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ABSTRACT 

 

A great number of patients admitted to the ICU require mechanical ventilation during their process 

of care. However, there is increasing awareness that ventilator-induced diaphragmatic dysfunction is 

highly prevalent in critically ill patients and is likely a contributing cause of weaning failure. On the 

pediatric field, this phenomenon may have a greater impact. Conventional tools to evaluate diaphragm 

function are not simple or adequate to perform in mechanically ventilated patients. Ultrasonography 

has recently emerged as a new method for assessment of diaphragm function, prevailing over other 

imaging modalities. Certain indices of diaphragm function, namely diaphragm thickness, thickening 

fraction and excursion have been established for mechanically ventilated patients to monitor changes 

in diaphragm function over time, to detect diaphragmatic dysfunction, and to evaluate if these indices 

can predict successful weaning from mechanical ventilation. The aims of this narrative review are to 

summarize the technique and the clinical applications of ultrasonography in the evaluation of 

diaphragmatic function in ICU pediatric patients, and to assess its utility and accuracy for predicting 

weaning outcomes. 

 

Keywords: diaphragm, ultrasound, child, ventilation, weaning. 
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INTRODUCTION 

 

In patients hospitalized in the Intensive Care Unit (ICU), diaphragmatic weakness may be common 

in mechanically ventilated patients1. Mechanical ventilation (MV) has been proved to induce several 

diaphragmatic abnormalities, resulting in atrophy and contractile dysfunction of the muscle 2,3. The 

reduction of diaphragmatic contraction ability caused by MV is termed ventilator-induced 

diaphragmatic dysfunction (VIDD)1. 

 

The clinical significance of VIDD resides in the fact that, even when used for short periods of time, 

MV can lead to substantial diaphragmatic weakness that could delay or impede the process of 

weaning from the ventilator 4. The inability to discontinue ventilation results in extended hospital 

stays and increased patient morbidity and mortality 5,6. Hence, an early diagnosis of diaphragmatic 

dysfunction (DD) before extubation is imperative to avoid weaning failure 7.  

 

Impaired function of the diaphragm can be confirmed by a few invasive and noninvasive tests. 

Although many approaches for monitoring respiratory muscle function are available, most of them 

have several disadvantages, specially at the bedside 8. One of the major challenges still lies in how to 

evaluate diaphragm function with a specific, noninvasive, and easily performed at the bedside 

technique that could help deciding what is the appropriate time for weaning from MV 9,10. 

 

The use of ultrasonographic evaluation of the diaphragm is an area of emerging interest. This method 

have been reported as an effective method to detect DD in critically ill patients 1,11, to predict 

extubation success or failure 6,9,12 and to detect and monitor diaphragm acquired weakness in the ICU 
12,13, according to recent literature. 

 

Although ultrasound criteria have been published for the assessment of diaphragmatic function in 

adults 10, studies in the pediatric population are scarce, and it remains unclear how often mechanically 

ventilated children develop diaphragm atrophy and DD, and how does it influences the clinical 

outcomes 2,14,15. 

 

The aims of this narrative review are to summarize the technique and the clinical applications of 

ultrasonography in the evaluation of diaphragmatic function in ICU pediatric patients, and to assess 

its utility and accuracy for predicting weaning outcomes.  
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METHODS 

 

Search was performed in MEDLINE/PUBMED to identify articles published between january 1, 

2009, and october 16, 2019. Inclusion criteria consisted in experimental and systematic review 

articles, published as original studies. The search was restricted to human studies, published in 

English or Portuguese. Opinion papers and editorials were excluded. In the literature, there is only a 

few reported studies conducted in children. To fill this gap in evidence, studies conducted in adults 

were also included in this review. 

 

The articles were first selected by the titles and abstracts. In a second phase, the complete article was 

read and the information to be included in this literature review was extracted. The database review 

yielded 181 articles, and according to inclusion/exclusion criteria, 36 articles were finally included in 

the review. Additional cross-referenced studies from retrieved articles were identified and screened 

for pertinent information. 
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RESULTS 

 

The most relevant results are summarized in Tables I-III.  Table I summarizes the main advantages 

and disadvantages of the ultrasonography technique for diaphragmatic evaluation. Tables II and III 

summarize the most relevant findings regarding ultrasonographic indices to assess diaphragm 

contractile function in adults and children, respectively. Fourteen studies selected were conducted on 

adult patients and three on pediatric patients.  

 

To assess DD in adults, diaphragmatic contractility as thickening fraction (DTF) was measured in 9 

studies and diaphragm excursion (DE) was measured in 8 studies. Three studies compared ultrasound 

with other methods: 2 with rapid shallow breathing index (RSBI) and 1 with Lung US score.  

 

In the three studies performed in children, DTF was the only ultrasonographic index measured. In all 

studies, a decrease in this diaphragmatic index was related to higher rates of extubation failure. 
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DISCUSSION 

 

1. VENTILATED-INDUCED DIAPHRAGMATIC DYSFUNCTION (VIDD) 

 

The diaphragm is the principal muscle of the respiratory system, playing a crucial role in the breathing 

process 16,17. During inhalation, this muscle contracts and moves inferiorly, creating a partial vacuum 

in the thoracic cavity causing an increment in the volume inside and a reduction of the intra-thoracic 

pressure. As a result, the lungs expand in order to fill the void and air enters the lungs. On the other 

hand, when the diaphragm relaxes during expiration, air is exhaled by an elastic recoil process. The 

forced exhalation process requires the involvement of the internal intercostal muscles along with the 

abdominal muscles 18. 

 

MV, which is a technique widely used and crucial in the treatment of critically ill patients, has been 

strongly associated with muscle weakness 19. Diaphragm seems to have a much more rapid onset of 

fiber atrophy compared with limb skeletal muscles, being the explanation to this yet to be uncovered 
13. Thus, the correlation between length of MV and impaired function of the diaphragm has been 

strongly highlighted in recent publications. Demoule et al found that DD occurs in 64% of the patients 

on the first day from ICU admission 1. A study by Schepens et al also demonstrated that diaphragm 

atrophy develop rapidly, within the first 24 hours of MV initiation in adults 13. In agreement, similar 

findings were disclosed by Lee et al in pediatric patients, in whom changes in diaphragmatic 

parameters were observed after just 1 day of MV 14. 

 

The definition of VIDD in the critically ill patients is a relatively recent concept, but its frequency 

and relevance have been an object of interest in recent investigations 15. The reduction of 

diaphragmatic contraction ability is being linked to several complications such as a longer weaning 

time and poor prognosis 2,6. Therefore, it is pivotal to diagnose DD as early as possible in order to 

avoid the above-mentioned complications and the risk of extubation failure 11. 

 

In the last decade, the understanding of the underlying mechanisms of VIDD has been the subject of 

extensive research. Scientific data have shown that diaphragm impairment with controlled MV 

comprises alterations in force and structure of the muscle 20. MV has been shown to induce metabolic 

diaphragmatic abnormalities, leading to a disruption at the level of the muscle cell membrane and the 

contractile apparatus 13. Myofibril damage induces mitochondrial dysfunctions followed by the 

disruption of the sarcomere structure and intracellular lipid accumulation, which contributes to the 
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reduction in diaphragmatic force overtime 4. Histologically, the whole diaphragmatic fiber 

architecture is affected. Fiber atrophy and remodeling with change from slow to fast fibers cause a 

reduction of the endurance of the diaphragm, given that fewer fatigue-resistant fibers are encountered 
20,21. Biochemically, damages in the mitochondrial respiratory chain lead to overproduction of reactive 

oxygen species (ROS), which may induce oxidative damage in diaphragmatic proteins and lipids 22. 

In addition, altered diaphragmatic gene expression results in the dysregulation of diaphragmatic 

protein synthesis and the activation of proteolysis, which accelerate protein breakdown, also leading 

to fiber atrophy 20,23. The diaphragmatic force-generating capacity decreases, contributing to 

diaphragmatic contractile dysfunction 24. 

 

On the pediatric field, this phenomenon may have a greater impact. In fact, children cannot tolerate a 

dysfunctional diaphragm as well as the adult population given that they tend to have weaker and more 

fatigable accessory respiratory muscles, which are inadequate to compensate the impaired function 

of the diaphragm 15. Besides that, the more drastically DD in infants may be due to the presence of 

fewer type 1 fibers, which are slow-twitch and high-oxidative, therefore having higher oxidative 

capacity. The loss of sparse type 1 fibers in mechanically ventilated children may culminate in poor 

resistance to diaphragmatic fatigue and substantial deterioration of this muscle’s contraction 14.  

 

Apart from direct diaphragmatic alterations induced by MV, the ICU-acquired DD is also related to 

ICU acquired weakness, with several other factors influencing the onset of muscle weakness and 

dysfunction, such as inflammation, sepsis, the patient's nutritional status or the use of certain 

pharmacological agents 13,15. In addition, the existence of neuromuscular syndromes before ICU 

admission has a well-established relationship with the development of DD 13.  

 

The long term consequences of DD are still uncertain. In a study by Marianni et al, a rapid recovery 

of diaphragm thickness and contractility has been observed, suggesting that the underlying 

mechanisms of DD are presumably reversible 5. In the pediatric population, further studies should be 

conducted to address the recoverability of diaphragm atrophy 2. 
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2. ASSESSMENT OF RESPIRATORY MUSCLE FUNCTION  

 

The assessment of respiratory muscle function is fundamental in cases of suspected respiratory 

muscle weakness, given the serious deleterious consequences that may arise and can endanger the 

patient's life. These patients should be submitted to a prompt evaluation with physical examination, 

prior to undergoing pulmonary function tests 25.  

 

Several methods have been developed to evaluate diaphragmatic function and contractile activity. 

Among these, imaging of the diaphragm, volitional tests, phrenic nerve stimulation and trans-

diaphragmatic pressure measurement are currently the most widely used in clinical practice 8,26. 

However, clinicians encounter a major challenge in ICU hospitalized patients with particular clinical 

settings that limit patient co-operation. There is still a lack of tools to accurately monitor diaphragm 

activity at the bedside 8. 

 

Imaging techniques, including chest radiography, computed tomography and magnetic resonance 

comprise innumerous disadvantages, such as low availability, low sensitivity or specificity, exposure 

to ionizing radiation, invasiveness and requirement of patient transportation11,26. 

 

Alternatively, functional evaluation may be obtained by measuring inspiratory and expiratory 

pressure. Volitional tests give an estimative of global inspiratory and expiratory muscle strength. In 

spite of being noninvasive and relatively easy to perform at the bedside, these tests require patient co-

operation and are poorly reproducible, particularly in intubated patients 4,8. 

 

Diaphragmatic strength may also be estimated by measuring transdiaphragmatic pressure (Pdi) 

with esophageal and gastric balloons containing pressure transducers. Calculating the different 

between esophageal (Pes) and gastric (Pga) pressures, quantitative information on the diaphragm 

strength is obtained 11,12. However, this technique is still uncommon in clinical care, mainly due to its 

invasiveness and lack of reproducibility 4,8.  

 

Measuring the transdiaphragmatic twitch pressure via phrenic nerve stimulation represents the 

gold standard for assessing diaphragm force. The diaphragm is exclusively innervated by the phrenic 

nerve, thus its stimulation provides a specific means to investigate this muscle. However, this test is 

invasive and difficult to perform in clinical settings 8. 
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All methods present several disadvantages, and their performance to diagnose diaphragmatic atrophy 

is still limited to non-intubated patients. Thus, they are nor simple or adequate to assess the diaphragm 

force-generating capacity in critically ill patients 4,12.  
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3. BEDSIDE ULTRASONOGRAPHY IN ICU PATIENTS 

 

 3.1 Ultrasonography technique for diaphragmatic evaluation 

 

In recent years, ultrasonography (US) has emerged as a new method for assessment of diaphragm 

function, prevailing over other imaging modalities. Unlike the conventional methods, US represents 

a suitable diagnostic tool for ICU patients 27,28. It allows a morphological and functional evaluation 

of the diaphragm in real time and can be repeated overtime at the bedside 7,27. Furthermore, advantages 

of ultrasound also include safety, noninvasively, eviction of pain and radiation hazards and cost 

efficiency 4,7,15,27. 

 

Ultrasonographic examination of the diaphragm can be achieved by two different acoustic windows 
11: 

• First, by the subcostal area, between the mid-clavicular and anterior axillar lines, and 

measuring the displacements of the liver or spleen as acoustic windows. A low frequency 

curvilinear probe is recommended to visualize the muscle, as a hyperechoic line formed by 

the pleura adherent to the muscle diaphragm 11,29.  

 

• The second possible approach is at the zone of apposition (ZOA) of the diaphragm to the 

rib cage, at the 8th or 9th intercostal space, between the anterior axillary and the mid-axillary 

lines at 0.5 to 2 cm below the costophrenic sinus. A high-frequency linear transducer (less 

penetration but higher resolution) should be placed directed perpendicularly to the diaphragm 

at a depth of 1.5 - 3 cm. The diaphragm is outlined as a less echogenic line between the two 

easily observed parallel echogenic layers of the pleural and peritoneal membranes 11,30. This 

approach allows a direct observation of the diaphragm muscle 6.  (fig. I) 

 

In the critical care setting, several US indices of diaphragmatic function have lately earned admiration 

in the assessment of critically ill patients. Particularly, diaphragm excursion and thickness has been 

subject of intense research. 

 

Recently, a novel technique for finding the ZOA, “the ABCDE method,” was described by Tsui et 

al. This technique represents a systematic approach using readily identifiable anatomical landmarks.  

First, one places a high-frequency linear probe at the anterior Axillary line, just below the nipple. 

Then, watches for Breathing (searching for movement of the pleura - lung sliding - on top of the 
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diaphragm muscle). Then, moving the probe Caudally along the axillary line, one can identify the 

Diaphragm for Evaluation, since the diaphragm is no longer hidden under the pleura. Seeking 

specific acoustic windows, which may be challenging, is thus unnecessary 31. ABCDE method of US 

diaphragm scanning had been demonstrated to be efficient and practical for novices, less time-

consuming than conventional approaches and requiring minimal expertise 32. It has also been 

successfully used for diaphragm evaluation in the pediatric field 33. 

 

 3.2 Diaphragm excursion  

  

Diaphragm excursion (DE) is produced by the cyclic displacement of the diaphragm during the 

respiratory cycle 34. Through a low frequency ultrasound transducer, with the patient in a supine 

position, it can be visualized as a echogenic line moving freely during the respiratory phases 28. A B-

mode (2-dimensional) transducer is first used to detect the best approach and to select the exploration 

line for each hemidiaphragm, using the liver as a window on the right, and the spleen on the left 28. 

The ultrasound beam should be directed medially, cranially and dorsally, to reach perpendicularly the 

posterior third of the hemidiaphragm. Then, M-mode is used to display the motion of the diaphragm 

along the selected line, that appears in a waveform. Inspiration is identified as an upward curvature 

of the tracing (during inspiration, the diaphragm contracts and moves caudally towards the probe). In 

contrast, expiration is identified as downward curvature (during expiration, the diaphragm moves 

cranially away from the probe) 35,36. With this technique, the DE, the inspiratory and expiratory times 

and the contraction speed can be measured. (fig. II) 

 

 3.3 Diaphragm thickness and diaphragm thickening fraction  

 

US has also been used to evaluate diaphragm thickness (DT) in the ZOA of the diaphragm to the rib 

cage. By means of a high-frequency linear probe, the diaphragm is observed as the hypoechoic line 

located between the hyperechoic pleura and peritoneum 10.  

The magnitude of the increase in thickness during inspiration can be expressed as a percentage. By 

measuring the muscle thickness at end inspiration (DT-end inspiration) and end expiration (DT-end 

expiration), the diaphragm thickening fraction (DTF) can be calculated as [(DT-end inspiration − DT 

end-expiration)/DT-end expiration ×100)] 37. This index reflects variation in the thickness of the 

diaphragm during tidal breathing and provides an estimate of its strength during a maximal inspiratory 

effort 10. In fact, diaphragm thickening during inspiration has been compared to an ejection fraction 

for the heart, suggesting that it is a reliable indicator of muscle effort 6. (fig. III) 
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3.4 Limitations of the technique  

 

There are limitations to the diaphragmatic sonography that need to be acknowledged. 

 

Concerning the diaphragm displacement, there is evidence suggesting that this measurement does not 

correlate with other indexes of respiratory effort 6,34. In fact, DE during an assisted breathing 

represents the sum of 2 forces acting synergistically: the patients’ respiratory effort (active force) and 

the pressure provided by the ventilator (passive force), thus dismissing the importance of this 

parameter on patients under ventilatory support 12.  

 

Another limitation could rely on the fact that the liver and the spleen are frequently used as acoustic 

windows. A poor acoustic window in MV patients have been reported to occur in 2% to 10% of 

cases 12,27,30. Also, large part of the diaphragm is inaccessible to the observer, and the samples 

visualized may not be representative for the entire muscle 37. Moreover, this approach does not 

directly visualize the diaphragm muscle itself. Therefore, factors as posture, breath size, impedance 

of close structures, alterations of the abdominal or thoracic pressure may vary DE 6. 

 

In patient under MV, measurement of DT overcomes the limitations of the DE technique, as 

thickening should only be influenced by active contraction of the muscle 12. Nevertheless, it can be 

affected by several factors. It is known that the DT is not homogeneous throughout its surface. 

Therefore, these measurements may lack accuracy and reproducibility. Goligher et al suggest 

standardizing the probe’s placement, by marking the anatomical region, to minimize the variability 
38.   

It is also important to take into consideration that the assessment of the left hemidiaphragm cannot 

be consistently obtained by the gastric and intestinal gas interposition. These can obscure 

diaphragmatic movement, making its assessment compromised 30. 

 

Lastly, these techniques are dependent on the level of operator experience 32. 

 

The main advantages and limitations of ultrasonography are listed in Table I. 
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4. ULTRASOUND ASSESSMENT OF DIAPHRAGMATIC AS A PREDICTOR OF 

WEANING FROM MV 

 

In the ICU, difficult weaning off breathing support may be encountered in 20% to 40% of patients 

receiving MV 39,40. The appropriate timing of extubation is crucial in these patients, as both premature 

and delayed weaning are associated with increased morbidity, prolonged ICU admission, increase 

mortality rates as well as high hospital costs 41. 

 

The effects of diaphragm atrophy and associated diminished DTF secondary to MV have been 

recently described in a large portion of the patients 21,38,42. Interestingly, patients with increases in DT 

caused by an excessive inspiratory effort exacerbating load-induced diaphragmatic inflammation 

were also at higher risk of prolongated ventilation 43. The progressive development of diaphragm 

weakness is an important and potentially avoidable determinant of weaning failure in a significant 

number of patients 1. 

  

Determining the optimal moment to extubate a critically ill patient based solely on a clinician’s 

subjective ability to predict extubation is insufficient 17. Therefore, several indices to assess the 

patients’ ability to regain spontaneous breathing have been developed over time. However, these 

parameters still have many limitations 36. The gold standard weaning predictor is the Rapid Shallow 

Breathing Index (RSBI). It can be obtained by dividing the respiratory frequency by the tidal 

volume, and is considered one of the most accurate parameters to decide to extubate 44. However, the 

utilization of the this index is limited by the fact that it measures the change in volume generated by 

all respiratory muscles, which may mask the presence of DD 36,45. In fact, relying on RSBI can be 

misleading, since patients may sustain their tidal volumes using accessory respiratory muscles, which 

are more fatigable and weaker, and, therefore, more prone to fail extubation, regardless of the RSBI 

value 6,46.  

 

Diaphragmatic US was proposed as an effective method to assess the muscle’s strength and function 

during MV, identifying patients with severe DD and risk of difficult weaning 47. There are two 

commonly used diaphragm sonographic predictors of weaning outcome: the diaphragmatic 

excursion (DE) and diaphragm thicken (DT) or thickening fraction (DTF). These US 

measurements can be used to define DD, although there is variation in this definition. 
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Several studies published in the last decade have shown that US measurements have high degree of 

reproducibility  14,30,38,48,49. While some studies described DE, others focused on the assessment of DT 

and DTF. All studies concluded that their respective measurements can predict successful extubation 

or weaning failure, with cut-off values of 10–17 mm in excursion and 20–36% in thickness being 

most sensitive and specific. 

 

According to some authors, diaphragmatic movement correlated well with transdiaphragmatic 

pressure. Measurement of the DE could, therefore, be an important tool to evaluate the respiratory 

endurance of a patient and, by extension, predict successful extubation 9,27,29,36,50. Furthermore, Flevari 

et al concluded that this index may also be a reliable tool to assess patients with difficult and 

prolonged weaning, in whom the diaphragm has some degree of atrophy due to prolonged MV 51. 

However, Carrie et al showed discordant results in their study, concluding that DE is not an accurate 

index to predict weaning failure of patients undergoing a first spontaneous breathing trial (SBT) 52.  

 

On the contrary, some data available suggests a lower sensitivity and specificity for DE as compared 

to the DTF in predicting weaning outcome 7. Some authors believe that DTF rather than DE is a 

reliable index of respiratory effort and active contraction of the diaphragm during MV, and reported 

a significantly higher DTF in the weaning success group, compared with the failure group, although 

there was significant heterogeneity 12,17,53. Therefore, DTF is suitable to estimate the diaphragm 

function in patients undergoing MV, while DE should be reserved to cases in the absence of the 

breathing support, as the downward displacement of the muscle may reflect passive insufflation by 

the ventilator 47. 

 

Li et al concluded that the either measurement is suitable to predict successful extubation 7. In 

agreement, others also found that both excursion and thickening fraction were higher in patients who 

were successfully weaned 15,44,54,55. 

 

Controversy to the findings of the majority of studies analyzed, in two studies, RSBI performed better 

than the sonographic measurements in predicting value for weaning outcome in a respiratory ICU, 

and should be a considered in every weaning protocol. However, they both acknowledge the fact that 

RSBI may provide false positive criteria and, extubation failure may still occur 45,46.  

 

Weaning failure may rely on various clinical factors. Therefore, a single diaphragmatic index might 

not be a perfect predictor 56. Numerous studies have emphasized the interest of combining 

diaphragmatic US with other traditional parameters for predicting weaning 26,36,44,45,54. 
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However, in the pediatric field there is still scarce evidence. Lee and colleagues were pioneers in 

studying the role of diaphragm US in critically ill infants 14. In their study, diaphragm atrophy and 

decreased DTF were immediately observed within the first 24 hours of MV. Thus, the end-inspiratory 

DT and DTF measured using US may be useful indexes to evaluate diaphragmatic function. These 

parameters could be used to titrate adequate ventilator settings 14. Glau et al suggested that the 

thresholds predictive of successful extubation may be different in pediatric patients 2. In fact, in this 

study the median DTF within 24 hours prior to extubation was 13,8%, which is substantially lower 

than the values of DTF > 36% predictive of a successful spontaneous breathing trial 53 and TF ≥ 30% 

with successful extubation6 established in adults 2. Further studies should be conducted to determine 

the incidence and severity of DD and to establish cut-off values in infants 2,14.  Moreover, the clinical 

significances US indexes still remain controversial as the findings of some studies are still 

inconsistent and may lack statistical power 7. 

 

Table II and Table III display a summary of the most relevant studies regarding ultrasonographic 

indices to assess diaphragm contractile force and function in adults and children, respectively.  

 

All papers acknowledge significant heterogeneity in the studies analyzed 7:  

 

• The ununified definition of weaning failure; 

• The inclusion criteria; 

• The ultrasonic technique chosen, namely the position of probe, the patient posture, the sides of the 

diaphragm evaluated; 

• The experience of the operators; 

•  The time point at which measurements are taken. 

 

Considering the limitations above-mentioned, extrapolation of the findings to other settings must be 

done cautiously. 
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CONCLUSION 

 

The development of new ultrasound techniques permits a fast, inexpensive, and noninvasive 

evaluation of diaphragmatic at the bedside, and is expected to lead to a timely identification of patients 

with DD. Most of the studies analyzed in this review seem to show a clear superiority of the ultrasound 

when compared with conventional methods to evaluate diaphragmatic function in these patients. 

 

Diaphragm US is a novel method for measuring diaphragmatic function in mechanically ventilated 

children and is starting to be acknowledged as a promising tool to predict weaning outcomes.  

 

However, it remains difficult to draw general conclusions from individual studies due to the marked 

variation in study design and population. More studies, with greater standardization of protocols and 

outcome measures, are required to assess if the use of diaphragmatic US to guide clinical decisions 

may influence outcomes in these patients.  

 

The successful application of the ultrasound assessment of VIDD into the clinical practice would be 

a milestone in pediatrics medicine.  
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FIGURES AND TABLES  

 

FIGURES  

 

 

Fig. I - Schematic view of the zone of apposition. On the right is depicted the relationship between 

the rib cage, right lung, and upper abdominal content in the zone of apposition. On the left, anatomical 

structures are magnified so that the anatomic relationship between the parietal pleura, the diaphragm, 

and the parietal peritoneum is highlighted. Arrows represent the forces acting on the different 

anatomic regions of the area. During inspiration, the diaphragm fibers shorten and the diaphragm as 

a whole moves caudally (1). As the diaphragm contracts, it lowers the pleural pressure and increases 

the abdominal pressure. The reduction in pleural pressure produces an inflationary effect on the lungs 

(2). The accompanying effects of increasing abdominal pressure tend to expand the rib cage (3).  

Image reproduced with permission of the rights holder 



 

  

 

 

Fig. II - Ultrasonographic assessment of diaphragm displacement. A: Ultrasonographic view of the 

normal diaphragm in the region of the liver dome, with B-mode in the upper part and M-mode in the 

lower part. B: Anatomical structures that can be identified in B-mode scanning. C: Anatomical 

structures that can be identified in M-mode scanning. D: Probe placement to explore the diaphragm 

in the region of the liver dome. 

Image reproduced with permission of the rights holder 

 

 

Fig. III - Ultrasonographic assessment of diaphragm thickness. A: Ultrasonographic view of the 

normal diaphragm in the zone of apposition, with B-mode in the upper part and M-mode in the lower 

part. B: Anatomical structures that can be identified in B-mode scanning. C: Anatomical structures 

that can be identified in M-mode scanning. D: Probe placement to explore the diaphragm in the zone 

of apposition. The distance identified by plus signs 1 in A and C is end-inspiratory thickness, whereas 

the distance between plus signs 2 in the same panels is the end-expiratory thickness. 

Image reproduced with permission of the rights holder 
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TABLES 

 

Table I. Summary of the advantages and disadvantages of the ultrasonography technique for 

diaphragmatic evaluation  

 
ADVANTAGES LIMITATIONS 

Allows morphological and functional 

evaluation in real time  

The use of excursion can not be employed on 

patients under ventilatory support 

Easy to perform at the bedside  Patients with poor acoustic window 

Noninvasible and painless The reproducibility and the repeatability of 

diaphragm thickening is low 

Evict radiation  The assessment of the left hemidiaphragm cannot 

be consistently obtained  

Cost-efficient The technique is dependent on the level of 

operator experience  

 
 



 

  

Table II. Summary of the most relevant studies regarding ultrasonographic indices to assess diaphragm contractile force and function in adults 

 

Study 
(year) 

N Patient 
category 

Timing of 
diaphragmatic 

US 

Cut-off values 
for successful 

weaning 

Definition of 
Weaning Failure 

Outcomes Main findings 

Dinino et 
al, 2013 6 

63 Patients who 
were ready 
to perform a 
SBT 

Within the first 
5min of the 
SBT or the PS 
trial 

DTF ≥ 30% Reintubation 
within 48h or 
terminal 
extubation or 
tracheostomy 

The sensitivity of DTF≥30% for 
extubation success was 88% and 
the specificity was 71% 

DTF predicts extubation success of 
failure during SBT or pressure support 
trials 

Yoo et al, 
2016 9 

60 Patients 
requiring 
MV for 
more than 
48 h who 
were ready 
to perform a 
SBT 

Within 24 hours 
before 
extubation  

DTF ≥ 20% 
DE > 10 mm 

Reintubation or 
NIV within 48h of 
extubation or 
tracheostomy  

DE was greater in SG than in 
FG  (16.5 mm vs. 8 mm)  
DTF was greater in SG than in 
FG (42.1% vs. 22.5%) 

DE seems more accurate than DTF to 
predict extubation success.  

Umbrello 
et al, 2015 
12 

25 Patients 
requiring 
MV who 
were ready 
to perform a 
SBT 

During SBT DTF ≥ 20% NA 
 
(All patients were 
successfully 
weaned from MV) 

DTF significantly decreased with 
increasing ventilator support, 
whereas DE was unaltered. 

A parallel reduction was 
found  between DTF and indices of 
respiratory muscle effort when 
different amounts of respiratory effort 
were achieved by titration of PS.  
No correlation was found between 
indices of muscle effort and DE, or 
between DTF and DE. 
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Blumhof 
et al, 2016 
17 

56 Patients 
requiring 
MV for 
more than 
24h 

During a PS 
weaning trial, 
within 48h 
before 
extubation 

DTF > 20% Reintubation or 
delayed extubation 
(>48h) 

DTF>20% is a robust predictor of 
extubation success within 48h of 
US at PS 5/5 cm of H2O and 10/5 
cm of H2O, but not at PS greater 
than 10/5 cm of H2O 

Diaphragm US is a valid predictor of 
extubation success at some but not all 
PS settings 

Hayat et 
al, 2015 29 

100 Patients who 
were 
planned for 
weaning 

During SBT DE > 12 mm Reintubation or 
NIV within 48h 
(primary weaning 
failure) or after 
(secundary 
weaning failure) 

A cut off value of 12 mm, was 
associated with a successful SBT 
with a sensitivity of 78.95% and 
specificity of 70.83% 

Ultrasonographic measurement of DE 
is a good method for predicting 
weaning outcome from mechanical 
ventilation. 

Osman 
and 
Hashim, 
2017 44 

68 Patients in 
different 
ICU with 
various 
reason for 
MV, met the 
traditional 
weaning 
criteria 

After 
extubation 

DTF ≥ 28% 
DE ≥ 10 mm 
LUS score < 
12 

Reintubation 
within 48h of 
extubation 

DE cut-off of 10 mm had 83.3% 
sensitivity, 100% specificity; 
A cut off value of 28% for DTF 
showed 88.9% sensitivity; 
Pleural US with cut-off value 12 
showed 100% sensitivity, 96% 
specificity 

Diaphragmatic and lung US can be 
used as additive new parameters for 
prediction of weaning process 
outcome 

Khan et 
al, 2018 45 

90 Patients 
requiring 
MV for 
more than 
48 h who 
were ready 
to perform a 
SBT 

During SBT DE > 13.5 mm 
 
RSBI <59 

Reintubation or 
NIV within 48h of 
extubation 

RSBI cut-off of 59 is 79% 
sensitive and 64% specific for 
successful extubation. 
DE cutoff value of 13.5 mm is 
74% sensitive and 75% specific.  
The AUROC of RSBI and DE 
(0.815 and 0.795, respectively) 
are significant and comparable 

RSBI is a better parameter in 
predicting weaning outcomes than 
DE, but DE can be an adjunct 
parameter with conventional RSBI 
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Baess et 
al, 2016 46 

30 Patients who 
were 
planned for 
weaning 

During a 
weaning trial 

DTF ≥ 30% 
DE > 10 mm 
 
RSBI <73.5 

Reintubation or 
NIV within 48h of 
extubation 

The RSBI performed better than 
all other parameters. A cut-off 
value of 73.5 had 87% sensitivity 
and 100% specificity for 
predicting extubation success 

Sonographically measured DTF 
performed better than DE in 
predicting value for weaning outcome 
The RSBI performed better than DE 
and DTF 

Saeed et 
al, 2016 50 

50 COPD 
patients who 
were 
prepared for 
extubation 

During SBT DE > 11 mm Reintubation 
within 48h of 
extubation 

DE was higher among those with 
successful weaning using a cut-
off value of 11 mm with 
sensitivity of 86.4%, specificity 
of 87.5%, and accuracy of 89.5% 

DE is sensitive, specific, and accurate 
for predicting weaning of COPD 
patients from MV 

Flevari et 
al, 2016 51 

27 Patients with 
difficult 
and/or 
prolonged 
weaning, 
who met the 
criteria for 
SBT 

During SBT DE (left) ≥ 17 
mm 
DE (right) ≥ 
10 mm 

Ventilatory 
support 
(noninvasive or 
invasive) within 
48h after a SBT 

DE (left) at a cut-off 10 mm  was 
the best index to predict weaning 
success (sensitivity 86% and 
specificity 85%)  

DE threshold of 10 mm and 7 mm for 
right and left hemidiaphragms 
respectively could be used as adjunct 
tool in the predictive algorithm of 
weaning in difficult to wean patients 

Carrie et 
al, 2017 52 

67 Patients 
requiring 
MV for 
more than 
48 h who 
were ready 
to perform a 
SBT 

Before the start 
of SBT 

DE > 27 mm SBT failure or the 
need for MV or 
death within 48h 
of extubation 

Mean values of DE were 
significantly higher in patients 
who succeeded at their first 
weaning attempt 

A decrease in DE may be associated 
with an unfavourable weaning 
outcome. However, US does not 
provide any additional value 
compared to the Medical Research 
Council (MRC) score 

Ferrari et 
al, 2014 53 

46 Patients who 
failing one 
or more 

During SBT DTF > 36% Inability to 
maintain 
spontaneous 

A cutoff value of a DTF >36% 
was associated with a successful 

DTF can predict successful extubation 
similarly to other weaning indexes 
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attempts of 
weaning, 
met the 
criteria for a 
SBT 

breathing without 
any ventilatory 
support within 48h 
of extubation 

SBT with a sensitivity of 82% 
and a 
specificity of 88% 

Farghaly 
and 
Hasan, 
2017 54 

54 Patients with 
underlying 
pulmonary 
disease who 
had 
successfully 
passed the 
SBT 

Obtained at 
30min of a 2h 
SBT 

DE ≥ 15 mm  
DTF ≥ 34.2% 
DT at end 
inspiration ≥ 
21 mm  
DT at end 
expiration 
≥10.5 mm 

Inability to 
maintain 
spontaneous 
breathing without 
any ventilatory 
support within 48h 
of extubation 

US indexes were significantly 
higher in the SG compared to the 
FG  
On combining both DE ≥10.5 
mm and DT ≥ 21 mm at end 
inspiration, the sensitivity 
decreased to 64.9% but 
specificity increased to 100%  

Either DE or DT at end inspiration 
could be a good predictor of 
extubation outcome in patients who 
passed SBT  

Ali and 
Mohamad, 
2016 55 

60 Patients 
under MV 

Within 24h 
before 
extubation 

DTF > 30% 
DE > 15 mm 

MV within 48h of 
self-breathing 

The maximum DT, DTF and DE 
decrease were observed among 
patients within the first 3 days of 
MV (in a rate 0.23/day (20%), 
3.27/day (32.7%) and 0.3/day 
(30%) respectively) 
SG presented higher DE and 
DTF  

There was a significant decrease in the 
DE and DTF with increased duration 
of MV; 
Ultrasound is a sensitive accurate 
method for predicting weaning 
outcome; 
Early switch from controlled MV to 
assist ventilation was associated with 
reversal of VIDD 

 
DE diaphragm excursion, DT diaphragm thickness, DTF diaphragm thickening fraction, MV mechanical ventilation, NIV non-invasive ventilation, RSBI rapid shallow 

breathing index, US ultrasonography,  SG success group, FG failure group, ICU intensive care unit, SBT spontaneous breathing trial, PS pressure support, VIDD 

ventilated-induced diaphragmatic dysfunction, COPD chronic obstructive pulmonary disease, NA non-applicable 
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Table III.  Summary of the most relevant studies regarding ultrasonographic indices to assess diaphragm contractile force and function in children 

 

Study 

(year) 
N Patient 

category 
Patient 

median 

age 

Timing of 

diaphragmatic 

US 

Cut-off 

values for 

successful 

weaning 

Definition 

of Weaning 

Failure 

Outcomes Main findings 

Glau et 

al, 2018 
2 

56 Patients < 18 
years old 
with ARF 
who 
required 
invasive MV 
for > 24h 

17 
months 

First within 36h 
of intubation 
and last 
preceding 
extubation  

NA Reintubation 
or NIV 
within 48h 

Diaphragmatic daily atrophy rate of 3.4%; 

Linear correlation between DTF and SBF; 

Increased rates of atrophy and a longer 
median length of MV in subjects exposed 
to NMB. 

 

Progressive diaphragm atrophy 
occurs in children on MV for 
ARF; Diaphragm contractility is 
strongly correlated with SBF 
during MV; The combination of 
exposure to NMB infusion with 
low SBF is associated with a 
greater degree of atrophy. 

Lee et 

al, 2017 
14 

31 Children 
aged 1 
month to 18 
years  who 
were newly 
intubated for 
MV 

3 years Immediately 
after intubation 
until discharge 
from the PICU 

DTF ≥ 17% Reintubation 
within 48h 

Initial median decrease of  9.4% in DTF in 
the first day of MV; Average decrease per 
day of  0.68% in DT after the first day; 

Average decrease per day of  0.58% in 
DTF after the first day; DTF significantly 
different between the SG and FG; DTF 
value of <17% associated with extubation 
failure. 

Significant diaphragm atrophy 
and a decreased DTF were 
observed within 24h of MV.  

The recovery of the DTF after 
extubation may be an initial 
predictor of successful extubation 
from MV 

Dionisi

o et al, 

2019 15 

17 Children 
under MV 
for greater 
than 48h 

42 
months 

Daily during 
MV 

DTF > 35% Reintubation 
within 48h 

Median decrease in DTF of 13% under 
pressure-regulated volume control; 

Tendency to increase DTF and DE during 
the pre-extubation stage under pressure 
support ventilation; 

Extubation failure occurred for DTF ≤ 
35%. 

Titration of ventilation may allow 
a reduction of VIDD and its 
clinical repercussions 

DE diaphragm excursion, DT diaphragm thickness, DTF diaphragm thickening fraction, MV mechanical ventilation, NIV non-invasive ventilation, ARF acute respiratory 

failure, SBF - Spontaneuos Breathing Fraction, NMB - Neuromuscular Blockade, SG success group, FG failure group, PICU pediatrics intensive care unit, VIDD ventilated-

induced diaphragmatic dysfunction, NA non- applicable
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Instructions for Authors 
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All papers providing pre-clinical data (experimental, animal, in-vitro, bench studies or studies without patients) should 
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It is necessary for you to upload the appropriate EQUATOR checklist for your study. Please find the appropriate 
checklist at EQUATOR Network. 

All manuscripts undergo review. An initial check is conducted soon after submission to ensure that all manuscripts 
comply with the guidelines outlined in the Instructions for Authors. A pre-evaluation is then performed by the 
Editor-in-Chief and one or more Editors to determine which papers are sent for external peer review. Papers not 
sent out for review will be immediately rejected. 

Research articles must meet the following criteria: 
 
• The manuscript presents the results of primary scientific research. 
• The results have not been published in full elsewhere.  
• Analyses are performed to a high technical standard and are described in full in the manuscript. 
• Conclusions are presented in a clear and concise manner and are supported by the data. 
• Manuscripts must be written English using standard scientific terms.  
• The research meets all applicable ethical standards. 
• The article adheres to appropriate reporting guidelines and community standards for full data disclosure.  
• All conflicts of interest should be clearly stated in the manuscript.  
• According to the Uniform Requirements for Manuscripts Submitted to Biomedical Journals, designation as an author 
must satisfy three conditions. The author must have: 
- Contributed substantially to the conception and design of the study, the acquisition of data, or the analysis and 
interpretation of the data. 
- Drafted or provided critical revision of the article. 
- Provided final approval of the version submitted for publication. 
 
• Authors of original papers and reviews are requested to provide the following information:  
- A "Take-home message" (two-sentences) which summarizes how the manuscript adds to current knowledge. This 
will appear in the final published version of the paper. 
- A 140-character Tweet that may appear online via the Intensive Care Medicine website or social media platforms. 
This Tweet will not form part of the print version of the manuscript. 
• The role of authors and contributors has recently been clarified by the ICMJE 
 

Types of Papers 
 
ICM is not accepting papers providing pre-clinical data (experimental, animal, in-vitro, bench studies or studies 
without patients). These manuscripts should be submitted to ICM Experimental 
ICM Experimental 
Original Papers 
Research articles must meet the following criteria: 
• The manuscript presents the results of primary scientific research 
• The results have not been published in full elsewhere 
• Analyses are performed to a high technical standard and are described in full in the manuscript 
• Conclusions are presented in a clear and concise manner and are supported by the data 
• Manuscripts must be written in English using standard scientific terms 
• The research meets all applicable ethical standards 
• The article adheres to appropriate reporting guidelines and community standards for full data disclosure. In general 
papers of studies that have been pre-registered or have a pre-published or approved protocol and analysis plan are 
prioritized 



• All conflicts of interest should be clearly stated in the manuscript 
• It is mandatory to upload the appropriate EQUATOR checklist for your study. Please find the appropriate checklist 
at EQUATOR Network 
• According to the Uniform Requirements for Manuscripts Submitted to Biomedical Journals, designation as an author 
must satisfy three conditions. Each author must have: 
- Contributed substantially to the conception and design of the study, the acquisition of data, or the analysis and 
interpretation of the data 
- Drafted or provided critical revision of the article 
- Provided final approval of the version submitted for publication 
• A statement detailing the role of each author in the study should be reported in an appropriate Authorship 
statement section of the manuscript in compliance with the ICMJE recommendations. 
• At the Editor’s discretion, authors may be asked to reduce the number of authors in the byline, whenever 
appropriate. The authors may add a study group name as an author in the byline and list the study group members 
in an appropriate footnote in the first page of the manuscript in order to have their names entered in PubMed as 
Collaborators. 
• In addition to the abovementioned statements an Authorship and Conflict of Interest form should be completed, 
signed by each author and uploaded with the manuscript. The form can be downloaded here. 
• A 250-word abstract and 3-5 keywords are required 
• Original papers must not exceed 3,000 words and should include no more than 5 illustrations and tables. 
• Up to 50 references are permitted. If a higher number of references is needed, explain the reasons during the 
submission processes.  
• When reporting the results of a randomized controlled trial, author(s) should use the CONSORT statement as a 
guide in preparing the manuscript.  
• If the authors consider that their manuscript needs to be longer than 3,000 words or contain more figures or tables, 
the reasons for this should be justified in the cover letter to the Editor-in-Chief.  
• Supplementary information can be published in electronic supplements without limitation. 
• The journal considers only pre-registered trials. A statement should be reported in the manuscript. 
• The journal does not consider single centre retrospective studies 
• IRB/ethical committee approval and patient informed consent statements should be reported in the manuscript in 
the Materials and Methods section or in a separate section at the end of the manuscript 
• Authors of original papers and reviews are requested to provide the following information: 
- A “Take-home message” (two sentences) which summarizes how the manuscript adds to current knowledge. This 
will appear in the final published version of the paper. 
- A 140-character Tweet that may appear online via the Intensive Care Medicine website or social media platforms. 
This Tweet will not form part of the print version of the manuscript 
CONSORT-statement 
 
7-Day Profile Publications 
• Only high-quality manuscripts providing new findings from large prospective observational or interventional studies 
can be submitted as a 7-day profile publication, allowing important data to be rapidly available in the public domain  
• 7-day profile publications are initially assessed by the Editor-in-Chief and Deputy Editors, and those deemed suitable 
for this format sent to external reviewers. A decision will be notified to the authors within 7 working days 
• Manuscripts will either be provisionally accepted, rejected or transferred to the standard peer review process. In 
the case of provisional acceptance, authors will have one day to address the reviewers’ comments and resubmit a 
revised manuscript. 
• From a manuscript preparation point of view, please comply with the instructions for Original Articles 
 
Review Articles, Systematic Reviews, Meta-Analyses 
• Review articles should only be submitted after prior consultation with the editors and are subject to the peer review 
process. The journal is primarily interested in receiving systematic reviews and meta-analyses that use high-quality 
methodology (pre-registered, published protocol, systematic search, selection and reporting paper) and address 
relevant clinical questions not already or completely addressed in the literature.  
• Review articles must not exceed 4,000 words and 75 references. Supplementary information can be published in 
electronic supplements without limitation. 
• Proposals for review articles should be submitted as a two-page outline so that content can be discussed at an early 
stage. Review articles must include original tables, figures, graphs, and other didactic materials. They must provide 
unique information not available elsewhere. 
• Authorship should comply with the ICMJE recommendation for authorship and the role of each author should be 
specified in the first page of the manuscript below the byline. 
• At the Editor’s decision, authors may be asked to reduce the number of authors in the byline whenever appropriate. 
The authors may add a study group name as an author in the byline and list the study group members in an 
appropriate footnote in the first page of the manuscript in order to have their names entered in PubMed as 
Collaborators. 
• In addition to the abovementioned statements an Authorship and Conflict of Interest form should be completed, 
signed by each author and uploaded with the manuscript. The form can be downloaded here. 



• Authors of original papers and reviews are requested to provide the following information: 
- A “Take-home message” (two sentences) which summarizes how the manuscript adds to current knowledge. This 
will appear in the final published version of the paper. 
- A 140-character Tweet that may appear online via the Intensive Care Medicine website or social media platforms. 
This Tweet will not form part of the print version of the manuscript 
Two types of reviews are considered: Systematic Reviews and Meta-Analyses (or a combination of both). It is strongly 
recommended that systematic reviews and meta-analyses comply with the PRISMA Statement, which is available 
here 
 
Narrative/Scoping Reviews 
Narrative/Scoping Reviews should only be submitted after prior consultation with the Editors and are subject to the 
peer-review process. They represent the state-of-the-art in a specific field of research and are prepared by senior 
authors with a broad knowledge of the field. 
• Narrative reviews should not exceed 4,000 words and 80 references and should contain figures and tables 
• Authorship should not exceed 3 authors, preferably from different centres/countries, although some exceptions 
can be made by the Editors on a case by case basis depending on the topic 
• A statement detailing each Author’s role in the study and conflict of interest is mandatory for all papers 
• In addition to the abovementioned statements an Authorship and Conflict of Interest form should be completed, 
signed by each author and uploaded with the manuscript. The form can be downloaded here. 
• IRB/ethical committee approval and informed consent statements are not required 
• A structured abstract is not required 
 
Editorials 
• Editorials are always commissioned by the Editors and comment on one or more articles in the same issue of the 
Journal. Editorials must not exceed 1,000 words and up to 15 references, and include a mandatory table or figure.  
• Editorials have a maximum of 3 authors  
• No abstract 
• Conflict of interest disclosure is mandatory for all papers 
• Conflict of interest disclosure is mandatory for all papers and should be accompanied by a form to be signed by 
each author. The form can be downloaded here. 
 
What’s New in Intensive Care? 
• What's New articles can only be submitted after invitation by an Editor 
• Expert clinicians and scientists are invited to outline the most striking advances in their field of expertise. The 
manuscript should focus on the most recent knowledge and address ICM’s global readership. 
• What's New articles are in the format of editorials and typically entitled "What's New in ...". They must not exceed 
1,000 words and up to 15 references, and include a mandatory table or figure. A maximum of three authors is 
permitted. 
• Expert clinicians and scientists are invited to outline the most striking advances in their field of expertise. The 
manuscript should focus on the most recent knowledge and address ICM's global readership. 
• No abstract 
 
Understanding the Disease 
“Understanding the disease” articles can only be submitted after invitation by an Editor. Authors should outline a 
clinical challenge in intensive care medicine and can include a specific disease state, a syndrome, and a clinical 
abnormality or an intervention. The manuscript should communicate best practice in this field in a focused and 
structured way that is accessible to a broad group of clinical colleagues, while outlining the most recent advances. 
• They are prepared in the format of editorials and must not exceed 1,000 words and up to 15 references. 
• A single image is mandatory 
• A maximum of three authors is permitted 
• No abstract is required 
 
Less is more in Intensive Care 
„Less is more in Intensive Care“ articles can only be submitted upon invitation by an Editor. 
They should not exceed 1,000 words and 20 references. 
• A maximum of three authors is permitted, preferably from different centres/countries 
• No abstract is required 
Images 
• Submission under the Image section must be of high scientific quality and value as well as providing didactic and 
self-explanatory lessons. They must be unique and adhere to ethical standards with patient/relative approval when 
appropriate, protection of patient identity and privacy, and local ethics approval as appropriate.  
• The accompanying text must not exceed 200 words. A maximum of four authors is permitted. 
• No abstract or references 
• The section is not supposed for the publication of case-reports. The focus is on the images 
 



Correspondence 
Correspondence articles provide an opportunity to debate published articles on ICM. The Correspondence is aimed 
at commenting on an ICM article. 
• The Correspondence article must not exceed 500 words, 5 references (including the ICM article which is referred) 
and 1 figure or table 
• The total number of authors should not exceed 5 
• At the Editor’s discretion the authors of the commented original article may be invited to write a reply, which also 
should not exceed 500 words, 5 references (including the original ICM article and the related correspondence) and 1 
figure or table 
 
Letters to the Editor 
• Letters to the editor provide an opportunity to present results of high scientific value where a short format is most 
appropriate. Typically, letters are dedicated to small pilot/feasibility studies and/or preliminary data. They must not 
exceed 500 words, 5 references and 1 figure or table. 
• The journal does not consider case reports or brief reports for publication. 
• Authorship of letters to the editor should be limited to 5 authors or less. In case of letters which stem from an 
original study with a higher number of authors, a choice must be made by the authors on the names that should 
appear in the byline and those that may appear in a footnote or in a study group 
• Study group collaborating authors should be included in the front page but separate from the byline 
• To the Editor’s discretion the authors may be asked to specify the role of each author in the article preparation 
From the Inside 
• From the inside includes poetry, trivia, personal stories, thoughts and memories, sounding boards, obituaries or 
other qualitative materials that authors wish to share with colleagues. 
 
 
Manuscript Submission 
 
Manuscript Submission 
Submission of a manuscript implies: that the work described has not been published before; that it is not under 
consideration for publication anywhere else; that its publication has been approved by all co-authors, if any, as well 
as by the responsible authorities – tacitly or explicitly – at the institute where the work has been carried out. The 
publisher will not be held legally responsible should there be any claims for compensation. 
 
Permissions 
Authors wishing to include figures, tables, or text passages that have already been published elsewhere are required 
to obtain permission from the copyright owner(s) for both the print and online format and to include evidence that 
such permission has been granted when submitting their papers. Any material received without such evidence will 
be assumed to originate from the authors. 
 
Online Submission 
Please follow the hyperlink “Submit online” on the right and upload all of your manuscript files following the 
instructions given on the screen. 
Please ensure you provide all relevant editable source files. Failing to submit these source files might cause 
unnecessary delays in the review and production process. 
 
 
Title page 
 
Title Page 
Please use this template title page for providing the following information.  
The title page should include: 
The name(s) of the author(s) 
A concise and informative title 
The affiliation(s) of the author(s), i.e. institution, (department), city, (state), country 
A clear indication and an active e-mail address of the corresponding author 
If available, the 16-digit ORCID of the author(s) 
If address information is provided with the affiliation(s) it will also be published. 
For authors that are (temporarily) unaffiliated we will only capture their city and country of residence, not their e-
mail address unless specifically requested. 
 
Abstract 
Please provide a structured abstract of 150 to 250 words which should be divided into the following sections: 
Purpose (stating the main purposes and research question)  
Methods  
Results 



Conclusion 
For life science journals only (when applicable) 
Trial registration number and date of registration  
Trial registration number, date of registration followed by “retrospectively registered”  
 
Keywords 
Please provide 4 to 6 keywords which can be used for indexing purposes. 
 
Declarations 
All manuscripts must contain the following sections under the heading 'Declarations'.  
If any of the sections are not relevant to your manuscript, please include the heading and write 'Not applicable' for 
that section. 
 
To be used for non-life science journals 
Funding (information that explains whether and by whom the research was supported) 
Conflicts of interest/Competing interests (include appropriate disclosures) 
Availability of data and material (data transparency) 
Code availability (software application or custom code) 
Authors' contributions (optional: please review the submission guidelines from the journal whether statements are 
mandatory) 
 
To be used for life science journals + articles with biological applications 
Funding (information that explains whether and by whom the research was supported) 
Conflicts of interest/Competing interests (include appropriate disclosures) 
Ethics approval (include appropriate approvals or waivers) 
Consent to participate (include appropriate statements) 
Consent for publication (include appropriate statements) 
Availability of data and material (data transparency) 
Code availability (software application or custom code) 
Authors' contributions (optional: please review the submission guidelines from the journal whether statements are 
mandatory) 
Please see the relevant sections in the submission guidelines for further information as well as various examples of 
wording. Please revise/customize the sample statements according to your own needs.  
Please note: 
An abstract is not required for Editorials, Short articles such as ‘Focus on, Less is More in Intensive Care, 
Understanding the Disease, etc.’ 
For details, or to submit an outline of your manuscript, please contact the Intensive Care Medicine Managing Editor 
at intensivecaremedicine@unimib.it 
 
 
Text 
 
Text Formatting 
Manuscripts should be submitted in Word. 
Use a normal, plain font (e.g., 10-point Times Roman) for text. 
Use italics for emphasis. 
Use the automatic page numbering function to number the pages. 
Do not use field functions. 
Use tab stops or other commands for indents, not the space bar. 
Use the table function, not spreadsheets, to make tables. 
Use the equation editor or MathType for equations. 
Save your file in docx format (Word 2007 or higher) or doc format (older Word versions). 
Manuscripts with mathematical content can also be submitted in LaTeX. 
LaTeX macro package (Download zip, 188 kB)  
Headings 
Please use no more than three levels of displayed headings. 
Abbreviations 
Abbreviations should be defined at first mention and used consistently thereafter. 
Footnotes 
Footnotes can be used to give additional information, which may include the citation of a reference included in the 
reference list. They should not consist solely of a reference citation, and they should never include the bibliographic 
details of a reference. They should also not contain any figures or tables.  
Footnotes to the text are numbered consecutively; those to tables should be indicated by superscript lower-case 
letters (or asterisks for significance values and other statistical data). Footnotes to the title or the authors of the 
article are not given reference symbols.  



Always use footnotes instead of endnotes. 
Acknowledgments 
Acknowledgments of people, grants, funds, etc. should be placed in a separate section on the title page. The names 
of funding organizations should be written in full. 
Zotero 
If you use Zotero, the ICM styling template can be found here. 
 
Scientific style 
Generic names of drugs and pesticides are preferred; if trade names are used, the generic name should be given at 
first mention. 
 
References 
Citation 
Reference citations in the text should be identified by numbers in square brackets. Some examples: 
1. Negotiation research spans many disciplines [3]. 
2. This result was later contradicted by Becker and Seligman [5]. 
3. This effect has been widely studied [1-3, 7]. 
Reference list 
The list of references should only include works that are cited in the text and that have been published or accepted 
for publication. Personal communications and unpublished works should only be mentioned in the text. Do not use 
footnotes or endnotes as a substitute for a reference list. 
The entries in the list should be numbered consecutively. 
Journal article 
Gamelin FX, Baquet G, Berthoin S, Thevenet D, Nourry C, Nottin S, Bosquet L (2009) Effect of high intensity 
intermittent training on heart rate variability in prepubescent children. Eur J Appl Physiol 105:731-738. 
https://doi.org/10.1007/s00421-008-0955-8 
Ideally, the names of all authors should be provided, but the usage of “et al” in long author lists will also be accepted: 
Smith J, Jones M Jr, Houghton L et al (1999) Future of health insurance. N Engl J Med 965:325–329  
Article by DOI  
Slifka MK, Whitton JL (2000) Clinical implications of dysregulated cytokine production. J Mol Med. 
https://doi.org/10.1007/s001090000086 
Book 
South J, Blass B (2001) The future of modern genomics. Blackwell, London 
Book chapter 
Brown B, Aaron M (2001) The politics of nature. In: Smith J (ed) The rise of modern genomics, 3rd edn. Wiley, New 
York, pp 230-257 
Online document 
Cartwright J (2007) Big stars have weather too. IOP Publishing PhysicsWeb. 
http://physicsweb.org/articles/news/11/6/16/1. Accessed 26 June 2007 
Dissertation 
Trent JW (1975) Experimental acute renal failure. Dissertation, University of California 
Always use the standard abbreviation of a journal’s name according to the ISSN List of Title Word Abbreviations, see 
ISSN.org LTWA 
If you are unsure, please use the full journal title. 
For authors using EndNote, Springer provides an output style that supports the formatting of in-text citations and 
reference list. 
EndNote style (Download zip, 4 kB)  
Please note: 
References are not necessary for the following sections: Correspondences, Imaging, and From the inside. 
 
Tables 
All tables are to be numbered using Arabic numerals. 
Tables should always be cited in text in consecutive numerical order.  
For each table, please supply a table caption (title) explaining the components of the table. 
Identify any previously published material by giving the original source in the form of a reference at the end of the 
table caption. 
Footnotes to tables should be indicated by superscript lower-case letters (or asterisks for significance values and 
other statistical data) and included beneath the table body. 
Tables for ICM publication should be prepared taking into account the current style of the journal. Tables that do not 
exceed the A4 width of a page (portrait format) are preferred. Decimals should be limited to two digits, unless data 
require to specify up to the third or fourth decimal digit (e.g. 0.0004). Unnecessary decimals should be avoided (e.g. 
4.00 should be 4). 
 
Artwork and Illustrations Guidelines 
Electronic Figure Submission 



Supply all figures electronically. 
Indicate what graphics program was used to create the artwork. 
For vector graphics, the preferred format is EPS; for halftones, please use TIFF format. MSOffice files are also 
acceptable. 
Vector graphics containing fonts must have the fonts embedded in the files. 
Name your figure files with "Fig" and the figure number, e.g., Fig1.eps. 
Line Art 

 
Definition: Black and white graphic with no shading. 
Do not use faint lines and/or lettering and check that all lines and lettering within the figures are legible at final size. 
All lines should be at least 0.1 mm (0.3 pt) wide. 
Scanned line drawings and line drawings in bitmap format should have a minimum resolution of 1200 dpi. 
Vector graphics containing fonts must have the fonts embedded in the files. 
Halftone Art 

 
Definition: Photographs, drawings, or paintings with fine shading, etc. 
If any magnification is used in the photographs, indicate this by using scale bars within the figures themselves. 
Halftones should have a minimum resolution of 300 dpi. 
Combination Art 

 
Definition: a combination of halftone and line art, e.g., halftones containing line drawing, extensive lettering, color 
diagrams, etc. 
Combination artwork should have a minimum resolution of 600 dpi. 
Color Art 
Color art is free of charge for online publication. 
If black and white will be shown in the print version, make sure that the main information will still be visible. Many 
colors are not distinguishable from one another when converted to black and white. A simple way to check this is to 
make a xerographic copy to see if the necessary distinctions between the different colors are still apparent. 
If the figures will be printed in black and white, do not refer to color in the captions. 
Color illustrations should be submitted as RGB (8 bits per channel). 
Figure Lettering 
To add lettering, it is best to use Helvetica or Arial (sans serif fonts). 



Keep lettering consistently sized throughout your final-sized artwork, usually about 2–3 mm (8–12 pt). 
Variance of type size within an illustration should be minimal, e.g., do not use 8-pt type on an axis and 20-pt type for 
the axis label. 
Avoid effects such as shading, outline letters, etc. 
Do not include titles or captions within your illustrations. 
Figure Numbering 
All figures are to be numbered using Arabic numerals. 
Figures should always be cited in text in consecutive numerical order. 
Figure parts should be denoted by lowercase letters (a, b, c, etc.). 
If an appendix appears in your article and it contains one or more figures, continue the consecutive numbering of the 
main text. Do not number the appendix figures,"A1, A2, A3, etc." Figures in online appendices (Electronic 
Supplementary Material) should, however, be numbered separately. 
Figure Captions 
Each figure should have a concise caption describing accurately what the figure depicts. Include the captions in the 
text file of the manuscript, not in the figure file. 
Figure captions begin with the term Fig. in bold type, followed by the figure number, also in bold type. 
No punctuation is to be included after the number, nor is any punctuation to be placed at the end of the caption. 
Identify all elements found in the figure in the figure caption; and use boxes, circles, etc., as coordinate points in 
graphs. 
Identify previously published material by giving the original source in the form of a reference citation at the end of 
the figure caption. 
Figure Placement and Size 
Figures should be submitted separately from the text, if possible. 
When preparing your figures, size figures to fit in the column width. 
For large-sized journals the figures should be 84 mm (for double-column text areas), or 174 mm (for single-column 
text areas) wide and not higher than 234 mm. 
For small-sized journals, the figures should be 119 mm wide and not higher than 195 mm. 
Permissions 
If you include figures that have already been published elsewhere, you must obtain permission from the copyright 
owner(s) for both the print and online format. Please be aware that some publishers do not grant electronic rights 
for free and that Springer will not be able to refund any costs that may have occurred to receive these permissions. 
In such cases, material from other sources should be used. 
Accessibility 
In order to give people of all abilities and disabilities access to the content of your figures, please make sure that 
All figures have descriptive captions (blind users could then use a text-to-speech software or a text-to-Braille 
hardware) 
Patterns are used instead of or in addition to colors for conveying information (colorblind users would then be able 
to distinguish the visual elements) 
Any figure lettering has a contrast ratio of at least 4.5:1 
Please note: General Guidelines 
Some general guidelines to prepare figures in the style of the journal: 
Font: Helvetica 
Colours: navy blue #0c385c; light blue #1770b8; light mauve blue #d0d9f0; dark mauve blue #6b8ac5 
Tables should be preferably vertical within an A4 page. They may be horizontal if the table size is half an A4 page. 
At the Editor’s discretion some figures may be re-drawn. The authors may be asked to coordinate with the Managing 
Editor for figures to be re-drawn by the journal illustrator at no cost for the authors. 
 
Color Art 
Color illustrations: Publication of color illustrations is free of charge. 
 
Electronic Supplementary Material 
Springer accepts electronic multimedia files (animations, movies, audio, etc.) and other supplementary files to be 
published online along with an article or a book chapter. This feature can add dimension to the author's article, as 
certain information cannot be printed or is more convenient in electronic form. 
Before submitting research datasets as electronic supplementary material, authors should read the journal’s Research 
data policy. We encourage research data to be archived in data repositories wherever possible. 
Submission 
Supply all supplementary material in standard file formats. 
Please include in each file the following information: article title, journal name, author names; affiliation and e-mail 
address of the corresponding author. 
To accommodate user downloads, please keep in mind that larger-sized files may require very long download times 
and that some users may experience other problems during downloading. 
Audio, Video, and Animations 
Aspect ratio: 16:9 or 4:3 
Maximum file size: 25 GB 



Minimum video duration: 1 sec  
Supported file formats: avi, wmv, mp4, mov, m2p, mp2, mpg, mpeg, flv, mxf, mts, m4v, 3gp 
Text and Presentations 
Submit your material in PDF format; .doc or .ppt files are not suitable for long-term viability. 
A collection of figures may also be combined in a PDF file. 
Spreadsheets 
Spreadsheets should be submitted as .csv or .xlsx files (MS Excel). 
Specialized Formats 
Specialized format such as .pdb (chemical), .wrl (VRML), .nb (Mathematica notebook), and .tex can also be supplied. 
Collecting Multiple Files 
It is possible to collect multiple files in a .zip or .gz file. 
Numbering 
If supplying any supplementary material, the text must make specific mention of the material as a citation, similar to 
that of figures and tables. 
Refer to the supplementary files as “Online Resource”, e.g., "... as shown in the animation (Online Resource 3)", “... 
additional data are given in Online Resource 4”. 
Name the files consecutively, e.g. “ESM_3.mpg”, “ESM_4.pdf”. 
Captions 
For each supplementary material, please supply a concise caption describing the content of the file.  
Processing of supplementary files 
Electronic supplementary material will be published as received from the author without any conversion, editing, or 
reformatting.  
Accessibility 
In order to give people of all abilities and disabilities access to the content of your supplementary files, please make 
sure that  
The manuscript contains a descriptive caption for each supplementary material 
Video files do not contain anything that flashes more than three times per second (so that users prone to seizures 
caused by such effects are not put at risk) 
 
Ethical Responsibilities of Authors 
This journal is committed to upholding the integrity of the scientific record. As a member of the Committee on 
Publication Ethics (COPE) the journal will follow the COPE guidelines on how to deal with potential acts of misconduct.  
Authors should refrain from misrepresenting research results which could damage the trust in the journal, the 
professionalism of scientific authorship, and ultimately the entire scientific endeavour. Maintaining integrity of the 
research and its presentation is helped by following the rules of good scientific practice, which include*: 
The manuscript should not be submitted to more than one journal for simultaneous consideration.  
The submitted work should be original and should not have been published elsewhere in any form or language 
(partially or in full), unless the new work concerns an expansion of previous work. (Please provide transparency on 
the re-use of material to avoid the concerns about text-recycling (‘self-plagiarism’). 
A single study should not be split up into several parts to increase the quantity of submissions and submitted to 
various journals or to one journal over time (i.e. ‘salami-slicing/publishing’). 
Concurrent or secondary publication is sometimes justifiable, provided certain conditions are met. Examples include: 
translations or a manuscript that is intended for a different group of readers.  
Results should be presented clearly, honestly, and without fabrication, falsification or inappropriate data 
manipulation (including image based manipulation). Authors should adhere to discipline-specific rules for acquiring, 
selecting and processing data. 
No data, text, or theories by others are presented as if they were the author’s own (‘plagiarism’). Proper 
acknowledgements to other works must be given (this includes material that is closely copied (near verbatim), 
summarized and/or paraphrased), quotation marks (to indicate words taken from another source) are used for 
verbatim copying of material, and permissions secured for material that is copyrighted.  
Important note: the journal may use software to screen for plagiarism. 
Authors should make sure they have permissions for the use of software, questionnaires/(web) surveys and scales in 
their studies (if appropriate). 
Authors should avoid untrue statements about an entity (who can be an individual person or a company) or 
descriptions of their behavior or actions that could potentially be seen as personal attacks or allegations about that 
person.  
Research that may be misapplied to pose a threat to public health or national security should be clearly identified in 
the manuscript (e.g. dual use of research). Examples include creation of harmful consequences of biological agents 
or toxins, disruption of immunity of vaccines, unusual hazards in the use of chemicals, weaponization of 
research/technology (amongst others). 
Authors are strongly advised to ensure the author group, the Corresponding Author, and the order of authors are all 
correct at submission. Adding and/or deleting authors during the revision stages is generally not permitted, but in 
some cases may be warranted. Reasons for changes in authorship should be explained in detail. Please note that 
changes to authorship cannot be made after acceptance of a manuscript. 



*All of the above are guidelines and authors need to make sure to respect third parties rights such as copyright and/or 
moral rights. 
Upon request authors should be prepared to send relevant documentation or data in order to verify the validity of 
the results presented. This could be in the form of raw data, samples, records, etc. Sensitive information in the form 
of confidential or proprietary data is excluded. 
If there is suspicion of misbehavior or alleged fraud the Journal and/or Publisher will carry out an investigation 
following COPE guidelines. If, after investigation, there are valid concerns, the author(s) concerned will be contacted 
under their given e-mail address and given an opportunity to address the issue. Depending on the situation, this may 
result in the Journal’s and/or Publisher’s implementation of the following measures, including, but not limited to:  
If the manuscript is still under consideration, it may be rejected and returned to the author.  
If the article has already been published online, depending on the nature and severity of the infraction:  
- an erratum/correction may be placed with the article 
- an expression of concern may be placed with the article 
- or in severe cases retraction of the article may occur. 
The reason will be given in the published erratum/correction, expression of concern or retraction note. Please note 
that retraction means that the article is maintained on the platform, watermarked “retracted” and the explanation 
for the retraction is provided in a note linked to the watermarked article. 
The author’s institution may be informed 
A notice of suspected transgression of ethical standards in the peer review system may be included as part of the 
author’s and article’s bibliographic record. 
Fundamental errors 
Authors have an obligation to correct mistakes once they discover a significant error or inaccuracy in their published 
article. The author(s) is/are requested to contact the journal and explain in what sense the error is impacting the 
article. A decision on how to correct the literature will depend on the nature of the error. This may be a correction or 
retraction. The retraction note should provide transparency which parts of the article are impacted by the error. 
Suggesting / excluding reviewers 
Authors are welcome to suggest suitable reviewers and/or request the exclusion of certain individuals when they 
submit their manuscripts. When suggesting reviewers, authors should make sure they are totally independent and 
not connected to the work in any way. It is strongly recommended to suggest a mix of reviewers from different 
countries and different institutions. When suggesting reviewers, the Corresponding Author must provide an 
institutional email address for each suggested reviewer, or, if this is not possible to include other means of verifying 
the identity such as a link to a personal homepage, a link to the publication record or a researcher or author ID in the 
submission letter. Please note that the Journal may not use the suggestions, but suggestions are appreciated and may 
help facilitate the peer review process. 
 
Authorship principles 
These guidelines describe authorship principles and good authorship practices to which prospective authors should 
adhere to. 
Authorship clarified 
The Journal and Publisher assume all authors agreed with the content and that all gave explicit consent to submit and 
that they obtained consent from the responsible authorities at the institute/organization where the work has been 
carried out, before the work is submitted. 
The Publisher does not prescribe the kinds of contributions that warrant authorship. It is recommended that authors 
adhere to the guidelines for authorship that are applicable in their specific research field. In absence of specific 
guidelines it is recommended to adhere to the following guidelines*: 
All authors whose names appear on the submission  
1) made substantial contributions to the conception or design of the work; or the acquisition, analysis, or 
interpretation of data; or the creation of new software used in the work; 
2) drafted the work or revised it critically for important intellectual content;  
3) approved the version to be published; and  
4) agree to be accountable for all aspects of the work in ensuring that questions related to the accuracy or integrity 
of any part of the work are appropriately investigated and resolved.  
* Based on/adapted from: 
ICMJE, Defining the Role of Authors and Contributors, 
Transparency in authors’ contributions and responsibilities to promote integrity in scientific publication, McNutt at 
all, PNAS February 27, 2018 
Disclosures and declarations 
All authors are requested to include information regarding sources of funding, financial or non-financial interests, 
study-specific approval by the appropriate ethics committee for research involving humans and/or animals, informed 
consent if the research involved human participants, and a statement on welfare of animals if the research involved 
animals (as appropriate). 
The decision whether such information should be included is not only dependent on the scope of the journal, but also 
the scope of the article. Work submitted for publication may have implications for public health or general welfare 
and in those cases it is the responsibility of all authors to include the appropriate disclosures and declarations. 
Data transparency 



All authors are requested to make sure that all data and materials as well as software application or custom code 
support their published claims and comply with field standards. Please note that journals may have individual policies 
on (sharing) research data in concordance with disciplinary norms and expectations. Please check the Instructions for 
Authors of the Journal that you are submitting to for specific instructions. 
Role of the Corresponding Author 
One author is assigned as Corresponding Author and acts on behalf of all co-authors and ensures that questions 
related to the accuracy or integrity of any part of the work are appropriately addressed.  
The Corresponding Author is responsible for the following requirements: 
ensuring that all listed authors have approved the manuscript before submission, including the names and order of 
authors; 
managing all communication between the Journal and all co-authors, before and after publication;* 
providing transparency on re-use of material and mention any unpublished material (for example manuscripts in 
press) included in the manuscript in a cover letter to the Editor; 
making sure disclosures, declarations and transparency on data statements from all authors are included in the 
manuscript as appropriate (see above). 
* The requirement of managing all communication between the journal and all co-authors during submission and 
proofing may be delegated to a Contact or Submitting Author. In this case please make sure the Corresponding Author 
is clearly indicated in the manuscript. 
Author contributions 
Please check the Instructions for Authors of the Journal that you are submitting to for specific instructions regarding 
contribution statements. 
In absence of specific instructions and in research fields where it is possible to describe discrete efforts, the Publisher 
recommends authors to include contribution statements in the work that specifies the contribution of every author 
in order to promote transparency. These contributions should be listed at the separate title page. 
Examples of such statement(s) are shown below: 
• Free text: 
All authors contributed to the study conception and design. Material preparation, data collection and analysis were 
performed by [full name], [full name] and [full name]. The first draft of the manuscript was written by [full name] and 
all authors commented on previous versions of the manuscript. All authors read and approved the final manuscript. 
Example: CRediT taxonomy: 
• Conceptualization: [full name], …; Methodology: [full name], …; Formal analysis and investigation: [full name], …; 
Writing - original draft preparation: [full name, …]; Writing - review and editing: [full name], …; Funding acquisition: 
[full name], …; Resources: [full name], …; Supervision: [full name],…. 
For review articles where discrete statements are less applicable a statement should be included who had the idea 
for the article, who performed the literature search and data analysis, and who drafted and/or critically revised the 
work.  
For articles that are based primarily on the student’s dissertation or thesis, it is recommended that the student is 
usually listed as principal author:  
A Graduate Student’s Guide to Determining Authorship Credit and Authorship Order, APA Science Student Council 
2006 
Affiliation 
The primary affiliation for each author should be the institution where the majority of their work was done. If an 
author has subsequently moved, the current address may additionally be stated. Addresses will not be updated or 
changed after publication of the article. 
Changes to authorship 
Authors are strongly advised to ensure the correct author group, the Corresponding Author, and the order of authors 
at submission. Changes of authorship by adding or deleting authors, and/or changes in Corresponding Author, and/or 
changes in the sequence of authors are not accepted after acceptance of a manuscript.  
Please note that author names will be published exactly as they appear on the accepted submission! 
Please make sure that the names of all authors are present and correctly spelled, and that addresses and affiliations 
are current.  
Adding and/or deleting authors at revision stage are generally not permitted, but in some cases it may be warranted. 
Reasons for these changes in authorship should be explained. Approval of the change during revision is at the 
discretion of the Editor-in-Chief. Please note that journals may have individual policies on adding and/or deleting 
authors during revision stage. 
Author identification 
Authors are recommended to use their ORCID ID when submitting an article for consideration or acquire an ORCID ID 
via the submission process.  
Deceased or incapacitated authors 
For cases in which a co-author dies or is incapacitated during the writing, submission, or peer-review process, and 
the co-authors feel it is appropriate to include the author, co-authors should obtain approval from a (legal) 
representative which could be a direct relative. 
Authorship issues or disputes 
In the case of an authorship dispute during peer review or after acceptance and publication, the Journal will not be 
in a position to investigate or adjudicate. Authors will be asked to resolve the dispute themselves. If they are unable 



the Journal reserves the right to withdraw a manuscript from the editorial process or in case of a published paper 
raise the issue with the authors’ institution(s) and abide by its guidelines. 
Confidentiality 
Authors should treat all communication with the Journal as confidential which includes correspondence with direct 
representatives from the Journal such as Editors-in-Chief and/or Handling Editors and reviewers’ reports unless 
explicit consent has been received to share information. 
 
 
Compliance with Ethical Standards 
 
To ensure objectivity and transparency in research and to ensure that accepted principles of ethical and professional 
conduct have been followed, authors should include information regarding sources of funding, potential conflicts of 
interest (financial or non-financial), informed consent if the research involved human participants, and a statement 
on welfare of animals if the research involved animals. 
Authors should include the following statements (if applicable) in a separate section entitled “Compliance with Ethical 
Standards” when submitting a paper: 
Disclosure of potential conflicts of interest  
Research involving Human Participants and/or Animals 
Informed consent  
Please note that standards could vary slightly per journal dependent on their peer review policies (i.e. single or double 
blind peer review) as well as per journal subject discipline. Before submitting your article check the instructions 
following this section carefully. 
The corresponding author should be prepared to collect documentation of compliance with ethical standards and 
send if requested during peer review or after publication. 
The Editors reserve the right to reject manuscripts that do not comply with the above-mentioned guidelines. The 
author will be held responsible for false statements or failure to fulfill the above-mentioned guidelines. 
Please note: 
Before submitting your article check also the specific instructions of ethical standard adherence for each type of 
article carefully. You may find such specific instructions in the chapter Types of Paper. 
 
 
Disclosure of Potential Conflicts of Interest 
 
Conflicts of interest of all authors must be disclosed in an appropriate section of the manuscript. In addition to the 
statement the corresponding author is required to collect all co-authors signatures and submit the pdf file upon 
manuscript submission. A template of the form is available here. 
 
Research involving human participants, their data or biological material 
 
Ethics approval 
When reporting a study that involved human participants, their data or biological material, authors should include a 
statement that confirms that the study was approved (or granted exemption) by the appropriate institutional and/or 
national research ethics committee (including the name of the ethics committee) and certify that the study was 
performed in accordance with the ethical standards as laid down in the 1964 Declaration of Helsinki and its later 
amendments or comparable ethical standards. If doubt exists whether the research was conducted in accordance 
with the 1964 Helsinki Declaration or comparable standards, the authors must explain the reasons for their approach, 
and demonstrate that an independent ethics committee or institutional review board explicitly approved the doubtful 
aspects of the study. If a study was granted exemption from requiring ethics approval, this should also be detailed in 
the manuscript (including the reasons for the exemption). 
Retrospective ethics approval 
If a study has not been granted ethics committee approval prior to commencing, retrospective ethics approval usually 
cannot be obtained and it may not be possible to consider the manuscript for peer review. The decision on whether 
to proceed to peer review in such cases is at the Editor's discretion. 
Ethics approval for retrospective studies 
Although retrospective studies are conducted on already available data or biological material (for which formal 
consent may not be needed or is difficult to obtain) ethics approval may be required dependent on the law and the 
national ethical guidelines of a country. Authors should check with their institution to make sure they are complying 
with the specific requirements of their country. 
Ethics approval for case studies 
Case reports require ethics approval. Most institutions will have specific policies on this subject. Authors should check 
with their institution to make sure they are complying with the specific requirements of their institution and seek 
ethics approval where needed. Authors should be aware to secure informed consent from the individual (or parent 
or guardian if the participant is a minor or incapable) See also section on Informed Consent. 
Cell lines 



If human cells are used, authors must declare in the manuscript: what cell lines were used by describing the source 
of the cell line, including when and from where it was obtained, whether the cell line has recently been authenticated 
and by what method. If cells were bought from a life science company the following need to be given in the 
manuscript: name of company (that provided the cells), cell type, number of cell line, and batch of cells. 
It is recommended that authors check the NCBI database for misidentification and contamination of human cell lines. 
This step will alert authors to possible problems with the cell line and may save considerable time and effort. 
Further information is available from the International Cell Line Authentication Committee (ICLAC). 
Authors should include a statement that confirms that an institutional or independent ethics committee (including 
the name of the ethics committee) approved the study and that informed consent was obtained from the donor or 
next of kin. 
Research Resource Identifiers (RRID) 
Research Resource Identifiers (RRID) are persistent unique identifiers (effectively similar to a DOI) for research 
resources. This journal encourages authors to adopt RRIDs when reporting key biological resources (antibodies, cell 
lines, model organisms and tools) in their manuscripts. 
Examples: 
Organism: Filip1tm1a(KOMP)Wtsi RRID:MMRRC_055641-UCD 
Cell Line: RST307 cell line RRID:CVCL_C321 
Antibody: Luciferase antibody DSHB Cat# LUC-3, RRID:AB_2722109 
Plasmid: mRuby3 plasmid RRID:Addgene_104005 
Software: ImageJ Version 1.2.4 RRID:SCR_003070 
RRIDs are provided by the Resource Identification Portal. Many commonly used research resources already have 
designated RRIDs. The portal also provides authors links so that they can quickly register a new resource and obtain 
an RRID. 
Clinical Trial Registration 
The World Health Organization (WHO) definition of a clinical trial is "any research study that prospectively assigns 
human participants or groups of humans to one or more health-related interventions to evaluate the effects on health 
outcomes". The WHO defines health interventions as “A health intervention is an act performed for, with or on behalf 
of a person or population whose purpose is to assess, improve, maintain, promote or modify health, functioning or 
health conditions” and a health-related outcome is generally defined as a change in the health of a person or 
population as a result of an intervention. 
To ensure the integrity of the reporting of patient-centered trials, authors must register prospective clinical trials 
(phase II to IV trials) in suitable publicly available repositories. For example www.clinicaltrials.gov or any of the 
primary registries that participate in the WHO International Clinical Trials Registry Platform. 
The trial registration number (TRN) and date of registration should be included as the last line of the manuscript 
abstract. 
For clinical trials that have not been registered prospectively, authors are encouraged to register retrospectively to 
ensure the complete publication of all results. The trial registration number (TRN), date of registration and the words 
'retrospectively registered’ should be included as the last line of the manuscript abstract. 
Purely observational trials will not require registration. 
Standards of reporting 
Springer Nature advocates complete and transparent reporting of biomedical and biological research and research 
with biological applications. Authors are recommended to adhere to the minimum reporting guidelines hosted by 
the EQUATOR Network when preparing their manuscript. 
Exact requirements may vary depending on the journal; please refer to the journal’s Instructions for Authors. 
Checklists are available for a number of study designs, including: 
Randomised trials (CONSORT) and Study protocols  (SPIRIT) 
Observational studies (STROBE) 
Systematic reviews and meta-analyses (PRISMA) and protocols (Prisma-P) 
Diagnostic/prognostic studies (STARD) and (TRIPOD) 
Case reports  (CARE) 
Clinical practice guidelines (AGREE) and (RIGHT) 
Qualitative research (SRQR) and (COREQ) 
Animal pre-clinical studies (ARRIVE) 
Quality improvement studies (SQUIRE) 
Economic evaluations (CHEERS) 
Summary of requirements 
The above should be summarized in a statement and included on a title page that is separate from the 
manuscript with a section entitled “Declarations” when submitting a paper. Having all statements in one place allows 
for a consistent and unified review of the information by the Editor-in-Chief and/or peer reviewers and may speed 
up the handling of the paper. Declarations include Funding, Conflicts of interest/competing interests, Ethics approval, 
Consent, Data and/or Code availability and Authors’ contribution statements. Please use the following template title 
page for providing the statements. 
Once and if the paper is accepted for publication, the production department will put the respective statements in a 
distinctly identified section clearly visible for readers. 



Please see the various examples of wording below and revise/customize the sample statements according to your 
own needs.  
• Provide “Ethics approval” as a heading (see template) 
Examples of ethics approval obtained: 
• All procedures performed in studies involving human participants were in accordance with the ethical standards of 
the institutional and/or national research committee and with the 1964 Helsinki Declaration and its later amendments 
or comparable ethical standards. The study was approved by the Bioethics Committee of the Medical University of A 
(No. ...). 
• This study was performed in line with the principles of the Declaration of Helsinki. Approval was granted by the 
Ethics Committee of University B (Date.../No. ...). 
• Approval was obtained from the ethics committee of University C. The procedures used in this study adhere to the 
tenets of the Declaration of Helsinki. 
• The questionnaire and methodology for this study was approved by the Human Research Ethics committee of the 
University of C (Ethics approval number: ...). 
Examples of a retrospective study: 
• Ethical approval was waived by the local Ethics Committee of University A in view of the retrospective nature of the 
study and all the procedures being performed were part of the routine care. 
• This research study was conducted retrospectively from data obtained for clinical purposes. We consulted 
extensively with the IRB of XYZ who determined that our study did not need ethical approval. An IRB official waiver 
of ethical approval was granted from the IRB of XYZ. 
• This retrospective chart review study involving human participants was in accordance with the ethical standards of 
the institutional and national research committee and with the 1964 Helsinki Declaration and its later amendments 
or comparable ethical standards. The Human Investigation Committee (IRB) of University B approved this study. 
Examples no ethical approval required/exemption granted: 
• This is an observational study. The XYZ Research Ethics Committee has confirmed that no ethical approval is 
required.  
• The data reproduced from Article X utilized human tissue that was procured via our Biobank AB, which provides de-
identified samples. This study was reviewed and deemed exempt by our XYZ Institutional Review Board. The BioBank 
protocols are in accordance with the ethical standards of our institution and with the 1964 Helsinki declaration and 
its later amendments or comparable ethical standards.  
If any of the sections are not relevant to your manuscript, please include the heading and write 'Not applicable' for 
that section. 
Authors are responsible for correctness of the statements provided in the manuscript. See also Authorship Principles. 
The Editor-in-Chief reserves the right to reject submissions that do not meet the guidelines described in this section. 
 
Informed consent 
All individuals have individual rights that are not to be infringed. Individual participants in studies have, for example, 
the right to decide what happens to the (identifiable) personal data gathered, to what they have said during a study 
or an interview, as well as to any photograph that was taken. This is especially true concerning images of vulnerable 
people (e.g. minors, patients, refugees, etc) or the use of images in sensitive contexts. In many instances authors will 
need to secure written consent before including images.  
Identifying details (names, dates of birth, identity numbers, biometrical characteristics (such as facial features, 
fingerprint, writing style, voice pattern, DNA or other distinguishing characteristic) and other information) of the 
participants that were studied should not be published in written descriptions, photographs, and genetic profiles 
unless the information is essential for scholarly purposes and the participant (or parent or guardian if the participant 
is incapable) gave written informed consent for publication. Complete anonymity is difficult to achieve in some cases. 
Detailed descriptions of individual participants, whether of their whole bodies or of body sections, may lead to 
disclosure of their identity. Under certain circumstances consent is not required as long as information is anonymized 
and the submission does not include images that may identify the person. 
Informed consent for publication should be obtained if there is any doubt. For example, masking the eye region in 
photographs of participants is inadequate protection of anonymity. If identifying characteristics are altered to protect 
anonymity, such as in genetic profiles, authors should provide assurance that alterations do not distort scientific 
meaning. 
Exceptions where it is not necessary to obtain consent:  
• Images such as x rays, laparoscopic images, ultrasound images, brain scans, pathology slides unless there is a 
concern about identifying information in which case, authors should ensure that consent is obtained.  
• Reuse of images: If images are being reused from prior publications, the Publisher will assume that the prior 
publication obtained the relevant information regarding consent. Authors should provide the appropriate attribution 
for republished images. 
Consent and already available data and/or biologic material 
Regardless of whether material is collected from living or dead patients, they (family or guardian if the deceased has 
not made a pre-mortem decision) must have given prior written consent. The aspect of confidentiality as well as any 
wishes from the deceased should be respected.  
Data protection, confidentiality and privacy 



When biological material is donated for or data is generated as part of a research project authors should ensure, as 
part of the informed consent procedure, that the participants are made what kind of (personal) data will be 
processed, how it will be used and for what purpose. In case of data acquired via a biobank/biorepository, it is possible 
they apply a broad consent which allows research participants to consent to a broad range of uses of their data and 
samples which is regarded by research ethics committees as specific enough to be considered “informed”. However, 
authors should always check the specific biobank/biorepository policies or any other type of data provider policies 
(in case of non-bio research) to be sure that this is the case.  
Consent to Participate 
For all research involving human subjects, freely-given, informed consent to participate in the study must be obtained 
from participants (or their parent or legal guardian in the case of children under 16) and a statement to this effect 
should appear in the manuscript. In the case of articles describing human transplantation studies, authors must 
include a statement declaring that no organs/tissues were obtained from prisoners and must also name the 
institution(s)/clinic(s)/department(s) via which organs/tissues were obtained. For manuscripts reporting studies 
involving vulnerable groups where there is the potential for coercion or where consent may not have been fully 
informed, extra care will be taken by the editor and may be referred to the Springer Nature Research Integrity Group. 
Consent to Publish 
Individuals may consent to participate in a study, but object to having their data published in a journal article. Authors 
should make sure to also seek consent from individuals to publish their data prior to submitting their paper to a 
journal. This is in particular applicable to case studies. A consent to publish form can be found 
here. (Download docx, 36 kB)  
Summary of requirements 
The above should be summarized in a statement and included on a title page that is separate from the 
manuscript with a section entitled “Declarations” when submitting a paper. Having all statements in one place allows 
for a consistent and unified review of the information by the Editor-in-Chief and/or peer reviewers and may speed 
up the handling of the paper. Declarations include Funding, Conflicts of interest/competing interests, Ethics approval, 
Consent, Data and/or Code availability and Authors’ contribution statements. Please use the template Title Page for 
providing the statements.  
Once and if the paper is accepted for publication, the production department will put the respective statements in a 
distinctly identified section clearly visible for readers. 
Please see the various examples of wording below and revise/customize the sample statements according to your 
own needs.  
Provide “Consent to participate” as a heading 
Sample statements consent to participate: 
Informed consent was obtained from all individual participants included in the study. 
Informed consent was obtained from legal guardians. 
Written informed consent was obtained from the parents. 
Verbal informed consent was obtained prior tothe interview. 
The patient has consented to the submission of the case report for submission to the journal. 
Provide “Consent to publish” as a heading 
The authors affirm that human research participants provided informed consent for publication of the images in 
Figure(s) 1a, 1b and 1c. 
The participant has consented to the submission of the case report to the journal. 
Patients signed informed consent regarding publishing their data and photographs. 
Sample statements if identifying information about participants is available in the article: 
Additional informed consent was obtained from all individual participants for whom identifying information is 
included in this article. 
Additional informed consent was obtained from all individual participants for whom identifying information is 
included in this article. 
If any of the sections are not relevant to your manuscript, please include the heading and write 'Not applicable' for 
that section. 
Authors are responsible for correctness of the statements provided in the manuscript. See also Authorship Principles. 
The Editor-in-Chief reserves the right to reject submissions that do not meet the guidelines described in this section. 
Images will be removed from publication if authors have not obtained informed consent or the paper may be removed 
and replaced with a notice explaining the reason for removal. 
 
 
After acceptance 
 
Upon acceptance of your article you will receive a link to the special Author Query Application at Springer’s web page 
where you can sign the Copyright Transfer Statement online and indicate whether you wish to order OpenChoice and 
offprints.  
Once the Author Query Application has been completed, your article will be processed and you will receive the proofs. 
Offprints 
Offprints can be ordered by the corresponding author. 
Color illustrations 



Publication of color illustrations is free of charge. 
Proof reading 
The purpose of the proof is to check for typesetting or conversion errors and the completeness and accuracy of the 
text, tables and figures. Substantial changes in content, e.g., new results, corrected values, title and authorship, are 
not allowed without the approval of the Editor. 
After online publication, further changes can only be made in the form of an Erratum, which will be hyperlinked to 
the article. 
Online First 
The article will be published online after receipt of the corrected proofs. This is the official first publication citable 
with the DOI. After release of the printed version, the paper can also be cited by issue and page numbers. 
Copyright transfer 
Authors will be asked to transfer copyright of the article to the Publisher (or grant the Publisher exclusive publication 
and dissemination rights). This will ensure the widest possible protection and dissemination of information under 
copyright laws.  
Open Choice articles do not require transfer of copyright as the copyright remains with the author. In opting for open 
access, the author(s) agree to publish the article under the Creative Commons Attribution Noncommercial License. 
 
 
Open Choice 
 
In addition to the normal publication process (whereby an article is submitted to the journal and access to that article 
is granted to customers who have purchased a subscription), Springer provides an alternative publishing option: 
Springer Open Choice. A Springer Open Choice article receives all the benefits of a regular subscription-based article, 
but in addition is made available publicly through Springer’s online platform SpringerLink. 
Open Choice 
Copyright and license term – CC BY-NC 
Open Choice articles do not require transfer of copyright as the copyright remains with the author. In opting for open 
access, the author(s) agree to publish the article under the Creative Commons Attribution-NonCommercial 4.0 
International License 
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duly authorized by the User to accept, and hereby does accept, all such terms and conditions on behalf of User,
and (b) shall inform User of all such terms and conditions. In the event such person is a "freelancer" or other third
party independent of User and CCC, such party shall be deemed jointly a "User" for purposes of these terms and
conditions. In any event, User shall be deemed to have accepted and agreed to all such terms and conditions if
User republishes the Work in any fashion.

3. Scope of License; Limitations and Obligations.

3.1. All Works and all rights therein, including copyright rights, remain the sole and exclusive property of the
Rightsholder. The license created by the exchange of an Order Confirmation (and/or any invoice) and
payment by User of the full amount set forth on that document includes only those rights expressly set
forth in the Order Confirmation and in these terms and conditions, and conveys no other rights in the
Work(s) to User. All rights not expressly granted are hereby reserved.

Title Ultrasound assessment of
ventilator-induced
diaphragmatic dysfunction
to predict the success of
weaning in Paediatrics

Instructor name Marta João Silva

Institution name Faculty of medicine -
University of Porto

Expected presentation
date

2020-05-20

Order reference number N/A The requesting person /
organization to appear
on the license

Lara Torres

Title, description or
numeric reference of the
portion(s)

Ultrasonographic
Assessment of Diaphragm
Function in Critically Ill
Subjects.

Editor of portion(s) Formenti, Paolo;
Umbrello, Michele

Volume of serial or
monograph

61

Page or page range of
portion

542-555

Title of the
article/chapter the
portion is from

Ultrasonographic
Assessment of Diaphragm
Function in Critically Ill
Subjects.

Author of portion(s) Formenti, Paolo;
Umbrello, Michele

Issue, if republishing an
article from a serial

4

Publication date of
portion

2016-04-01
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3.2. General Payment Terms: You may pay by credit card or through an account with us payable at the end of
the month. If you and we agree that you may establish a standing account with CCC, then the following
terms apply: Remit Payment to: Copyright Clearance Center, 29118 Network Place, Chicago, IL 60673-1291.
Payments Due: Invoices are payable upon their delivery to you (or upon our notice to you that they are
available to you for downloading). After 30 days, outstanding amounts will be subject to a service charge
of 1-1/2% per month or, if less, the maximum rate allowed by applicable law. Unless otherwise specifically
set forth in the Order Confirmation or in a separate written agreement signed by CCC, invoices are due
and payable on "net 30" terms. While User may exercise the rights licensed immediately upon issuance of
the Order Confirmation, the license is automatically revoked and is null and void, as if it had never been
issued, if complete payment for the license is not received on a timely basis either from User directly or
through a payment agent, such as a credit card company.

3.3. Unless otherwise provided in the Order Confirmation, any grant of rights to User (i) is "one-time" (including
the editions and product family specified in the license), (ii) is non-exclusive and non-transferable and (iii)
is subject to any and all limitations and restrictions (such as, but not limited to, limitations on duration of
use or circulation) included in the Order Confirmation or invoice and/or in these terms and conditions.
Upon completion of the licensed use, User shall either secure a new permission for further use of the
Work(s) or immediately cease any new use of the Work(s) and shall render inaccessible (such as by
deleting or by removing or severing links or other locators) any further copies of the Work (except for
copies printed on paper in accordance with this license and still in User's stock at the end of such period).

3.4. In the event that the material for which a republication license is sought includes third party materials
(such as photographs, illustrations, graphs, inserts and similar materials) which are identified in such
material as having been used by permission, User is responsible for identifying, and seeking separate
licenses (under this Service or otherwise) for, any of such third party materials; without a separate license,
such third party materials may not be used.

3.5. Use of proper copyright notice for a Work is required as a condition of any license granted under the
Service. Unless otherwise provided in the Order Confirmation, a proper copyright notice will read
substantially as follows: "Republished with permission of [Rightsholder's name], from [Work's title, author,
volume, edition number and year of copyright]; permission conveyed through Copyright Clearance Center,
Inc. " Such notice must be provided in a reasonably legible font size and must be placed either
immediately adjacent to the Work as used (for example, as part of a by-line or footnote but not as a
separate electronic link) or in the place where substantially all other credits or notices for the new work
containing the republished Work are located. Failure to include the required notice results in loss to the
Rightsholder and CCC, and the User shall be liable to pay liquidated damages for each such failure equal
to twice the use fee specified in the Order Confirmation, in addition to the use fee itself and any other fees
and charges specified.

3.6. User may only make alterations to the Work if and as expressly set forth in the Order Confirmation. No
Work may be used in any way that is defamatory, violates the rights of third parties (including such third
parties' rights of copyright, privacy, publicity, or other tangible or intangible property), or is otherwise
illegal, sexually explicit or obscene. In addition, User may not conjoin a Work with any other material that
may result in damage to the reputation of the Rightsholder. User agrees to inform CCC if it becomes aware
of any infringement of any rights in a Work and to cooperate with any reasonable request of CCC or the
Rightsholder in connection therewith.

4. Indemnity. User hereby indemnifies and agrees to defend the Rightsholder and CCC, and their respective
employees and directors, against all claims, liability, damages, costs and expenses, including legal fees and
expenses, arising out of any use of a Work beyond the scope of the rights granted herein, or any use of a Work
which has been altered in any unauthorized way by User, including claims of defamation or infringement of rights
of copyright, publicity, privacy or other tangible or intangible property.

5. Limitation of Liability. UNDER NO CIRCUMSTANCES WILL CCC OR THE RIGHTSHOLDER BE LIABLE FOR ANY DIRECT,
INDIRECT, CONSEQUENTIAL OR INCIDENTAL DAMAGES (INCLUDING WITHOUT LIMITATION DAMAGES FOR LOSS OF
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BUSINESS PROFITS OR INFORMATION, OR FOR BUSINESS INTERRUPTION) ARISING OUT OF THE USE OR INABILITY
TO USE A WORK, EVEN IF ONE OF THEM HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES. In any event,
the total liability of the Rightsholder and CCC (including their respective employees and directors) shall not exceed
the total amount actually paid by User for this license. User assumes full liability for the actions and omissions of
its principals, employees, agents, affiliates, successors and assigns.

6. Limited Warranties. THE WORK(S) AND RIGHT(S) ARE PROVIDED "AS IS". CCC HAS THE RIGHT TO GRANT TO USER
THE RIGHTS GRANTED IN THE ORDER CONFIRMATION DOCUMENT. CCC AND THE RIGHTSHOLDER DISCLAIM ALL
OTHER WARRANTIES RELATING TO THE WORK(S) AND RIGHT(S), EITHER EXPRESS OR IMPLIED, INCLUDING
WITHOUT LIMITATION IMPLIED WARRANTIES OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE.
ADDITIONAL RIGHTS MAY BE REQUIRED TO USE ILLUSTRATIONS, GRAPHS, PHOTOGRAPHS, ABSTRACTS, INSERTS
OR OTHER PORTIONS OF THE WORK (AS OPPOSED TO THE ENTIRE WORK) IN A MANNER CONTEMPLATED BY USER;
USER UNDERSTANDS AND AGREES THAT NEITHER CCC NOR THE RIGHTSHOLDER MAY HAVE SUCH ADDITIONAL
RIGHTS TO GRANT.

7. Effect of Breach. Any failure by User to pay any amount when due, or any use by User of a Work beyond the scope
of the license set forth in the Order Confirmation and/or these terms and conditions, shall be a material breach of
the license created by the Order Confirmation and these terms and conditions. Any breach not cured within 30
days of written notice thereof shall result in immediate termination of such license without further notice. Any
unauthorized (but licensable) use of a Work that is terminated immediately upon notice thereof may be liquidated
by payment of the Rightsholder's ordinary license price therefor; any unauthorized (and unlicensable) use that is
not terminated immediately for any reason (including, for example, because materials containing the Work cannot
reasonably be recalled) will be subject to all remedies available at law or in equity, but in no event to a payment of
less than three times the Rightsholder's ordinary license price for the most closely analogous licensable use plus
Rightsholder's and/or CCC's costs and expenses incurred in collecting such payment.

8. Miscellaneous.

8.1. User acknowledges that CCC may, from time to time, make changes or additions to the Service or to these
terms and conditions, and CCC reserves the right to send notice to the User by electronic mail or
otherwise for the purposes of notifying User of such changes or additions; provided that any such changes
or additions shall not apply to permissions already secured and paid for.

8.2. Use of User-related information collected through the Service is governed by CCC's privacy policy, available
online here:https://marketplace.copyright.com/rs-ui-web/mp/privacy-policy

8.3. The licensing transaction described in the Order Confirmation is personal to User. Therefore, User may not
assign or transfer to any other person (whether a natural person or an organization of any kind) the
license created by the Order Confirmation and these terms and conditions or any rights granted
hereunder; provided, however, that User may assign such license in its entirety on written notice to CCC in
the event of a transfer of all or substantially all of User's rights in the new material which includes the
Work(s) licensed under this Service.

8.4. No amendment or waiver of any terms is binding unless set forth in writing and signed by the parties. The
Rightsholder and CCC hereby object to any terms contained in any writing prepared by the User or its
principals, employees, agents or affiliates and purporting to govern or otherwise relate to the licensing
transaction described in the Order Confirmation, which terms are in any way inconsistent with any terms
set forth in the Order Confirmation and/or in these terms and conditions or CCC's standard operating
procedures, whether such writing is prepared prior to, simultaneously with or subsequent to the Order
Confirmation, and whether such writing appears on a copy of the Order Confirmation or in a separate
instrument.

8.5. The licensing transaction described in the Order Confirmation document shall be governed by and
construed under the law of the State of New York, USA, without regard to the principles thereof of conflicts
of law. Any case, controversy, suit, action, or proceeding arising out of, in connection with, or related to
such licensing transaction shall be brought, at CCC's sole discretion, in any federal or state court located in

https://marketplace.copyright.com/rs-ui-web/mp/privacy-policy
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the County of New York, State of New York, USA, or in any federal or state court whose geographical
jurisdiction covers the location of the Rightsholder set forth in the Order Confirmation. The parties
expressly submit to the personal jurisdiction and venue of each such federal or state court.If you have any
comments or questions about the Service or Copyright Clearance Center, please contact us at 978-750-
8400 or send an e-mail to support@copyright.com.

v 1.1

mailto:support@copyright.com

