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Abstract
Background: Diaphragmatic dysfunction (DD) has a great negative impact on clinical outcomes, and it is
a well-recognized complication in adult patients with critical illness. However, DD is largely unexplored in
the critically ill pediatric population. The aim of this study was to identify risk factors associated with DD,
and to investigate the effects of DD on clinical outcomes among critically ill children.

Methods: Diaphragmatic function was assessed by diaphragm ultrasound. According to the result of
diaphragmatic ultrasound, all enrolled subjects were categorized into the DD group ( n=24 ) and the non-
DD group ( n=46 ). Collection of sample characteristics in both groups include age, sex, height, weight,
primary diagnosis, complications, laboratory �ndings, medications, ventilatory time and clinical
outcomes.

Results: The incidence of DD in this PICU was 34.3%. The level of CRP at discharge (P=0.003) in the DD
group was higher than the non-DD group, and duration of elevated C-reactive protein (CRP) (P<0.001),
sedative days (P=0.008) and ventilatory treatment time (P<0.001) in the DD group was signi�cantly
longer than the non-DD group. Ventilatory treatment time and duration of elevated CRP were
independently risk factors associated with DD. Patients in the DD group had longer PICU length of stay,
higher rate of weaning or extubation failure and higher mortality. 

Conclusion: DD is associated with poorer clinical outcomes in critically ill childern, which include a longer
PICU length of stay, higher rate of weaning or extubation failure and a higher mortality. The ventilatory
treatment time and duration of elevated CRP are main risk factors of DD in critically ill children. 

Background
The diaphragm is the primary respiratory muscle, generating approximately 60 to 80 percent of the
inspiratory capacity[1]. Diaphragmatic dysfunction (DD) has a great negative impact on respiratory
function, and it is a well-recognized complication in adult patients with critical illness, especially among
patients with mechanical ventilation (MV)[2]. The study performed in adults found that diaphragm
thickness decreases rapidly following intubation in nearly 50% of ventilated patients[3]. There is a wide
variety of factors which can lead to DD in critically ill adult patients, including MV, sepsis, sedative,
steroids, neuromuscular blockers, multiorgan dysfunction syndrome and preadmission injury[2, 4, 5]. MV is
a leading cause of DD, the diaphragm atrophy can be signi�cant in 18–69 hours under complete
controlled ventilation[6], And MV is widely used in critical illness patients as a conventional treatment
technology of PICU, approximately 30% of children in the pediatric intensive care unit (PICU) receive MV
support[7], and 38% of them have DD[8]. Patients with DD are at higher risk for delayed, di�cult weaning
and extubation failure, together with an increased risk of longer ICU length of stay, poor functional
outcomes, and death[9]. Mariani et al.[10] found that the ICU mortality is higher in patients with DD
compared with absence of DD. The study conducted by Lu et al.[11] demonstrated that subjects with DD
show longer mechanical ventilation durations and ICU stays.
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A wide variety of adult studies have found the causes and clinical outcomes of DD in critically ill patients.
However, DD is largely unexplored in the critically ill pediatric population. The studies on risk factors of
DD and how it impacts clinical outcomes in children are limited[12–14]. As a result, there are few clinical
experience in the identi�cation, appropriate intervention and improvement of prognosis of critically ill
children.

The aim of this study was to identify risk factors associated with DD, and to investigate the effects of DD
on short-term clinical outcomes in children and to test the hypothesis that DD is associated with poor
clinical outcomes among critical illness children in the PICU.

Methods
Subjects

This study was conducted in an academic, 57-bed PICU of First Hospital of Jilin University in China.
Study subjects including 70 consecutive patients younger than 18 years old who required invasive MV for
more than 24 hours were enrolled between January 2019 and January 2020. The institutional ethics
committee of the hospital approved the study protocol (ChiCTR1800020196). The parents or guardians
of the eligible children provided written informed consent. An information sheet was provided for the
parents or guardians of the participants.

All children met the standard criteria[15] for weaning readiness(improve-ment in the cause of primary
disease, PaO2/FiO2 > 200, positive end-expiratory pressure (PEEP) ≤ 5-10cm H2O, FiO2 ≤ 50%, and
hemodynamically stable in the absence of vasopressors) were included in the study. Exclusion criteria
include known neuromuscular disease (such as amyotrophic lateral sclerosis, Guillain-Barre, or
myasthenia gravis), cervical spinal cord injury, pneumothorax, unwillingness of the parents or guardians
to participate in the study.

Study Design

Enrolled subjects underwent a diaphragm assessment by using ultrasonography during the spontaneous
breathing trial (SBT), which was performed using pressure support trials with a pressure support (8 cm
H2O) and 5 cm H2O PEEP using a Drager Evita 4 ventilator for 30 min. Ultrasound measurements were
taken at the �fth minute after the beginning SBT. All enrolled subjects were categorized into the DD group
and the non-DD group according to the result of diaphragmatic echo. DD was de�ned as a diaphragmatic
thickening fraction (DTF) of < 20% during tidal breathing[16].

Diaphragm ultrasound measurement

The diaphragm ultrasound was performed using a portable ultrasound machine (Mindray, M7 series,
China) with a 10HMz linear probe by two experienced sonographers. Only the right hemidiaphragm was
measured because the right hemidiaphragm was more feasible and repeatable compared with the left
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hemidiaphragm[12]. All subjects were placed in a semi-recumbent position with the head of the bed at a
30-degree angle. The probe was placed between the mid-axillary or antero-axillary line, in the 8th to 11th
intercostal space, and positioned in a cranio-caudal direction and perpendicular to the skin to achieve the
best view of the right hemidiaphragm[17]. At this position, the diaphragmatic ultrasound image was a
hypoechoic structure between two echoic lines (the pleural and the peritoneal membrane)(Fig 1). In the B-
mode image, diaphragm thickness (Tdi) was measured from the inner edge of the pleural line to the inner
edge of the peritoneal line at both end inspiration and end expiration. The calculation formula of DTF
was (Tdi-inspiration – Tdi-expiration) / Tdi-expiration[18]. Tdi and body weight (BW) have signi�cant
positive correlations in children[19]. Therefore, Tdi was standardised by BW (DE/BW).

Patient Characteristics and Clinical Outcomes

We collected the basic demographic of all subjects, beside, primary diagnosis, medications, in�ammatory
factor levels at discharge and duration of elevated in�ammatory factors were also collected, as the
previous study demonstrated that systemic in�ammation is associated with muscle atrophy in critically
ill adult patients[20]. The clinical outcomes we observed include delay or di�culty in weaning, extubation
failure, total length of time on mechanical ventilation, length of PICU stay and mortality.

Statistical analysis

For comparisons of demographic, clinical characteristics and outcomes between DD and non-DD patient
group, continuous variables were compared with Student t-test or Mann-Whitney U test. Categorical
variables were compared with Chi-squared test or Fisher’s exact test. Data are presented as mean ±
standard deviation for continuous variables with a normal distribution and as median with interquartile
range for variables with a non-normal distribution. Categorical variables were described as n (%). To
determine which factors are signi�cantly associated with DD, logistic regression analysis was then
performed. All analyses were carried out using IBM SPSS Statistics for Windows, Version 22.0 (IBM Corp,
Armonk, NY). and a p-value less than or equal to 0.05 was considered statistically signi�cant.

Results
Sample characteristics

One hundred and thirty-three children underwent mechanical ventilation support during the study period.
Sixty-three cases were excluded, and seventy patients were included in this study eventually. Eligibles
were divided into either the DD group (n=24) or non-DD group (n=46) according to the result of
diaphragmatic echo (Fig 2).

All children characteristics were summarized in Table 1. The incidence of DD in this PICU was 34.3%
(24/70). Comparison of characteristics between the two groups showd that the level of CRP at discharge
(4.50[1.94-19.76] vs 1.81[0.73-5.54], P=0.003) in the DD group was higher than the non-DD group, and
duration of elevated C-reactive protein (CRP) (18.50[7.25-28.00] vs 4.50[2.00-8.25], P<0.001), sedative
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days (8.00[5.25-15.00] vs 6.00[4.00-8.00], P=0.008) and ventilatory treatment time (13.00[10.00-18.00] vs
5.50[5.00-7.00], P<0.001) in the DD group were signi�cantly longer than the non-DD group. However, it
should be noted that there were no difference in the proportion of patients with sepsis and
methylprednisolone treatment time in the two groups, which are important factors associated with DD in
adults.

Risk Factors for the Development of DD

The results of our multivariable logistic regression analysis are shown in Table 2. The independent risk
factors associated with the development of DD included ventilatory treatment time (OR, 1.99; 95%CI,
1.18–3.38) and duration of elevated CRP (OR, 1.12; 95%CI, 1.01–1.24).

Comparison of clinical outcomes between the DD group and the non-DD group

It is clearly showd in Table 3. that patients in the DD group had poorer clinical outcomes including a
longer PICU length of stay (26.50[15.00-35.50] vs13.00[10.00-18.00], P<0.001 ), a higher rate of weaning
failure (37.5% vs 10.87%, P=0.008) or extubation failure (33.33% vs 8.7%, P=0.009)  and a higher
mortality (20.83% vs 2.17%, P=0.008) compared with the non-DD group.

Discussion
To our knowledge, this is the �rst study to investigate factors associated with the development of DD and
clinical outcomes of patients with DD in the critically ill pediatric population. Our �ndings demonstrated
that the incidence rate of DD to be 34.3% in children, we also found that ventilatory treatment time and
duration of elevated CRP are associated with the development of DD. This shows that MV is not the only
cause of DD, and the development of DD in critically ill children is caused by multiple factors. We also
report for the �rst time that the duration of elevated CRP is associated with DD in critically ill children,
which demonstrates that the body's in�ammatory response is an important risk factor. In this study, we
have also shown that children with DD are associated with poorer outcomes, including a longer PICU
length of stay, a higher rate of weaning or extubation failure and a higher mortality.

Our results are similar to studies investigating DD among adult hospitalized patients. We found patients
with DD had longer total ventilation time, higher rates of weaning or extubation failure and higher
mortality than children without DD[8, 21, 22]. Limited studies on DD in critically ill children showed that
respiratory weakness is independently associated with reintubation and longer ventilation time[23, 24]. Our
previous study also found that patients with failed weaning have worse diaphragmatic function[25]. This
suggests that DD is closely associated with poorer clinical outcomes in both adults and children. The
prevalence of diaphragm dysfunction diagnosed with ultrasound was found in 40%-60% of mechanically
ventilated adults[10, 26, 27]. These reports are higher than our result. The main reasons for consideration
are as follows: Firstly, the development of auxiliary inspiratory muscles in children are immature,
diaphragm playe a greater role in ventilation than adults[28]. Therefore, the baseline function of
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diaphragm in children is higher than that in adults. Secondly, the majority of patients in adult studies are
elderly chronic obstructive pulmonary disease (COPD) patients, whose diaphragmatic muscle �bres have
a chronic oxidative remodelling process, leading to diaphragm compensatory ability weakness[29]. Thirdly,
the average ventilatory treatment time in children with DD is shorter than in adults [ 360 (168–528) vs
576 (374–850) hrs ][8, 25]. Futhermore, our �ndings demonstrated that ventilatory time is the independent
risk factor of DD in critically ill children, which is similar to adult studies[2, 30]. Another important �nding in
this study is that duration of elevated CRP to be associated with development of DD. In�ammation is an
important contributor to the pathology of diseases implicated in skeletal muscle dysfunction[31], some
studies among adults found that systemic in�ammation is the most signi�cant risk factor for ICU-AW[20,

32]. And in�ammation is prevalent after critical illness and is associated with poor physical recovery[33].
However, the role of in�ammation in respiratory muscle is largely unexplored, espically in the critically ill
pediatric population. Therefore our �ndings demonstrated that duration of in�ammatory response may
be a main risk factor of DD. Nevertheless, our �ndings cannot de�nitively con�rm causality, which can
only be demonstrated in the context of a randomized contral study (RCT).

This study has several limitations. Firstly, we studied a relatively small population, this might restrain the
validity. Secondly, ultrasound diagnostic criteria ( DTF < 20% ) for DD comes from adult studies. Whether
this reference value applies to children requires further study among pediatric population. Thirdly, our
study included only CRP to represent in�ammatory response of the patients, the reliability of our �nding
is limited. Therefore, more in�ammatory factors such as interleukin 6 (IL-6), interleukin 8(IL-8), and
transforming growth factor (TGF) are need to re�ect the in�ammatory response more precisely in further
study, so that our �ndings can be con�rmed. Fourthly, due to our small sample size, some important
factors in adult research such as sepsis did not produce positive results in our study. This does not
demonstrate that sepsis is not associated with DD, instead, we should expand the sample size and
conduct the RCT. Finally, we only investigated the clinical outcomes of children with DD during their
hospital stay, however, there was a lack of follow-up of the effects of DD on patients after discharge. The
study conducted by Dres et al[4]. demonstrated that DD is twice as frequent as limb muscle weakness.
Limb muscle weakness is signi�cantly associated with poorer physical function after discharge[34–36].
Therefore, it is critical to investigate the impact of DD on long-term prognosis of critically ill children.

Conclusions
DD strongly impacts clinical outcomes in critically ill childern, which includs a longer PICU length of stay,
a higher rate of weaning or extubation failure and a higher mortality. The ventilatory time and duration of
elevated CRP are main risk factors of development of DD in critically ill children. It is important to
identi�cate DD earlier among critically ill children in order to protect the diaphragmatic functions. Due to
the relatively inadequate research performed in chidren, more studies on DD among pediatric population
need to be carried out to better guide clinical and respiratory rehabilitation.

Abbreviations



Page 7/12

Declarations
Ethics approval and consent to participate

The study was approved by the institutional ethics committee of the hospital, the First Hospital of Jilin
University (ChiCTR1800020196). The parents or guardians of the eligible children provided written
informed consent. An information sheet was provided for the parents or guardians of all the participants.

Consent for publication

Not applicable.

Availability of data and materials:

The datasets used and/or analyzed during the current study are available from the corresponding author
on reasonable request.

Competing interests

The authors declare that they have no competing interests.

Funding:

This work received no �nancial support.

Authors’ contributions:

Dr. YX conceived the study design and data collection. Dr. CF Y participated in the study design. Dr. YA
performed statistical analyses. Dr. JQ participated in literature search. Dr. FY J reviewed the manuscript.
All authors interpreted the data, contributed to the intellectual content, reviewed the manuscript, and
approved the �nal version.

Acknowledgements

We thank all pediatric critical care fellows and nurses for their clinical assistance. We also thank
Professor Jia for reviewing our manuscript.

Author details

PICU:pediatric intensive care unit; MV:mechanical ventilation; PCIS:pediatric critical illness score;
SBT:spontaneous breathing test; Tdi:diaphragm thickness; DTF:diaphragmatic thickening fraction;
IQR:interquartile range; SD:Standard Deviation; PEEP:positive end-expiratory pressure; COPD:chronic
obstructive pulmonary disease; BW:body weight; CRP:C-reactive protein; DD:Diaphragmatic dysfunction;
OR:odds ratio; RCT:randomized contral study; TGF:transforming growth factor; IL-8:interleukin 8; IL-
6:interleukin 6



Page 8/12

1Department of Developmental and Behavioral Pediatrics, The First Hospital of Jilin University,
Changchun, China.

2Department of Pediatrics Intensive Care Unit, The First Hospital of Jilin University, Changchun, China.

References
1. DiMarco, AF. Neural prostheses in the respiratory system. J Rehabil Res Dev, 2001. 38(6): 601-7.

2. Powers, SK, MP Wiggs, KJ Sollanek, et al. Ventilator-induced diaphragm dysfunction: cause and
effect. Am J Physiol Regul Integr Comp Physiol, 2013. 305(5): R464-77.

3. Goligher, EC, E Fan, MS Herridge, et al. Evolution of Diaphragm Thickness during Mechanical
Ventilation. Impact of Inspiratory Effort. Am J Respir Crit Care Med, 2015. 192(9): 1080-8.

4. Dres, M, BP Dube, J Mayaux, et al. Coexistence and Impact of Limb Muscle and Diaphragm
Weakness at Time of Liberation from Mechanical Ventilation in Medical Intensive Care Unit Patients.
Am J Respir Crit Care Med, 2017. 195(1): 57-66.

5. Kim, WY and CM Lim. Ventilator-Induced Diaphragmatic Dysfunction: Diagnosis and Role of
Pharmacological Agents. Respir Care, 2017. 62(11): 1485-1491.

�. Levine, S, T Nguyen, N Taylor, et al. Rapid disuse atrophy of diaphragm �bers in mechanically
ventilated humans. N Engl J Med, 2008. 358(13): 1327-35.

7. Newth, CJL, RG Khemani, PA Jouvet, et al. Mechanical Ventilation and Decision Support in Pediatric
Intensive Care. Pediatr Clin North Am, 2017. 64(5): 1057-1070.

�. Kim, WY, HJ Suh, SB Hong, et al. Diaphragm dysfunction assessed by ultrasonography: in�uence on
weaning from mechanical ventilation. Crit Care Med, 2011. 39(12): 2627-30.

9. Goligher, EC, M Dres, E Fan, et al. Mechanical Ventilation-induced Diaphragm Atrophy Strongly
Impacts Clinical Outcomes. Am J Respir Crit Care Med, 2018. 197(2): 204-213.

10. Mariani, LF, J Bedel, A Gros, et al. Ultrasonography for Screening and Follow-Up of Diaphragmatic
Dysfunction in the ICU: A Pilot Study. J Intensive Care Med, 2016. 31(5): 338-43.

11. Lu, Z, Q Xu, Y Yuan, et al. Diaphragmatic Dysfunction Is Characterized by Increased Duration of
Mechanical Ventilation in Subjects With Prolonged Weaning. Respir Care, 2016. 61(10): 1316-22.

12. Glau, CL, TW Conlon, AS Himebauch, et al. Progressive Diaphragm Atrophy in Pediatric Acute
Respiratory Failure. Pediatr Crit Care Med, 2018. 19(5): 406-411.

13. Johnson, RW, KWP Ng, AR Dietz, et al. Muscle atrophy in mechanically-ventilated critically ill children.
PLoS One, 2018. 13(12): e0207720.

14. Lee, EP, SH Hsia, HF Hsiao, et al. Evaluation of diaphragmatic function in mechanically ventilated
children: An ultrasound study. PLoS One, 2017. 12(8): e0183560.

15. MacIntyre, NR, DJ Cook, EW Ely, Jr., et al. Evidence-based guidelines for weaning and discontinuing
ventilatory support: a collective task force facilitated by the American College of Chest Physicians;



Page 9/12

the American Association for Respiratory Care; and the American College of Critical Care Medicine.
Chest, 2001. 120(6 Suppl): 375S-95S.

1�. McCool, FD and GE Tzelepis. Dysfunction of the diaphragm. N Engl J Med, 2012. 366(10): 932-42.

17. Matamis, D, E Soilemezi, M Tsagourias, et al. Sonographic evaluation of the diaphragm in critically ill
patients. Technique and clinical applications. Intensive Care Med, 2013. 39(5): 801-10.

1�. Tuinman, PR, AH Jonkman, M Dres, et al. Respiratory muscle ultrasonography: methodology, basic
and advanced principles and clinical applications in ICU and ED patients-a narrative review. Intensive
Care Med, 2020.

19. El-Halaby, H, H Abdel-Hady, G Alsawah, et al. Sonographic Evaluation of Diaphragmatic Excursion
and Thickness in Healthy Infants and Children. J Ultrasound Med, 2016. 35(1): 167-75.

20. Weber-Carstens, S, M Deja, S Koch, et al. Risk factors in critical illness myopathy during the early
course of critical illness: a prospective observational study. Crit Care, 2010. 14(3): R119.

21. Dot, I, P Perez-Teran, MA Samper, et al. Diaphragm Dysfunction in Mechanically Ventilated Patients.
Arch Bronconeumol, 2017. 53(3): 150-156.

22. Liu, YY and LF Li. Ventilator-induced diaphragm dysfunction in critical illness. Exp Biol Med
(Maywood), 2018. 243(17-18): 1329-1337.

23. Khemani, RG, T Sekayan, J Hotz, et al. Risk Factors for Pediatric Extubation Failure: The Importance
of Respiratory Muscle Strength. Crit Care Med, 2017. 45(8): e798-e805.

24. Emeriaud, G, A Larouche, L Ducharme-Crevier, et al. Evolution of inspiratory diaphragm activity in
children over the course of the PICU stay. Intensive Care Med, 2014. 40(11): 1718-26.

25. Xue, Y, Z Zhang, CQ Sheng, et al. The predictive value of diaphragm ultrasound for weaning
outcomes in critically ill children. BMC Pulm Med, 2019. 19(1): 270.

2�. Zambon, M, M Greco, S Bocchino, et al. Assessment of diaphragmatic dysfunction in the critically ill
patient with ultrasound: a systematic review. Intensive Care Med, 2017. 43(1): 29-38.

27. Sferrazza Papa, GF, GM Pellegrino, F Di Marco, et al. A Review of the Ultrasound Assessment of
Diaphragmatic Function in Clinical Practice. Respiration, 2016. 91(5): 403-11.

2�. Yang, X, PF Xu, L Shan, et al. [Advances in respiratory assessment and treatment in children
undergoing invasive mechanical ventilation]. Zhongguo Dang Dai Er Ke Za Zhi, 2019. 21(1): 94-99.

29. Zhang, Y, J Gao, and Y Luo. The effect of various durations of cigarette smoke exposure on muscle
�bre remodeling in rat diaphragms. Biomed Pharmacother, 2019. 117: 109053.

30. Umbrello, M and P Formenti. Ultrasonographic Assessment of Diaphragm Function in Critically Ill
Subjects. Respir Care, 2016. 61(4): 542-55.

31. Londhe, P and DC Guttridge. In�ammation induced loss of skeletal muscle. Bone, 2015. 80: 131-142.

32. Winkelman, C. The role of in�ammation in ICU-acquired weakness. Crit Care, 2010. 14(4): 186.

33. Gri�th, DM, S Lewis, AG Rossi, et al. Systemic in�ammation after critical illness: relationship with
physical recovery and exploration of potential mechanisms. Thorax, 2016. 71(9): 820-9.



Page 10/12

34. Field-Ridley, A, M Dharmar, D Steinhorn, et al. ICU-Acquired Weakness Is Associated With Differences
in Clinical Outcomes in Critically Ill Children. Pediatr Crit Care Med, 2016. 17(1): 53-7.

35. Fan, E, DW Dowdy, E Colantuoni, et al. Physical complications in acute lung injury survivors: a two-
year longitudinal prospective study. Crit Care Med, 2014. 42(4): 849-59.

3�. Gardner, AK, GL Ghita, Z Wang, et al. The Development of Chronic Critical Illness Determines Physical
Function, Quality of Life, and Long-Term Survival Among Early Survivors of Sepsis in Surgical ICUs.
Crit Care Med, 2019. 47(4): 566-573.

Tables
Due to technical limitations, Tables 1 - 3 are only available for download from the Supplementary Files
section.

Figures

Figure 1

Ultrasound B-mode using a 10 MHz probe in the zone of apposition.
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Figure 2

Flow chart of this study.
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