were gradually relaxed until 31 May 2020.

2.4. Data Acquisition

Anonymized clinical data were extracted from discharge summaries. Data were
entered online into a questionnaire hosted at Microsoft Office Forms 365 for institutional
users by the participating centers themselves. Alternatively, anonymized discharge letters
were mailed or emailed to the principal study site (Department of Pediatrics I, University
Medicine Essen) and entered by local staff (LW and KH) (Figure 1). After the completion of
data collection, the raw data were downloaded as a Microsoft Office Excel file and imported
into SAS Enterprise Guide 8.4 for statistical analyses.

Identification of eligible patients via local medical
controlling

4

Extraction of discharge letters by local
physician/researcher

Data entry into anline Transmission of
database by local anonymized discharge
physician/ researcher letters to the UME

L4

Data entry into online
database by
researcher at UME

4

[ Data extraction and analyses performed at the UME ]

Figure 1. Data flow between participating centers. UME, University Medicine Essen.
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To determine the percentage of PICU capacities represented by the participating
centers, we accessed the DIVI registry of intensive care beds (German Interdisciplinary
Association of Intensive Care and Emergency Medicine, Deutsche interdisziplindre Vereini-
gung fiir Intensiv- und Notfallmedizin) and extracted the total number of PICUs, PICU
beds in Germany and the number of beds provided by the participating centers in this study.
Some children’s hospitals do not report pediatric and neonatal intensive care capacities
separately in the DIVI registry. These capacities were ignored for the calculation of the
percentage, since we assumed that this is information is missing completely at random.

2.5. Statistical Analyses

Continuous variables are presented as median with interquartile range (IQR) and
mean with 95% confidence intervals (CI). For discrete variables, absolute and relative
frequencies are given. Standardized morbidity ratios (SMR) for the lockdown period were
calculated, adjusting for age and sex. The years from 2017 to 2019 served as reference period
to calculate the expected number of cases for 2020. The observed number of cases in 2020
was then divided by the expected number of cases. An SMR > 1 indicates an increase in
cases, an SMR < 1 a decrease. We calculated exact 95% Cls if the number of observed events
in the lockdown period was <15 and employed the Poisson approximation to calculate ClIs
in case of >15 events [8]. Additionally, p-values were calculated for all SMRs.

Age groups for calculation of SMRs were defined as 0-1 years, 2-5 years, 6-11 years,
and 12-17 years. Three patients with diverse gender, all from the reference period, were
excluded from SMR calculations since no patient with diverse gender was admitted during
the observation period.

SAS Enterprise Guide 8.4 (SAS Institute Inc., Cary, NC, USA) was used to perform
statistical analyses and produce figures. SISA software [9] was used to calculate exact and
Poisson Cls for SMRs.

2.6. Ethics Approval

The study was approved by the ethics committee of the Medical Faculty of the Univer-
sity of Duisburg-Essen (20-9560-BO). Local ethics committees of the participating centers
additionally approved of the study if required by local legislation. Data entry and storage
in Microsoft Office Forms is in line with the General Data Protection Regulation of the
European Union (Regulation (EU) 2016/679).

3. Results

We recruited 37 (23.3%) of 159 German PICUs including 18 University Hospitals.
The locations of the hospitals are presented in Figure 2. Of 801 PICU beds listed in the
DIVI registry, the participating centers accounted for 172, thereby comprising 21.5% of the
German pediatric intensive care capacities. A total of 1483 cases were reported. Thirty-one
cases did not fulfill the inclusion criteria, and eight cases with T diagnoses were excluded
from analysis since they were not accidents or injuries. This may happen due to the fact that
some subcategories of the ICD codes T75, T76, and T78 include non-injury diagnoses. The
remaining 1444 cases were analyzed. The median number of reported cases per hospital
was 52 (interquartile range 19-118). Clinical details of the included patients are provided
in Table 1 and Figure 3.
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Figure 2. Localization of the participating PICUs. Each circle represents one center. The main study
center in Essen (red) is located in the cluster in North Rhine-Westphalia, where 21.6% of the German
population live.

Table 1. Patient characteristics.

Overall Reference Period (2017-2019) 2020

n (%) n (%) 1 (%)
Admissions (1) 1444 1098 346
Admissions < 1 year of age [1 (%)] 121 (8.4%) 91 (8.3%) 30 (8.7%)
Age [median (IQR) 6.5 (2-13) 7 (2-14) 6 (2-12)
mean (95% CI)] 7.5 (7.2-7.8) 7.6 (7.3-8.0) 7.3 (6.7-7.8)
Male [1 (%)] 787 (54.5%) 588 (53.6%) 199 (57.5%)
Female [1 (%)] 654 (45.3%) 507 (46.2%) 147 (42.5%)
Diverse [1 (%)] 3(0.2%) 3(0.3%) 0 (0%)
;e(;gic}(l;;fo/fté% ]on intensive care unit (days) [median (IQR) 2 (1-3) 2 (1-3) 2 (1-3)

3.4 (3.0-3.8) 3.5(3.1-3.9) 3.2(2.3-4.0)
Mechanical ventilation [n (%)] 259 (17.9%) 198 (18.0%) 61 (17.6%)
I]?:;:;ti(c;r; 0/oof (r:rll)eichanical ventilation (days) [median (IQR) 1(1-3) 1(1-3) 1(1-2)

3.3(2.54.1) 3.7 (2.6-4.7) 2.2 (1.5-2.8)
Vasopressors [11 (%)] 101 (7.0%) 78 (7.1%) 23 (6.7%)
Resuscitation [# (%)] 48 (3.3%) 38 (3.5%) 10 (2.9%)
Anticonvulsives [n (%)] 54 (3.7%) 44 (4.0%) 10 (2.9%)
Died [ (%)] 13 (0.9%) 9 (0.8%) 4 (1.2%)
Time to death (days) [median (IQR) 3(1-3) 3(1-3) 2.5 (1.5-9)
mean (95% CI)] 4.1 (3.0-3.8) 3.6 (1.1-6.0) 5.3 (0-15.7)
Poor outcome (GOS 1 or 2) [1 (%)] 15 (1.0%) 11 (1.0%) 4 (1.2%)
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Figure 3. Trends in severity of disease and outcomes. SMR, standardized morbidity rate; CI,

confidence interval.

During the lockdown period the number of PICU admissions declined from an average of
366 in 2017-2019 to 346 admissions (SMR 0.95 (95% CI 0.85-1.05)). Subgroup analyses revealed
shifts in causes of admissions (Figure 3, Table 2): drowning accidents (1.36 (0.44-3.18) and inges-
tions (1.31 (0.81-2.01)) increased, whereas aspirations (0.71 (0.38-1.21)), burns (0.78 (0.56-1.06)),
and intoxications (0.71 (0.53-0.93)) decreased. Admissions due to and trauma showed slight
changes (1.07 (0.93-1.23), respectively). Within the type of trauma, we observed increases in
household (1.33 (1.06-1.66)) and leisure accidents (1.34 (1.06-1.67)) that were accompanied by

decreases in school/kindergarten (0.26 (0.05-0.75)) and traffic accidents (0.77 (0.57-1.02)).

The number of non-accidental injuries was lower than expected (SMR 0.68 (0.49-0.92))
(Figure 4). The overall SMR for confirmed suicide attempts was 0.68 (0.49-0.92). Stratifica-
tion showed that confirmed suicide attempts increased only in adolescent males (SMR 1.38
(0.51-3.02)) and decreased in adolescent females (SMR 0.56 (0.32-0.79)) (Figure 5). Suicide
attempts at ages < 12 were reported in 2 cases during the reference period and 2 cases during

the lockdown and were part of extended suicide attempts.

Table 2. Types of accidents.

Overall n (%) Reference Period (2017-2019) n (%)

2020 1 (%)

Type of accident
Aspiration [11 (%)] 68 (4.7%) 55 (5.0%)
Burn/scalding [11 (%)] 200 (13.9%) 159 (14.5%)
Drowning/suffocation [1 (%)] 16 (1.1%) 11 (1.0%)
Ingestion [n (%)] 69 (4.8%) 48 (4.4%)
Intoxication [n (%)] 272 (18.8%) 220 (20.0%)
Inhalation of toxic gas [1 (%)] 4 (0.3%) 3(0.3%)
Electrical injury [n (%)] 10 (0.7%) 9 (0.8%)
Trauma [n (%)] 802 (55.5%) 590 (53.7%)
Traffic [1 (%)] 235 (29.3%) 187 (31.7%)
Household [# (%)] 260 (32.4%) 180 (30.5%)
Window fall [1 (% of household accidents)] 64 (25.6%) 45 (25.6%)
Leisure/sports [11 (%)] 258 (32.1%) 178 (30.2%)
School/kindergarten/work [1 (%)] 38 (4.7%) 35 (5.9%)
Unknown trauma [n (%)] 11 (1.4%) 10 (1.7%)
Unknown accident [n (%)] 4 (0.3%) 3 (0.3%)
Non-accidental injury [ (%)]
Confirmed [n (%)] 223 (15.4%) 182 (16.6%)
Confirmed and suspected [1 (%)] 282 (19.5%) 226 (20.6%)
Non-accidental non-suicidal 87 (6.0%) 70 (6.4%)
Suicide attempt
Confirmed [n (%)] 158 (10.9%) 129 (11.8%)
Confirmed and suspected [11 (%)] 184 (12.7%) 145 (13.2%)

13 (3.8%)
41 (11.9%)
5 (1.5%)
21 (6.1%)
52 (15%)
1(0.3%)
1(0.3%)
212 (61.3%)
48 (22.6%)
80 (37.7%)
19 (25.7%)
80 (37.7%)
3 (1.4%)

1 (0.5%)

0 (0.0%)

41 (11.8%)
56 (16.2%)
17 (4.9%)

29 (8.4%)
39 (11.3%)
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Figure 4. Trends in types of accidents. SMR = standardized morbidity rate, CI = confidence interval.
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Figure 5. Trends in confirmed and suspected suicide attempts in adolescents. SMR, standardized
morbidity rate; CI, confidence interval.

We observed no changes in injury patterns (Figure 6 and Table 3). The total number of
patients receiving any surgery or invasive intervention averaged 124 in the reference period and
was 121 during the lockdown. However, the procedures and surgeries that were performed
changed: surgeries on the head (non-neurosurgery) (0.67 (0.29-1.31)) and neurosurgeries (0.69
(0.38-1.16)) declined, while at the same time surgeries to visceral organs (2.09 (1.19-3.39)) and
endoscopies after ingestions or aspirations (1.18 (0.77-1.73)) increased.
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Figure 6. Trends in injury patterns and procedures. SMR = standardized morbidity rate, CI = confidence interval.

Table 3. Injury patterns and procedures.

Overall (%) Reference Period (2017-2019) 7 (%) 2020 1 (%)

Injury pattern

Skeletal injury [n (%)] 305 (21.1%) 231 (21.0%) 74 (24.3%)

Head injury [1 (%)] 483 (33.4%) 363 (33.0%) 120 (34.7%)

Visceral organ injury [1 (%)] 193 (13.4%) 143 (13.0%) 50 (14.5%)

Soft tissue injury [1 (%)] 559 (38.7%) 415 (37.8%) 144 (41.6%)
Surgeries and procedures

Skeletal surgery [1 (%)] 140 (9.7%) 106 (9.7%) 34 (9.8%)

Head surgery (non-neurosurgery) [1 (%)] 44 (3.1%) 36 (3.3%) 8 (2.3%)

Neurosurgery [1 (%)] 108 (7.5%) 88 (8.0%) 20 (5.8%)

Soft tissue procedures/surgery [1 (%)] 265 (18.4) 203 (18.5%) 62 (17.9%)

Visceral organ surgery [1 (%)] 39 (2.7%) 23 (2.1%) 16 (4.6%)

Thoracic drain placement [1 (%)]

Endoscopy (after aspiration/ingestion (1 = 137)) [1 (%)] 92 (67.2%) 66 (64.1%) 26 (76.5%)

Any procedure/surgery [1 (%)] 494 (34.2%) 373 (34.0%) 121 (35.0%)

4. Discussion

In spring 2020, countries around the world faced lockdowns to control the spread of
the SARS-CoV virus. Lockdown measures varied between countries, including almost
complete curfews (e.g., in France and Spain). In Germany, restrictions to the normal life
of children included closures of schools, daycare, sports facilities, and playgrounds and
the urge to reduce social contacts. Nevertheless, children and adolescents were allowed to
leave the house at any time. These drastic restrictions in the social life of children affected
almost all parts of daily life, likely leading to “collateral damage” of the fight against
the pandemic.

Here, we report the results of a multicenter study on PICU admissions due to accidents
and injuries under the circumstances of a rather moderate lock down in Germany. We
found that, in general, the number of PICU admissions due to accidents and injuries was
slightly reduced compared to the same time period of the preceding years. Yet, in some
aspects of trauma and injuries we could demonstrate shifts in PICU admissions during
the lockdown.

As expected, we observed a reduction in school and kindergarten accidents as well as in
traffic accidents. This is quite easy to explain, since only children of parents who worked in in-
dispensable jobs, such as nurses and doctors, were allowed to attend schools and kindergartens.
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Probably due to more time spent at home, household accidents increased. This increase could
not be attributed to a single injury mechanism such as burns or window drops.

Several studies reported reduced pediatric health care contacts, emergency depart-
ment (ED) presentations, admissions, and pediatric intensive care admissions in Italy, the
UK, Scotland, and Australia during local lockdowns [2,10-13], mainly driven by substantial
reductions in respiratory diseases. Trauma-specific investigations from several countries
(UK, Ireland, Canada, New Zealand) showed decreases up to 60% for pediatric trauma
presentations to EDs [4,14-18]. During lockdowns, children with fractures were younger
and more likely to have lower limb fractures, while the total number of referrals also
decreased [15]. These findings are contrary to our results. Possibly, the different lock-
down types caused these discrepancies; in other countries, outdoor sports activities were
restricted almost completely. One can speculate that the closure of sports facilities but
unrestricted outdoor activities in Germany led to more time of unsupervised activities
in children, leading to an increase in leisure accidents. It also remains speculative if the
increase in leisure accidents explains the increase in abdominal surgeries. The reduction
in neurosurgeries is likely caused by less severe traumatic brain injuries, as previously
reported in adults [19].

Public concerns in Germany were that the reduction of social contacts would affect
the psycho-emotional stability of families, leading to an increase in domestic violence and
child abuse. The data from our study do not support this theory with respect to child
abuse. We found a decline in non-accidental non-suicidal injuries requiring intensive
care. During the lockdown, referrals reported by children’s hospitals and child protection
services in Germany and the UK dropped [20,21]. In France, where a strict lockdown was
carried out, the number of admissions for child abuse remained unchanged among young
children [22]. Self-reports by German mothers showed a considerable prevalence of 6.6%
for child corporal punishment during the lockdown [23] and the prevalence of self-reported
psychological and physical abuse were 8.2% and 2.4%, respectively, among Norwegian
adolescents. On the other hand, a Dutch study found no differences in violence against
children in families recruited before and during the lockdown. In summary, from our data
and published evidence, it can neither be deduced nor reliably refuted that severe child
abuse increased during the first lockdown.

Besides child abuse, children’s and adolescents” mental health has received increased
attention during the pandemic. PICUs are affected by changes in this field, since they are
frequently involved in stabilizing patients’ vital functions and surveillance after self-harm
and suicide attempts. During the lockdown, psychiatric ED visits declined, as well as
self-reported suicide plans or attempts [24-26]. Our study also found a decline in suicide
attempts for adolescent girls, but an increase among adolescent boys. Numbers were low to
draw definite conclusions, but maybe protective mechanisms such as increased feeling of
belongingness and social connectedness came into effect among girls during the lockdown
but not in boys.

Our study has several limitations. During the first pandemic wave, there was a
gradient of higher SARS-CoV incidence rates in the south towards lower rates in the
north. From the less-affected north, only few centers participated in the study, while
there was clear regional clustering of participating PICUs around the main study site in
Essen. Therefore, the results cannot be interpreted in a population-based manner despite
the high proportion of participating PICUs. Due to the retrospective study design, PICU
admission criteria were not standardized between the different centers. The study is based
on the assumption that no fundamental changes in admission practice occurred in the
participating PICUs between the refence period and the observation period. However, the
German health care system did not collapse during the first pandemic wave and no triage
was performed for acute cases and emergencies. In the pediatric sector, no restrictions or
reallocation of resources was performed. PICUs were not burdened by pediatric COVID
cases and did not have to care for adult COVID patients. Therefore, we assume that

48



Children 2022, 9, 363

admission practices remained stable throughout the study period and that the results of
this study are valid.

The experience from this study underlines the ability of multicenter studies to identify
important epidemiologic trends over time. Prospective observational registries (e.g., the
German Neonatal Network (GNN) and the British Pediatric Intensive Care Admission
network (PICAnet)), have proven that they promote research that impacts clinical practice
and helps to identify important trends [27-29]. German pediatric intensive care could con-
siderably benefit from a similar PICU registry that would enable large-scale observational
research in critically ill children and quality control between PICUs.

5. Conclusions

This analysis of cases from more than one fifth of the German pediatric intensive care
capacities is the first study to show that, during the rather moderate German lockdown, the
total burden of accident- and injury-related PICU admissions slightly declined. A decrease
in school and traffic related injuries was outbalanced by an increase in household and
leisure injuries. Changed trauma mechanisms entailed different surgeries compared to
the pre-lockdown period. We found no evidence supporting the concern that severe child
abuse increased during the lockdown. The decrease in suicide attempts among adolescent
girls aligns with international reports, but the trend towards more suicide attempts in
adolescent boys has not been reported. This demands verification and—if true—additional
support offered to this group during future lockdowns.
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Abstract: Suicidality is a growing public health problem in children and adolescents. The aim of this
retrospective data analysis study was to estimate the prevalence of suicidality in pediatric patients
admitted to an academic Pediatric Psychiatric Clinic (PPC) and to analyze social and environmental
risk factors associated with suicide. Suicidal ideation was assessed by the Self-Injurious Thoughts
and Behaviors Interview. Using established psychometric scales, social and stressful events were
analyzed. During the four-year study, 249 episodes of care were experienced by 152 individuals
(mean age 15.2 + 2 years, girls/boys 107/45). Twenty-eight patients (11.2%) were admitted from
the Pediatric Intensive Care Unit and the Department of Pediatrics, 162 (65.1%) from the Pediatric
Emergency Department, and 59 (23.7%) from other Hospitals (p = 0.003). A significant longitudinal
increase in admissions to PPC, with increasing trends of suicidal ideation, suicide attempts, and
suicidality, was recorded. Suicidal behavior, bullying, internet addiction, friends quarreling, and
family problems were risk factors for suicide attempts and suicidality. Our results have implications
for prevention programs, highlighting an increasing need for care for suicide attempts and suicidal
ideation, related to specific stressful events and contextual socio-environmental status.

Keywords: children; pediatrics; pediatric intensive care; critical care; psychiatric; suicidality; stressful;
social; stress

1. Introduction

Suicidality is defined by the American Psychological Association as “the risk of suicide,
usually indicated by suicidal ideation or intent, especially as evident in the presence of a
well-elaborated suicidal plan, including suicidal thoughts, plans, gestures, or attempts [1]”.
Suicidal ideation refers to thoughts of death. The severity of suicidal ideation can vary from
fleeting and unwanted thoughts to a preoccupation with death that may involve detailed
planning [2].

Suicide is a leading cause of death in youth worldwide and the second cause among
children and adolescents 10-24 years old. In a 5-year retrospective study of psychiatric
hospitalizations of adolescents, half of the participants had experienced stressful events
during childhood, with the most frequent admission reasons being aggressive behavior in
males and suicide risk in females [3]. Associations between traumatic events and suicidal
behavior could be used to develop more personalized intervention strategies aimed at
improving mental and behavioral health of adolescents [4]. In addition, depression and
anxiety in children positively predicted their suicide ideation [5].
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An increase in admissions has been also recorded, affecting adolescents with suicidality /
self-harm and substance-related disorders [6]. Importantly, 78.2% of adolescent admissions
were due to suicidal behavior associated with family risk factors and life stressors [7]. The
coronavirus disease 2019 (COVID-19) pandemic is a recent example of a mental threat to
vulnerable populations, especially children and adolescents [8]. Increased psychological
stress during the pandemic was associated with an increased risk of active suicidal ideation
and its severity [9]. Longitudinally, the pandemic influenced the type and complexity of
mental health problems, increasing the diversity and severity of suicidal behaviors and
the frequency of counseling for psychotic symptoms [10]. The presence of passive suicidal
ideation has been recently reported in 10.5% of 9-year-old children [11]. A recent study in
children 9-10 years old demonstrated that high family conflict and low parental monitoring
were associated with suicidal ideation, suicide attempts, and non-suicidal self-injury [12].

Over the past decade, visits to American and Canadian psychiatric emergency depart-
ments for child and youth life-threatening concerns have increased substantially [13]. In a
5-year period in a Pediatric Psychiatric Clinic (PPC) in Italy, a higher admission rate for
females was recorded, with an average age of 13.4 years. Most of the admissions occurred
through the Pediatric Emergency Department (PED), and suicidal behavior was the most
frequent reason for admissions [14]. During a prolonged economic crisis, overall suicide
mortality rates in Greece have increased by 40%, and Crete has been highlighted as the
island with the most worrying increase, with females showing the highest rise [15,16].

Under current circumstances, investigating PPC admissions might be a noble and
interesting direction for challenging research. We hypothesized that it would be of great
importance to investigate the prevalence of active suicidal ideation, suicide attempts, and
their associated risk factors in such a high-risk population with the aim of preventing
an expanding life-threatening public health concern. Accordingly, the purpose of this
study was: (1) to study suicide-related admissions in pediatric patients admitted to a PPC
through the PED, Pediatric Intensive Care Unit (PICU), or other departments; (2) to analyze
individual, familial, social, and environmental risk factors and their relations to suicidality
in this cohort of patients; (3) to assess recent stressful events and longitudinal trends of
suicide attempts, active suicidal ideation, and overall suicidality in a 4-year period.

2. Materials and Methods
2.1. Study Design

This retrospective data analysis research was conducted in the PPC, located in an
academic Hospital, responsible for treating psychiatric emergencies. The sample was
constituted of all children and adolescents (age 5-18-years-old) who accounted for acute
hospitalizations in the PPC from February 2015 to September 2018. Exclusion criteria were
patients younger than 5 or older than 18-years-old; those who did not have a parent who
completed the Network of Relationships Inventory or relevant psychometric scales; and
patients with parents who were not sufficiently fluent in Greek. Additionally, patients who
presented with non-suicidal self-injury (NSSI) were admitted to the surgical departments
and excluded from this study.

2.2. Setting

The mental health inpatient unit at the PPC in Heraklion, Crete, is an accredited
facility that accommodates ten patients aged 5-18-years-old suffering from major mental,
psychological, emotional disorders, and/or behavioral alterations that cannot be treated in
an outpatient setting. Medical or life-threatening complications due to acute psychiatric
conditions are initially managed in the PICU; patients are transferred to the PPC when
stable. Upon discharge, the patient is sent back home with a consultation of the referring
pediatric psychiatrist to maintain an uninterrupted treatment.
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2.3. Ethical Approach

Anonymity was ensured and patients’ names were replaced by a unique identification
number. This study was conducted in accordance with the principles of the Declaration of
Helsinki (World Medical Association Declaration of Helsinki, 1964) and was not sponsored
by any pharmaceutical company. This study received ethical approval from the Institu-
tional Review Board of the University Hospital (ID 11927/12/9/2014). Formal patient
and/or parental consent was waived by the review board—in view of the retrospective
and anonymized analysis of the data.

2.4. Patients

For each patient enrolled in the study, de-identified demographic, social, and psy-
chopathological data were recorded. Age, gender, educational and school performance
(cumulative grade point average), history of a previous mental health disorder, social
problems, and history of physical or sexual abuse were collected. Parental disorders, in-
cluding psychiatric diseases or addictions, and parents’ relationship were also recorded.
Data from reports of pediatric psychiatrists and psychologists were added. The following
data were collected by reviewing medical records: admission reason; modality (volun-
tary or involuntary); outset of psychiatric pathology and recent life stressful events as
previously described; the presence of suicidal ideation, suicide attempt, suicide attempt
method, aggressive behavior, family, friends, and social environment. Longitudinal trends
in suicidality rates were assessed by sex and age group (5-10, 11-14, and 15-18-years-old).

2.5. Suicidality

In this study, suicidality covered active suicidal ideation (serious thoughts about
taking a patient’s own life, suicide plans) and suicide attempts. Suicidal ideation was
assessed upon admission by the Self-Injurious Thoughts and Behaviors Interview [17].

2.6. Recorded Psychometric Scales

Recorded responses to established psychometric scales about social behavior, family
structure, and lifetime use of illegal drugs [18] were recorded from the medical records.
Any lifetime use of illegal drugs was established for each substance separately. Then, for
the needs of this study, use of tobacco was defined as smoking at least six cigarettes per
day in the last 30 days; use of alcohol was defined as drinking at least 10 times in the
last 30 days; use of cannabis was defined as reporting any use in the last 30 days; any
lifetime use of tranquillizers and sedatives without prescription was defined as the use of
available commercial names of tranquillizers and sedatives; use of any other illegal drug
was defined as any lifetime use of cocaine or heroin, ecstasy, crack, amphetamines, and
hallucinogens [18]. Stressful events such as migration; bullying; abuse of any etiology; and
family, friend, or school problems were analytically documented. The “antisocial behavior”
consisted of a 10-item scale of frequencies relating to causing damage to property, being
involved in fights, and theft in the last year. The socio-economic status (total household
net income, parental education and occupation, and material wealth) was collected from
the patients’ demographic records and recoded into three categories (high, middle, and
low) [19].

A patient who had fulfilled any five of the following reported eight adapted criteria—
using the internet as a means of regulating mood; putting a job or relationship in jeopardy
to use the internet; lying to others about how much time is spent online; irritability,
depression, or mood lability when internet use is limited; repeated efforts to curtail internet
use; preoccupation with the internet; staying online longer than anticipated; and a need for
increased time spent online to achieve the same amount of satisfaction—was regarded as
internet-addicted [20]. Information regarding the parent—child relationship was taken from
the answers to the Network of Relationships Inventory, which was used to assess quality
using a 13-item short form [21]. The inventory scales of the form assess the extent to which
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attachment behaviors, caregiving behaviors, companionship, affiliative behaviors, conflicts,
antagonism, and criticism occur in the parent—child relationships.

2.7. Associated Predictors

The associated predictors analyzed were family or school stressful events, quarreling
with friends, bullying, internet addiction, physical or sexual abuse, substance abuse, and
clinical or social environment and characteristics. Parental disorders, including psychiatric
diseases or addictions, and parents’ relationships were also recorded. Parental psychiatric
diagnoses were identified based on at least two outpatient or one inpatient claims records,
based on the International Classification of Diseases (tenth revision (ICD-10)) codes [22].
Parents diagnosed with any psychiatric disorder, such as schizophrenia, bipolar spectrum
disorders, depressive disorders, anxiety disorders, obsessive-compulsive disorder, atten-
tion deficit hyperactivity disorder, autism spectrum disorder, adjustment disorders, and
substance use disorders, were defined as having a psychiatric disorder. Parents’ relation-
ships were recorded from family social interviews, as biological parents who remained
married, biological parents who divorced, step-parents, and unmarried biological parents.
Data from reports of pediatric psychiatrists and psychologists were added.

2.8. Statistical Analysis

To calculate an adequate sample size, we used the G*Power statistical power calculator:
chi-squared test fixed effects; power = 0.80, alpha = 0.05, effect size medium (f = 0.3). The
calculated total sample size was 143. Repeated power analysis of ANOVA fixed effects, one-
way; power = 0.80, alpha = 0.05, effect size medium (f = 0.3). The calculated total sample
size for the cluster measurements was 195 records. The Shapiro-Wilk test was used to assess
the normality of the distribution. Categorical variables are described in absolute values
and frequency. Quantitative variables are expressed in mean and standard deviation. For
each variable, the frequency of occurrence in the corresponding sample set was calculated.
An ANOVA test was used to compare quantitative variables, and the chi-squared test,
corrected by Fisher’s exact test, was used for statistically significant differences in the
frequencies of all variables by admission year, age group, gender, and suicidality or suicidal
attempt. A logistic regression model (backward stepwise (Likelihood Ratio) method) was
adopted to examine whether any of the studied risk factors are independently associated
with suicidality. To evaluate risk factors” independent prediction ability, the areas under the
receiver operating characteristic curves (AUROC) for risk factors significantly associated
with suicide attempts were calculated. Data were analyzed by using the SPSS v.28 statistical
package. Statistical significance was set at p < 0.05.

3. Results
3.1. Patients

A total of 249 admissions of 152 individuals (mean age 15.2 & 2 years, mean length of
stay 24 =+ 31 days) were recorded and studied. One-hundred and fifty-two (61%) were first
admissions and ninety-seven (39%) were repeat hospitalizations. Twenty-eight patients
(11.2%) were admitted from the Pediatric Intensive Care Unit and the Department of Pedi-
atrics, one-hundred and sixty-two (65.1%) from the Pediatric Emergency Department, and
fifty-nine (23.7%) from other Hospitals (p = 0.003). A longitudinal increase in admissions to
the PPC was recorded from 2015 to 2018 (p < 0.03), especially in the 15-18-year-old group
(Figure 1).
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Figure 1. Longitudinal trends of admissions to the Pediatric Psychiatric Clinic per age group (ANOVA
test, p < 0.03). Post hoc tests (Bonferroni, p < 0.05): Admission differences between * 2016 or 2017 vs.
2015; ** 2017 or 2018 vs. 2015 and 2016; *** 2018 vs. 2015, 2016, and 2017.

The reasons for admission to the PPC varied by sex (p < 0.001), with more than half
of girls admitted for attempted suicide (26.5%) or suicidal behavior (32%), and most boys
admitted for behavioral disorders (31%) and psychosis (22%) (Figure 2).

Girls BOYS [ Suicide

p<0.001 M Suicidal Behavior

.Emotional
Disorders
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Disorders
[CJEating Disorders
[ Social Reasons
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Figure 2. Sex-related distribution of reasons for admission to the Pediatric Psychiatric Clinic during
the study period.
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Among patients < 11-year-old, only behavioral or emotional disorders were recorded,
whereas eating disorders were present only in the 11-14-year-old group (p < 0.002). The
reasons for PPC referrals per age group, origin, admission diagnosis, and transportation
conditions are shown in Table 1.

Table 1. Characteristics of acute mental health crisis episodes needing hospitalization in Pediatric

Psychiatric Clinic.
Admission Characteristics Age Group (Years) *p
Total 5-10 11-14 15-18
Admission n (%)
First Admission 152 (61) 3(2) 50 (32.9) 99 (65.1) 0.242
Readmission 97 (39) 0(0.0) 27 (27.8) 70 (72.2)
Origin
From the Emergency Department 162 (65.1) 2(1.2) 49 (30.3) 111 (68.5) 0.403
Another Clinic 49 (19.7) 1(2) 17 (34.7) 31 (63.3)
From Other Hospital 27 (10.8) 0 (0.0) 5(18.5) 22 (81.5)
From Outpatient Institutions 11 (4.4) 0(0.0) 6 (54.5) 5 (45.5)
Intra-Hospital Transport
Pediatric Intensive Care Unit 5(10.2) 0 (0.0) 3 (60) 2 (40) 0.003
Department of Pediatrics 23 (46.9) 1(4.3) 14 (60.9) 8 (34.8)
Department of Internal Medicine 12 (24.5) 0 (0.0) 0(0.0) 12 (100)
Department of Acute Psychiatry 9 (18.4) 0(0.0) 0(0.0) 9 (100)
Admission Modality
Voluntary 205 (82.6) 3(1.5) 67 (32.7) 135 (65.9) 0.322
Public Prosecution Order 44 (17.3) 0(0.0) 11 (23.3) 33 (76.7)
Reason for Hospitalization
Suicide Attempt 62 (24.9) 0(0.0) 22 (35.5) 40 (64.5) 0.002
Suicidal Behavior # 72 (28.9) 0 (0) 21 (29.2) 51 (70.8)
Emotional Disorder 33 (13.3) 1(3.0) 8(24.2) 24 (72.7)
Behavioral Disorder 33 (13.3) 2(6.1) 9 (27.3) 22 (66.7)
Eating Disorder 8(3.2) 0(0.0) 8 (100) 0 (0.0)
Social Reason 11 (4.4) 0(0.0) 4 (36.4) 7 (63.6)
Psychosis 30 (12.0) 0 (0.0) 5(16.7) 25 (83.3)
* Among age groups (ANOVA test), # evidenced at home, school, or other social environments or media.
The most common discharge ICD-10 diagnoses were emotional disorders (36.5%) and
behavioral and emotional disorders with onset in childhood and adolescence (17.2%), and
were associated with active suicidal ideation and suicidality (p < 0.001). Other less frequent
diagnoses were anxiety disorder and somatoform disorders in girls, and psychotic and
developmental disorders in boys (p < 0.001). The main reasons for readmission to PPC
were attempted suicide (27%) or suicidal behavior (22.4%).
3.2. Social and Family Characteristics
The basic characteristics of patients admitted to PPC during the study period stratified
by age group are presented in Table 2.
Table 2. Patients” demographics, school, family, and environmental problems, acute stressful events,
and particular influencing problems.
Age Group (Years) *p
Total 5-10 11-14 15-18
(First admission data, n = 152) 1 (%)
Characteristics of patients
Total number of patients 3(2) 50 (32.9) 99 (65.1)
Females/males 107/45 (70.4/29.6)  1/2(0.9/4.4)  37/13 (34.6/28.9)  69/30 (64.5/66.7) 0.331
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Table 2. Cont.

Age Group (Years) *p
Total 5-10 11-14 15-18
School abandonment 30 (21.5) 1(3.3) 7 (23.3) 22 (73.3) 0.156
Family Environment
Divorced parents 37 (30.6) 1(2.7) 15 (40.5) 21 (56.8) 0.938
Psychiatric diseases of father 52 (35.1) 1(1.9) 20 (38.5) 31 (59.6) 0.423
or suspicion
Psychiatric diseases of mother 98 (65.0) 1Q1) 41 (41.8) 56 (57.1) 0.018
or suspicion
Father’s addictions 23 (15.5) 0(0.0) 10 (43.5) 13 (56.5) 0.423
Institutions (orphanages) 22 (14.6) 0(0.0) 6 (27.3) 16 (72.7) 0.314
(All admissions data, n = 249) 1 (%)
Recent Stressful Events
Socio-economic status low 109 (72.7) 2(1.8) 41 (37.6) 66 (60.6) 0.193
Problems with family
relationships 77 (30.9) 1(1.3) 24 (31.2) 52 (67.5) 0.994
Problems with school 22 (13.2) 0(0.0) 8 (36.4) 14 (63.6) 0.819
Quarreling with friends 57 (22.9) 0(0.0) 19 (33.3) 38 (66.7) 0.593
Bullying 60 (24.1) 0(0.0) 26 (43.3) 34 (56.4) 0.042
Child abuse: physical 25 (10.0) 1(4.0) 7 (28.0) 17 (68) 0.557
Child abuse: sexual 15 (6.0) 0(0.0) 5(33.3) 10 (66.7)
Patient’s Conditions/Addictions
Chronic disease 68 (27.8) 1(1.5) 20 (29.4) 47 (69.1) 0.927
Psychotic episode 50 (20.2) 0(0.0) 12 (24) 38 (76) 0.303
Aggressive behavior 27 (10.9) 0(0.0) 4(14.8) 23 (85.2) 0.660
Internet addicted (patient) 91 (36.5) 2(2.2) 28 (30.8) 61 (67.0) 0.552
Substance abuse: alcohol 6 (2.5) 0 (0.0) 1(16.7) 5(83.3) 0.338
Substance abuse (patient):
cannabinoids 32 (13.1) 0(0.0) 5 (15.6) 27 (84.4)
Substance abuse (patient): 6 (2.5) 0(0.0) 1(16.7) 5 (83.3)

other and/or more substances

* Among age groups (ANOVA test).

More boys (36%) dropped out of abounded at school compared to girls (16%). Stressful
events in the family (34.1% vs. 21.9%) mostly influenced girls (p < 0.046), whereas quarreling
with friends did not differ between girls (24.9%) and boys (17.2%). The longitudinally-
increased internet addiction (from 14.3% to 40.7%, p = 0.016) was most prevalent among
males (32 (50%) vs. 59 (31.9%), p < 0.08) More girls were victims of physical (20 vs. 5) and
sexual (14 vs. 1) abuse (p = 0.03) or bullying (26% vs. 19%) compared to boys (p = 0.16).

3.3. Suicidality

A large proportion of patients hospitalized in the PPC expressed suicidality (177/249,
71.1%). In all admissions, suicidality was more prevalent in girls (137/185, 74.1%) com-
pared to boys (40/64, 62.5%, p = 0.05), with a similar trend in suicidal ideation (47% vs.
43%, p = 0.38) and suicide attempts (27% vs. 18.8%, p = 0.124). Suicidality annual rates,
expressing suicide attempt rates, and active suicidal ideation longitudinal trends increased
significantly (p = 0.018) (Figure 3).

3.4. Risk Factors Associated with Suicidality

Suicide attempts in the past (41.9%, p < 0.001) and self-harm behavior (38.3%, p <
0.001) were strongly associated with suicidality. Recent stressful events associated with
suicidality were problems with family relationships (35.6%, p = 0.015), quarreling with
friends (29.9%, p < 0.001), internet addiction (41.2%, p = 0.02), and bullying (32.2%, p <
0.001). Chronic pathologic conditions, substance abuse, physical and sexual abuse, and
parental negative relations or psychiatric disorders were not related to suicidality.
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Figure 3. Suicidality, suicidal ideation, and suicide attempt annual rates during the 4-year study period.

In a logistic regression model (backward stepwise (Likelihood Ratio) method), the
following risk factors were independently associated with suicidality: friends quarreling
(odds ratio for suicidality 11.3, p < 0.001), bullying (7.4, p = 0.001), family problems (3.3,
p = 0.002), and internet addiction (2.76, p = 0.005).

3.5. Suicide Attempt

Neither suicidality nor suicidal ideation or suicide attempts differed among age groups
(Table 3). Suicide attempts recorded during the first admission (1 = 43) or readmission
(n =19), along with reported previous attempts of admitted patients, gave an aggregate
of 109 lifetime suicide attempts among 152 patients (71.7%) in 249 admissions (43.8%).
The ways of suicide attempts did not differ between sexes, age groups, or longitudinally
(Table 3).

Table 3. Suicidality, suicidal ideation, suicide attempts, and methods (all admissions).

Age Group (Years) *p
Total 5-10 11-14 15-18
n (%)
Suicidality
Suicide attempt 62 (24.9) 0(0.0) 22 (35.5) 40 (64.5) 0.430
Active suicidal ideation 115 (46.2) 2 (1.7) 34 (29.6) 79 (68.7) 0.721
Suicidality (both) 177 (71.1) 2(1.1) 56 (31.6) 119 (67.2) 0.920
Suicide attempt
First attempt at admission 43 (28.3) 0(0.0) 16 (37.2) 27 (62.8) 0.450
Violent 23 (37.1) 0(0.0) 12 (52.2) 11 (47.8) 0.034
Not violent 39 (62.9) 0(0.0) 10 (25.6 29 (74.4)
Attempt at readmission 19 (19.6) 0(0.0) 6 (31.6) 13 (68.4) 0.560
Previous attempts * 47 (31.3) 0(0.0) 14 (29.8) 33 (70.2) 0.377
Suicide attempt method

Drug overdose 35 (56.5) 0(0.0) 9 (25.7) 26 (74.3) 0.134

Jumping from height 8 (12.9) 0(0.0) 5(62.5) 3(37.5)

Poison 4 (6.5) 0(0.0) 1(25) 3(75)

Firearm 2(3.2) 0(0.0) 1 (50) 1 (50)

Wrist-cutting 3(4.8) 0(0.0) 3 (100) 0(0.0)

Drowning 2 (3.2) 0(0.0) 0(0.0) 2 (100)

Vehicular impact 4 (6.5) 0 (0.0) 1(25.0) 3 (75)
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Table 3. Cont.

Age Group (Years) *p
Total 5-10 11-14 15-18
Hanging 2(3.2) 0(0.0) 1 (50) 1 (50)
Self-strangulation 1(1.6) 0(0.0) 1 (100) 0 (0.0)
Self-immolation 1(1.6) 0(0.0) 0(0.0) 1 (100)

* Among age groups (ANOVA test), " before first admission.

However, younger patients more often jumped from height or cut their wrists com-
pared to older adolescents. Patients with recorded self-harm behavior with the intention
to die compared to those without the intention to die represented a significantly higher
percentage in the 11-14-year-old age group (54.5%) compared to the older age group (27.5%,
p < 0.034) and in girls (36%) compared to boys (15.3%, p < 0.04).

3.6. Risk Factors for Suicide Attempts

Suicide attempts in the past and self-harm behavior were not associated with a new
suicide attempt. Stressful events related to suicide attempts were bullying (43.5%, p < 0.001),
internet addiction (62.9%, p < 0.001), and quarreling with friends (35.5%, p < 0.001). The
family’s socioeconomic status did not correlate with the children’s suicide attempts.

In an ROC analysis, suicidal behavior (sensitivity 0.97, specificity 0.61), internet ad-
diction (sensitivity 0.63, specificity 0.73), and bullying (sensitivity 0.44, specificity 0.82)
showed the strongest independent predictive ability for a suicide attempt (Figure 4).

Suicidal behavior (0.79 (95% CI = 0.73-0.84), p < 0.001), internet addiction (0.68
(95% CI = 0.60-0.76), p < 0.001), and bullying (0.63 (95% CI = 0.55-0.71), p < 0.002) achieved
the best AUROC. Quarreling with friends was a weaker predictor of a suicide attempt (0.58
(95% CI = 0.49-0.67), p < 0.049).

ROC Curve

Source of the
Curve

Quarreling
with friends
___Internet
addiction
— Bullying
Suicidal
behavior

Sensitivity

0.0 0.2 0.4 0.6 0.8 10
1 - Specificity

Diagonal segments are produced by ties.

Figure 4. Area under the receiver operating characteristic curve (AUROC) for predicting suicide at-
tempts in children and adolescents. Independently, suicidal behavior (0.79 (95% CI = 0.73-0.84),
p <0.001), internet addiction (0.68 (95% CI = 0.60-0.76), p < 0.001), and bullying (0.63
(95% CI = 0.55-0.71), p < 0.002) achieved the best AUROC.
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4. Discussion

Our study demonstrated a longitudinal increase in annual rates of suicidality, includ-
ing active suicidal ideation and suicide attempts, among patients admitted to an academic
PPC. Female adolescent patients suffered mainly from suicidal ideation and were predomi-
nantly admitted for attempted suicide or active suicide ideation, whereas males were for
behavioral disorders and psychosis. In our cohort of patients, we showed that suicide at-
tempts in the past and self-harm behavior are strongly associated with suicidality, whereas
the risk factors independently associated with suicidality are friend quarreling, bullying,
and internet addiction. We also showed that suicidal behavior, internet addiction, and
bullying are independent predictors of a suicide attempt among children and adolescents
admitted to a Pediatric Intensive Care Unit or a Pediatric Emergency Department and
hospitalized in an academic PPC. Unexpectedly, younger patients presented self-harm
behavior with the intention to die more often compared to older adolescents.

Pediatric and adolescent patients with mental and behavioral disorders, commonly sui-
cidality and aggressiveness, have doubled over the past 15 years. Stressors occurring over
the lifespan and unhealthy family functioning play a key role in bringing psychopathology
up to the surface, depicted in our study. Family functioning expresses the ability of a family
to meet the physical and emotional needs of the family’s members, being the most direct
and predominant environment of a child’s development [23]. Children and adolescents
with healthy family functioning and strong family cohesion are at a low risk of developing
anxiety and withdrawal behaviors. Negative family relationships, such as parent—child
conflicts and divorces, increase the risk of anxiety and depressive symptoms among ado-
lescents [24] and are associated with adolescents’ internalizing problems, emotional and
behavioral problems, peer problems, and conduct problems [25]. Related to the severity of
family dysfunction are comorbid depression and subthreshold depressive symptoms in
anxious children and adolescents [26].

The high percentages of parental psychiatric disorders in this study are supported
by recent evidence, indicating that active parental psychiatric symptomatology is an es-
tablished genetic—environmental factor influencing offspring psychopathology [27]. The
children of parents with a mental illness may present cognitive and behavioral difficulties,
resulting in poor quality of life and unhealthy social relationships [28]. Importantly, these
children are at-risk of developing the same illness as their parental mental illness [29],
whereas half of the children of parents with a severe mental illness are at a higher risk of
developing a severe psychiatric disorder [30].

Suicide ideation prevalence, although rare in childhood, increases in adolescence and
is rapidly escalated after the progression of suicide ideation to suicidal behavior. A large
proportion of patients in our series expressed active suicidal ideation (46.2) or attempted
suicide (24.9). Additionally, more than half of females were admitted for attempted suicide
(26.5%) or active suicide ideation (32%), whereas the main reasons for readmission to PPC
were attempted suicide (27%) or suicidal behavior (22.4%). Similarly, among Canadian
adolescents admitted to the PICU with serious self-harm injuries, females demonstrated
a higher rate of suicide attempts and prior mental health care engagement in contrast
to males, who were more likely to die by suicide [31]. In similar studies, the proportion
of admitted adolescents with suicide attempts was 24.5% [32], whereas admissions with
suicidal behavior varied between 39% and 47%, reaching 58% in Norway [33] and 78.2% in
Australia [7]. The median prevalence of any lifetime self-reported suicide attempt was 10.5%
across the 17 countries that participated in the European School Survey Project on Alcohol
and Other Drugs (ESPAD) 2007 school survey [19]. The finding that children < 14-years-old
jump from height or cut their wrists more often than adolescents has not been reported
before. Unexpectedly, in this study, children <14-years-old exhibited self-harm behavior
with the intention to die more often compared to older adolescents” ways of attempting
suicide. In contrast, 17.3% of admissions through the Public Prosecutor’s Office in this
study compare favorably to the 33% of forced admissions in the Norwegian study [33].
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Suicide in adolescence has been identified as a serious public health problem world-
wide. In 27 EU countries, suicide is the second cause of death among young people aged
15-19. Worryingly, the suicide rate among adolescents has increased in recent years in the
USA by 24%, especially among females aged 10-14-years-old [34]. In Sweden, child suicides
increased by 2.2% in each successive year from 2000 to 2018 (mean age of 16 years) [35].
Increasing trends of suicide attempts, suicidal ideation, and suicidality rates were also
recorded during this 4-year study, more frequently among females and patients with self-
harm behavior. These results are similar to those of a nationwide population-based study
in Korea, revealing a 35.6% increase in the annual percentage change in the incidence
rate of suicide-attempt-related emergency department visits over a 4-year period [36].
They have also reported that the incidence rate increase was higher among females and
increased faster in mid-adolescence patients. Worryingly, during the three years of the
COVID-19 pandemic (2019-2021), the number of suicide attempts by children and adoles-
cents up to 18 years of age increased [37] along with an upward longitudinal trend of acute
psychopathological symptoms, including depression, post-traumatic-stress disorder, and
psychosis [10].

Stressful events related to internet addiction, bullying, and quarreling with friends
were recognized as the most common predicting factors implicated in suicide attempts in
this study. Similarly, in New Zealand, interpersonal conflict and relationship difficulties
accounted for 50% of serious suicide attempts among young people aged 13-24, and only
6% related to school problems [38]. In our study, bullying, internet addiction, friends
quarreling, and family problems were independent risk factors associated with suicidality.
In a recent study among middle school students, independent risk factors associated with
lifetime suicidal ideation and attempts included substance abuse and bullying victimization
at school or electronically [39]. Importantly, cyberbullying experiences have recently been
shown to be associated with suicidality in early adolescence [40].

Our findings that during early adolescence, suicidal children engage in problematic
internet use confirm the results of a recent study showing that the problematic use of
the internet and social media is independently associated with suicide attempts in young
people [41]. Analyzing the changes in suicide rates after the release of “13 Reasons Why”,
it is now assumed that suicide increases in youth only, especially in young females, which
is consistent with a contagion by media [42]. Importantly, in this and previous studies,
socioeconomic status did not relate to suicide attempts, although recent studies have shown
a significant impact of the financial status, fiscal austerity, and hopelessness on suicidal
behavior [43,44].

The main limitations of this study are its retrospective design and the short longi-
tudinal duration. Although the sample size is not sufficiently large to permit definitive
and generalized conclusions, it is homogenous, clearly depicting various dimensions of
the problem in a high-risk cohort. Future research on stressful life events and associated
suicidality in children in expanded geographic areas and in the post-COVID-19 period
is needed.

5. Conclusions

In the current study, we estimated the prevalence of suicidality in pediatric patients
admitted to an academic Pediatric Psychiatric Clinic and analyzed social and environmen-
tal risk factors associated with suicidality. We demonstrated a longitudinal increase in
active suicidal ideation and annual suicide attempt rates among patients admitted to the
clinic. Female adolescent patients suffered mainly from active suicidal ideation and were
predominantly admitted to the Pediatric Psychiatric Clinic, with a tenth of them to the
Pediatric Intensive Care Unit, for attempted suicide or active suicidal ideation, whereas
males for behavioral disorders and psychosis. We found that suicide attempts in the past
and self-harm behavior were strongly associated with suicidality, whereas the risk factors
independently associated with suicidality were friend quarreling, bullying, and internet
addiction. We also showed that suicidal behavior, internet addiction, and bullying were
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independent predictors of a suicide attempt among children and adolescents. Unexpectedly,
we found that younger patients presented self-harm behavior with the intention to die
more often compared to older adolescents. These findings have implications for prevention
and intervention programs for children and adolescents, pointing to the need for further
evaluation of specific aspects of family and social life, including the COVID-19 pandemic
lockdown response.

Author Contributions: Conceptualization, S.I., E.S. and G.B.; Methodology, S.I., E.S. and G.B.; Soft-
ware, PB. and G.G.; Sample collection, S.I. and E.S.; Formal analysis, S.I., P.B. and G.B.; Investigation,
E.S., S.I. and G.B.; Resources: S.I, E.S,, PB., G.G., A.V. and G.B.; Writing—original draft preparation,
S.I. and E.S.; Writing—review and editing, S.I., E.S., P.B., G.G. and G.B.; Supervision, A.V. and G.B.;
All authors approved the final draft of the manuscript for publication. All authors have read and
agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: This study was conducted in accordance with the princi-
ples of the Declaration of Helsinki (last revised guidelines from 2013) following the International
Conference on Harmonization (ICH)/Good Clinical Practice (GCP) standards for studies involving
humans [28], and the Ethics Committee of the Institutional Review Board of the University Hospital
approved the study (ID 11927/12/9/2014).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Clinical data presented in the study are all contained within this article.
The institution’s rights, including legal and ethical concerns, patient privacy, and confidentiality,
restrict access to detailed data sharing.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Suicidality: Risk Factors and What You Can Do | Thriveworks. Available online: https://thriveworks.com /help-with/suicide/
suicidality/ (accessed on 8 March 2023).

2. Suicidality—Anderson University. Available online: https://anderson.edu/student-life/counseling/suicidality / (accessed on
8 March 2023).

3. Di Lorenzo, R.; Cimino, N.; Di Pietro, E.; Pollutri, G.; Neviani, V.; Ferri, P. A 5-Year Retrospective Study of Demographic,
Anamnestic, and Clinical Factors Related to Psychiatric Hospitalizations of Adolescent Patients. Neuropsychiatr. Dis. Treat. 2016,
12,191-201. [CrossRef] [PubMed]

4.  Taillieu, T.L.; Sareen, J.; Afifi, T.O. Associations among Child Abuse History, Deployment-Related Traumatic Events, Mental
Disorders, and Suicidal Behaviors in Canadian Regular Force Personnel. ]. Trauma. Stress 2022, 35, 1060-1071. [CrossRef]
[PubMed]

5. Zhang, Y,; Zhan, N.; Zou, J.; Xie, D.; Liu, M.; Geng, F. The Transmission of Psychological Distress and Lifestyles from Parents to
Children during COVID-19. |. Affect. Disord. 2022, 303, 74-81. [CrossRef]

6. Bolt, J.; Patel, F,; Stone, L.; Pandian, D.; Manuel, M.M.; Gaines, N. Impact of COVID-19 on Pediatric Mental and Behavioral Health
Visits to the Emergency Department. Pediatr. Emerg. Care 2022, 38, 409-415. [CrossRef] [PubMed]

7. Borschmann, R.; Stark, P; Prakash, C.; Sawyer, S.M. Risk Profile of Young People Admitted to Hospital for Suicidal Behaviour in
Melbourne, Australia. |. Paediatr. Child Health 2018, 54, 1213-1220. [CrossRef]

8. Rajkumar, R.P. COVID-19 and Mental Health: A Review of the Existing Literature. Asian J. Psychiatr. 2020, 52, 102066. [CrossRef]

9. Shi, L.; Que, ].Y; Lu, Z.A; Gong, Y.M,; Liu, L.; Wang, Y.H.; Ran, M.S.; Ravindran, N.; Ravindran, A.V.; Fazel, S.; et al. Prevalence
and Correlates of Suicidal Ideation among the General Population in China during the COVID-19 Pandemic. Eur. Psychiatry 2021,
64, e18. [CrossRef]

10. Petruzzelli, M.G.; Furente, E,; Colacicco, G.; Annecchini, F.; Margari, A.; Gabellone, A.; Margari, L.; Matera, E. Implication of
COVID-19 Pandemic on Adolescent Mental Health: An Analysis of the Psychiatric Counseling from the Emergency Room of an
Italian University Hospital in the Years 2019-2021. J. Clin. Med. 2022, 11, 6177. [CrossRef]

11.  Van Hove, L.; Baetens, I.; Van Leeuwen, K.; Roelants, M.; Roeljan Wiersema, J.; Lewis, S.P.; Heath, N. Passive Suicidal Ideation in
Childhood. Crisis 2021, online ahead of print. [CrossRef]

12.  DeVille, D.C.; Whalen, D.; Breslin, EJ.; Morris, A.S.; Khalsa, S.S.; Paulus, M.P; Barch, D.M. Prevalence and Family-Related Factors

Associated with Suicidal Ideation, Suicide Attempts, and Self-Injury in Children Aged 9 to 10 Years. JAMA Netw. Open 2020,
3, €1920956. [CrossRef]

63



Children 2023, 10, 558

13.

14.

15.

16.

17.

18.

19.

20.
21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Newton, A.S,; Prisnie, K.; Macdonald, L.A.; Eltorki, M.; Finkelstein, Y.; Fitzpatrick, E.; Gagnon, I.; Greenfield, B.; Joubert, G.I.;
Katz, L.Y.; et al. An Innovative Model of Pediatric Emergency Department Mental Health Care: Protocol for a Multicenter Type
1 Effectiveness-Implementation Cluster Randomized Trial. |. Am. Acad. Child Adolesc. Psychiatry 2022, 61, 946-948. [CrossRef]
[PubMed]

Gatta, M.; Raffagnato, A.; Iannattone, S.; Mistrorigo, C.; Fasolato, R.; Traverso, A.; Zanato, S.; Miscioscia, M. Hospitalisation in
Child Neuropsychiatry: A Case Study Along a Five-Year Epidemiological-Clinical Trend. Clin. Neuropsychiatry 2022, 19, 72-83.
[CrossRef] [PubMed]

Economou, M.; Madianos, M.; Peppou, L.E.; Theleritis, C.; Patelakis, A.; Stefanis, C. Suicidal Ideation and Reported Suicide
Attempts in Greece during the Economic Crisis. World Psychiatry 2013, 12, 53-59. [CrossRef] [PubMed]

Rachiotis, G.; Stuckler, D.; McKee, M.; Hadjichristodoulou, C. What Has Happened to Suicides during the Greek Economic
Crisis? Findings from an Ecological Study of Suicides and Their Determinants (2003-2012). BM] Open 2015, 5, e007295. [CrossRef]
[PubMed]

Nock, M.K.; Holmberg, E.B.; Photos, V.I.; Michel, B.D. Self-Injurious Thoughts and Behaviors Interview: Development, Reliability,
and Validity in an Adolescent Sample. Psychol. Assess. 2007, 19, 309-317. [CrossRef]

Kokkevi, A.; Richardson, C.; Olszewski, D.; Matias, J.; Monshouwer, K.; Bjarnason, T. Multiple Substance Use and Self-Reported
Suicide Attempts by Adolescents in 16 European Countries. Eur. Child Adolesc. Psychiatry 2012, 21, 443-450. [CrossRef]
Kokkevi, A.; Rotsika, V.; Arapaki, A.; Richardson, C. Increasing Self-Reported Suicide Attempts by Adolescents in Greece between
1984 and 2007. Soc. Psychiatry Psychiatr. Epidemiol. 2011, 46, 231-237. [CrossRef]

Yellowlees, PM.; Marks, S. Problematic Internet Use or Internet Addiction? Comput. Hum. Behav. 2007, 23, 1447-1453. [CrossRef]
Furman, W.; Buhrmester, D. The Network of Relationships Inventory: Behavioral Systems Version. Int. ]. Behav. Dev. 2009, 33,
470-478. [CrossRef]

Jetté, N.; Quan, H.; Hemmelgarn, B.; Drosler, S.; Maass, C.; Moskal, L.; Paoin, W.; Sundararajan, V.; Gao, S.; Jakob, R.; et al. The
Development, Evolution, and Modifications of ICD-10: Challenges to the International Comparability of Morbidity Data. Med.
Care 2010, 48, 1105-1110. [CrossRef]

Dickstein, S. Family Routines and Rituals-the Importance of Family Functioning: Comment on the Special Section. J. Fam. Psychol.
2002, 16, 441-444. [CrossRef]

Formoso, D.; Gonzales, N.A.; Aiken, L.S. Family Conflict and Children’s Internalizing and Externalizing Behavior: Protective
Factors. Am. |. Community Psychol. 2000, 28, 175-199. [CrossRef] [PubMed]

Abu-Rayya, H.M.; Yang, B. Unhealthy Family Functioning as a Psychological Context Underlying Australian Children’s Emotional
and Behavioural Problems. Internet |. Ment. Health 2012, 1, 1-8.

Guberman, C.; Manassis, K. Symptomatology and Family Functioning in Children and Adolescents with Comorbid Anxiety and
Depression. J. Can. Acad. Child Adolesc. Psychiatry 2011, 20, 186-195.

Biel, M.G. Parental Psychiatric Symptoms and Children’s Outcomes: Toward Understanding and Responding to Intergenerational
Risk in Child Psychiatry. J. Am. Acad. Child Adolesc. Psychiatry 2018, 57, 632-633. [CrossRef]

Reupert, A.E.; Maybery, D.J.; Kowalenko, N.M. Children Whose Parents Have a Mental Illness: Prevalence, Need and Treatment.
Med. J. Aust. 2013, 199, S7-S9. [CrossRef]

van Santvoort, F; Hosman, CM.H.; Janssens, ] M.A.M.; van Doesum, K.T.M.; Reupert, A.; van Loon, L.M.A. The Impact of
Various Parental Mental Disorders on Children’s Diagnoses: A Systematic Review. Clin. Child Fam. Psychol. Rev. 2015, 18, 281-299.
[CrossRef]

Rasic, D.; Hajek, T.; Alda, M.; Uher, R. Risk of Mental Illness in Offspring of Parents with Schizophrenia, Bipolar Disorder, and
Major Depressive Disorder: A Meta-Analysis of Family High-Risk Studies. Schizophr. Bull. 2014, 40, 28-38. [CrossRef]

Mitchell, R.H.; Ani, C.; Cyr, C,; Irvine, J.; Joffe, A.R.; Skinner, R.; Wong, S.; Stang, A.S.; Laffin, M.; Korczak, D.]J. Near-Fatal
Self-Harm Among Canadian Adolescents. Can. . Psychiatry 2021, 67, 598-607. [CrossRef] [PubMed]

Boyer, L.; Henry, ].M.; Samuelian, J.C.; Belzeaux, R.; Auquier, P.; Lancon, C.; Da Fonseca, D. Mental Disorders among Children
and Adolescents Admitted to a French Psychiatric Emergency Service. Emerg. Med. Int. 2013, 2013, 651530. [CrossRef]
Hanssen-Bauer, K.; Heyerdahl, S.; Hatling, T.; Jensen, G.; Olstad, PM.; Stangeland, T.; Tinderholt, T. Admissions to Acute
Adolescent Psychiatric Units: A Prospective Study of Clinical Severity and Outcome. Int. ]. Ment. Health Syst. 2011, 5, 1.
[CrossRef]

Curtin, S.C.; Warner, M.; Hedegaard, H. Increase in Suicide in the United States, 1999-2014. NCHS Data Brief. 2016, 241, 1-8.
Junuzovic, M.; Lind, K.M.T; Jakobsson, U. Child Suicides in Sweden, 2000-2018. Eur. J. Pediatr. 2022, 181, 599-607. [CrossRef]
[PubMed]

Lee, K.-S.; Lim, D.; Paik, J.-W.; Choi, Y.Y,; Jeon, J.; Sung, H.K. Suicide Attempt-Related Emergency Department Visits among
Adolescents: A Nationwide Population-Based Study in Korea, 2016-2019. BMC Psychiatry 2022, 22, 418. [CrossRef] [PubMed]
Ciccotti, H.R.; Spiller, H.A.; Casavant, M.].; Kistamgari, S.; Funk, A.R.; Smith, G.A. Pediatric Suspected Suicides and Nonfatal
Suicide Attempts Reported to United States Poison Control Centers Before and During the COVID-19 Pandemic. J. Med. Toxicol.
2023, epub ahead of print. [CrossRef]

Beautrais, A.L.; Joyce, PR.; Mulder, R.T. Precipitating Factors and Life Events in Serious Suicide Attempts among Youths Aged 13
through 24 Years. J. Am. Acad. Child Adolesc. Psychiatry 1997, 36, 1543-1551. [CrossRef] [PubMed]

64



Children 2023, 10, 558

39.

40.

41.

42.

43.

44.

Flores, ].P.; Stuart, E.A.; Swartz, K.L.; Jallah, N.A.; Wilcox, H.C. Risk and Protective Factors Associated with Suicidal Thoughts
and Behaviors Among Maryland Middle School Students. School Ment. Health 2022, 14, 1024-1043. [CrossRef]

Arnon, S.; Klomek, A.B.; Visoki, E.; Moore, T.M.; Argabright, S.T.; DiDomenico, G.E.; Benton, T.D.; Barzilay, R. Association
of Cyberbullying Experiences and Perpetration with Suicidality in Early Adolescence. JAMA Netw. Open 2022, 5, €2218746.
[CrossRef]

Sedgwick, R.; Epstein, S.; Dutta, R.; Ougrin, D. Social Media, Internet Use and Suicide Attempts in Adolescents.
Curr. Opin. Psychiatry 2019, 32, 534-541. [CrossRef]

Niederkrotenthaler, T.; Stack, S.; Till, B.; Sinyor, M.; Pirkis, J.; Garcia, D.; Rockett, LR.H.; Tran, U.S. Association of Increased Youth
Suicides in the United States with the Release of 13 Reasons Why. JAMA Psychiatry 2019, 76, 933-940. [CrossRef]

Bachmann, S. Epidemiology of Suicide and the Psychiatric Perspective. Int. |. Environ. Res. Public Health 2018, 15, 1425. [CrossRef]
[PubMed]

Fang, M. School Poverty and the Risk of Attempted Suicide among Adolescents. Soc. Psychiatry Psychiatr. Epidemiol. 2018, 53,
955-967. [CrossRef]| [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

65



children MDPI
3

Article

Impact of Time Point of Extracorporeal Membrane Oxygenation
on Mortality and Morbidity in Congenital Diaphragmatic
Hernia: A Single-Center Case Series

Christian Wegele 1.2 Yannick Schreiner !, Alba Perez Ortiz !, Svetlana Hetjens 3 Christiane Otto 4,
Michael Boettcher >, Thomas Schaible ! and Neysan Rafat 1-*

Department of Neonatology, University Children’s Hospital Mannheim, University of Heidelberg,

68167 Mannheim, Germany; christianwegele@web.de (C.W.); yschreiner@gmx.de (Y.S.);

alba.perez-ortiz&umm.de (A.P.O.); thomas.schaible@umm.de (T.S.)

Department of Neonatology, Pediatric Intensive Care and Sleep Medicine,

Vestische Kinder-Jugendklinik Datteln, University Witten/Herdecke, 45711 Datteln, Germany

3 Department of Biomathematics and Medical Statistics, Medical Faculty Mannheim, University of Heidelberg,
68167 Mannheim, Germany; svetlana.hetjens@medma.uni-heidelberg.de

4 Department of Obstetrics and Gynecology, University Medical Center Mannheim, University of Heidelberg,

68167 Mannheim, Germany; christiane.otto@umm.de

Department of Pediatric Surgery, University Children’s Hospital Mannheim, University of Heidelberg,

68167 Mannheim, Germany; michael.boettcher@umm.de

*  Correspondence: neysan.rafat@umm.de; Tel.: +49-(0)621-383-3510

Abstract: Since there are no data available on the influence of the time point of ECMO initiation on
morbidity and mortality in patients with congenital diaphragmatic hernia (CDH), we investigated
whether early initiation of ECMO after birth is associated with a beneficial outcome in severe forms
of CDH. All neonates with CDH admitted to our institution between 2010 until 2020 and undergoing
ECMO treatment were included in this study and divided into four different groups: (1) ECMO
initiation < 12 h after birth (n = 143), (2) ECMO initiation between 12-24 h after birth (n = 31),
(3) ECMO initiation between 24-120 h after birth (1 = 48) and (4) ECMO initiation > 120 h after birth
(n =14). The mortality rate in the first (34%) and fourth group (43%) was high and in the second group
(23%) and third group (12%) rather low. The morbidity, characterized by chronic lung disease (CLD),
did not differ significantly in the three groups; only patients in which ECMO was initiated >120 h
after birth had an increased rate of severe CLD. Our data, although not randomized and limited due
to small study groups, suggest that very early need for ECMO and ECMO initiation > 120 h after
birth is associated with increased mortality.

Keywords: congenital diaphragmatic hernia; extracorporeal membrane oxygenation; chronic lung
disease

1. Introduction

Congenital diaphragmatic hernia (CDH) is characterized by the failure of diaphrag-
matic development and prenatal thoracic herniation of abdominal organs, leading to lung
hypoplasia and persistent pulmonary hypertension of the newborn (PPHN) [1]. If con-
ventional treatment with gentle ventilation and optimized vasoactive medication fails,
extracorporeal membrane oxygenation (ECMO) may be considered [1]. Currently, CDH
is the most common indication for ECMO in neonates [2], but survival rates reported by
the extracorporeal life support organization (ELSO) have continued to drop in the modern
era [3]. Indications for initiating ECMO include either respiratory or circulatory parameters,
which are also undergoing continuous refinement. The benefits of ECMO in CDH are still
controversial, and systematic reviews concerning a benefit of ECMO in CDH did not find
an advantage for this therapeutic option [4-6]. However, some centers and networks have
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demonstrated an increase in survival rates in CDH with the employment of ECMO by
retrospective analysis in their series [7,8]. However, data on long-term results, including
morbidity and quality of life, are rare. Survival might be influenced by the timing of ECMO
initiation and the timing of surgical repair. In this regard, a trend toward early initiation
of ECMO and early surgery on ECMO exists [2]. The use of ECMO in CDH will continue
to be evaluated, and prospective randomized trials and registry network are necessary to
help in answering the addressed questions of patient selection and management.

We hypothesized that an early initiation of ECMO after birth is associated with a
beneficial outcome in severe forms of CDH. In this study, we evaluated the impact of the
timing of ECMO initiation on the clinical outcome of CDH patients.

2. Materials and Methods
2.1. Subjects and Clinical Data

All newborn infants with CDH treated between 1 January 2010 and 31 March 2020,
who received ECMO support at our neonatal intensive care unit (NICU) at the Department
of Neonatology of the University Children’s Hospital Mannheim, University of Heidelberg,
were included in this retrospective study. ECMO support was initiated according to the
recommendations suggested by the CDH EURO Consortium Consensus and ELSO [2,9].
Exclusion criteria were patients with associated anomalies (including cardiac malforma-
tion), syndromes or chromosomal aberrations. The study population was divided into
the four following groups depending on the time point of ECMO initiation: (1) ECMO
initiation < 12 h after birth, (2) ECMO initiation between 12-24 h after birth, (3) ECMO
initiation between 24-120 h after birth and (4) ECMO initiation 120 h after birth. The
surgical correction was performed after stabilization of the neonate after ECMO in all cases.
Pre-, peri- and postnatal clinical parameters were collected from the patient’s records, and
mortality and morbidity were compared between the groups. Morbidity was represented
by duration of mechanical ventilation, duration of hospitalization and development of
chronic lung disease (CLD). The diagnosis of CLD was made as reported before [10,11]: if
there was an additional need for oxygenation at day 28 after birth, CLD was diagnosed.
Severity of CLD was differentiated into three grades according to the additional need
for oxygenation at day 56 after birth: mild CLD with no need for supplemental inspired
oxygen (fraction of inspired oxygen (Fio2) < 0.21), moderate CLD (Fio2, 0.22-0.29), and
severe CLD (Fio2 > 0.30). For some patients being discharged to other hospitals before the
56th day of life, CLD could be diagnosed, but severity could not be assessed. If outcome
information was missing, patients were categorized as ‘CLD n/a’. The defect size of each
CDH patient was assessed according to the consensus of the CDH study group [12]. This
study was approved by the local ethics committee of the Medical Faculty Mannheim of the
University of Heidelberg (reference number: 2019-884R).

2.2. Statistical Analysis

Statistical calculations were performed using SAS software, release 9.4 (SAS Institute
Inc., Cary, NC, USA). For qualitative variables, absolute and relative frequencies are given.
For quantitative and approximately normally distributed variables, mean values and
standard deviations were calculated. For skewed or ordinal data, minimum and maximum
are presented. To compare groups regarding qualitative parameters, a Chi-square test or
Fisher’s exact test was used where appropriate. For normally distributed data, a one-way
analysis of variance (ANOVA) was performed to compare the mean values of different
age groups. For these analyses, the SAS procedure PROC MIXED was used. Adjustment
for multiple comparisons was done by Scheffé test. A p-value of <0.05 was considered
statistically significant.

3. Results

In this study, 243 patients were included. One patient was excluded because of missing
data about the start of the ECMO and six patients were excluded for additional cardiac
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malformation. For an overview of the recruitment of CDH patients into this study and the
characteristics of the dropouts, please see Supplementary Figure S1.

Of 236 analyzed patients, 145 (61.4%) were male and 91 (38.6%) were female. Further,
188 (79.7) patients presented with left-sided and 48 (20.3%) patients with right-sided
CDH. Moreover, 209 (88.6%) children were diagnosed with CDH prenatally, whereas 27
(12.4%) were still unknown on delivery. For an overview of the characteristics of the study
population, please refer to Table 1.

Table 1. Clinical data for each study group.

Study Group
1 (n=143) 2 (n=31) 3(n=48) 4(n=14) All (n = 236)

GA (weeks) 37.3 +1.40 38.1 +1.50 38.0 + 1.68 38.0 + 0.68 37.6 +1.47
GW (g) 2915 +422 3140 +535 3035 +624 3015 +552 2975 +494
ApH 7.31 +0.1 7.30 +0.1 7.30 +0.08 7.25 +0.11 7.30 +0.07
5 min APGAR 7.31 +1.20 7.30 +1.90 7.30 +1.77 7.25 +1.16 7.07 +1.46

paO, 6h
prior to ECMO (mmHg) 72.9 +73.0 65.3 +34.0 79.4 +53.2 77.8 +51.0 74.3 +56.1
Age at ECMO initiation (h) 5.68 +2.00 17.5 +3.60 48.1 +255 240 +123 29.7 +63.3
Duration of ECMO (h) 247 +105 247 +99.1 207 +76.9 208 +78.1 237 +98.6
AaDO, prior to ECMO 596 +33.1 613 +174 621 +18.4 604 +22.2 604 +29.9
OlI prior to ECMO 36.1 +20.4 43.6 +28.6 35.6 +17.7 27.9 +14.8 36.5 +21.0
Duration of MV (d) 35.2 +33.2 36.2 +20.5 37.6 +22.9 414 +21.0 36.2 +29.2
Duration of hospitatlization (d) 73.5 +62.5 84.6 +70.5 90.1 +63.3 67.2 +44.8 77.7 +62.6
TFLV (%) 27.4 +10.8 28.2 +11.6 344 +12.8 30.6 +7.52 28.8 +11.2
o/e LHR (%) 35.0 +11.4 41.7 +20.6 37.0 +10.2 37.8 +14.1 36.2 +12.5

Data are presented in means =+ standard deviation (SD). GA = gestational age, GW = gestational weight, ApH = ar-
terial umbilical cord pH, ECMO = extracorporeal membrane oxygenation, OI = oxygenation index, TFLV = total
fetal lung volume, o/e LHR = observed/expected lung-to-head-ratio.

Overall survival was 71.6%, but when looking at each group individually, survival
rates differed from 66.4% (n = 95) in the first group to 77% (n = 24) in the second group,
87.5% (n = 42) in the third group and 57% (n = 8) in the fourth group, respectively (Table 2).
Survival in group 2 and group 3 was significantly higher than in group 1 and group 4
(p=0.011).

Table 2. Survival and frequencies of CDH patch, abdominal patch and liver-up phenomenon.

Study Group
p-Value
1 (n=143) 2 (n=31) 3 (n=48) 4 (n=14)
Survival 0.66 0.77 0.88 0.57 0.0110
CDH patch 0.99 1.00 0.96 1.00 0.34
Abdominal patch 0.45 0.32 0.30 0.36 0.31
Liver-up 0.93 0.93 0.74 0.69 0.0009

Data are presented in percentage of each group’s study population. CDH = congenital diaphragmatic hernia. The
bold points out that these p-values are statistically significant.

Some clinical data were collected and compared for all the groups (Table 2). Values for
AaDO; prior to ECMO initiation for group 1 versus group 2 (p = 0.035) and group 1 versus
group 3 (p < 0.0001) were significant (Table 2). Further, liver herniation was significantly
less in patients in group 3 and group 4 (p < 0.001) (Table 2). For the remaining clinical
parameters, differences between the groups were not significant (Table 2).

When looking at parameters for ventilation and oxygenation prior to ECMO initiation,
the highest pCO, was determined in group 1, requiring ECMO support earliest compared
to the other groups. Levels of pCO, immediately before ECMO initiation in group 1 were
significantly higher compared to group 3 (p < 0.0001) and marginally higher compared to
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group 4, respectively (p = 0.052) (Figure 1A). There were no significant differences between
the groups concerning the level of paO, prior to ECMO initiation (Figure 1B).
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Figure 1. Ventilation (A) and oxygenation (B) parameters prior to ECMO initiation. ** statistically significant.
“ns” stands for not significant.

Evaluation of morbidity was performed by assessing chronic lung disease (CLD) and
for this purpose, patients from group 1 and group 2 were pooled together due to the need
of ECMO for the same pathophysiological reason, namely pulmonary ventilation disorder.
In group 1 and 2, the incidence of CLD was significantly lower compared to the other two
groups (Figure 2). CDH patients in group 3 had the highest number of mild CLD cases,
whereas patients in group 4 had significantly higher numbers of moderate and severe CLD

(Figure 2).
A B C
Group 1 and 2 Group 3 Group 4
Incidence of CLD  Severity of CLD Incidence of CLD  Severity of CLD Incidence of CLD  Severity of CLD

mm 67% CLD 54% mild mm 81% CLD 68% mild = 71% CLD 20% mild
mu 3%no CLD == 32% moderate mm 10% no CLD == 19% moderate == 7%no CLD == 30% moderate
30% n/a = 14% severe 9% n/a . 139 severe 22% n/a == 50% severe

Figure 2. Incidence and severity of chronic lung disease (CLD) in the different groups of the study
population: (A) group 1 (ECMO initiation <12 h after birth) and 2 (ECMO initiation 12-24 h after
birth), (B) group 3 (ECMO initi ation 24-120 h after birth) and (C) group 4 (ECMO initiation 120 h
after birth).
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The defect size of each CDH patient was assessed according to the consensus of the
CDH study group. There was no significant difference regarding defect size between the
four different groups (Table 3).

Table 3. Frequencies of CDH defect size (A-D) according to CDH study group consensus.

A B C D p-Value
Group 1 (n =143) 0.01 0.09 0.65 0.25 0.46
2 (n=31) 0.00 0.16 0.73 0.11
3 (n=48) 0.00 0.26 0.55 0.19
4 (n=14) 0.00 0.14 0.72 0.14

4. Discussion

In this study, we collected clinical parameters over a ten-year period from CDH
patients undergoing ECMO, which were referred to our center. There is evidence suggesting
a critical time point for ECMO initiation in patients with CDH to improve outcome. To
our knowledge, this is the first report to show that CDH newborns with a later ECMO
initiation, between 12 h and 120 h after birth, have a significant survival benefit compared
to newborns undergoing a very early or very delayed ECMO intervention within the first
12 h or beyond 120 h of life, respectively.

4.1. Indication for ECMO in CDH

ECMO in neonates should be initiated when indication occurs. Indication in classical
neonatal ECMO (e.g., meconium aspiration syndrome) is usually present when oxygenation
index is above 40 [2,13]. However, in CDH, indication for ECMO is more complex [1,9].
While applying gentle ventilation for small lungs, the mean airway pressure does not
exceed values over 15. Therefore, with an FiO; of 1.0 and arterial paO; below 50mmHg,
where hypoxia starts to occur, Ol is only 30 and may be a cut off to start ECMO in CDH [1,9].

However, in most cases, hypercarbia, not hypoxia, and metabolic acidosis trigger
severe pulmonary hypertension (PHT) and an entry criterion in CDH may be a persisting
pH-value below 7.15 (corresponding with paCO, values between 60 and 100 mmHg) [1,9].
In such a situation of acidosis, PHT can also be recognized as a pre-postductal saturation
difference of more than ten percent.

A third indication for starting ECMO is circulatory failure, with low cardiac output,
low urinary output and rising lactate [1,2,9]. However, this criterion is rare and often occurs
later than hypercapnia and hypoxia. A honeymoon period occurs in those patients, in
which a respiratory acidosis can be overwhelmed and pCO,-value below 60 mmHg can
be reached.

4.2. Parameters for Predicting ECMO

There are many data about prenatal parameters and prognosis [14]. To date, LHR,
TFLV and liver herniation into the thoracic cavity are the most reliable prenatal predictors
for mortality in CDH [15]. Likewise, liver herniation and lung volume could also predict the
need for ECMO support in these patients [10]. However, the prognostic value of prenatal
data is not clear and treating patients with the same disease severity may lead to different
results and, therefore, it is difficult to compare treatment centers. Treatment strategies may
vary even between high-volume centers and results are not the same [7].

Significantly fewer data are available for prognostic value of early postnatal parame-
ters predicting mortality [16,17]. Of course, high OI calculated by respiratory parameters
after delivery leads more often to ECMO than lower OI, and survival of CDH patients
with ECMO is lower than survival of CDH patients without ECMO [18]. For example,
Wilford Hall Santa Rosa Formula (highest paO;—highest paCO, during initial 24 h of life)
includes values of pCO, [16,19]. If the difference of the best paO, minus highest paCO, is
below zero, there is high risk for mortality. Postnatal prognostic values of this formula are
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fairly high and calculation is possible as early as one hour after delivery and standardized
primary care. Applying the Wilford Hall Santa Rosa Formula to our results, the value is
lowest in group 1 with the poorest prognosis.

4.3. Honeymoon in CDH Prior to ECMO

A honeymoon period with higher values of oxygenation (temporarily arterial paO,
over 60 mmHg) and vanishing pre-postductal saturation difference occurs in those patients
in whom a respiratory acidosis can be overwhelmed and pCO,-value below 60 mmHg
can be reached. A honeymoon period may indicate a better responsiveness of pulmonary
vessels and, therefore, a better prognosis. This scenario mostly occurs in patients from
group 2 and 3 and leads to ECMO success rates of about 80%. The lower paO, directly
before initiation of ECMO reflects the sudden end of the honeymoon period with a rebound
phenomenon caused by vasoconstriction of pulmonary vessels.

Patients without a honeymoon period do not respond to treatment strategies prior to
ECMO and are treated with ECMO earlier and this course leads to a poorer prognosis, with
survival rates from ECMO of 66% in group 1. Looking at the basic data of these patients,
they started even prenatally with the lowest values of fetal lung volume. Surprisingly,
the outcome of initial honeymooners, but late decision for ECMO because of a longer
apparently stable phase of several days, was poorest. This result leads one to speculate that
responsiveness of pulmonary vascular bed to the unloading effect of ECMO and, therefore,
the potential to overwhelm PHT in CDH decreases towards the end of the first week of life.
It can be assumed that the effectiveness of the PHT treatment has become blunted.

Reaching a honeymoon by high-frequency oscillation ventilation (HFOV) may occur
in some patients but one side effect of HFOV is a tendency to overdistension of the lungs
and the effort of controlling paCO, often leads to hypoxemia. The VICI trial showed that
HFOV ventilation seems inferior to CMV [20]. HFOV is able to control paCO; but may
delay ECMO initiation and, therefore, poorer survival rates were seen in CDH patients
treated with HFOV as the initial mode of ventilation [20].

4.4. Chronic Lung Disease after ECMO

The development of CLD represents an important risk factor for impaired pulmonary
outcome in CDH patients. Although neonatal ECMO has improved the survival of CDH
patients, improved survival might carry a higher risk of long-term morbidity among
survivors [21]. There is conflicting evidence about the development of CLD in ECMO
survivors. In an older prospective study, ECMO support resulted in a 50% reduction in
CLD in survivors of severe respiratory failure [22]. Other studies have demonstrated that
ECMO support does not prevent sequelae of severe respiratory disease in the newborn
period [23]. Since lung development is already disturbed in CDH due to lung hypoplasia
and pulmonary hypertension, additional risk factors, such as CLD, impair pulmonary
outcome significantly.

Our study adds data concerning the pulmonary outcome defined by the severity of
CLD. The risk for developing CLD is very high in group 3 and 4, and extremely high for
developing severe CLD in group 4 (50%). Although patients in group 4 had a seemingly
better prenatal expected prognosis in comparison to group 3 due to, e.g., less liver-up,
mortality and morbidity (severe CLD) were much higher in this group. Since early ECMO
initiation was associated with less mortality and severe CLD, it appears that ECMO should
be started earlier, independently from the indication’s parameter.

Whether persisting pulmonary hypertension or more severe lung damage with longer
time on high ventilator settings are more contributable to CLD was not investigated.

5. Conclusions

Our data, although not randomized and limited due to small study groups, suggest
that very early need for ECMO and ECMO initiation >120 h after birth is associated with
increased mortality and even with morbidity in late ECMO initiation. Therefore, future

71



Children 2022, 9, 986

studies have to be conducted to identify and stratify the best timepoint for initiating
ECMO in the different forms of CDH, depending on prenatal risk factors for ECMO
employment (e.g., fetal lung volume, liver-up, etc.) and postnatal factors (e.g., degree of
PHT, acidosis, etc.).

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/ children9070986/s1, Figure S1: Recruitment of study population.

Author Contributions: Conceptualization, T.S. and N.R.; methodology, CW., T.S. and N.R.; valida-
tion, A.P.O., S.H. and C.O.; formal analysis, CW., Y.S., AP.O., S.H. and N.R,; investigation, C.W.
and Y.S.; data curation, C.W.,, Y.S. and N.R.; writing—original draft preparation, C.W., Y.S. and N.R,;
writing—review and editing, M.B., T.S. and N.R,; visualization, Y.S.; supervision, T.S. and N.R. All
authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the local ethics committee of the Medical Faculty Mannheim of the
University of Heidelberg (reference number: 2019-884R, date of approval: 19 December 2019).

Informed Consent Statement: Patient consent was not required for this type of retrospective study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Rafat, N.; Schaible, T. Extracorporeal membrane oxygenation in congenital diaphragmatic hernia. Front. Pediatr. 2019, 7, 336.
[CrossRef]

2. Brogan, T.V,; Lequier, L.; Lorusso, R.; MacLaren, G.; Peek, G. Extracorporal Life Support: The ELSO Red Book, 5th ed.; Brogan, T.V.,,
Lequier, L., Lorusso, R., MacLaren, G., Peek, G., Eds.; Extracorporeal Life Support Organization: Ann Arbor, MI, USA, 2017;
ISBN 978-0-9656756-5-9.

3. Turek, ].W.; Nellis, ].R.; Sherwood, B.G.; Kotagal, M.; Mesher, A.L.; Thiagarajan, R.R.; Patel, S.S.; Avansino, J.R.; Rycus, P.T;
McMullan, D.M.; et al. Shifting risks and conflicting outcomes—ECMO for neonates with congenital diaphragmatic hernia in the
modern era. J. Pediatr. 2017, 190, 163-168.e4. [CrossRef]

4. Wilson, ].M.; Lund, D.P,; Lillehei, C.W.; O’'Rourke, P.P.; Vacanti, ].P. Delayed repair and preoperative ECMO does not improve
survival in high-risk congenital diaphragmatic hernia. J. Pediatr. Surg. 1992, 27, 368-375. [CrossRef]

5. Wilson, ].M.; Lund, D.P; Lillehei, C.W.; Vacanti, ].P. Congenital diaphragmatic hernia—A tale of two cities: The Boston experience.
J. Pediatr. Surg. 1997, 32, 401-405. [CrossRef]

6.  Azarow, K.; Messineo, A.; Pearl, R; Filler, R.; Barker, G.; Bohn, D. Congenital diaphragmatic hernia—A tale of two cities: The
Toronto experience. |. Pediatr. Surg. 1997, 32, 395-400. [CrossRef]

7. Snoek, K.G.; Greenough, A.; van Rosmalen, J.; Capolupo, I.; Schaible, T.; Ali, K.; Wijnen, R.M.; Tibboel, D. Congenital diaphrag-
matic hernia: 10-year evaluation of survival, extracorporeal membrane oxygenation, and foetoscopic endotracheal occlusion in
four high-volume centres. Neonatology 2018, 113, 63-68. [CrossRef]

8. Schaible, T.; Hermle, D.; Loersch, F; Demirakca, S.; Reinshagen, K.; Varnholt, V. A 20-year experience on neonatal extracorporeal
membrane oxygenation in a referral center. Intensive Care Med. 2010, 36, 1229-1234. [CrossRef]

9.  Snoek, K.G,; Reiss, LK.M.; Greenough, A.; Capolupo, L; Urlesberger, B.; Wessel, L.; Storme, L.; Deprest, ].; Schaible, T.; Van Heijst,
A.; et al. Standardized postnatal management of infants with congenital diaphragmatic hernia in Europe: The CDH EURO
Consortium Consensus—2015 Update. Neonatology 2016, 110, 66-74. [CrossRef]

10. Kastenholz, K.E.; Weis, M.; Hagelstein, C.; Weiss, C.; Kehl, S.; Schaible, T.; Neff, KW. Correlation of observed-to-expected MRI
fetal lung volume and ultrasound lung-to-head ratio at different gestational times in fetuses with congenital diaphragmatic
hernia. Am. ]. Roentgenol. 2016, 206, 856-866. [CrossRef]

11. Jobe, A.H.; Bancalari, E. Bronchopulmonary dysplasia. Am. . Respir. Crit. Care Med. 2001, 163, 1723-1729. [CrossRef]

12.  Lally, K.P; Lasky, R.E.; Lally, P.A.; Bagolan, P; Davis, C.E; Frenckner, B.P,; Hirschl, R.M.; Langham, M.R.; Buchmiller, T.L.; Usui,
N.; et al. Standardized reporting for congenital diaphragmatic hernia—An international consensus. J. Pediatr. Surg. 2013, 48,
2408-2415. [CrossRef]

13.  Sebald, M.; Friedlich, P.; Burns, C.; Stein, J.; Noori, S.; Ramanathan, R.; Seri, I. Risk of Need for Extracorporeal membrane

oxygenation support in neonates with congenital diaphragmatic hernia treated with inhaled nitric oxide. J. Perinatol. 2004, 24,
143-146. [CrossRef]

72



Children 2022, 9, 986

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Oluyomi-Obi, T.; Kuret, V.; Puligandla, P.; Lodha, A.; Lee-Robertson, H.; Lee, K.; Somerset, D.; Johnson, J.; Ryan, G. Antenatal
predictors of outcome in prenatally diagnosed congenital diaphragmatic hernia (CDH). ]. Pediatr. Surg. 2017, 52, 881-888.
[CrossRef]

Hedrick, H.L.; Danzer, E.; Merchant, A.M.; Bebbington, M.W.; Zhao, H.; Flake, A.W.; Johnson, M.P.; Liechty, KW.; Howell, L.].;
Wilson, R.D.; et al. Liver position and lung-to-head ratio for prediction of extracorporeal membrane oxygenation and survival in
isolated left congenital diaphragmatic hernia. Am. J. Obstet. Gynecol. 2007, 197, 422.e1-422.e4. [CrossRef]

Hoffman, S.B.; Massaro, A.N.; Gingalewski, C.; Short, B.L. Survival in congenital diaphragmatic hernia: Use of predictive
equations in the ECMO population. Neonatology 2011, 99, 258-265. [CrossRef]

Weis, M.; Burhany, S.; Perez Ortiz, A.; Nowak, O.; Hetjens, S.; Zahn, K.; Schoenberg, S.; Schaible, T.; Rafat, N. The chest
radiographic thoracic area can serve as a prediction marker for morbidity and mortality in infants with congenital diaphragmatic
hernia. Front. Pediatr. 2021, 9, 740941. [CrossRef]

Ruttenstock, E.; Wright, N.; Barrena, S.; Krickhahn, A.; Castellani, C.; Desai, A.P; Rintala, R.; Tovar, J.; Till, H.; Zani, A.; et al. Best
oxygenation index on day 1: A reliable marker for outcome and survival in infants with congenital diaphragmatic hernia. Eur. J.
Pediatr. Surg. 2015, 25, 3-8. [CrossRef]

Schultz, C.M.; DiGeronimo, R.J.; Yoder, B.A. Congenital diaphragmatic hernia study group congenital diaphragmatic hernia: A
simplified postnatal predictor of outcome. . Pediatr. Surg. 2007, 42, 510-516. [CrossRef]

Snoek, K.G.; Capolupo, I.; van Rosmalen, J.; Hout, L.d.J.d.; Vijthuize, S.; Greenough, A.; Wijnen, R.M.; Tibboel, D.; Reiss,
L.K.M. CDH EURO consortium conventional mechanical ventilation versus high-frequency oscillatory ventilation for congenital
diaphragmatic hernia. Ann. Surg. 2016, 263, 867-874. [CrossRef]

Perez Ortiz, A.; Glauner, A.; Dittgen, F.; Doniga, T.; Hetjens, S.; Schaible, T.; Rafat, N. Chronic lung disease following neonatal
extracorporal membrane oxygenation. A single center experience. Front. Pediatr. 2022. Available online: https:/ /www.frontiersin.
org/articles/10.3389/fped.2022.909862 / abstract (accessed on 17 May 2022).

Vaucher, Y.E.; Dudell, G.G,; Bejar, R.; Gist, K. Predictors of early childhood outcome in candidates for extracorporeal membrane
oxygenation. J. Pediatr. 1996, 128, 109-117. [CrossRef]

Beardsmore, C.; Dundas, I.; Poole, K.; Enock, K.; Stocks, J. Respiratory function in survivors of the United Kingdom extracorporeal
membrane oxygenation trial. Am. J. Respir. Crit. Care Med. 2000, 161, 1129-1135. [CrossRef] [PubMed]

73



children ﬁw\n\py

Article
Safety and Tolerability of Continuous Inhaled Iloprost Therapy
for Severe Pulmonary Hypertension in Neonates and Infants

Amit V. Krishnan 1'*, Victoria Freniere %*, Rakesh Sahni 3, Diana P. Vargas Chaves 3 Sankaran S. Krishnan %,
Dimitrios Savva ¥ and Usha S. Krishnan 1'*#

Department of Pediatrics (Cardiology), Columbia University Irving Medical Center,

New York, NY 10932, USA; akrishna@student.touro.edu

2 Department of Pharmacy, New York-Presbyterian Hospital, New York, N'Y 10065, USA;

victoria.freniere@bmec.org (V.F.); dis9082@nyp.org (D.S.)

Department of Pediatrics (Neonatology), Columbia University Irving Medical Center,

New York, NY 10032, USA; rs62@cumc.columbia.edu (R.S.); dv2373@cumc.columbia.edu (D.P.V.C.)

4 Department of Pediatrics, New York Medical College, Valhalla, NY 10595, USA;
sankaran_krishnan@nymc.edu

*  Correspondence: uskl@cumc.columbia.edu

These authors contributed equally to this work.

+ These authors also contributed equally to this work.

Abstract: This is a single-center retrospective study to assess the safety and tolerability of continuous
inhaled iloprost use as rescue therapy for refractory pulmonary hypertension (PH) in critically ill
neonates and infants. A retrospective chart review was performed on 58 infants and data were
collected at baseline, 1, 6, 12, 24, 48 and 72 h of iloprost initiation. Primary outcomes were change in
heart rate (HR), fraction of inspired oxygen (FiO,), mean airway pressures (MAP), blood pressure
(BP) and oxygenation index (OI). Secondary outcomes were need for extracorporeal membrane
oxygenation (ECMO) and death. 51 patients treated for >6 h were analyzed in 2 age groups, neonate
(<28 days: n = 32) and infant (29-365 days: n = 19). FiO; (p < 0.001) and OI (p = 0.01) decreased,
while there were no significant changes in MAP, BP and HR. Of the fifteen patients placed on ECMO,
seven were bridged off ECMO on iloprost and eight died. Twenty-four out of fifty-one patients
(47%) recovered without requiring ECMO, while twelve (23%) died. Iloprost as add-on therapy for
refractory PH in critically ill infants in the NICU has an acceptable tolerability and safety profile.
Large prospective multicenter studies using iloprost in the neonatal ICU are necessary to validate
these results.

Keywords: continuous iloprost; pulmonary hypertension; neonate; infant; outcome

1. Introduction

Pulmonary hypertension (PH) is a severe and often fatal disease, especially when
it occurs in the neonatal and infant age group. PH can present as persistent pulmonary
hypertension of the newborn (PPHN) in preterm or term neonates. PPHN can occur either
as primary or idiopathic PPHN in about 10% neonates and secondary, in association with
acute respiratory inflammation in the setting of meconium aspiration syndrome, pneu-
monias, hyaline membrane disease, transient tachypnea of newborn, developmental lung
diseases, genetic disorders, as well as in congenital heart diseases (CHDs) [1-3]. Neonates
with primary PPHN have an abnormal transition from fetal to postnatal circulation, result-
ing in sustained elevations of pulmonary vascular resistance and persistent hypoxemia
after birth compromising hemodynamics [2,3]. Preterm infants with ongoing bronchopul-
monary dysplasia (BPD) or term infants with CHD or other developmental lung disorders
can present with significant and persistent PH even after the first few months of life and
can have significant morbidity and mortality from PH crises in association with infection
and inflammation [3,4].
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Therapies for PH target the components of vascular remodeling and belong to three classes:
phosphodiesterase inhibitors, endothelin receptor antagonists, and prostanoids [4-6].
Prostanoids are analogs of prostacyclin, which when bound to receptors, cause increases in
cyclic adenosine monophosphate that result in a cascade of phosphorylation events that
subsequently result in smooth muscle relaxation and reduced cell proliferation, thereby
reducing pulmonary vascular resistance and inhibiting the remodeling associated with
PH [6-13]. Although inhaled nitric oxide (iNO) is recommended as first line therapy to
decrease PVR in infants with PPHN, and is the only approved PH therapy for PPHN,
it does not improve survival and about 40% of neonates may fail to respond to iNO
alone [7]. Epoprostenol, the first approved prostanoid medication, significantly improved
long-term survival in PH patients. It has also been used successfully in neonatal PH [8,9].
Epoprostenol is administered as a continuous intravenous infusion through an indwelling
central line, which is associated with a host of additional risks, such as need for access,
bacteremia, sepsis, thromboembolism and rebound PH if the infusion is interrupted due
to its extremely short half-life [6]. Iloprost is a more chemically stable prostaglandin ana-
log and may be administered intermittently or continuously via inhalation. The inhaled
administration specifically targets the lung vessels with less systemic effects and possibly
less ventilation perfusion mismatch than intravenous epoprostenol, especially in infants
with developmental lung disorders [6-13]. Iloprost peaks at 20-30 min and leaves the
system within an hour after administration. Thus, continuous iloprost inhalation to prevent
fluctuations in PA pressures is an attractive option.

Several adult studies and a few small pediatric studies have demonstrated favorable
outcomes when patients were placed on adjunctive inhaled iloprost therapy after they had
inadequate responses to current PAH therapies. Although these studies suggested some
benefits, they were smaller in size, did not have a uniform population base and did not
look at the effects of continuous inhaled iloprost therapy in neonates and infants [12-14].
Neonates with PH may be refractory to iNO and may rapidly deteriorate, leading to ex-
tracorporeal membrane oxygenation (ECMO) cannulation and/or death. Intravenous or
inhaled prostanoids have been used to try and maintain hemodynamics by lowering the
PVR in these patients and act as additional therapy to iNO [5-13,15,16]. Evidence demon-
strates that inhaled iloprost therapy significantly reduces pulmonary arterial pressure and
PVR with equal potency to iNO with minimal systemic side effects within the pediatric
population with CHD [11,14]. Little is known about the safety and efficacy of inhaled
iloprost in the neonatal and infant population. The use of continuous iloprost in older
children has recently been described [10]. The aim of this study is to evaluate the safety,
tolerability and outcomes, including ECMO and death after continuous inhaled iloprost
in infants with refractory PH in the NICU. We also describe the institutional practices for
medication dosing, delivery, titration and wean of inhaled continuous iloprost therapy.

2. Materials and Methods

This is a single-center retrospective observational study of neonates and infants ad-
mitted to the NICU at Morgan Stanley Children’s Hospital of New York Presbyterian.
Patients were included if they received iloprost therapy between February 2020 and May
2023. Patients < 1 year of age with the 6th World Symposium of Pulmonary Hypertension
(6th WSPH) Groups I and III PH were included, while patients with Group II PH (left
heart disease and pulmonary vein stenosis) and Group V PH with complex congenital
heart disease were excluded. This study was approved by the Columbia University Irving
Medical Center’s Institutional Review Board and electronic medical and pharmacy records
were queried to identify patients and collect data. Since our new electronic Medical Record
system, Epic, was implemented in February 2020, we could only consistently obtain data
from this date and beyond.

Demographic data included age and weight at iloprost start, gestational age, birth
weight, Apgar scores, iloprost dose and duration, iNO dose, inotropes, other PH medi-
cations, steroid administration, level of ventilatory support, need for ECMO, underlying
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diagnosis associated with PH, and outcomes. Additionally, fraction of inspired oxygen
(FiO,), mean airway pressure (MAP), partial pressure of arterial oxygen (PaO;), mean
blood pressure (mBP), heart rate (HR) and oxygen index ((OI) = FiO, x MAP/PaO,) were
collected at baseline, 1, 6, 12, 24, 48 and 72 h after initiation of iloprost therapy. The vasoac-
tive inotrope score (VIS) was calculated using the doses of inotropes at the time of iloprost
start (Dopamine dose + Dobutamine dose + 100 x Epinephrine dose + 10 x Milrinone
dose + 100 x Norepinephrine dose (all in mcg/kg/minute) + 10,000 x Vasopressin dose
(U/kg/min)) [17,18].

2.1. Method of Administration

Inhaled iloprost was only used in infants with severe persistent PH despite treatment
with iNO and other PH therapy. A test dose of iloprost (2.5 mcg) was administered over
20 min to assess for hypotension or worsening in oxygenation. If the initial iloprost dose
was well tolerated, continuous therapy was initiated. lloprost was administered through
the inhalation tubing port closest to the endotracheal tube (to reduce dead space) and
occasionally extra diluent was provided to prevent crystallization or clogging of the tube.
The treatment dose range of iloprost was between 1 and 7.5 mcg/h. Our weaning protocol
consisted of a gradual reduction in the dosage to 1 mcg/h. This was followed by weaning
to intermittent iloprost with bolus dosing at gradually prolonged intervals up to every
four hours until discontinuation. Primary outcomes included change in FiO,, MAP, OI,
HR and mBP from baseline to 72 h. Secondary outcomes included the need for ECMO
or death during iloprost therapy. The reason for stopping iloprost and side effects were
documented.

The data were analyzed as a whole, and patients were separated into two groups—neo-
nates (<28 days) and infants (28-365 days)—as the etiology of PH and the frailty of the
patients are different in the two groups.

2.2. Statistical Analysis

The data were analyzed using SPSS version 16 for Windows. Binomial and categorical
data were analyzed by chi-squared and Fisher’s exact test. Non-parametrically distributed
continuous data were analyzed by the Mann—-Whitney U test. Continuous variables were
not assumed to be normally distributed, so values were reported as medians with interquar-
tile range (IQR) provided. A p value of <0.05 was considered significant. Friedman’s
two-way ANOVA by ranks was used to evaluate distributions of measured pulmonary and
systemic respiratory and hemodynamic markers (FiO,, MAP, OI, mean BP, HR) over time,
with a p value of <0.05 considered significant.

3. Results
3.1. Demographics

A cohort of fifty-one patients with the sixth WSPH Group I or III PH who were
treated with inhaled iloprost as rescue therapy were analyzed. Seven additional patients
received iloprost for <6 h and were not included in the analysis. The patients ranged
from 0 to 310 days old, and their weights ranged from 2.9 to 4.3 kg. Within this cohort,
31 patients survived, while 20 died. Fifteen patients required ECMO during their hospital
course. Thirty-two patients <28 days of age at the time of treatment were categorized into
the neonate group and the remaining nineteen patients >28-365 days of age at time of
treatment were categorized into the infant group. Thirty-one neonates were <10 days of
age, while one patient was 21 days old with a diagnosis of surfactant protein deficiency. In
the neonate group, PH was secondary to congenital heart disease (CHD) in 10 patients, and
congenital diaphragmatic hernia (CDH) in nine. Other causes of PH in this group included
meconium aspiration, hypoxic ischemic encephalopathy, sepsis and developmental lung
diseases. The infants were 41-310 days old at time of iloprost therapy and had a diagnosis
of CHD in 12, CDH in three, and BPD in four. Gender differences in demographics and
clinical characteristics of the study population are described in Table 1. There were no
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statistically significant differences in demographics, clinical characteristics, and outcomes
between male and female neonates.

Table 1. Demographic and clinical characteristics of the study population stratified by sex.

Number of Patients (%) Male (%) Female (%) p*
Total 51 (100%) 30 21
Neonate 32 (62.7%) 17 (56.7%) 15 (71.4%) 0.28
Need for ECMO 15 (29.4%) 8 (26.7%) 7 (33.3%) 0.61
Mortality 20 (39.2%) 14 (46.7%) 6 (28.6%) 0.19

Total (range) Male (IQR) Female (IQR) p**
Median Birth Weight (kg) 3.080 (0.375-4.420) 3.13 (2.320-3.380) 3.08 (2.550-3.300) 0.69
Median Gest. Age (Weeks) 38.57 (23-41) 37.57 (35.71-39.00) 38.71 (37.14-39.14) 0.28
Median Weight at Iloprost Admin. (kg) 3.37 (2.06-7.3) 3.43 (2.99-4.38) 3.30 (2.97-3.71) 0.70
Apgar Score 1¢ 6.00 (2.00-8.00) 5.00 (2.50-7.00) 7.00 (3.00-8.00) 0.25
Apgar Score 5¢ 8.00 (7.00-9.00) 7.00 (7.00-8.50) 8.00 (7.00-9.00) 0.50
VIS 13.00 (0-19.00) 13.00 (3.50-16.80) 13.00 (6.00-20.00) 0.62
Iloprost # Days 3.00 (0.25-37) 3.00 (1.00-8.80) 3.00 (1.00-7.00) 0.76

* chi-squared test; ** Mann-Whitney test.

There was a significantly greater proportion of neonates in our sample compared to
infants (Table 2). There was also a difference in gestational age (the BPD patients in the
infant group had a lower gestational age and presented with severe PH later), weight at
time of iloprost dosing, and in VIS between the two groups. Two infants with critical PH
had a VIS of 0. This was secondary to vasoactive medications being discontinued after
being cannulated on ECMO.

Table 2. Outcomes in neonates and infants with PH treated with iloprost (n = 51).

Neonate (%) Infant (%) p*
Total 32 (62.7%) 19 (37.3%) 0.01
Male 17 (53.1%) 13 (68.4%) 0.28
ECMO 12 (37.5%) 3 (15.8%) 0.12**
Deceased 13 (40.6%) 7 (36.8%) 0.79

median (IQR) Median (IQR) p
Birth Wt (kg) (range) 3.195 (0.540—4.29) 3.05 (0.375-4.42) 0.52
Gest. age (weeks) 39.00 (37.14-39.14) 37.00 (30.14-38.79) 0.02
Weight at iloprost administration (kg) ~ 3.21 (2.75-3.38) 4.53 (3.77-5.56) <0.01
Apgar score 1¢ 5.00 (2.75-8.00) 6.50 (2.75-8.00) 0.74
Apgar score 5¢ 7.00 (6.50-9.00) 8.00 (7.00-9.00) 0.55
VIS 14.50 (6.75-23.13) 5.00 (0.00-14.50) * 0.03
Iloprost # days 1.00 (1.00-5.50) 3.00 (1.00-10.00) 0.07

* chi-squared test; ** Fischer’s exact test; *** Mann-Whitney test. Bold indicates significance.

3.2. Other PH Medications

All patients were on 20 PPM iNO, 12 patients received sildenafil, four received silde-
nafil and bosentan (dual therapy), nine in the neonate group were on prostaglandin E1
(to keep the ductus arteriosus patent) and three were on parenteral epoprostenol, which
was weaned off when iloprost was initiated. Inotropes at the time of iloprost start in-
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cluded milrinone (32), epinephrine (30), vasopressin (19), dopamine (9), dobutamine (6)
and norepinephrine (5), demonstrating the severity of hemodynamic compromise among

these children.
There was a significantly greater proportion of patients in our sample who were not

cannulated to ECMO compared to patients who did (Table 3). There was a significant
difference in Apgar scores at 5 min between ECMO and non-ECMO patients, but none of
the other parameters achieved significance.

Table 3. Characteristics of patients requiring vs. not requiring ECMO cannulation.

ECMO (%) No ECMO (%) p*
Total 15 (29.4%) 36 (70.6%) <0.01
Male 8 (53.3%) 22 (61.1%) 0.61
Neonate 12 (80.0%) 20 (55.6%) 0.12 **
Deceased 7 (46.7%) 13 (36.1%) 0.48

ECMO (IQR) No ECMO (IQR) p
Birth Wt (kg) 3.08 (2.49-3.28) 3.13 (2.50-3.39) 0.88
Gest. Age (weeks) 38.57 (37.14-39.00) 38.21 (35.67-39.00) 0.88
Dosing Wt (kg) 3.22(2.72-3.71) 3.51(3.20-4.13) 0.10
Apgar score 1¢ 6.00 (4.50-8.00) 5.00 (2.00-8.00) 0.23
Apgar score 5¢ 9.00 (7.00-9.00) 7.00 (5.00-8.00) 0.04
VIS 15.00 (4.50-22.50) 10.50 (3.75-15.63) 0.22
Iloprost # days 2.00 (1.00-14.50) 3.00 (1.00-7.25) 0.55

* chi-squared test; ** Fisher’s exact test; *** Mann-Whitney test. Bold indicates significance.

There was a significant difference in the proportion of patients who survived compared

to the proportion of patients who died while on iloprost in our sample (Table 4). No other
differences were observed between surviving and deceased patients.

Table 4. Characteristics of patients who survived vs. deceased patients.

Survived (%) Deceased (%) p*
Total 31 (60.8%) 20 (39.2%) 0.03
Male 16 (51.6%) 14 (70.0%) 0.19
Neonate [<4 wk age] 19 (61.3%) 13 (65.0%) 0.79
ECMO 8 (25.8%) 7 (35.0%) 0.48

Survived (IQR) Deceased (IQR) p**
Birth Wt (kg) 3.20 (2.50-3.58) 3.06 (2.41-3.28) 0.32
Gest. age (weeks) 39.00 (37.00-39.14) 37.29 (35.71-38.89) 0.23
Dose Wt (kg) 3.70 (3.21-4.41) 3.22 (2.75-3.61) 0.06
Apgar score 1¢ 6.00 (3.00-8.00) 5.00 (2.50-7.50) 0.83
Apgar score 5¢ 8.00 (7.00-9.00) 7.00 (7.00-9.00) 0.59
VIS 11.00 (3.00-16.50) 14.00 (6.00-21.25) 0.40
Iloprost # days 3.00 (1.00-10.00) 1.50 (0.94-6.75) 0.48

* chi-squared test; ** Mann—-Whitney test. Bold indicates significance.

3.3. Improvement in Parameters over the Evaluated Time Period

Friedman’s two-way analysis of variance was performed to detect significant changes

in FiO,, OI, MAP, mean BP and HR over the 72 h study period. FiO; (p < 0.001) and OI
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(p = 0.01) decreased over the study period, suggesting improved oxygenation (Figure 1a,c).
Supplementary Figure Sla,c show similar improvements in the patients who did not

need ECMO.
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Figure 1. (a—e) Graphical depiction of the physiologic parameters measured over time in all patients,

neonates and infants.

3.4. Safety and Tolerability Data

There were no significant differences reported in the MAP (p = 0.34), mBP (p = 0.12),
or HR (p = 0.97) over the study period, suggesting the safety and tolerability of continuous
inhaled iloprost in these patients (Figure 1b,d,e). Supplementary Figure S1b,d,e show
similar trends in patients who did not need ECMO.

3.5. Patients Who Received Iloprost <6 h (Excluded from Data Analysis)

Seven patients received iloprost for <6 h; four out of seven patients had acute dete-
rioration prompting ECMO cannulation and iloprost discontinuation within the 6 h time
period. Two patients did not have evident improvement in oxygenation or hemodynamics
with the test dose and one patient had hypotension with severe sepsis.

3.6. Side Effects

No significant side effects were charted. Note that the usual side effects of headaches
seen in older patients could not be documented. There was no significant bronchospasm
documented with iloprost administration in any patient or need for bronchodilators during
the study period. Due to the gradual weaning protocol and background iNO therapy, no
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rebound PH was noted in our patients. There were no instances of pulmonary hemorrhage
or other bleeding attributed to iloprost in this cohort.

4. Discussion

Inhaled prostanoids like iloprost have several advantages over intravenous prostanoids,
including the avoidance of significant ventilation perfusion mismatch, potential attenuation
of systemic side effects and bypassing vascular access availability or medication incompat-
ibility issues [11,12,19-21]. Subcutaneous prostanoids have been used in this age group;
however, pain issues and pump shortage have recently significantly impacted this mode of
delivery in the neonatal unit. Inhaled iloprost has the advantage over inhaled epoprostenol
because of its longer half-life and stability [6,8]. This medication is often used as rescue
therapy in infants with refractory PH despite maximal iNO. Inhaled iloprost is delivered
using a syringe pump attached to the port closest to the endotracheal or tracheostomy tube
through the inspiratory portion of the ventilator circuit. This is performed to reduce dead
space and prevent crystallization in the tubing. In the current study, we have described the
methodology of use of continuous iloprost and studied the safety, tolerability and short-
term efficacy of the medication in critically ill neonates and infants in a single-institution
NICU with refractory WSPH Group 1 or Group 3 PH.

This is the first case series describing the use of continuous iloprost in a NICU cohort
with serial evaluation over a 72 h time period. A recent publication by Colglazier et al.
describes the methodology of continuous iloprost, which is very similar to our unit but
differs from our study in that they were older patients, and the study described the very
early response over 30 min of iloprost delivery. Our study is limited the infant age group
(<1 year of age) and those with iloprost therapy > 6 h, thus describing the short-to-medium
term use of the medication in patients under 1 year of age. Our side effect profile is similar
to their study in that continuous iloprost was not associated with significant bronchospasm
or any other significant side effects of prostanoids. All our patients on whom iloprost was
started were considered refractory PH, already on 20 PPM of iNO (our maximum dose)
and hence, we did not compare the two inhaled medications.

Additionally, patient demographics, clinical characteristics and outcomes were re-
ported and stratified with respect to sex (M/F), age (neonate/infant), clinical characteristics
(ECMO/No ECMO) and outcomes (survived /deceased) (Tables 1-4). There are several
neonatal studies which have suggested male sex as a risk factor for higher incidence of
BPD, developmental lung diseases as well as response to therapy; however, in our limited
subset, a significant difference was not noted between male and female patients [22-24].
There were very few statistically significant differences between these stratified groups,
suggesting that their impact on the efficacy of iloprost is minimal. Verma et al. recently
described the potential for inhaled iloprost as a treatment option for PPHN. The trial in-
cluded 22 neonates with PPHN on intermittent iloprost who did not respond to iNO alone,
of whom 55% were considered responders and 45% non-responders who were placed on
ECMO or died [12]. This study was limited to PPHN in the neonatal period, which, when
not associated with other disorders, usually resolves in 2-3 weeks. Our study includes a
whole range of patients with refractory PH secondary to multiple etiologies in the neonatal
and infant age groups.

It is possible that the continuous mode of administration reduces the swings in pul-
monary and systemic hemodynamics following medication dosage, providing sustained
pulmonary vasodilatory effect and minimizing acute blood pressure variations in this frag-
ile population. Additionally, iloprost has also been successfully used as part of strategies to
wean and bridge off ECMO support by specifically targeting PH and therefore reducing
right ventricular afterload and improving cardiac output. Other studies have speculated
that the addition of iloprost to iNO utilizes both the cyclic adenosine monophosphate and
cyclic guanosine monophosphate pathways and provides a synergistic effect [10,25]. Since
all of our patients were already on maximal doses of iNO prior to initiation of iloprost
therapy, the contribution of a synergistic effect in the improved oxygenation status among
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our patients cannot be established. It is possible that higher doses of iloprost (5-7.5 mcg/h)
may have more sustained improvements in PH but our patient numbers and duration
of therapy on higher doses were too small to analyze potential effects. Other available
inhaled prostanoids include inhaled treprostinil, which is not possible in ventilated pa-
tients, but is an attractive option in the outpatient setting. Additionally, some centers use
inhaled epoprostenol, using the same preparation as used in the intravenous route, but
there is speculation that this preparation may not be suitable for inhaled administration
due to potential inflammatory response in the airways and lung parenchyma induced by
components in the formulation of this medication [19-21].

As for all infant and pediatric studies, this study is also limited by small numbers, its
retrospective format and lacks placebo controls. These were not possible given the patient
population being critically ill and iloprost being administered as a rescue medication for
refractory PH. Although rSO2 (NIRS) data were also collected, there were multiple miss-
ing values precluding meaningful analysis in the current study. Most infants who were
cannulated on veno-arterial ECMO had their inotropes stopped, which would impact the
significance of VIS scores, especially for patients who were started on iloprost while on
ECMO. Thus, the VIS score was not useful in this study. Additionally, in some infants
(especially the seven who received iloprost <6 h), iloprost was started during rapid hemo-
dynamic deterioration while being evaluated for ECMO cannulation and the medication
was stopped after cannulation on ECMO by physician preference, limiting longer-term
evaluation over time in this group. Iloprost was started in a few patients to reduce PH
while bridging off ECMO, but the numbers were not adequate for meaningful analysis. A
future protocolized strategy of iloprost use in these patients will provide valuable data.

5. Conclusions

This is the largest study describing the use of continuous inhaled iloprost in critically
ill neonates and infants with severe pulmonary hypertension. Inhaled iloprost is safe, well
tolerated and appears to improve pulmonary and systemic hemodynamics in critically
ill infants with PH who usually face very high mortality. Additionally, inhaled iloprost
provides an attractive alternate pathway to administer prostanoids. It may also help
stabilize some patients prior to ECMO and has the potential to assist in bridging off ECMO
in selected patients. Larger prospective multicenter studies are necessary to study the use
of this medication in improving outcomes in the infant and pediatric age groups.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/children11060703/s1, Figure Sla—e depict changes in FiO,, mean
airway pressure, oxygenation index, mean blood pressure and heart rate in patients who did not
need ECMO (continuous lines vs patients who needed ECMO (dotted line). The trends on patients
who did not need ECMO are similar to all patients depicted in Figure 1. These values become not
relevant once patients are placed on ECMO.
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R I S

Abstract: Current data support an increase in the prevalence of high blood pressure (HBP) in
pediatric patients with sleep-disordered breathing (SDB). Adeno-tonsillectomy has been shown
to be an effective treatment for most patients. Our objective was to determine the prevalence of
HBP in pediatric patients with SDB and the impact of adeno-tonsillectomy with a multicenter,
longitudinal, and prospective study that included 286 children referred for suspected SDB. The
diagnosis of SDB was established by polysomnography (PSG) and the diagnosis of HBP by 24-h
ambulatory blood pressure monitoring (ABPM). In patients without SDB and SDB without treatment
indication, these tests were repeated six months after the baseline visit. For patients with medical
treatment for SDB, the tests were repeated six months after the treatment initiation. Finally, in patients
with surgery indication, ABPM was performed just before surgical treatment and ABPM and PSG
six months after the intervention. The study contributes to elucidating the association between
SDB and HBP in pediatric patients. Moreover, it contributes to determining if intervention with
adeno-tonsillectomy is associated with BP reduction. The results have direct implications for the
management of SDB, providing essential information on treatment indications for existing clinical
guidelines. NCT03696654.

Keywords: sleep-disordered breathing; high blood pressure; sleep apnea; children; cardiovascular
risk; adeno-tonsillectomy

1. Introduction
1.1. Obstructive Sleep Apnea in Children

Obstructive sleep apnea (OSA) is the maximum expression of sleep-disordered breath-
ing (SDB), ranging from simple snoring to OSA [1]. Pediatric OSA is defined as a breathing
alteration during sleep, characterized by total (apnea) or partial (hypopnea) obstructions
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of the upper airway that interfere with normal ventilation and sleep architecture [2]. The
severity of OSA is measured by the apnea—hypopnea index (AHI), which shows the num-
ber of respiratory events per hour during the sleep. OSA in children is a major public
health problem given its high prevalence and its association with relevant consequences,
fundamentally in the metabolic, neurocognitive, and cardiovascular spheres [3]. OSA
children present nocturnal symptoms such as snoring, nocturnal apneas evidenced by the
parents, and enuresis. During the day, the sleep apnea children present with hyperactivity,
concentration and memory problems, and somnolence or tiredness [4]. Studies conducted
on the prevalence of OSA in children have shown highly variable ratios depending on the
population under study, the diagnostic method, and the definitions used. Previous studies
have suggested a prevalence of OSA between 1-5% [4,5] in children, with adeno-tonsillar
hypertrophy being the most common factor for developing OSA in childhood. A com-
plete polysomnography (PSG) is the diagnostic test for OSA in children that is considered
the “gold standard”. Additionally, simplified methods have also been validated in the
pediatric population [4].

Although being the same disease, OSA is very different between adults and children:
the definitions for respiratory event and OSA severity are distinct, diagnosis tools used
in adults have less utility in children, and treatment is usually definitive in resolving the
events in children and not in adults.

1.2. OSA and Cardiovascular Consequences

During sleep, the patient with OSA is repeatedly subjected to intermittent hypoxia,
changes in intrathoracic pressure, and microarousals, which results in the hyperactivity
of the sympathetic nervous system, higher oxidative stress, and a proinflammatory and
hypercoagulable state [6]. Several studies have suggested that these repeated alterations in
each episode of apnea/hypopnea contribute to the development and progression of differ-
ent cardiovascular diseases, well-documented for high blood pressure (HBP), contributing
in these patients to higher mortality and morbidity. In adult patients with OSA, there is an
increase in blood pressure (BP) and worse control of it. It has been shown that OSA patients
suffer more frequently from a non-dipping pattern and resistant hypertension. The most
consistent results relate treatment with continuous positive airway pressure (CPAP) to a
reduction in arterial BP [7] and the first signs of atherosclerosis [8]. Randomized clinical
trials demonstrate that CPAP treatment reduced blood pressure, was more consistent in
resistant hypertension patients and restored the non-dipping pattern [7]. An important
aspect is that, to get this effect, a good compliance (better if is more than 6 h per night)
is needed [9]. However, the efficacy of CPAP in reducing cardiovascular events has not
yet been proven [10,11]. Among the factors that might have influenced this are: (1) the
associated cardiovascular illness in OSA adults could be irreversible if treating the disease
in adulthood; (2) the presence of cardiovascular risk factors (hypertension, diabetes melli-
tus, dyslipidemia, etc.) that can act as confounding factors, and (3) the treatment of OSA
with CPAP has mainly been suboptimal in this type of clinical trial. For these reasons, the
pediatric population constitutes an ideal target group for confirming the impact of OSA on
cardiovascular risk prevention: free of established disease and preexisting risk factors, and
with effective treatment such as adeno-tonsillectomy. In this way, knowledge of the natural
history of the disease would also be facilitated by studying the OSA pediatric population.

1.3. Blood Pressure in SDB in Children

Unlike adults, the diagnosis of HBP in children is based on the normal distribution
of BP in healthy children and not on the morbidity and mortality associated with it. In
this group, ambulatory BP monitoring (ABPM) during 24 h is more favorable than isolated
office BP in predicting morbidity and mortality. ABPM offers advantages over isolated
measurements since it allows us to study the variability of BP throughout the circadian cycle
and it is more appropriate for predicting organ damage. The 2016 European Guideline for
the management of high blood pressure in children [12] continues assuming, as reference
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values, those provided by the US Task Force [13], in which the values are distributed
according to percentiles based on gender, age, and height. However, ABPM is complicated
to perform in children, given the difficulty associated with this technique obtaining good
quality results.

In children with high BP values, even when these are close to normal levels, it is
possible to predict the development of hypertension when they become adults [14], car-
diometabolic risk [15], and future coronary disease [16].

Alterations in BP in children have also been associated with OSA, although the evi-
dence is limited. Guilleminault et al. [17] were the first to describe higher BP values among
children with OSA. However, Zintzaras et al. [18] published a meta-analysis in 2007 in
which they concluded that, until that date, there was insufficient evidence about the rela-
tionship between SDB and increased BP. Subsequently, ABPM measurements performed
in children with SDB reported elevated systolic and diastolic BP, both during the day
and night, independent of obesity status [19,20]. To date, few studies have explored how
surgery could improve cardiovascular parameters in children with sleep apnea [21-26]. A
significant decrease was observed in systolic and diastolic BP in children with hypertension
and OSA after adeno-tonsillectomy compared to non-hypertensive children [27-31].

Additionally, there is limited evidence related to the physiological mechanism impli-
cated in the cardiovascular risk development in children. The study of specific biomarkers,
as is troponin T, has been widely studied in adults [32] and could be a good biomarker
for children [33].

From the results provided by these studies, it can be deduced that adeno-tonsillectomy
could reduce BP in patients with OSA. However, important limitations in most of them
(such as small populations, absence of ABPM in most of them, absence of a control group,
etc.) make studies in larger population series and with adequate methodology necessary.
For this reason, we set ourselves the main objective of evaluating the BP values present in
children with SDB and their response to their treatment.

2. Methodology/Design

This article describes the methodology from the registered trial NCT03696654 [34]
hypothesis: sleep-disordered breathing increases the prevalence of arterial hypertension in
pediatric patients. This hypertension is reversible after treatment.

2.1. Primary Objective

To demonstrate how the presence of sleep-disordered breathing (SDB) is associated
with a higher risk of high blood pressure (HBP) in pediatric patients and to confirm that
this is reversible with treatment.

2.2. Secondary Objectives

e  Establish the relationship between the presence of HBP and the severity of OSA
(apnea-hypopnea index—AH]I, desaturation index—DI).

e  Evaluate the variability along the circadian rhythm of the HBP patterns produced in
pediatric patients with SDB.

e  Establish the correlation between the diagnosis of HBP measured in the office and by
ambulatory control of BP.

e  Assess the organic damage produced:

e  Evaluate the manifestation of subclinical organ damage through other markers
such as: blood biomarkers (creatinine/glomerular filtration rate), urine (albumin-
uria/proteinuria), and echocardiography (left ventricular hypertrophy).

e  Establish the pathophysiological mechanisms involved in the HBP/SDB relationship.

2.3. Design and Population

This was a multicenter, longitudinal, prospective study with a control group. A total of
286 children between 4 and 18 years old who were referred prospectively to undergo a sleep
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study due to suspected SDB were included. The study was directed by the coordinating
center (Hospital Universitario de Guadalajara), which was responsible for the study design
and patient follow-up. The other participant centers were Hospital Universitario Fundacion
Jiménez Diaz, Instituto del Suefno, Hospital Universitario Santa Lucia, Hospital San Pedro,
and Hospital Universitario de Araba.

2.3.1. Inclusion Criteria

e Approval of the Ethics and Clinical Trials Committee (P02/18).
e Informed consent signed by parents and/or legal guardians.
e  Children between 4 and 18 years old evaluated consecutively for suspected SDB.

2.3.2. Exclusion Criteria

e  Associated comorbidities: cardiovascular disease (including cardiac malformation),
cerebrovascular disease, or unstable severe or exacerbated respiratory disease that
preclude the realization of the studies.

Genetic diseases according to investigator criteria.

Children with chronic insomnia and/or depressive syndrome.

Children with malformation syndromes (including craniofacial malformations), Down
syndrome, and neuromuscular diseases.

Previous otorhinolaryngologic surgery and /or CPAP.

Contraindication for realization of ABPM (arrhythmias, allergy to latex, or coagula-
tion disorders).

Children evaluated for suspected SDB participating in the research study had to meet
all the inclusion criteria and none of the exclusion criteria. After informed consent was
signed by their parents, the following procedures were developed.

2.4. Procedures

Different clinical and anthropometric variables were collected, and the diagnosis of
SDB was established by complete PSG and the diagnosis of HBP by taking BP in the office
and 24-h ABPM.

2.4.1. Full Polysomnography

PSG was performed according to the criteria of the American Academy of Sleep Stud-
ies (AASM 2017). Different signals were recorded, such as nasal flow, snoring, thermistor,
thoracic and abdominal movement, transcutaneous capnography, oxygen saturation, heart
rate by electrocardiogram, body position, and leg movement. Electroencephalogram record-
ings will include six electrodes, referred to as contralateral mastoids (A1-A2), adopting the
10-20 rules of international EEG system: two frontal (F3-F4), two central (C3-C4), and two
occipital (O1-O2) locations. One ground electrode and another reference electrode (Cz)
were included. Two chin electrodes were used to obtain the electromyogram signal and
two different electrodes placed above the left and right outer eye cantus were employed
to record the electrooculogram (EOG). Apnea is defined as a flow decrease > 90% in two
respiratory cycles for obstructive and >20 s or two respiratory cycles accompanied by a
desaturation of 3% in central apnea. Hypopnea is defined as a 90-30% flow decrease in
two respiratory cycles accompanied by a desaturation greater than 3% or microarousal
(AASM 2017). The AHI is defined as the summatory of apneas and hypopneas divided
by the sleep time. Based on the results, four groups were created based on the severity
of the SDB measured by the AHI: group I: AHI < 3/h; group II: AHI > 3 <5/h; group III:
AHI > 5/h <10/h; group IV: AHI > 10/h.

2.4.2. Blood Pressure Measurement

Office BP was measured at the clinic. BP was measured on three occasions, with a
pediatric sphygmomanometer validated for pediatric age using the non-dominant arm, the
same day as the ABPM (to be used for calibration of the ABPM), and at the post-treatment
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follow-up visit. The patient needed to be seated for at least 5 min before the BP measures
and to remain seated with uncrossed legs and an empty bladder in a quiet environment.
Three BP measurements were taken every 3 min, discarding the first one and averaging the
last two.

The ABPM study and the BP data collection were done following the recommendations
of the European Guide for the management of hypertension in children [12]. Hypertension
was considered when systolic blood pressure (SBP) and/or diastolic blood pressure (DBP)
were persistently above the 95th percentile according to gender, age, and height and,
depending on the distribution of percentiles, the hypertension classification was done. The
ABPM was conducted a maximum of fifteen days after the PSG study.

Validated pediatric BP monitoring equipment with sleeves appropriate to the size of
the child’s arm was used (the size of the cuff to be used is calculated by the average distance
between the acromion and the radial head). The device was placed on the non-dominant
arm and parents were instructed on how to handle the device (how to turn it off in case
of excessive pressure, need to keep the arm still during measurements) and everything
related to the test was explained.

For the study of the circadian rhythm pattern in blood BP, a decrease in SBP and DBP
of at least 10% (mean BP during the day — mean BP during the night/mean BP during the
day x 100) was considered normal.

2.5. Visits and Follow-Up

A full sleep study (PSG) was performed at the sleep unit in the basal visit (Figure 1).
The night of the sleep study, parents were provided with the Chervin questionnaire,
answering questions (Yes/No) related to the child’s behavior both during sleep and while
awake. They referred to the habitual behavior of the child in the cardinal or fundamental
symptoms of SDB. At the same time, anthropometric measurements were collected by
nurses (V1).

Figure 1. Pediatric polysomnography.

For the HBP study, BP was taken in the office and 24 h-ABPM (V2) was caried out in
the following hours (Figure 2).

All patients were offered to participate voluntarily in the determination of subclinical
organ damage related to hypertension and the pathophysiological mechanisms involved,
which were carried out within a maximum period of one month around the performance
of each sleep study (and may coincide with the ABPM study).
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Figure 2. Ambulatory blood pressure monitoring.

Once the sleep study was completed, the therapeutic decision was made in the pedi-
atric clinic based on the criteria established in accordance with the SEPAR sleep-disordered
breathing in children consensus (V3) [4].

In order to assess the impact of SDB treatment on BP, measurements were repeated
after therapeutic application (V4). In patients who do not require treatment or are referred
for medical or orthodontic treatment, the tests were repeated 6 months after the therapeutic
decision was made (ABPM, PSG, and organ damage studies, if applicable). In patients
referred for adeno-tonsillar surgery, the procedures were repeated just before the interven-
tion (ABPM) and six months after it (ABPM, PSG, and organ damage studies if applicable).
Thus, a control group was available without impeding the treatment of any patient and
without allowing delays in its application linked to the study (Figure 3).

CHILDREN WITH SUSPECTED
SDB
=
ICsignature and Clinic - £ BP measurements:
X1

Group I: AHI <3/h
Group I1: AHI 23 <5/h

Group I11: AHI25<10/h
Group IV: AHI 210/h

NON ADENO-TONSILLAR a ADENO-TONSILLAR
SURGERY INDICATION SURGERY INDICATION

No treatment Medical treatment

indication indication
BP measurements:
ABPM

| | |
[ Physical Exploration Sleep study B me:sl;;::nments: ’

Figure 3. Flow diagram for the study procedure. Abbreviations: SDB, sleep-disordered breathing;
IC, informed consent; BP, blood pressure; ABPM, ambulatory blood pressure monitoring; AHI, apnea

hypopnea index.
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2.6. Study Variables and Data Collection

Data collection was carried out in a database created for this purpose. Here, the
variables that participate in the study were registered and stored.

The clinical variables were collected through the Chervin questionnaire, a validate
questionnaire usually used in research to identify the presence of SDB in children and
to identify important symptoms, including related behavioral disturbances, snoring, and
daytime sleepiness [35].

In the physical examination, data of weight, height, body mass index (BMI), neck,
hip, and waist circumference, micro-retrognathia (Yes/No), Mallampati (I, II, I1I, III/IV),
tonsillar hypertrophy (I, 1L, III /IV), adenoid hypertrophy (Yes/No), ogival palate (Yes/No),
and bite (III/II/open/asymmetric) were taken.

BMI was corrected for weight and height using established guidelines for converting
BMI into percentiles. Based on their BMI, children were classified as: underweight (below
the 5th percentile); normal weight (between the 5th and 85th percentile); overweight
(between the 85th and 95th percentile); or obese (above the 95th percentile). The sleep
study variables included were AHI, DI, minimum saturation, percentage of time below
90% saturation (T90), daytime mean saturation, nighttime mean saturation, sleep efficiency,
different sleep states (N1, N2, N3-NREM, and REM), arousal number and index, and leg
movement number and index. Central AHI (events with absence of thoracic-abdominal
movement) and obstructive AHI (events with presence of thoracic-abdominal movement)
were included. Polysomnographic variables were collected through PSG performed during
the night period. The PSG was valid if it had >300 valid minutes and >180 min of sleep.

The variability of BP in the circadian rhythm was analyzed by means of ABPM for 24 h,
collecting data on SBP and DBP in the office, mean SBP (SBPm), and mean DBP (DBPm)
globally, during the day and night, and the non-dipper pattern.

Ambulatory BP measurements were taken every 20 min during the day and every
30 min during the night. A study is considered interpretable when it has at least one
reading per hour, 50 readings in 24 h, and 65-75% of the programmed readings. The test
can be repeated if it is not valid.

For the determination of subclinical organ damage, the following determinations were
included: biomarkers (from blood and urine specimens), electrocardiogram, and thoracic
echocardiography (left ventricle hypertrophy—LVH data).

The diagnosis of kidney damage due to HBP is principally made by measuring
urine albumin and calculating the glomerular filtration rate (calculated according to blood
creatinine, age, and height).

LVH is the most extensively documented marker of organ damage caused by HBP
in the pediatric group. Early assessment of LVH in children with HBP is currently recom-
mended as it may facilitate primary prevention of cardiovascular disease. The measure
used is the left ventricular mass index (LVMI) (g/m?), considering LVH when this index is
>95th percentile (38.6 g/m?). Between 30-40% of children with HBP had a LVMI above
the 95th percentile and in 10~15% this hypertrophy was severe (>51 g/m?).

2.7. Sample Size Calculation

The sample size was calculated by taking the values reported by Ng DK et al., as
a reference [24]. For an alpha risk of 0.05 and beta risk of 0.2 in a bilateral contrast for
repeated measures, assuming the standard deviation of the variable in the reference group
and with an estimated loss to follow-up of 20%, 286 patients were required to detect a
decrease of 2 mmHg in SBPm.

The analysis was carried out with the programs SPSS version 26.0 (IMB SPSS Statistics,
CA, USA) and R 2.6.2 (2008, R Foundation for Statistical Computing, Vienna, Austria), accept-
ing a value of p < 0.05 as the significance level. The results were presented as mean =+ standard
deviation or percentage, according to the type of variable. The adjustment of the quantitative
variables to the normal distribution was evaluated using the Kolmogorov—Smirnof test. For
comparisons between groups, the chi-square or t-Student tests were used.
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2.8. Ethical Considerations

This study does not entail relevant risks, except for the discomfort of performing the
ABPM study and performing the sleep study control. The ABPM study involves wearing a
BP sleeve for 24 h with inflation every 20-30 min. The extraction of biological samples was
optional only for those patients who wish to participate in the organ damage sub-study.
The study was approved by the Ethics and Clinical Trials Committee (P02/18) and the
parents/children signed an informed consent (IC) form. A specific IC was collected for
blood and urine samples and biobank storage. Finally, although the study is risk-free, the
patients were covered by the general insurance of the National Health System of each
participating autonomous community.

3. Relevance of the Study

The management of HBP in pediatric patients continues to be a pending issue in
routine clinical practice, even though the presence of high BP levels in children (also values
close to normal) has been shown to trigger the progression of hypertension in adults
and have a significant association with increased cardiometabolic risk and coronary heart
disease in the future.

On the other hand, there is evidence of the involvement of SDB in the presence of
HBP levels, relating these SDB with the progression of cardiovascular diseases. Adeno-
tonsillectomy in children with AOS has been recently described to significantly reduce
the BP, similarly to adult CPAP treatment. However, the treatment in adults has not been
proven to reduce cardiovascular events.

If it is shown that BP increases because of SDB, and that this is reversible after treat-
ment, this would have direct implications for the management of SDB in children and
could provide fundamental information on the treatment indications for existing clinical
guidelines. Thus, it is important to assess the correlation between SDB in children and
future cardiovascular risk, as it could have a relevant impact in clinical practice.

Besides, this information could have enormous relevance for the management of sleep
apnea in adults. If the hypothesis of our studies is confirmed, it would imply that the
treatment for OSA in children would have a beneficial effect on reducing their future heart
attack risk.

Children, unlike adults, are an optimal population because they have no associated
risk factors that could act as confounding factors (naive condition), they have an effective
treatment, and they allow for the natural history of the disease to be studied. As a result,
they constitute an ideal target for this research, which will also be useful in the management
of adults.

For all the above, we advocate that the KIDS TRIAL study constitutes a clear transla-
tional study with high potential clinical applicability value.
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Abstract: Our understanding of longitudinal outcomes of Pediatric Intensive Care Unit (PICU)
survivors is limited by the heterogeneity of follow-up intervals, populations, and outcomes assessed.
We sought to demonstrate (1) the feasibility of longitudinal multidimensional outcome assessment
and (2) methods to promote cohort retention. The objective of this presented study was to provide
details of follow-up methodology in a PICU survivor cohort and not to present the outcomes at
long-term follow-up for this cohort. We enrolled 152 children aged 0 to 17 years admitted to the PICU
in a prospective longitudinal cohort study. We examined resource utilization, family impact of critical
illness, and neurodevelopment using the PICU Outcomes Portfolio (POP) Survey which included
a study-specific survey and validated tools: 1. Functional Status Scale, 2. Pediatric Evaluation of
Disability Inventory Computer Adaptive Test, 3. Pediatric Quality of Life Inventory, 4. Strengths and
Difficulties Questionnaire, and 5. Vanderbilt Assessment Scales for Attention Deficit-Hyperactivity
Disorder. POP Survey completion rates were 89%, 78%, and 84% at 1, 3, and 6 months. Follow-up
rates at 1, 2, and 3 years were 80%, 55%, and 43%. Implementing a longitudinal multidimensional
outcome portfolio for PICU survivors is feasible within an urban, tertiary-care, academic hospital.
Our attrition after one year demonstrates the long-term follow-up challenges in this population. Our
findings inform ongoing efforts to implement core outcome sets after pediatric critical illness.

Keywords: long-term outcomes; PICU follow-up; neurodevelopment; feasibility; PICU survivors

1. Introduction

Mortality in the pediatric intensive care unit (PICU) has decreased dramatically in
recent decades, with a concomitant increase in morbidity, suggesting that mortality alone
is no longer a sufficient metric of the long-term impact of critical illness [1-6]. The sequelae
of critical illness are diverse; some children exhibit psychological difficulties as a result
of traumatic experiences [7-9], while others experience cognitive [10-12] or physical [13]
deficits. Post-intensive care syndrome in pediatrics (PICS-p) refers to this constellation of
physical, cognitive, emotional, and social health problems facing PICU survivors and their
families [14-16]. PICS-p also acknowledges that a child’s pre-illness baseline, including
pre-existing neurodevelopmental disabilities [17] and other premorbid conditions, may
also influence a child’s susceptibility to the impact of critical illness [18].

Our understanding of the extent of PICS-p is obscured by the variability in duration
of follow-up, patient populations studied, and outcome measures. Importantly, PICU
survivors do not have a medical home, distinguishing them from preterm infants or
children with congenital heart disease who have dedicated follow-up clinics, potentially
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placing them at increased risk for loss to follow-up. Studies have assessed outcomes at
discrete follow-up intervals [13,19-23], but few have followed children longitudinally.
Other studies have been limited to follow-up of survivors with a specific subset of patho-
physiology [24-27]. In a scoping review of pediatric critical care medicine literature from
1970-2017, over 360 unique instruments were used to evaluate long-term outcomes [28].
The heterogeneity of these findings limits our understanding of overall PICU survivorship,
and in response, there has been increasing attention to the need to develop and implement
core outcome sets [29-31] (i.e., standardized sets of outcomes to be measured and reported
as a minimum in all effectiveness trials in a specific health area [32-34]). Ultimately, the
widespread use of core outcome sets with standardized outcome measures will improve
our understanding of PICS-p, allowing for greater comparability across studies.

However, prior to adaption, the factors governing feasibility of implementing core
outcome sets must be considered. Among the 407 studies included in a recent scoping
review of PICU long-term outcomes studies, enrollment in observational PICU survivorship
studies varied from 61-100%, with even lower enrollment in qualitative studies ranging
from 20-90% [28]. Retention at long-term follow-up was also highly variable, ranging from
68-100% [28]. In this prospective, longitudinal study piloting the use of multidimensional
outcome measures to understand the frequency and natural history of PICS-p and to
underscore the challenges associated with longitudinal follow-up among a heterogeneous
group of children who experience critical illness, we also sought to measure changes in
healthcare utilization and the familial and socioeconomic impact of critical illness and
PICU survivorship. Here, we report our experience with regard to feasibility and cohort
retention using a multidimensional outcome portfolio among PICU survivors through 3
years after hospital discharge.

2. Materials and Methods

Patients. Patients were enrolled specifically for this study from the PICU at Comer
Children’s Hospital at the University of Chicago over 15 months (June 2017-August 2018)
to account for the seasonal variation inherent in pediatric critical illness and injury. All
children aged 0 to 17 years admitted to the PICU were eligible; parental presence at the
bedside was necessary for consent and enrollment. No competing clinical or research
follow-up programs were in existence at the time of study enrollment, and this cohort
does not overlap with previously published cohorts of the authorship team [4,17,35,36].
Children were excluded if they were under state custody due to the logistical challenges of
obtaining consent from the state for participation in a research study as well as potential
flux in custodial situations at follow-up intervals. Non-English speakers were excluded
because some instruments were only available in English with limited ability for translation
during remote (telephone or e-mail) follow-up. Informed consent was obtained in person
from parent(s)/guardians (hereafter, referred to as “parent(s)”), and assent was obtained
from children aged 12 years or older. The protocol was approved by the Institutional
Review Board at the University of Chicago.

Screening Process. The study team screened the PICU census for eligible patients
and confirmed with the clinical team whether the parent could be approached for consent
to participate (potentially denied or deferred due to patient acuity). The study team
attempted to recruit several times throughout the hospital stay to capture parents. Bedside
nurses facilitated opportunities for consent by notifying the study team when parents
became available.

Measures—Enrollment. Measures were selected from existing validated surveys to
capture a broad array of functional and neurodevelopmental outcomes. The study team
assessed the Functional Status Scale (FSS) score, a validated measure using a five-point scale
in each of six domains (mental, sensory, communication, motor, feeding, and respiratory
status) from review of the electronic health record (EHR) or parent interview [37]. Parents
completed the other survey instruments intended for caregiver informant report directly:
1. the Healthcare and Neurodevelopmental Profile and Family Impact Survey (Impact
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Survey), 2. The Pediatric Evaluation of Disability Inventory Computer Adaptive Test (PEDI-
CAT), 3. the Pediatric Quality of Life Inventory (PedsQL), 4. the Strengths and Difficulties
Questionnaire (SDQ), and 5. the National Institute for Children’s Health Quality Vanderbilt
Assessment Scales (Vanderbilt). All survey instruments were administered sequentially in
a single survey which comprised our PICU Outcomes Portfolio (POP) survey, except for the
PEDI-CAT which was administered on an iPad or over the phone. Full details regarding
the scoring of the validated instruments are available elsewhere [38—41].

The Impact Survey, designed by the study investigators, captures patients” baseline
health utilization and the family impact of the child’s illness. Items were cognitively tested
with developmental and behavioral pediatric clinic patients prior to study initiation. The
final survey length depended on an individual’s responses, but included about 30 questions.
The Impact Survey includes modified questions from the National Survey of Children with
Special Health Care Needs [42] regarding the child’s health (e.g., “What kind of place does
your child go to when he/she is sick or you need advice about his/her health?”). In addition,
questions capture the child’s access to and utilization of neurodevelopmental support
services (e.g., “Does your child have an IEP (Individualized Educational Program)?”).
Family impact is also assessed (e.g., “Has your child’s health conditions caused financial
problems for your family?”). Supplementary Table S1.

The PEDI-CAT includes 15 items in each of four domains (daily activities, mobility,
social/cognitive, and responsibility) to determine the degree of functioning in each category
compared to same-aged peers. Adaptive testing maximizes information gathering while
minimizing response burden [38].

The PedsQL is a multidimensional tool intended to quantify health-related quality of
life in healthy and ill children up to 18 years of age. The PedsQL consists of 23 items in
five domains (physical, psychosocial, emotional, social, and school) [39]. This measure was
administered to all parents with versions tailored to the age range of the child: 1-12 months,
13-24 months, 2—4 years, 5-7 years, 8-12 years, or 13-18 years. The population mean for
parent-proxy reported 81.3 and standard deviation 15.9 for healthy children [43].

The SDQ is a brief behavioral screening survey to assess pro-social behavior and
psychopathology of children and adolescents aged 4-17 years [40]. Normative parent SDQ
scores for U.S. children are 0-11 (for low difficulties, 12-15 for medium difficulties, and
1640 for high difficulties [44].

The Vanderbilt is a tool that parallels signs and symptoms from DSM-IV to help
healthcare professionals diagnose ADHD in children [41]. The Vanderbilt was administered
to parents of children at least 5 years of age. Normative scores data for total Attention
Deficit Hyperactivity Disorder (ADHD) score, ADHD inattentive, ADHD hyperactive,
Oppositional Defiant Disorder (ODD), Conduct Disorder, and Anxiety/Depression are 3.4,
1.6,1.8,1.1, 0.5, and 0.4, respectively [45].

Data were collected and managed using the Research Electronic Data Capture (RED-
Cap) tool [46]. Study staff administered all surveys and collected demographic information
(name, age, and medical record number) on an iPad Pro (2017).

The EHR was reviewed for demographic characteristics, admission diagnosis, PICU
length of stay, hospital length of stay, and vital signs. Clinical data elements were extracted
from the Clinical Research Data Warehouse maintained by the Center for Research Informat-
ics at the University of Chicago in order to calculate the severity of illness indices: Pediatric
Risk of Mortality (PRISM) [47] and the Pediatric Sequential Organ Failure Assessment
Score (pSOFA) [36] scores.

Measures—Discharge. FSS at hospital discharge was again determined from review
of the EHR and/or direct interview with the patient’s PICU physicians or nurses.

Measures—Follow-up. Parents were contacted either via telephone or e-mail, per
stated preference and contact information (1-2 telephone numbers [home and mobile] and
an e-mail address) provided at the time of enrollment. No public or private data searches
were conducted to obtain contact information. The child’s EHR was queried prior to contact
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to verify that the parent’s telephone number or e-mail had not changed and to ensure that
the child had not died in the interval since last contact.

During any specific data-collection period, the study team determined, a priori, that
5 telephone calls within 1 month were reasonable and not intrusive. Parents were contacted
at subsequent follow-up intervals even if they had not completed follow-up from the
preceding interval. Parents received a 20 USD gift card for each completed follow-up,
with a total potential incentive of 80 USD throughout the first year of follow-up and an
additional 20 USD annually through to the 3-year follow-up.

A subset of the POP survey was completed at each follow-up interval to decrease
overall response burden: 1 month (Impact Survey, SDQ), 3 months (Vanderbilt and PEDI-
CAT), and 6 months (PedsQL and FSS). All components of the POP survey except for the
PEDI-CAT were completed at 1 year after hospital discharge and annually through 3 years
after discharge. Investigators anticipated that the time burden associated with reading the
PEDI-CAT over the phone (typically self-administered by the participant using an iPad
application) would deter participation, and thus re-administration of the PEDI-CAT was
deferred until the 3-year follow-up.

Statistical Analyses. The objective of this presented study was to provide details of
data acquisition and follow-up in a PICU survivor cohort and not to present the outcomes
at long-term follow-up for this cohort. Descriptive statistics were used to characterize the
demographic and clinical variables at each follow-up interval. Participant demographic
characteristics were compared to the University of Chicago PICU population during the
study period. Follow-up and feasibility data were collected and summarized using de-
scriptive statistics. Analyses were performed using R, version 3.6 (R Project for Statistical
Computing, Vienna, Austria), with two-sided p < 0.05 denoting statistical significance.

3. Results
3.1. Enrollment

A total of 832 hospitalized patients were screened for enrollment (Figure 1). There
were 119 (14.3%) patients who did not meet the eligibility criteria. Of the 713 eligible
children, a total of 496 patients were not approached: 228 (32%) due to lack of availability
of parents at the bedside, 50 (7%) because the clinical team denied the study team the
opportunity to approach parents for consent, and 218 (30.6%) were discharged prior to
enrollment opportunity. Thus, of the 217 available parents, 70% (152 parents) provided
consent to participate and were enrolled.

832 Screened

119 Excluded
> 31 State Custody
42 Non-English

29 Age > 18 years
713 Eligible 17 previously enrolled

496 Not Approached
228 Parent Unavailable
50 Medical Team Refused
218 Discharged/Missed

A 4

217 Available

> 65 Refused

A 4

152 Consented

Figure 1. Study enrollment.
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3.2. Cohort Characteristics

The University of Chicago Comer Children’s Hospital is an urban, academic, tertiary-
care center that admits medical and surgical pediatric patients. Demographic and clinical
characteristics of the study cohort are presented in Table 1. The median (range) age of
the children was 5.2 (0-17) years, and 58.6% were male. Participants were 57.2% African
American (n = 87), 33.6% Caucasian (n = 51), 9.2% “Other” (n = 14), and 9.2% Hispanic (n =
14). At the time of study enrollment, our typical patient population was 54.2% male, 59.8%
African American, 26.7% White, and 24% surgical patients. Our overall PICU median
length of stay was 2.9 days. Our study patients were similar to all patients admitted to the
PICU during the study enrollment period with regard to sex, race, ethnicity, severity of
illness, and length of stay. Study participants were older than the overall PICU population.
(Supplementary Table S1).

Table 1. Demographic and clinical characteristics of study cohort.

Characteristic Enrollment/Discharge (n = 152)
Age in years, mean (SD) 5.2(5.2)
Sex, n (%)
Male 89 (58.6)
Female 63 (41.4)
Race, n (%)
Black 87 (57.2)
White 51 (33.6)
Other 14 (9.2)
Ethnicity, n (%)
Hispanic 14 (9.2)
Non-Hispanic 138 (90.8)
Primary Diagnosis, n (%)
Pulmonary 60 (39.5)
Surgical 33 (21.7)
Neurologic 13 (8.6)
Trauma 12(7.9)
Infection 11 (7.2)
Other 23 (15.1)
Admission PSOFA, mean (SD) ° 4.6 (2.4)
Admission PRISM, mean (SD) ° 9.2 (4.5)
Median length of PICU stay °, days (IQR) 3.0 (1.7-8.1)
Median length of Hospital stay °, days (IQR) 4 (3-9)

° admission pSOFA and PRISM calculated as maximum scores within 24 h of PICU admission, hospital LOS
calculated as full days during hospitalization encounter; PICU stay determined by time of first and last vital-
sign recordings.

Of the enrolled children, the three most common known admission diagnostic cate-
gories were pulmonary, surgical, and neurologic (39.5%, 21.7%, and 8.6%, respectively).
The median (IQR) PICU length of stay was 3.0 (1.7-8.1) days, and the overall hospital length
of stay was 4 (3-9) days. The mean admission pSOFA and PRISM scores were 4.6 (SD 2.4)
and 9.2 (SD 4.5). Demographic and clinical characteristics did not vary between patients
who did and did not complete follow-up at each time point.

3.3. Cohort Retention and Follow-Up

Of the total 152 patients enrolled, 132 parents (88.6%) completed the 1-month follow-
up, 115 (77.7%) completed the 3-month follow-up, 123 (83.1%) completed the 6-month
follow-up, and 117 (80.1%) completed the 1-year follow-up. (Figure 2) Of the 152 partici-
pants, 122 (80.3%) completed a follow-up for at least 3 of the 4 intervals during the first
year of follow-up. At 2 years, 79 (54.5%) children completed the follow-up, and 56 (43.4%)
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completed the 3-year follow-up. Three patients died during the study follow-up, and four
patients withdrew consent. Sixteen children were excluded from 3-year follow-up because
they were >18 years of age and parents were no longer eligible to serve as informants.

Baseline 1 month 3 months 6 months 1 year 2 year 3 year
152 | 132149 | | U548 | g4 | —— | 1177146 79/145 56/129
(88.6%) (77.7%) (83.1%) (80.1%) (54.5%) (43.4%)
POP
Survey* SDQ and Vanderbilt FSS and POP OB POP
and FSS at Impact and PEDI- PedsQL * Survey* Survey*
Discharge Survey CAT s i
] 2 1 2 Died 1 Died 16 Excluded
Wlll]l;qmdw Withdrew Age > 18 years
1C

Figure 2. Cohort retention and follow-up among PICU survivors. * POP survey = impact survey,
functional status scale (FSS), Pediatric Evaluation of Disability Inventory Computer Adaptive Test
(PEDI-CAT), Pediatric Quality of Life Inventory ™ (PedsQL), Strengths and Difficulties Questionnaire
(SDQ), and Vanderbilt Assessment Scales for Attention Deficit-Hyperactivity Disorder (Vanderbilt);
PEDI-CAT was not included at 1- and 2-year follow-up.

3.4. Feasibility Factors

Parents provided their preferred contact method, most often the telephone. E-mail
reminders were sent to parents who provided an e-mail address as an alternative contact
method. While most parents did not complete their follow-up assessments via e-mail,
e-mail correspondence enabled scheduling of telephone follow-ups at a convenient time
for parents.

Among the parents who did not complete the follow-up, the median number of
follow-up attempts were 6.5 (IQR 4-8) at 1 month, 5 (IQR 4-6) at 3 months, 6 (IQR 2-12) at
6 months, 11 (IQR 6-17.8) at 1 year, 5 (IQR 5-7) at 2 years, and 5 (IQR 5-6) at 3 years. Among
the parents who completed the follow-up, the median number of follow-up attempts were
2 (IQR 1-4) at 1 month, 2 (IQR 1-3) at 3 months, 2 (IQR 1-3) at 6 months, 3 (IQR 2-6) at
1 year, 2 (IQR 1-4) at 2 years, and 4 (IQR 3-5) at 3 years. (Table 2). The majority of parents
(89-97%) completed the follow-up during weekdays throughout the year. However, study
staff attempted follow-ups on weekends with an additional 3-11% of parents. Parents were
most often available during daytime hours (7:00 a.m.—4:59 p.m.) with 77-92% of parents
completing follow-ups during these hours. Study staff successfully completed follow-ups
in the evenings (5:00 p.m.—6:59 a.m.) for 8-24% of parents. The median number of days to
completion of a follow-up survey ranged from 9-28 days. However, as many as 19.3% of
parents completed their follow-up questions at a subsequent follow-up touchpoint (e.g.,
completed the 1-month survey at 3 months).

At least five follow-up attempts were made for most children at each interval; however,
13 children had fewer than three attempts documented at one of their follow-up intervals,
which may be due to missed opportunities by our study team. With the exception of
one child, all were recaptured at later time intervals. We also note that one child with an
unusually prolonged hospitalization (>1 year) was inadvertently lost to follow-up because
the child’s follow-up times did not coincide with the rest of the cohort.
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Table 2. Characteristics of successful follow-up attempts.

Follow-Up Interval

1 Month 3 Months 6 Months 1 Year 2 Years 3 Years
(n=132) (n =115) (n=123) (n=117) (n=79) (n = 56)
Number of follow-up attempts, median (IQR) 2 (1-4) 2 (1-3) 2 (1-3) 3 (2-6) 2 (1-4) 4 (3-5)
Day
Weekday completion, n (%) 127 (96.2) 112 (97.4) 115 (93.5) 104 (88.9) 69 (87.3) 48 (85.7)
Weekend completion, n (%) 5(3.8) 3(2.6) 8 (6.5) 13 (11.1) 10 (12.7) 8(14.3)
Time *
Daytime completion, n (%) 116 (89.2) 99 (91.7) 94 (82.4) 88 (76.5) 57 (72.2) 38 (67.9)
Evening completion, n (%) 14 (10.8) 9 (8.3) 20 (17.35) 27 (23.5) 22 (27.8) 18 (32.1)
Days tglfgﬁzf‘ﬁggizge&é%"w'ulg 9(0-34.3)  26(105-68) 23 (6.5-49) 28 (9-65) 12(2-28) 385 (17.3-124.8)
Completed at later follow-up interval, n (%) 19 (14.5) 21 (19.3) 1(0.8) N/A N/A N/A

* Time follow-up was not captured for a minority of patients (<10% at all intervals).

4. Discussion

A longitudinal follow-up using a multidimensional PICU core-outcome portfolio is
feasible for children and palatable to families discharged from the PICU. Our study has
significant findings. Enrollment is the first and greatest hurdle. Consent rates among
available families were favorable. Retention of this cohort of families for one year was
high but there was notable attrition at 2 and 3 years. Our study demonstrates feasibility
of implementing a core set of multidimensional outcomes that longitudinally assess the
physical, cognitive, educational, social, emotional, behavioral, health-related quality of life,
and family impact of pediatric critical illness in a heterogeneous patient population.

Enrollment of parents of PICU patients is challenging; most parents in our urban
population were not available for consent and participation. Nearly one-third of eligible
parents were not present throughout their child’s PICU hospitalization. The lack of parental
presence is likely multifactorial due to lack of flexible employment schedules, caregiving
responsibilities for other children, transportation barriers, and financial barriers (for food,
parking, etc.). Another 30% of children were discharged prior to an approach by the
study team, likely due to short stays or discharge at night or on weekends when the study
team was not always available (reflecting the aforementioned logistical and socioeconomic
challenges). A small percentage of families—7%—were not approached by the study team
because of the care team’s concerns about suitability for a study focused on long-term
outcomes due to the patient’s acuity and uncertain prognosis for survival.

While only 21% of all eligible families enrolled, the majority of families that were
available to the study team agreed to participate. This high consent rate of 70% indicates
a subgroup of patients that is willing to participate in studies of long-term follow-up.
Our ability to enroll a smaller number of families compared to those who consented,
reflecting loss to follow-up, may be explained in part by the demographic and social
characteristics associated with risk of poor outcomes. For example, young caregiver age,
caregiver language barriers, presence of social supports, transportation challenges, or
caregiver intellectual disability are risk factors for adverse PICS-p outcomes [48]. These
same factors may inhibit access to care, precluding participation in routine clinical or
research-related follow-up.

Our data further reveal that maintenance of a cohesive cohort of 78-89% of these
families of PICU survivors during the first year after hospital discharge was possible but ne-
cessitates strategic cohort-retention techniques with persistent contact attempts, incentives,
flexible modalities, and attention to response burden. Our response rates were comparable
to established rates of PICU follow-up at the 3-month follow-up interval. Notably, our
response rates at the 1-month, 6-month, and 1-year intervals were more favorable than typ-
ical follow-up rates despite the lengthier response burden of the enrollment and 3-month
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instruments [4,23]. The higher response rates at these three intervals suggest that families
were not deterred by the lengthier multidimensional surveys at the preceding intervals.
Additionally, parents may have been most willing to participate 1 month after hospital dis-
charge due to the proximity of their PICU experience as compared to subsequent follow-up
intervals. Although parents remained highly responsive throughout the 1-year follow-up
period, our response rates decreased at 2 and 3 years.

The reasons for our robust follow-up rates and ability to retain the study cohort
through 1 year are likely multifactorial. Parents who completed follow-up typically re-
quired 2-3 contact attempts, with weekday and daytime hours yielding the highest follow-
up rates. Having study staff also available intermittently on weekends and evenings
did allow for greater overall cohort retention [49]; notably, the touchpoints during these
times were generally brief and not overly burdensome for team members, but occasionally
looped in otherwise difficult-to-reach parents. Additionally, our design included multiple
attempts to contact parents based on their expressed preferred method of contact, allowed
for flexibility regarding scheduling follow-up via telephone or e-mail, and attempted to
recapture parents who were “lost to follow-up” at a previous interval. Gift cards for each
participation interval may have been an important financial incentive for participation. The
majority of parents completed three of the four follow-up assessments over the first year
after discharge suggesting that our approach was effective.

Our attention to response burden may have also had a positive impact on our response
rates. We informed parents upon enrollment that the outcomes survey was divvied into
smaller aliquots except for annual follow-up to proactively manage expectations. We
intentionally parsed the study instruments into different intervals to decrease response
burden while creating a trajectory for each outcome metric (without a predesignated
importance of obtaining certain instruments at specific time intervals). We asked parents
to complete any previously missed follow-up instruments at the next follow-up interval,
allowing for more complete data and recognizing that parents may differ in availability
and willingness to participate.

Our low response rates at 2 and 3 years are not surprising and represent the challenges
inherent to long-term remote follow-up. The ability to maintain a meaningful relationship
or a relationship without a face-to-face connection is difficult. As more time ensues from
PICU discharge to remote follow-up, parents may be less inclined to participate in an
activity in which the patient or family does not receive a tangible health benefit (i.e., medical
or neurodevelopmental evaluation or therapies). Financial incentive for participation may
need to account for this attrition. Future efforts to increase retention rates in PICU follow-
up programs would likely benefit from clinician and family education as well as care
coordination; education regarding the importance of long-term follow-up and scheduling
of these visits prior to discharge have yielded higher rates of neonatal follow-up clinic
participation [50].

Our study had important limitations. Because our study design required in-person
parent consent and completion of baseline study measures, only 21% of all eligible children
were enrolled. We were not able to evaluate the demographic and clinical characteristics
of children who did not enroll to understand if they were systematically different from
our overall patient population. Our enrollment rates reflect the socioeconomic challenges
(single-parent households, competing sibling care demands, inflexible work requirements,
poverty, lack of transportation, etc.) that preclude regular parent presence at the bedside.
Additionally, we excluded children who were wards of the state or whose parents were
primarily non-English speakers due to logistical challenges related to changes in custody
after discharge and coordination of interpreter services, parents, and study teams for
telephone follow-up. Therefore, our findings may have limited generalizability and may
not delineate the additional challenges presented by linguistic barriers. However, our
study population was representative of our overall patient population with regard to
demographic and clinical characteristics except for older age. Any resultant bias due to
an older patient population is unclear, as our EHR does not contain data to determine
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neurodevelopmental vulnerability. Most parents reported that they had not answered a
prior contact attempt because they were busy and did not describe feeling overwhelmed
by touchpoints. Directly measuring time burden for parents would provide insight into
potential barriers to study completion and inform future work. Semistructured interviews
with families to assess the feasibility or perceived burden of participating in longitudinal
follow-up studies would further inform efforts to increase recruitment and retention for
PICU survivorship studies. Studies indicate that a sense of partnership and family-focused
interventions are important facilitators for neonatal follow-up [51,52].

In this manuscript, we report details regarding follow-up methodology and did not
present the outcomes at long-term follow-up. In the nascent field of PICU survivorship,
providing a methodologic “roadmap” to conduct long-term outcome research is essential.
This methodology serves as a starting point for investigators to address the feasibility
challenges associated with follow-up studies in a heterogenous population without a
common medical home. We did not present methodology and results as a single manuscript
because publication page limits would necessitate an abbreviated focus on methodology
without the level of detail we were able to provide here.

5. Conclusions

Our results suggest that a multidimensional longitudinal follow-up for a heteroge-
neous group of children who survive pediatric critical illness is feasible. We identified
logistical and resource challenges with enrollment. Frequent attempts to connect with
families with flexibility in scheduling remote follow-up, financial incentivization, and
minimization of response burden are key elements for retaining a cohort of PICU sur-
vivors. Ultimately, understanding the multidimensional scope and trajectories of long-term
outcomes facing PICU survivors will allow us to develop and implement interventions
that will maximize quality of life and overall functioning for children who experience
critical illness.
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