
Abstract
Purpose
Guidelines recommend teaching of lung ultrasound for critical care, though little information exists on how much training is required for 
independent practice, especially for non-physician trainees. We thus aimed to elucidate a threshold number of cases above which competency 
for independent practice may be attained for respiratory therapists (RTs).
Methods
We conducted a prospective audit of lung ultrasound training between July 2014 and April 2015 in our 20-bed medical intensive care unit. 
Following theoretical instruction and self-learning, trainees acquired images from 12 lung zones under direct supervision and classified images 
into six patterns. Assistance during image acquisition and correct interpretation of ultrasound images were recorded.
Results
Eleven ultrasound-naïve RTs scanned an average of 15 patients each (170 patients in total). Among supervisor-adjudicated lung ultrasound 
findings, 35.5 % were abnormal. Blinded verification of the adjudicated findings was done for the first 92 patients (1104 images), with an 
agreement of 95.4 %. As RTs scanned more patients, there was a significant decrease in the proportion of images requiring supervisor assistance 
(Cuzick’s P < 0.001), and a significant increase in the proportion of correctly identified images (Cuzick’s P = 0.008). After trainees performed at 
least ten scans, less than 2 % of images required assistance with acquisition and less than 5 % were wrongly interpreted.
Conclusions
Our training method allowed RTs to independently perform lung ultrasound after at least ten directly supervised scans. Given that RTs are likely 
to have less ultrasound knowledge and less clinical know-how compared to physicians, we believe that the same threshold number of scans may 
be also safely applied to the latter.



Abstract
Purpose
On a regular basis, the intensivist encounters the patient who is difficult to wean from mechanical ventilatory support. The causes 
for failure to wean from mechanical ventilatory support are often multifactorial and involve a complex interplay between cardiac
and pulmonary dysfunction. A potential application of point of care ultrasonography relates to its utility in the process of 
weaning the patient from mechanical ventilatory support.
Methods
This article reviews some applications of ultrasonography that may be relevant to the process of weaning from mechanical 
ventilatory support.
Results
The authors have divided these applications of ultrasonography into four separate categories: the assessment of cardiac, 
diaphragmatic, and lung function; and the identification of pleural effusion; which can all be evaluated with ultrasonography
during a dynamic process in which the intensivist is uniquely positioned to use ultrasonography at the point of care.
Conclusions
Ultrasonography may have useful application during the weaning process from mechanical ventilatory support.



Abstract
Oxygen therapy can be delivered using low-flow, intermediate-flow (air entrainment mask), or high-flow devices. Low/intermediate-flow oxygen 
devices have several drawbacks that cause critically ill patients discomfort and translate into suboptimal clinical results. These include limitation of 
the FiO2 (due to the high inspiratory flow often observed in patients with respiratory failure), and insufficient humidification and warming of the 
inspired gas. High-flow nasal cannula oxygenation (HFNCO) delivers oxygen flow rates of up to 60 L/min and over the last decade its effect on 
clinical outcomes has widely been evaluated, such as in the improvement of respiratory distress, the need for intubation, and mortality. 
Mechanisms of action of HFNCO are complex and not limited to the increased oxygen flow rate. The main aim of this review is to guide clinicians 
towards evidence-based clinical practice guidelines. It summarizes current knowledge about HFNCO use in ICU patients and the potential areas of 
uncertainties. For instance, it has been recently suggested that HFNCO could improve the outcome of patients with hypoxemic acute respiratory 
failure. In other settings, research is ongoing and additional evidence is needed. For instance, if intubation is required, studies suggest that 
HFNCO may help to improve preoxygenation and can be used after extubation. Likewise, HFNCO might be used in obese patients, or to prevent 
respiratory deterioration in hypoxemic patients requiring bronchoscopy, or for the delivery of aerosol therapy. However, areas for which 
conclusive data exist are limited and interventions using standardized HFNCO protocols, comparators, and relevant clinical outcomes are 
warranted.



Abstract
Purpose
Survivors of acute respiratory distress syndrome (ARDS) are at high risk for new or ongoing physical declines after hospital discharge. The objective of 
our study was to evaluate the epidemiology of physical declines over 5-year follow-up and identify patients at risk for decline.
Methods
This multi-site prospective cohort study evaluated ARDS survivors who completed a physical status assessment at 3 or 6 months post-discharge. Three 
measures were evaluated: muscle strength (Medical Resource Council sumscore); exercise capacity [6-min walk test (6MWT)]; physical functioning [36-
Item Short Form Health Survey (SF-36 survey)]. Patients were defined as “declined” if a comparison of their current and prior score showed a decrease 
that was greater than the Reliable Change Index—or if the patient died. Risk factors [pre-ARDS baseline status, intensive care unit (ICU) illness severity, 
and other intensive care variables] were evaluated using longitudinal, generalized linear regression models for each measure.
Results
During the follow-up of 193 ARDS survivors (55 % male; median age 49 years), 166 (86 %) experienced decline in ≥1 physical measure (including death) 
and 133 (69 %) experienced a physical decline (excluding death). For all measures, age was a significant risk factor [odds ratios (OR) 1.34–1.69 per 
decade; p < 0.001]. Pre-ARDS comorbidity (Charlson Index) was independently associated with declines in strength and exercise capacity (OR 1.10 and 
1.18, respectively; p < 0.02), and organ failure [maximum daily Sequential Organ Failure Assessment (SOFA) score in ICU] was associated with declines in 
strength (OR 1.06 per 1 point of SOFA score; p = 0.02).
Conclusions
Over the follow-up period, the majority of ARDS survivors experienced a physical decline, with older age and pre-ICU comorbidity being important risk 
factors for this decline.



Abstract
Purpose
High-flow nasal cannula (HFNC) oxygen therapy is attracting increasing interest in acute medicine as an alternative to standard oxygen therapy; however, its use to prevent 
hypoxaemia after major abdominal surgery has not been evaluated. Our trial was designed to close this evidence gap.
Methods
A multicentre randomised controlled trial was carried out at three university hospitals in France. Adult patients at moderate to high risk of postoperative pulmonary 
complications who had undergone major abdominal surgery using lung-protective ventilation were randomly assigned using a computer-generated sequence to receive either 
HFNC oxygen therapy or standard oxygen therapy (low-flow oxygen delivered via nasal prongs or facemask) directly after extubation. The primary endpoint was absolute risk 
reduction (ARR) for hypoxaemia at 1 h after extubation and after treatment discontinuation. Secondary outcomes included occurrence of postoperative pulmonary 
complications within 7 days after surgery, the duration of hospital stay, and in-hospital mortality. The analysis was performed on data from the modified intention-to-treat 
population. This trial was registered with ClinicalTrials.gov (NCT01887015).
Results
Between 6 November 2013 and 1 March 2015, 220 patients were randomly assigned to receive either HFNC (n = 108) or standard oxygen therapy (n = 112); all of these 
patients completed follow-up. The median duration of the allocated treatment was 16 h (interquartile range 14–18 h) with standard oxygen therapy and 15 h (interquartile 
range 12–18) with HFNC therapy. Twenty-three (21 %) of the 108 patients treated with HFNC 1 h after extubation and 29 (27 %) of the 108 patients after treatment 
discontinuation had postextubation hypoxaemia, compared with 27 (24 %) and 34 (30 %) of the 112 patients treated with standard oxygen (ARR 4, 95 % CI –8 to 15 %; 
p = 0.57; adjusted relative risk [RR] 0.87, 95 % CI 0.53–1.43; p = 0.58). Over the 7-day postoperative follow-up period, there was no statistically significant difference between 
the groups in the proportion of patients who remained free of any pulmonary complication (ARR 7, 95 % CI –6 to 20 %; p = 0.40). Other secondary outcomes also did not 
differ significantly between the two groups.
Conclusions
Among patients undergoing major abdominal surgery, early preventive application of high-flow nasal cannula oxygen therapy after extubation did not result in improved 
pulmonary outcomes compared with standard oxygen therapy.



Abstract
Purpose
Early active mobilisation and rehabilitation in the intensive care unit (ICU) is being used to prevent the long-term functional consequences of critical 
illness. This review aimed to determine the effect of active mobilisation and rehabilitation in the ICU on mortality, function, mobility, muscle 
strength, quality of life, days alive and out of hospital to 180 days, ICU and hospital lengths of stay, duration of mechanical ventilation and 
discharge destination, linking outcomes with the World Health Organization International Classification of Function Framework.
Methods
A PRISMA checklist-guided systematic review and meta-analysis of randomised and controlled clinical trials.
Results
Fourteen studies of varying quality including a total of 1753 patients were reviewed. Active mobilisation and rehabilitation had no impact on short-
or long-term mortality (p > 0.05). Meta-analysis showed that active mobilisation and rehabilitation led to greater muscle strength (body function) 
at ICU discharge as measured using the Medical Research Council Sum Score (mean difference 8.62 points, 95% confidence interval (CI) 1.39–15.86), 
greater probability of walking without assistance (activity limitation) at hospital discharge (odds ratio 2.13, 95% CI 1.19–3.83), and more days alive 
and out of hospital to day 180 (participation restriction) (mean difference 9.69, 95% CI 1.7–17.66). There were no consistent effects on function, 
quality of life, ICU or hospital length of stay, duration of mechanical ventilation or discharge destination.
Conclusion
Active mobilisation and rehabilitation in the ICU has no impact on short- and long-term mortality, but may improve mobility status, muscle strength 
and days alive and out of hospital to 180 days.



Abstract
Purpose
Noninvasive ventilation (NIV) is used as an initial ventilatory support in acute respiratory distress syndrome (ARDS), but its utility is unclear, and 
persistence in those who do not improve may delay intubation and lead to adverse outcomes. Hence, it becomes imperative to have a clear 
understanding of selecting patients who will benefit from this modality.
Methods
In this prospective observational study, we included all consecutive adults, over a 3-year period, who fulfilled criteria for ARDS by the Berlin definition. 
Basic demographics, ventilatory support, intensive care unit course, and outcome were recorded.
Results
Of 170 patients, 96 (56.47%) were initially managed with NIV. Noninvasive ventilation failure was seen in 42 (43.75%) of 96, and low baseline Pao2/Fio2, 
shock, and ARDS severity were associated with NIV failure. Overall intensive care unit mortality was 63 (37.1%) of 170, and high Acute Physiology and 
Chronic Health Evaluation II score, low Pao2/Fio2, shock, and ARDS severity were associated with increased mortality. Noninvasive ventilation failure 
and mortality were significantly higher in moderate and severe ARDS.
Conclusions
Noninvasive ventilation maybe useful in selected patients with mild ARDS but should be used with great caution in moderate and severe ARDS, as 
failure risk is high. In addition, low Pao2/Fio2 and shock are associated with NIV failure. Acute Physiology and Chronic Health Evaluation II score, shock, 
low Pao2/Fio2, and ARDS severity are associated with increased mortality.



Abstract
The use of diagnostic ultrasound by physiotherapists is not a new concept; it is frequently performed in musculoskeletal 
physiotherapy. Physiotherapists currently lack accurate, reliable, sensitive, and valid measurements for the assessment of the 
indications and effectiveness of chest physiotherapy. Thoracic ultrasound may be a promising tool for the physiotherapist and
could be routinely performed at patients' bedsides to provide real-time and accurate information on the status of pleura, lungs,
and diaphragm; this would allow for assessment of lung aeration from interstitial syndrome to lung consolidation with much better 
accuracy than chest x-rays or auscultation. Diaphragm excursion and contractility may also be assessed by ultrasound. This 
narrative review refers to lung and diaphragm ultrasound semiology and describes how physiotherapists could use this tool in their 
clinical decision-making processes in various cases of respiratory disorders. The use of thoracic ultrasound semiology alongside
typical examinations may allow for the guiding, monitoring, and evaluating of chest physiotherapy treatments. Thoracic ultrasound 
is a potential new tool for physiotherapists.



Abstract
Introduction
To explore the hypothesis that early ventilation strategies influence clinical outcomes in lung transplantation, we have examined our routine 
ventilation practices in terms of tidal volumes (Vt) and inflation pressures.
Methods
A total of 124 bilateral lung transplants between 2010 and 2013 were retrospectively assigned to low (< 6 mL/kg), medium (6-8 mL/kg), and high (> 8 
mL/kg) Vt groups based on ventilation characteristics during the first 6 hours after surgery. Those same 124 patients were also stratified to low-
pressure (< 25 cm H2O) and high-pressure (≥ 25 cm H2O) groups.
Results
Eighty percent of patients were ventilated using pressure control mode. Low, medium, and high Vt were applied to 10%, 43%, and 47% of patients, 
respectively. After correcting for patients requiring extracorporeal support, there was no difference in short-term to midterm outcomes among the 
different Vt groups. Low inflation pressures were applied to 61% of patients, who had a shorter length of intensive care unit stay (5 vs 12 days; P = 
.012), higher forced expiratory volume in 1 second at 3 months (77.8% vs 60.3%; P < .001), and increased 6-month survival rate (95% vs 77%; P = 
.008).
Conclusion
Low Vt ventilation has not been fully adopted in our practice. Ventilation with higher inflation pressures, but not Vt, was significantly associated with 
poorer outcomes after lung transplantation.



Abstract
Purpose
Orotracheal intubation is known to impair cough reflex, but the validity of cough reflex testing (CRT) as a screening tool for silent aspiration in this 
population is unknown.
Material and methods
One hundred and six participants in a tertiary-level intensive care unit (ICU) underwent CRT and videoendoscopic evaluation of swallowing (VES) 
within 24 hours of extubation. Cough reflex threshold was established for each participant using nebulized citric acid.
Results
Thirty-nine (37%) participants had an absent cough to CRT. Thirteen (12%) participants aspirated on VES, 9 (69%) without a cough response. 
Sensitivity of CRT to identify silent aspiration was excellent, but specificity was poor. There was a significant correlation between intubation duration 
and presence of aspiration on VES (P= .0107). There was no significant correlation between silent aspiration on VES and length of intubation, age, 
sex, diagnosis at intensive care unit admission, indication for intubation, Acute Physiology and Chronic Health Evaluation III score, morphine 
equivalent dose, or time of testing postextubation.
Conclusions
Intensive care unit patients are at increased risk of aspiration in the 24 hours following extubation, and an impaired cough reflex is common. 
However, CRT overidentifies risk of silent aspiration in this population.



Abstract
Purpose
To evaluate the effect of theophylline in patients with ventilator-induced diaphragmatic dysfunction (VIDD).
Materials and Methods
Patients who required mechanical ventilation at least 72 hours, met the criteria for a spontaneous breathing trial, and had evidence of VIDD by 
ultrasonography were included in the study.
Results
Of the 40 patients, 21 received theophylline and 19 did not. Clinical characteristics were similar in the 2 groups. Assessment of VIDD showed no 
between-group differences in baseline diaphragmatic excursion (DE) of both hemidiaphragms. Changes in DE from baseline to 72 hours (ΔDE) were 
significantly higher in the theophylline group than in the nontheophylline group in the right (3.5 ± 4.5 mm vs 0.4 ± 2.1 mm; P = .004) and left (3.2 ±
5.1 mm vs 0.1 ± 4.0 mm; P = .03) hemidiaphragms and in the total DE of both diaphragms (6.9 ± 9.1 mm vs 0.5 ± 5.7 mm; P = .02). In the 
theophylline group, theophylline was effective for the diaphragms with VIDD, whereas it was not effective for the diaphragms without VIDD. ΔDE in 
the right (rs = − 0.49, P = .006) hemidiaphragm and total Δ DE in both diaphragms (rs = − 0.46, P = .01) correlated negatively with weaning time.
Conclusions
Theophylline significantly improved diaphragmatic movements in patients with VIDD. Our results warrant a larger study to determine whether 
theophylline use has benefits during weaning from mechanical ventilation.



Abstract
Purpose
This study aims to compare the effectiveness of weaning with adaptive support ventilation (ASV) incorporating progressively reduced 
or constant target minute ventilation in the protocol in postoperative care after cardiac surgery.
Material and methods
A randomized controlled unblinded study of 52 patients after elective coronary artery bypass surgery was carried out to determine 
whether a protocol incorporating a decremental target minute ventilation (DTMV) results in more rapid weaning of patients ventilated 
in ASV mode compared to a protocol incorporating a constant target minute ventilation.
Results
Median duration of mechanical ventilation (145 vs 309 minutes; P = .001) and intubation (225 vs 423 minutes; P = .005) were 
significantly shorter in the DTMV group. There was no difference in adverse effects (42% vs 46%) or mortality (0% vs 0%) between the 
2 groups.
Conclusions
Use of a DTMV protocol for postoperative ventilation of cardiac surgical patients in ASV mode results in a shorter duration of 
ventilation and intubation without evidence of increased risk of adverse effects.



Abstract
Purpose
Physical weakness is common after critical illness; however, it is not clear how best to treat it. Inflammation characterizes critical illness, is associated 
with loss of muscle mass during critical illness, and potentially modifies post–intensive care unit (ICU) recovery. We sought to identify published reports 
on the prevalence of systemic inflammation after critical illness and its association with physical recovery.
Methods
This is a systematic review of the literature from MEDLINE, EMBASE, CINAHL, CPCI-SSH, and CPCI-S from January 1982 to December 2011.
Results
From 7433 references, 207 full-text articles were reviewed, 57 were eligible, and 22 were included. Inflammation was present in most patients at ICU 
discharge according to C-reactive protein concentration (range, 70%-100%), procalcitonin (range, 89%-100%), tumor necrosis factor α (100%), and 
systemic inflammatory response syndrome criteria (range, 92%-95%). Fewer patients had elevated myeloperoxidase concentrations (range, 0%-56%). 
At hospital discharge, 9 (90%) of 10 chronic obstructive pulmonary disease patients had elevated C-reactive protein. No studies tested the association 
between inflammation and physical recovery.
Conclusions
Inflammation is present in most patients at ICU discharge, but little is known or has been investigated about persistent inflammation after this time 
point. No studies have explored the relationship between persistent inflammation and physical recovery. Further research is proposed.



Abstract
Background
Mechanical ventilation is frequently indicated to reduce the work of breathing. Because it cannot be measured easily at the bedside, physicians rely on surrogate 
measurements such as patient appearance of distress and increased breathing effort.
Objective
We determined the validity and reliability of subjectively rating the appearance of respiratory distress and the reliability of 11 signs of increased breathing effort.
Subjects
The study included consecutive, acutely ill patients requiring various levels of respiratory support.
Methods
Blinded to each other's observations, a fellow and a critical care consultant rated the severity of distress (absent, slight, moderate, severe) after observing subjects for 10 
seconds and then determined the presence of the signs of increased breathing effort.
Results
A total of 149 paired examinations occurred 6 ± 6 minutes apart. The rating of respiratory distress correlated with oxygenation, respiratory rate, and 9 signs of increased work 
of breathing. It had the highest intraclass correlation coefficient (0.69; 95% confidence interval, 0.59-0.78). Rating distress as moderate to severe had a sensitivity of 70%, 
specificity of 92%, and positive likelihood ratio of 8 for the presence of 3 or more of hypoxia, tachypnea, and any sign of increased breathing effort. Agreement was moderate 
(κ = 0.53-0.47) for rating of distress, nasal flaring, scalene contraction, gasping, and abdominal muscle contraction, and fair (κ = 0.36-0.23) for sternomastoid contraction, 
tracheal tug, and thoracoabdominal paradox.
Conclusion
Assessing the increased work of breathing by rating the severity of respiratory distress based on subject appearance is a valid and moderately reliable sign that predicts the 
presence of serious respiratory dysfunction. The reliability of the individual signs of increased breathing effort is moderate at best.



Abstract
The diaphragm is the most important muscle of respiration. At equilibrium, the load imposed on the diaphragmatic muscles from
transdiaphragmatic pressure balances the force generated by diaphragmatic muscles. However, procedural and nonprocedural 
thoracic and abdominal conditions may disrupt this equilibrium and impair diaphragmatic function. Diaphragmatic dysfunction is 
associated with respiratory insufficiency and poor outcome. Therefore, rapid diagnosis and early intervention may be useful. 
Ultrasound imaging provides quick and accurate bedside assessment of the diaphragm. Various imaging techniques have been 
suggested, using 2-dimensional and M-mode technology. Diaphragm viewing depends on the degree of robe movement, 
determined by the angle of incidence of the ultrasound beam and by the direction of probe movement. In this review, we will 
discuss the function of the diaphragm focusing on clinically important anatomical and physiological properties of the diaphragm.
We will review the literature regarding various sonographic techniques for diaphragm assessment. We will also explore the 
evidence for the role of the tidal displacement of subdiaphragmatic organs as a surrogate for diaphragm movement.



Abstract
Purpose
The role of high-flow nasal oxygen (HFNO) therapy in adult patients with acute hypoxemic respiratory failure is controversial.
Methods
This meta-analysis of prospective randomized controlled trials (RCTs) has been designed to compare HFNO with noninvasive
ventilation (NIV) and conventional oxygen therapy in such patients.
Results
Initial database searching revealed 336 RCTs, of which 7 were included in this meta-analysis. Five RCTs compared HFNO with 
standard oxygen therapy, one compared HFNO with NIV, and one compared all three. HFNO did not decrease the requirement of 
higher respiratory support compared with control group. HFNO was associated with improved respiratory rate and dyspnea score, 
and better comfort in 3 RCTs, whereas other studies did not find any difference.
Conclusion
High-flow nasal oxygen does not offer any benefit over NIV or conventional oxygen therapy in terms of requirement of higher 
respiratory support.



Abstract
Objective
Pain is a common symptom in the intensive care unit (ICU). Brain-injured patients are often unable to reliably self-report their pain, calling forth the 
need to use behavioral scales such as the Critical-Care Pain Observation Tool (CPOT). This study aimed to test the reliability and validity of the CPOT 
use with brain-injured ICU adults.
Materials and methods
Eight trained staff nurses and a medical student scored the CPOT before and during a nonpainful (ie, gentle touch) and at least 1 painful (eg, turning) 
procedure. Then, communicative patients self-reported their pain using yes/no and, when possible, on a 0 to 10 Faces Pain Thermometer.
Results
A total of 79 brain-injured ICU patients participated. The intraclass correlation coefficient between trained raters was 0.73 (95% confidence interval, 
0.57-0.83) during turning. CPOT scores were significantly higher during turning compared with gentle touch (P< .001) and correlated significantly with 
self-reports of pain intensity during turning (0.64, P< .01). The receiver operating characteristics curve indicated a cutoff of 2 with a sensitivity of 0.90 
and specificity of 0.67.
Conclusions
Overall, the CPOT use was found to be reliable and valid in this patient group and is new evidence fulfilling an important gap highlighted in the 
Society of Critical Care Medicine practice guidelines.



Abstract
Purpose
The purpose of the study is to develop a brief index of patient and family experiences of respect in the intensive care unit (ICU).
Materials and methods
We designed a questionnaire with 44 items representing 12 themes that emerged from prior in-depth interviews with ICU patients 
and families. After pilot testing, items with minimal variability were eliminated. The resulting 21-item questionnaire was administered 
to patients and families in 5 adult ICUs. Psychometric analyses were conducted.
Results
Fifty-seven questionnaires were completed. Factor analysis resulted in a unidimensional scale consisting of 10 items with an α of .85 
and an Eigen value of 11.3. Factor loadings ranged from 0.54 to 0.84, and item-test correlations ranged from 0.47 to 0.71. The mean 
total score was 7.25 out of a maximum of 10. Scores were lower for surgical than medical or disease-specific ICUs.
Conclusions
The “ICU-RESPECT” index demonstrates high reliability and concurrent validity in ICU patients and families. Future research should 
validate this index in other ICU settings, assess its predictive validity, and evaluate different methods for maximizing response rate. 
As hospitals address patient experience more broadly in response to national metrics, the index could identify particular behaviors
or ICUs that would benefit from interventions to enhance respectful treatment.



Abstract
Since their widespread introduction more than half a century ago, intensive care units (ICUs) have become an integral part of the health care 
system. Although most ICUs are found in high-income countries, they are increasingly a feature of health care systems in low- and middle-income 
countries. The World Federation of Societies of Intensive and Critical Care Medicine convened a task force whose objective was to answer the 
question “What is an ICU?” in an internationally meaningful manner and to develop a system for stratifying ICUs on the basis of the intensity of the 
care they provide. We undertook a scoping review of the peer-reviewed and gray literature to assemble existing models for ICU stratification. Based 
on these and on discussions among task force members by teleconference and 2 face-to-face meetings, we present a proposed definition and 
classification of ICUs. An ICU is an organized system for the provision of care to critically ill patients that provides intensive and specialized medical 
and nursing care, an enhanced capacity for monitoring, and multiple modalities of physiologic organ support to sustain life during a period of life-
threatening organ system insufficiency. Although an ICU is based in a defined geographic area of a hospital, its activities often extend beyond the 
walls of the physical space to include the emergency department, hospital ward, and follow-up clinic. A level 1 ICU is capable of providing oxygen, 
noninvasive monitoring, and more intensive nursing care than on a ward, whereas a level 2 ICU can provide invasive monitoring and basic life 
support for a short period. A level 3 ICU provides a full spectrum of monitoring and life support technologies, serves as a regional resource for the 
care of critically ill patients, and may play an active role in developing the specialty of intensive care through research and education. A formal 
definition and descriptive framework for ICUs can inform health care decision-makers in planning and measuring capacity and provide clinicians 
and patients with a benchmark to evaluate the level of resources available for clinical care.



Abstract
Purpose
Few guidelines exist regarding the selection of a particular type or size of tracheostomy tube. Although nonstandard tubes can be placed over the 
percutaneous kit dilator, clinicians often place standard tracheostomy tubes and change to nonstandard tubes only after problems arise. This practice 
risks early tracheostomy tube change, possible bleeding, or loss of the airway. We sought to identify predictors of nonstandard tracheostomy tubes.
Materials and methods
In this matched case-control study at an urban, academic, tertiary care medical center, we reviewed 1220 records of patients who received a 
tracheostomy. Seventy-seven patients received nonstandard tracheostomy tubes (cases), and 154 received standard tracheostomy tubes (controls).
Results
Sex, endotracheal tube size, severity of illness, and computed tomography scan measurement of the distance from the trachea to the skin at the level 
of the superior aspect of the anterior clavicle were significant predictors of nonstandard tracheostomy tubes. Specifically, trachea-to-skin distance 
> 4.4 cm and endotracheal tube sizes ≥ 8.0 were associated with nonstandard tracheostomy.
Conclusions
The findings suggest that clinicians should consider using nonstandard tracheostomy tubes as the first choice if the patient is male with an 
endotracheal tube size ≥ 8.0 and has a trachea-to-skin distance > 4.4 cm on the computed tomography scan.



Abstract
Purpose
Delirium has negative consequences such as increased mortality, hospital expenses and decreased cognitive and functional status. This research aims 
to determine the impact of occupational therapy intervention in duration, incidence and severity of delirium in elderly patients in the intensive care 
unit; secondary outcome was to assess functionality at hospital discharge.
Methods
This is a pilot randomized clinical trial of patients without mechanical ventilation for 60 years. Patients were assigned to a control group that received 
standard strategies of prevention (n = 70) or to an experimental group that received standard strategies plus occupational therapy twice a day for 5 
days (n = 70). Delirium was valued with Confusion Assessment Method and Delirium Rating Scale, and functional outcomes at discharge with 
Functional Independence Measure, Hand Dynamometer, and Mini-Mental State Examination.
Results
A total of 140 participants were recruited. The experimental group had lower duration (risk incidence ratios, 0.15 [P = .000; 95% confidence interval, 
0.12-0.19] vs 6.6 [P = .000, 95% confidence interval, 5.23-8.3]) and incidence of delirium (3% vs 20%, P = .001), and had higher scores in Motor 
Functional Independence Measure (59 vs 40 points, P < .0001), cognitive state (MMSE: 28 vs 26 points, P < .05), and grip strength in the dominant 
hand (26 vs 18 kg, P < .05), compared with the control group.
Conclusions
Occupational therapy is effective in decreasing duration and incidence of delirium in nonventilated elderly patients in the intensive care unit and 
improved functionality at discharge.



Abstract
Purpose
Although executive dysfunction and depression are common among intensive care unit (ICU) survivors, their relationship has not been evaluated in 
this population. We sought to determine (1) if executive dysfunction is independently associated with severity of depressive symptoms or worse 
mental health-related quality of life (HRQOL) in ICU survivors, and (2) if age modifies these associations.
Methods
In a prospective cohort (n = 136), we measured executive dysfunction by the Behavior Rating Inventory of Executive Function–Adult, depression by 
the Beck Depression Inventory-II, and mental HRQOL by the Short-Form 36. We used multiple linear regression models, adjusting for potential 
confounders. We included age as an interaction term to test for effect modification.
Results
Executive dysfunction 3 months post-ICU was independently associated with more depressive symptoms and worse mental HRQOL 12 months post-
ICU (25th vs 75th percentile of executive functioning scored 4.3 points worse on the depression scale [95% confidence interval, 1.3-7.4; P = .015] and 
5 points worse on the Short-Form 36 [95% confidence interval, 1.7-8.3; P = .006]). Age did not modify these associations (depression: P = .12; mental 
HRQOL: P = .80).
Conclusion
Regardless of age, executive dysfunction was independently associated with subsequent worse severity of depressive symptoms and worse mental 
HRQOL. Executive dysfunction may have a key role in the development of depression.



Abstract
Purpose
Reintubation after failed extubation is associated with high mortality. Noninvasive ventilation (NIV) has been used to prevent reintubation, but the 
results have been inconclusive. We investigated the factors predicting failure of NIV-assisted extubation among medical critically ill patients.
Materials and methods
This retrospective cohort study enrolled patients who were admitted to medical intensive care units at Siriraj Hospital between March 2012 and 
August 2015 who required more than 48 hours of mechanical ventilation and who received NIV after endotracheal extubation. NIV was considered 
to have failed if the patient required reintubation during intensive care unit admission.
Results
A total of 105 patients (57 male; mean age, 63.3 ± 17.9 years) were enrolled. The reintubation rate was 45.7%. Univariate analysis identified pre-NIV 
Sepsis-related Organ Failure Assessment score >3.5, respiratory failure caused by pneumonia, heart rate after NIV for 1 hour of more 100 beats per 
minute, fluid accumulation greater than 100 mL/kg, and NIV duration more than 96 hours as factors associated with reintubation. However, 
multivariate analysis identified pneumonia as the only predictive factor for failure of NIV-assisted extubation among critically ill patients. 
Reintubated patients had significantly higher hospital mortality than successfully extubated patients.
Conclusions
Respiratory failure caused by pneumonia is predictive of failure of NIV-assisted extubation.



Abstract
Purpose
Respiratory muscle dysfunction is a key component of weaning failure. Balancing respiratory muscle loading and unloading by applying different 
ventilation modes along with spontaneous breathing episodes are established weaning strategies. However, the effects of body positioning on the 
respiratory muscles during weaning remains unclear.
Materials and methods
This study aimed at assessing respiratory drive by surface electromyography (EMG) of the diaphragm (EMGdia) and parasternal muscles (EMGpara) in 
tracheotomized patients during prolonged weaning in 3 randomized body positions—supine, 30° semirecumbent, and 80° sitting—during mechanical 
ventilation and spontaneous breathing.
Results
Nine patients were included for analysis. Cardiorespiratory parameters (heart rate, blood pressure, arterial oxygen saturation, dyspnea) did not 
change under each condition (all P > .05). EMGpara and EMGdia did not change under mechanical ventilation (both P > .05). EMGdia changed under 
spontaneous breathing from supine to sitting (0.45 ± 0.26 vs 0.32 ± 0.19; P = .012) and between semirecumbent to sitting (0.41 ± 0.23 vs 0.32 ± 0.19; 
P = .039), whereas EMGpara did not change.
Conclusions
This is the first study to show that body positioning influences respiratory drive to the diaphragm in tracheotomized patients with prolonged weaning 
from mechanical ventilation during unassisted breathing. Sitting position reduces respiratory drive compared with semirecumbent and supine 
positioning and might therefore be favored during spontaneous breathing trials.



Abstract
Introduction
The use of high-flow nasal cannula (HFNC) for the treatment of many diseases has gained increasing popularity. In the present meta-analysis, we 
aimed to assess the efficacy and safety of HFNCs compared with conventional oxygen therapy (COT) in adult postextubation cardiac surgical 
patients.
Method
We reviewed the Embase, PubMed, Cochrane Central Register of Controlled Trials, Wanfang databases, and the China National Knowledge 
Infrastructure. Two investigators independently collected the data and assessed the quality of each study. RevMan 5.3 was used for the present 
meta-analysis.
Results
We included 495 adult postextubation cardiac surgical patients. There was no significant heterogeneity among the studies. Compared with COT, 
HFNCs were associated with a significant reduction in the escalation of respiratory support (risk ratio, 0.61; 95% confidence interval [CI], 0.46-0.82; z 
= 3.32, P < .001). There were no significant differences in the reintubation rate (risk ratio, 0.96; 95% CI, 0.04-24.84; z = 0.02, P = .98) or length of 
intensive care unit stay (weighted mean difference, 0.13; 95% CI, −0.88 to 7.92; z = 1.57, P = .12) between the 2 groups. No severe complications 
were reported in either group.
Conclusions
The HFNC could reduce the need for escalation of respiratory support compared with COT, and it could be safely administered in adult 
postextubation cardiac surgical patients.



Abstract
Purpose
To identify the barriers and enablers that influence clinicians' implementation of early rehabilitation in critical care.
Materials and methods
Qualitative study involving 26 multidisciplinary participants who were recruited using purposive sampling. Four focus groups were conducted using 
semistructured questions to explore attitudes, beliefs, and experiences. Data were transcribed verbatim and thematic analysis was performed.
Results
Six themes emerged, as follows: (1) the clinicians' expectations and knowledge (including rationale for rehabilitation, perceived benefits, and 
experience), (2) the evidence for and application of rehabilitation (including beliefs regarding when to intervene), (3) patient factors (including 
prognosis, sedation, delirium, cooperation, motivation, goals, and family), (4) safety considerations (including physiological stability and presence of 
devices or lines), (5) environmental influences (staffing, resources, equipment, time, and competing priorities), and (6) culture and teamwork. Key 
strategies identified to facilitate rehabilitation included addressing educational needs for all multidisciplinary team members, supporting junior nursing 
staff, and potential expansion of physiotherapy staffing hours to closer align with the 24-hour patient care model.
Conclusions
Key barriers to implementation of early rehabilitation in critical care are diverse and include both clinician- and health care system–related factors. 
Research targeted at bridging this evidence-practice gap is required to improve provision of rehabilitation.



Abstract
Objectives
To provide evidence-based guidelines for tracheostomy in critically ill adult patients and identify areas needing further research.
Methods
A taskforce composed of representatives of 10 member countries of the Pan-American and Iberic Federation of Societies of Critical and Intensive 
Therapy Medicine and of the Latin American Critical Care Trial Investigators Network developed recommendations based on the Grading of 
Recommendations Assessment, Development and Evaluation system.
Results
The group identified 23 relevant questions among 87 issues that were initially identified. In the initial search, 333 relevant publications were identified, 
of which 226 publications were chosen. The taskforce generated a total of 19 recommendations, 10 positive (1B, 3; 2C, 3; 2D, 4) and 9 negative (1B, 8; 
2C, 1). A recommendation was not possible in 6 questions.
Conclusions
Percutaneous techniques are associated with a lower risk of infections compared with surgical tracheostomy. Early tracheostomy only seems to reduce 
the duration of ventilator use but not the incidence of pneumonia, the length of stay, or the long-term mortality rate. The evidence does not support 
the use of routine bronchoscopy guidance or laryngeal masks during the procedure. Finally, proper prior training is as important or even a more 
significant factor in reducing complications than the technique used.





Abstract 
Introduction: 
Survivors of critical illness face many potential long-term sequelae. Prior studies showed that early rehabilitation in the intensive care unit (ICU) 
reduces physical impairment and decreases ICU and hospital length of stay (LOS). However, these studies are based on a single ICU or were 
conducted with a small subset of all ICU patients. We examined the effect of an early rehabilitation program concurrently implemented in multiple 
ICUs on ICU and hospital LOS. 
Methods: 
An early rehabilitation program was systematically implemented in five ICUs at the sites of two affiliated academic institutions. We retrospectively 
compared ICU and hospital LOS in the year before (1/2011–12/2011) and after (1/2012–12/2012) implementation. 
Results: 
In the pre- and post-implementation periods, respectively, there were a total of 3945 and 4200 ICU admissions among the five ICUs. After 
implementation, there was a significant increase in the proportion of patients who received more rehabilitation treatments during their ICU stay 
(p<0.001). The mean number of rehabilitation treatments per ICU patient-day increased from 0.16 to 0.72 (p<0.001). In the post-implementation 
period, four of the five ICUs had a statistically significant decrease in mean ICU LOS among all patients. The overall decrease in mean ICU LOS across 
all five ICUs was 0.4 days (6.9%) (5.8 versus 5.4 days, p<0.001). Across all five ICUs, there were 255 (6.5%) more admissions in the post-implementation 
period. The mean hospital LOS for patients from the five ICUs also decreased by 5.4% (14.7 vs. 13.9 days, p<0.001). Conclusions: 
A multi-ICU, coordinated implementation of an early rehabilitation program markedly increased rehabilitation treatments in the ICU and was 
associated with reduced ICU and hospital LOS as well as increased ICU admissions.



Abstract 
The Intensive Care Foundation, in partnership with the James Lind Alliance, has supported a national project to identify and prioritise unanswered 
questions about adult intensive care that are important to people who have been critically ill, their families, and the health professionals who care 
for them. We conducted a secondary analysis to explore differences in priorities determined by different respondent groups in order to identify 
different groups’ perceptions of gaps in knowledge. There were two surveys conducted as part of the original project. Survey 1 comprised a single 
open question to identify important research topics; survey 2 aimed to prioritise these topics using a 10-point Likert scale. In survey 1, despite clear 
differences in suggestions amongst the respondent groups, themes of comfort/communication and postICU rehabilitation were the within the top 2 
suggestions across all groups. Patients and relatives suggested research topics to which they could easily relate, whereas there was a greater 
breadth of suggestions from clinicians. In survey 2, the number of research priorities that received a mode score of 10 varied from 1 to 36. Patients 
scored 36 out of the 37 topics with a mode score of 10. All other groups scored topics with more discrimination, with the number of topics with a 
mode score of 10 ranging from 1 to 20. Differences in the proportions of the representative groups are therefore unlikely to have translated to an 
impartial conclusion. Clinicians, patients, and family members have jointly identified the research priorities for UK ICM practice.



Abstract 
As clinicians, we are well acquainted with using randomised controlled trials, case–control studies and cohort studies together 
with p-values, odds ratios and confidence intervals to understand and improve the way in which we care for our patients. We have
a degree of familiarity, trust and confidence with well-performed scientific quantitative studies in critical care and we make a
judgment about our practice based on their recommendations. The same cannot be said of qualitative research, and its use 
accounts for only a small proportion of published studies in critical care. There are many research questions in our environment
that lend themselves to a qualitative research design. Our positivistic education as doctors potentially incites distrust towards such 
studies and, as such, they are seldom undertaken in our units. We aim to describe and discuss the differences between 
quantitative and qualitative research with focus being given to common misunderstandings and misconceptions. An overview of 
the methods of data collection and analysis is provided with references towards published qualitative studies in critical care. 
Finally, we provide pragmatic and practical instruction and guidance for those wishing to undertake their own qualitative study in 
critical care.



Abstract
The PREdiction of DELIRium for Intensive Care (PRE-DELIRIC) model reliably predicts at 24h the development of 
delirium during intensive care admission. However, the model does not take account of alcohol misuse, which has a 
high prevalence in Scottish intensive care patients. We used the PRE-DELIRIC model to calculate the risk of delirium 
for patients in our ICU from May to July 2013. These patients were screened for delirium on each day of their ICU 
stay using the Confusion Assessment Method for ICU (CAM-ICU). Outcomes were ascertained from the national ICU 
database. In the 39 patients screened daily, the risk of delirium given by the PRE-DELIRIC model was positively 
associated with prevalence of delirium, length of ICU stay and mortality. The PRE-DELIRIC model can therefore be 
usefully applied to a Scottish cohort with a high prevalence of substance misuse, allowing preventive measures to 
be targeted.



Abstract 
Ventilator-associated pneumonia is an important healthcare-associated infection. Interventions for the prevention 
of ventilator-associated pneumonia are often used within bundles of care. Recent evidence has challenged 
widespread practices mandating a review of subject. This article outlines guidance for ventilator-associated 
pneumonia prevention.



Abstract 
Free Open Access Med(ical edu)cation refers to an online community of knowledge relating to medicine. Originating 
from practitioners in emergency medicine, it has since spread to critical care, internal medicine, prehospital medicine, 
paediatrics, and allied health professionals and continues to grow at an advanced rate. Weblogs (‘blog’ for short), 
emails, social media (in particular Twitter), recorded audio material ((podcasts), and video material are all produced 
on a daily basis and contribute to the continual professional development of trainees and consultants worldwide. In 
this article, we explain its background, rise to prominence, and explore some of its controversies.



Abstract
Background. Prolonged invasive mechanical ventilation (IMV) is a frequent challenge, and an increasing number of patients are 
transferred from intensive care units to long-term acute care hospitals or specialized weaning units. There are few published data 
for discharge home rates, use of noninvasive ventilation (NIV), or long-term survival.
Methods. A case-note and database review was conducted of patients admitted to a UK national specialized weaning unit for 
weaning from IMV between 1992 and 2012. Patients were grouped into diagnostic categories according to the predominant cause 
of weaning failure. Weaning outcomes and long-term survival were assessed according to diagnostic group and mode of 
ventilation on discharge.
Results. Four hundred and fifty-eight patients were transferred for weaning from IMV. Four hundred and seventeen (91%) survived 
to hospital discharge, of whom at least 343 (82%) were ultimately discharged to their own home. Three hundred and thirty (72%) 
weaned from IMV, of whom 142 weaned from all ventilation and 188 weaned to nocturnal NIV. Weaning success was highest for 
patients with chronic obstructive pulmonary disease and chest wall disorders. Median survival from unit discharge was 25 months 
(interquartile range 5–74), with the longest survival seen for patients discharged with nocturnal NIV [37 (12–81) months].
Conclusions. These results confirm successful weaning outcomes for patients transferred to a specialized weaning and long-term 
ventilation service. In contrast to other service models, most patients achieved discharge to their own home.



Abstract
Bomb or explosion-blast injuries are likely to be increasingly encountered as terrorist activity increases and pre-
hospital medical care improves. We therefore reviewed the epidemiology, pathophysiology and treatment of primary 
blast lung injury.
In addition to contemporary military publications and expert recommendation, an EMBASE and MEDLINE search of 
English speaking journals was undertaken using the medical subject headings (MeSHs) ‘blast injury’ and ‘lung injury’. 
Review articles, retrospective case series, and controlled animal modelling studies published since 2000 were 
evaluated.
6-11% of military casualties in recent conflicts have suffered primary blast lung injury but the incidence increases to 
more than 90% in terrorist attacks occurring in enclosed spaces such as trains. The majority of victims require 
mechanical ventilation and intensive care management. Specific therapies do not exist and treatment is supportive 
utilizing current best practice.
Understanding the consequences and supportive therapies available to treat primary blast lung injury are important 
for anaesthetists.



Abstract
Postoperative pulmonary complications (PPCs) are common, costly, and increase patient mortality. Changes to the 
respiratory system occur immediately on induction of general anaesthesia: respiratory drive and muscle function are 
altered, lung volumes reduced, and atelectasis develops in > 75% of patients receiving a neuromuscular blocking 
drug. The respiratory system may take 6 weeks to return to its preoperative state after general anaesthesia for major 
surgery. Risk factors for PPC development are numerous, and clinicians should be aware of non-modifiable and 
modifiable factors in order to recognize those at risk and optimize their care. Many validated risk prediction models 
are described. These have been useful for improving our understanding of PPC development, but there remains 
inadequate consensus for them to be useful clinically. Preventative measures include preoperative optimization of 
co-morbidities, smoking cessation, and correction of anaemia, in addition to intraoperative protective ventilation 
strategies and appropriate management of neuromuscular blocking drugs. Protective ventilation includes low tidal 
volumes, which must be calculated according to the patient’s ideal body weight. Further evidence for the most 
beneficial level of PEEP is required, and on-going randomized trials will hopefully provide more information. When 
PEEP is used, it may be useful to precede this with a recruitment manoeuvre if atelectasis is suspected. For high-risk 
patients, surgical time should be minimized. After surgery, nasogastric tubes should be avoided and analgesia 
optimized. A postoperative mobilization, chest physiotherapy, and oral hygiene bundle reduces PPCs.



Abstract
Numerous risk prediction models are available for predicting delirium after cardiac surgery, but few have been directly compared
with one another or been validated in an independent data set. We conducted a systematic review to identify validated risk 
prediction models of delirium (using the Confusion Assessment Method-Intensive Care Unit tool) after cardiac surgery and assessed 
the transportability of the risk prediction models on a prospective cohort of 600 consecutive patients undergoing cardiac surgery at 
a university hospital in Hong Kong from July 2013 to July 2015. The discrimination (c-statistic), calibration (GiViTI calibration belt), 
and clinical usefulness (decision curve analysis) of the risk prediction models were examined in a stepwise manner. Three published 
high-quality intensive care unit delirium risk prediction models (n=5939) were identified: Katznelson, the original PRE-DELIRIC, and 
the international recalibrated PRE-DELIRIC model. Delirium occurred in 83 patients (13.8%, 95% CI: 11.2–16.9%). After updating the 
intercept and regression coefficients in the Katznelson model, there was fair discrimination (0.62, 95% CI: 0.58–0.66) and good 
calibration. As the original PRE-DELIRIC model was already validated externally and recalibrated in six countries, we performed a 
logistic calibration on the recalibrated model and found acceptable discrimination (0.75, 95% CI: 0.72–0.79) and good calibration. 
Decision curve analysis demonstrated that the recalibrated PRE-DELIRIC risk model was marginally more clinically useful than the
Katznelson model. Current models predict delirium risk in the intensive care unit after cardiac surgery with only fair to moderate 
accuracy and are insufficient for routine clinical use.



Abstract
There is significant evidence that many older surgical patients experience at least a transient decrease in cognitive function. 
Although there is still equipoise regarding the degree, duration, and mechanism of cognitive dysfunction, there is a 
concurrent need to provide best-practice clinical evidence. The two major cognitive disorders seen after surgery are 
postoperative delirium and postoperative cognitive dysfunction. Delirium is a public health problem; millions of dollars are 
spent annually on delirium-related medical resource use and prolonged hospital stays. Postoperative cognitive dysfunction is a 
research construct that historically signifies decline in performance on a neuropsychiatric test or group of tests and begins
days to weeks after surgery. This review focuses on the current state of information gathered by several interdisciplinary 
stakeholder groups. Although there is still a need for high-level evidence to guide clinical practice, there is an emerging 
literature that can guide practitioners.



Abstract
Falls are a known public health problem, and there is increasing recognition of the importance of perioperative falls for risk 
prediction and quality assessment. Our objective was to review existing literature regarding the occurrence, injuries, and risk 
factors of preoperative and postoperative falls. A systematized search of PubMed entries between 1947 and November 2015 
produced 24 articles that met inclusion criteria. Most studied orthopaedic surgery patients older than 65 yr. Four were rated
‘good’ quality. Interrater reliability for the quality assessment was moderate (κ = 0.77). In the 3–12 months before surgery, the 
proportion of preoperative patients who fell ranged from 24 to 48%. Injuries were common (70%). The rate of postoperative 
falls ranged from 0.8 to 16.3 per 1000 person-days, with a gradual decline in the months after surgery. Injuries from 
postoperative falls occurred in 10–70% of fallers, and 5–20% experienced a severe injury. Risk factors were not well studied. 
Prospective studies reported a higher percentage of falls and fall-related injuries than retrospective studies, suggesting that 
there may be underdetection of falls and injuries with retrospective studies. Perioperative falls were more common than falls 
reported in the general community, even up to 12 months after surgery. Surgery-related falls may therefore occur beyond the 
hospitalization period. Future studies should use a prospective design, validated definitions, and broader populations to study 
perioperative falls. In particular, investigations of risk factors and follow-up after hospitalization are needed.



Abstract
Background
The Acute Respiratory Distress Syndrome (ARDS) is a serious complication of major surgery and consumes substantial healthcare
resources. Oesophagectomy is associated with high rates of ARDS. The aim of this study was to characterize patients and identify 
risk factors for developing ARDS after oesophagectomy.
Methods
A secondary analysis of data from 331 patients gathered during the Beta Agonists Lung Injury Prevention Trial was undertaken.
Characteristics and outcomes of patients with early (first 72 h postoperatively) and late (after 72 h) ARDS were determined. Linear 
and multivariate regression analysis was used to study the differences between early and late ARDS and identify risk factors.
Results
ARDS was associated with more non-respiratory organ failure (early 44.1%, late 75.0%, no ARDS 27.6% P<0.001), longer ICU stay 
(mean early 12.1, late 20.2, no ARDS 7.3 days P<0.001) and longer hospital stay (mean early 18.1, late 24.5, no ARDS 14.2 days 
P<0.001) but no difference in mortality or quality of life. Older patients (OR 1.06 (1.00 to 1.13), P=0.045) and those with mid-
oesophageal tumours (OR 7.48 (1.62–34.5), P=0.010) had a higher risk for ARDS.
Conclusions
Early and late ARDS after oesophagectomy increases intensive care and hospital length of stay. Given the high incidence of ARDS, 
cohorts of patients undergoing oesophagectomy may be useful as models for studies investigating ARDS prevention and treatment. 
Further investigations aimed at reducing perioperative ARDS are warranted.



Abstract
Background
Lung-protective ventilation is claimed to be beneficial not only in critically ill patients, but also in pulmonary healthy patients undergoing general anaesthesia. We report the 
use of electrical impedance tomography for assessing regional changes in ventilation, during both spontaneous breathing and mechanical ventilation, in patients undergoing 
robot-assisted radical prostatectomy.
Methods
We performed electrical impedance tomography measurements in 39 patients before induction of anaesthesia in the sitting (M1) and supine position (M2), after the start of 
mechanical ventilation (M3), during capnoperitoneum and Trendelenburg positioning (M4), and finally, in the supine position after release of capnoperitoneum (M5). To 
quantify regional changes in lung ventilation, we calculated the centre of ventilation and ‘silent spaces’ in the ventral and dorsal lung regions that did not show major 
impedance changes.
Results
Compared with the awake supine position [2.3% (2.3)], anaesthesia and mechanical ventilation induced a significant increase in silent spaces in the dorsal dependent lung 
[9.2% (6.3); P <0.05]. Capnoperitoneum and the Trendelenburg position led to a significant increase in such spaces [11.5% (8.9)]. Silent space in the ventral lung remained 
constant throughout anaesthesia. 
Conclusion
Electrical impedance tomography was able to identify and quantify on a breath-by-breath basis circumscribed areas, so-called silent spaces, within healthy lungs that received 
little or no ventilation during general anaesthesia, capnoperitoneum, and different body positions. As these silent spaces are suggestive of atelectasis on the one hand and 
overdistension on the other, they might become useful to guide individualized protective ventilation strategies to mitigate the side-effects of anaesthesia and surgery on the 
lungs.



Abstract
Background
We reviewed our experience with tracheal extubation in the operating room (E-OR) among cystic fibrosis patients requiring bilateral lung 
transplantation to evaluate safety and determine predictive factors of E-OR.
Methods
The charts of 89 recipients (from May 2007 to June 2013) were analysed. Patients were divided into E-OR and E-ICU (intensive care unit extubation) 
groups. Data are expressed as numbers (percentages) or medians [25th–75th percentiles].
Results
There were 41 patients in the E-OR group (46%). Donor and recipient characteristics were similar between groups. Intraoperative complications 
occurred less frequently in the E-OR group, and fluid and transfusion requirements were lower. Postoperative courses were different in the E-OR 
group, including a lower rate of grade 3 primary graft dysfunction (0 compared with 19 patients, P <0.0001) and shorter ICU (5.0 [3.7–7.2] compared 
with 11.5 [7.0–15.5] days) and hospital stays (22.0 [18.0–25.5] compared with 33.0 [25.0–56.5] days, respectively; P <0.0001 for both). The 1 yr survival 
rates were similar: 95% in the E-OR group and 98% in the E-ICU group. A statistical model built on a development cohort of 60 randomly selected 
patients predicted 95% of E-OR instances in this cohort and 82% of E-OR instances in the validation cohort (28 patients). Predictive factors were 
complications during single-lung ventilation (second graft implantation), complications during bipulmonary ventilation (end of surgery), and the ratio 
of arterial partial pressure of oxygen to fractional inspired oxygen (end of surgery). 
Conclusions
Our protocol allowed for extubation of 46% of bilateral lung transplant patients without increased postoperative risks.



Abstract
Background
Early mobilisation is prescribed after cardiac surgery to prevent postoperative complications, decrease length of hospital stay, and augment return to daily activities.
Objective
To evaluate the evidence for the effects of early mobilisation in patients after cardiac surgery on length of hospital stay, functional capacity and postoperative complications.
Data sources
The data sources used were Medline, Embase, CINAHL, PEDro, Web of Science and Cochrane Central Register of Controlled Trials.
Study selection
Randomised controlled trials of early mobilisation after cardiac surgery. Study selection was not restricted by language or publication time.
Study appraisal and synthesis methods
The methodological quality of each article was appraised with the PEDro scale. All review phases (selection, data extraction and appraisal) were conducted by two investigators, 
and a third investigator provided consensus.
Results
Nine trials were selected. The PEDro scale showed that the studies had a low risk of bias (range 5 to 9 points). The trials revealed diversity in techniques used for mobilisation, as 
well as periods considered early for the start of the intervention. Early mobilisation groups had improved outcomes compared with control groups without treatment. Generally, 
these advantages did not differ when groups of interventions were compared.
Limitations
It was not possible to perform a meta-analysis due to the variability of the interventions proposed as early mobilisation.
Conclusions
Regardless of the techniques used as mobilisation, the essential point is to avoid bed rest. Early mobilisation seems to be important to prevent postoperative complications, 
improve functional capacity and reduce length of hospital stay in patients after cardiac surgery.



Abstract
Objectives
To evaluate the feasibility and outcomes of early enforced mobilisation following surgery for gastrointestinal cancer.
Design
Feasibility study with a separate-sample pre–post-test design.
Setting
Surgical gastrointestinal ward.
Participants
Patients with various types of gastrointestinal cancer, before and after implementation of postoperative enforced mobilisation (n = 55 and n = 61, respectively).
Intervention
The enforced mobilisation protocol included structured mobilisation by a nurse and walking supervised by a physiotherapist, starting within 24 hours of surgery.
Main outcome measures
The enforced mobilisation protocol was deemed to be feasible if at least 50% of patients were able to walk the scheduled distance on postoperative day 1. Pre- and postimplementation 
differences in postoperative pulmonary complications (PPCs), length of hospital stay (LOS) and re-admission rate were analysed using regression analyses, adjusting for relevant co-variables.
Results
In the various surgical groups, between 48% and 56% of patients were able to walk the scheduled distance on postoperative day 1, which was regarded as feasible. However, none of the 
patients who had undergone oesophageal resection were able to walk on postoperative day 1. Excluding these patients from the analyses, a significant decrease in PPCs was found (odds ratio 
0.08, 95% confidence interval 0.010 to 0.71, P = 0.023) following implementation of enforced mobilisation. Differences in LOS and re-admission rate were not significant.
Conclusions
Early enforced mobilisation seems to be feasible in patients following surgery for gastrointestinal cancer, except for those undergoing oesophageal resection. The occurrence of PPCs was 
reduced after implementation of enforced mobilisation. Further research is needed to confirm these results.



Abstract
Background
There is increasing interest in measuring the quality of survivorship for patients admitted to the intensive care unit for acute respiratory failure (ARF). However, there is substantial 
variability in patient outcomes reported in studies evaluating these patients, with few data on which outcomes are essential to inform clinical practice.
Objective
The objectives of this study were to determine clinicians’ perspectives on the outcome domains that should always be reported in studies evaluating people who have had ARF after 
hospital discharge and to compare findings about US and Australian perspectives.
Design
A modified Delphi method was used for the study.
Methods
A survey with 19 possible domains was developed to iteratively elicit clinicians’ perspectives on core outcome domains via a modified Delphi method. The survey was initially 
administered online. The survey results were then discussed independently at meetings at scientific conferences in the United States and Australia, and the survey was repeated at the 
meetings after the discussions.
Results
The numbers of participants who responded to both the online and the real-time polling were 44 of 100 (44%) in the United States and 78 of 85 (92%) in Australia. Most respondents 
were intensive care unit–based clinicians (United States: 33 [75%]; Australia: 76 [97%]). For the 19 domains evaluated, both US and Australian groups ranked physical function and 
symptoms as the most important domain, with quality of life, cognitive function and symptoms, and survival being the next 3 most important domains. These data yielded a total of 4 
domains meeting the criteria for inclusion as core domains at both meetings.
Limitations
Several key constituencies, including patients and caregivers, were not represented in this study; their perspectives are also important and ideally should be included in the development 
of a comprehensive core outcome set.
Conclusions
Clinicians agreed that physical function and symptoms, quality of life, cognitive function, and survival were domains that should always be measured in research evaluating outcomes for 
people who have had ARF after hospital discharge.



Abstract
Critical analysis (or the ability to recognize taken-for-granted assumptions and their effects) is a skill that requires teaching and 
practice. The purpose of this article is to introduce a framework for critically analyzing assumptions within physical therapy and 
illustrate its utility through application to 2 examples: a physical therapy clinic logo and an outcome measure for health-related 
quality of life (HRQOL). This 7-step framework for critical analysis was created for a pilot project to develop reflexivity among 
senior physical therapist students and further developed through an iterative process of reflecting on its utility for advancing the 
field of physical therapy. The 7-step framework is an iterative process involving a cascade of 7 steps: (1) name the specific aspect 
of practice being analyzed, (2) identify the intended purposes of this aspect of practice, (3) uncover the assumptions that support 
these intended purposes, (4) identify who benefits, (5) identify who is disadvantaged, (6) link these specific ideas to society-level 
patterns, and (7) conceive of alternatives that mitigate actual or potential harms. It is emphasized that being theoretically critical 
does not equate to being negative. Rather, the word “critical” is used in the sense of thinking deeply and carefully about the 
intended and unintended consequences of actions (including common professional practices, ways of speaking, and visual 
representations) in order to reflect on and mature the field of physical therapy. The purpose of critical analysis is to invite and 
promote dialogue that assists physical therapist clinicians, researchers, and students to arrive at new insights about the impacts of 
their day-to-day actions.



Abstract
Few studies have analysed postoperative risk factors in patients undergoing thoracoscopic lobectomy, including assessments of 
preoperative physical function. The objectives of this study were to identify predictors of postoperative deterioration of 
performance status and cardiopulmonary complications in cases of thoracoscopic lobectomy.
Between June 2005 and October 2012, we retrospectively reviewed 188 consecutive subjects who underwent thoracoscopic
lobectomy for preoperative stage I nonsmall cell lung cancer. The demographic and clinical parameters, including physical function, 
were analysed using a multivariate logistic regression to clarify the determinants.
The percent predicted diffusing capacity of the lung for carbon monoxide, quadriceps muscle strength and pathologic stage were 
independent risk factors for deterioration of performance status after surgery in the multivariate analyses. Chronic obstructive
pulmonary disease, 6-min walking distance and pathologic stage were also independent risk factors for postoperative 
cardiopulmonary complications.
Our data suggest that, in addition to a greater pathologic stage, lower diffusing capacity and comorbid chronic obstructive 
pulmonary disease, poor physical function was associated with worse short-term outcomes after thoracoscopic lobectomy. An 
evaluation of preoperative quadriceps muscle strength and 6-min walk test is easily performed and may therefore be a useful 
predictor in cases of thoracoscopic lobectomy.



Abstract
Auscultation of the lung remains an essential part of physical examination even though its limitations, particularly 
with regard to communicating subjective findings, are well recognised. The European Respiratory Society (ERS) 
Task Force on Respiratory Sounds was established to build a reference collection of audiovisual recordings of lung 
sounds that should aid in the standardisation of nomenclature. Five centres contributed recordings from paediatric 
and adult subjects. Based on pre-defined quality criteria, 20 of these recordings were selected to form the initial 
reference collection. All recordings were assessed by six observers and their agreement on classification, using 
currently recommended nomenclature, was noted for each case. Acoustical analysis was added as supplementary 
information. The audiovisual recordings and related data can be accessed online in the ERS e-learning resources. 
The Task Force also investigated the current nomenclature to describe lung sounds in 29 languages in 33 European 
countries. Recommendations for terminology in this report take into account the results from this survey.





Abstract
Background With improving short-term mortality in acute respiratory distress syndrome (ARDS), understanding and improving quality of life (QOL) 
outcomes in ARDS survivors is a clinical and research priority. We sought to identify variables associated with QOL, as measured by the EQ-5D health 
utility score, after ARDS using contemporary data science methods.
Methods Analysis of prospectively acquired baseline variables and 6-month EQ-5D health utility scores for adults with ARDS enrolled in the ARDS 
Network Long-Term Outcomes Study (ALTOS). Penalised regression identified predictors of health utility, with results validated using 10-fold cross-
validation.
Results Among 616 ARDS survivors, several predictors were associated with 6-month EQ-5D utility scores, including two lifestyle factors. Specifically, 
older age, female sex, Hispanic/Latino ethnicity, current smoking and higher body mass index were associated with lower EQ-5D utilities, while living 
at home without assistance at baseline and AIDS were associated with higher EQ-5D utilities in ARDS survivors. No acute illness variables were 
associated with EQ-5D utility.
Conclusions Acute illness variables do not appear to be associated with postdischarge QOL among ARDS survivors. Functional independence and 
lifestyle factors, such as obesity and tobacco smoking, were associated with worse QOL. Future analyses of postdischarge health utility among ARDS 
survivors should incorporate measures of demographics and functional independence at baseline.



Abstract
Electrical impedance tomography (EIT) has undergone 30 years of development. Functional chest examinations with this technology 
are considered clinically relevant, especially for monitoring regional lung ventilation in mechanically ventilated patients and for 
regional pulmonary function testing in patients with chronic lung diseases. As EIT becomes an established medical technology, it
requires consensus examination, nomenclature, data analysis and interpretation schemes. Such consensus is needed to compare, 
understand and reproduce study findings from and among different research groups, to enable large clinical trials and, ultimately, 
routine clinical use. Recommendations of how EIT findings can be applied to generate diagnoses and impact clinical decision-making 
and therapy planning are required. This consensus paper was prepared by an international working group, collaborating on the 
clinical promotion of EIT called TRanslational EIT developmeNt stuDy group. It addresses the stated needs by providing (1) a new 
classification of core processes involved in chest EIT examinations and data analysis, (2) focus on clinical applications with structured 
reviews and outlooks (separately for adult and neonatal/paediatric patients), (3) a structured framework to categorise and 
understand the relationships among analysis approaches and their clinical roles, (4) consensus, unified terminology with clinical user-
friendly definitions and explanations, (5) a review of all major work in thoracic EIT and (6) recommendations for future development 
(193 pages of online supplements systematically linked with the chief sections of the main document). We expect this information to 
be useful for clinicians and researchers working with EIT, as well as for industry producers of this technology.



Abstract
Background Physical rehabilitation interventions aim to ameliorate the effects of critical illness-associated muscle dysfunction in survivors. We 
conducted an overview of systematic reviews (SR) evaluating the effect of these interventions across the continuum of recovery.
Methods Six electronic databases (Cochrane Library, CENTRAL, DARE, Medline, Embase, and Cinahl) were searched. Two review authors independently 
screened articles for eligibility and conducted data extraction and quality appraisal. Reporting quality was assessed and the Grading of 
Recommendations Assessment, Development and Evaluation approach applied to summarise overall quality of evidence.
Results Five eligible SR were included in this overview, of which three included meta-analyses. Reporting quality of the reviews was judged as medium 
to high. Two reviews reported moderate-to-high quality evidence of the beneficial effects of physical therapy commencing during intensive care unit 
(ICU) admission in improving critical illness polyneuropathy/myopathy, quality of life, mortality and healthcare utilisation. These interventions included 
early mobilisation, cycle ergometry and electrical muscle stimulation. Two reviews reported very low to low quality evidence of the beneficial effects of 
electrical muscle stimulation delivered in the ICU for improving muscle strength, muscle structure and critical illness polyneuropathy/myopathy. One 
review reported that due to a lack of good quality randomised controlled trials and inconsistency in measuring outcomes, there was insufficient 
evidence to support beneficial effects from physical rehabilitation delivered post-ICU discharge.
Conclusions Patients derive short-term benefits from physical rehabilitation delivered during ICU admission. Further robust trials of electrical muscle 
stimulation in the ICU and rehabilitation delivered following ICU discharge are needed to determine the long-term impact on patient care. This 
overview provides recommendations for design of future interventional trials and SR.



Abstract
Background In patients who have been mechanically ventilated, inspiratory muscles remain weak and fatigable following 
ventilatory weaning, which may contribute to dyspnoea and limited functional recovery. Inspiratory muscle training may improve 
inspiratory muscle strength and endurance following weaning, potentially improving dyspnoea and quality of life in this patient 
group.
Methods We conducted a randomised trial with assessor-blinding and intention-to-treat analysis. Following 48 hours of successful 
weaning, 70 participants (mechanically ventilated ≥7 days) were randomised to receive inspiratory muscle training once daily 
5 days/week for 2 weeks in addition to usual care, or usual care (control). Primary endpoints were inspiratory muscle strength and 
fatigue resistance index (FRI) 2 weeks following enrolment. Secondary endpoints included dyspnoea, physical function and quality 
of life, post-intensive care length of stay and in-hospital mortality.
Results 34 participants were randomly allocated to the training group and 36 to control. The training group demonstrated greater 
improvements in inspiratory strength (training: 17%, control: 6%, mean difference: 11%, p=0.02). There were no statistically 
significant differences in FRI (0.03 vs 0.02, p=0.81), physical function (0.25 vs 0.25, p=0.97) or dyspnoea (−0.5 vs 0.2, p=0.22). 
Improvement in quality of life was greater in the training group (14% vs 2%, mean difference 12%, p=0.03). In-hospital mortality
was higher in the training group (4 vs 0, 12% vs 0%, p=0.051).
Conclusions Inspiratory muscle training following successful weaning increases inspiratory muscle strength and quality of life, but 
we cannot confidently rule out an associated increased risk of in-hospital mortality.



Abstract
Background Physical recovery following critical illness is slow, often incomplete and is resistant to rehabilitation interventions. We aimed to explore 
the contribution of persisting inflammation to recovery, and investigated the potential role of human cytomegalovirus (HCMV) infection in its 
pathogenesis.
Methods In an a priori nested inflammatory biomarker study in a post-intensive care unit (ICU) rehabilitation trial (RECOVER; ISRCTN09412438), 
surviving adult ICU patients ventilated >48 h were enrolled at ICU discharge and blood sampled at ICU discharge (n=184) and 3 month follow-up 
(N=123). C-reactive protein (CRP), human neutrophil elastase (HNE), interleukin (IL)-1β, IL-6, IL-8, transforming growth factor β1 (TGFβ1) and secretory 
leucocyte protease inhibitor (SLPI) were measured. HCMV IgG status was determined (previous exposure), and DNA PCR measured among 
seropositive patients (lytic infection). Physical outcome measures including the Rivermead Mobility Index (RMI) were measured at 3 months.
Results Many patients had persisting inflammation at 3 months (CRP >3 mg/L in 59%; >10 mg/L in 28%), with proinflammatory phenotype (elevated 
HNE, IL-6, IL-8, SLPI; low TGFβ1). Poorer mobility (RMI) was associated with higher CRP (β=0.13; p<0.01) and HNE (β=0.32; p=0.03), even after 
adjustment for severity of acute illness and pre-existing co-morbidity (CRP β=0.14; p<0.01; HNE β=0.30; p=0.04). Patients seropositive for HCMV at ICU 
discharge (63%) had a more proinflammatory phenotype at 3 months than seronegative patients, despite undetectable HMCV by PCR testing.
Conclusions Inflammation is prevalent after critical illness and is associated with poor physical recovery during the first 3 months post-ICU discharge. 
Previous HCMV exposure is associated with a proinflammatory phenotype despite the absence of detectable systemic viraemia.

http://thorax.bmj.com/external-ref?link_type=ISRCTN&access_num=ISRCTN09412438


Abstract
Introduction Postoperative pulmonary complications (PPC) such as atelectasis and pneumonia are common following lung resection. PPCs have a 
significant clinical impact on postoperative morbidity and mortality. We studied the long-term effects of PPCs and sought to identify independent 
risk factors.
Methods A prospective observational study involved all patients following lung resection in a regional thoracic centre over 4 years. PPCs were 
assessed daily in hospital using the Melbourne group scale based on chest X-ray, white cell count, fever, purulent sputum, microbiology, oxygen 
saturations, physician diagnosis and intensive therapy unit (ITU)/high-dependency unit readmission. Follow-up included hospital length of stay 
(LOS), 30-day readmissions, and mortality.
Results 86 of 670 patients (13%) who had undergone a lung resection developed a PPC. Those patients had a significantly longer hospital LOS in 
days (13, 95% CI 10.5–14.9 vs 6.3, 95% CI 5.9 to 6.7; p<0.001) and higher rates of ITU admissions (28% vs 1.9%; p<0.001) and 30-day hospital 
readmissions (20.7% vs 11.9%; p<0.05). Significant independent risk factors for development of PPCs were COPD and smoking (p<0.05), not age. 
Excluding early postoperative deaths, developing a PPC resulted in a significantly reduced overall survival in months (40, 95% CI 34 to 44 vs 46, 95% 
CI 44 to 47; p=0.006). Those who developed a PPC had a higher rate of non-cancer-related deaths (11% vs 5%; p=0.020). PPC is a significant 
independent risk factor for late deaths in non-small cell lung cancer patients (HR 2.0, 95% CI 1.9 to 3.2; p=0.006).
Conclusions Developing a PPC after thoracic surgery is common and is associated with a poorer long-term outcome.



Postoperative pulmonary complications are common, with a reported incidence of 2–40%, and are associated with adverse 
outcomes that include death, longer hospital stay and reduced long-term survival. Enhanced recovery is now a standard of care for 
patients undergoing elective major surgery. Despite the high prevalence of pulmonary complications in this population, few 
elements of enhanced recovery specifically address reducing these complications. In 2013, a prevalence audit confirmed a 
postoperative pulmonary complication rate of 16/83 (19.3%) in patients undergoing elective major surgery who were admitted to
critical care postoperatively. A quality improvement team developed and implemented ERAS+, an innovative model of peri-
operative care combining elements of enhanced recovery with specific measures aimed at reducing pulmonary complications. 
ERAS+ was introduced in June 2014, with full implementation in September 2014. Patients were screened during full ERAS+ 
implementation and again one year following implementation. Following ERAS+ implementation, postoperative pulmonary 
complications reduced to 24/228 (10.5%). Sustained improvement was evident one year after implementation, with a pulmonary 
complication rate of 16/183 (8.7%). Median (IQR [range]) length of hospital stay one year after implementation of ERAS+ also 
improved from 12 (9–15 [4-101]) to 9 (5.5–10.5 [3-81]) days. The ERAS+ pathway is applicable to patients undergoing elective major 
surgery and appears effective in reducing postoperative pulmonary complications.



Mortality and morbidity occur commonly following emergency laparotomy, and incur a considerable clinical and 
financial healthcare burden. Limited data have been published describing the postoperative course and temporal 
pattern of complications after emergency laparotomy. We undertook a retrospective, observational, multicentre 
study of complications in 1139 patients after emergency laparotomy. A major complication occurred in 537/1139 
(47%) of all patients within 30 days of surgery. Unadjusted 30-day mortality was 20.2% and 1-year mortality was 34%. 
One hundred and thirty-seven of 230 (60%) deaths occurred between 72 h and 30 days after surgery; all of these 
patients had complications, indicating that there is a prolonged period with a high frequency of complications and 
mortality after emergency laparotomy. We conclude that peri-operative, enhanced recovery care bundles for 
preventing complications should extend their focus on continuous complication detection and rescue beyond the 
first few postoperative days.



The models used to predict outcome after adult general critical care may not be applicable to cardiothoracic critical 
care. Therefore, we analysed data from the Case Mix Programme to identify variables associated with hospital 
mortality after admission to cardiothoracic critical care units and to develop a risk-prediction model. We derived 
predictive models for hospital mortality from variables measured in 17,002 patients within 24 h of admission to five 
cardiothoracic critical care units. The final model included 10 variables: creatinine; white blood count; mean arterial 
blood pressure; functional dependency; platelet count; arterial pH; age; Glasgow Coma Score; arterial lactate; and 
route of admission. We included additional interaction terms between creatinine, lactate, platelet count and cardiac 
surgery as the admitting diagnosis. We validated this model against 10,238 other admissions, for which the c index 
(95% CI) was 0.904 (0.89–0.92) and the Brier score was 0.055, while the slope and intercept of the calibration plot 
were 0.961 and −0.183, respectively. The discrimination and calibration of our model suggest that it might be used to 
predict hospital mortality after admission to cardiothoracic critical care units.



Concerns have been raised about the effects on cognition of anaesthesia for surgery, especially in elderly 
people. We recorded cognitive decline in a cohort of 394 people (198 women) with median (IQR) age at 
recruitment of 72.6 (66.6–77.8) years, of whom 109 had moderate or major surgery during a median (IQR) 
follow-up of 4.1 (2.0–7.6) years. Cognitive decline was more rapid in people who on recruitment were: older, p 
= 0.0003; male, p = 0.027; had worse cognition, p < 0.0001; or carried the ε4 allele of apoliprotein E (APOEε4), 
p = 0.008; and after an operation if cognitive impairment was already diagnosed, p = 0.0001. Cognitive decline 
appears to accelerate after surgery in elderly patients diagnosed with cognitive impairment, but not other 
elderly patients.



Hypoxic ischemic brain injury (HIBI) after cardiac arrest (CA) is a leading cause of mortality and long-term neurologic disability in survivors. The 
pathophysiology of HIBI encompasses a heterogeneous cascade that culminates in secondary brain injury and neuronal cell death. This begins with 
primary injury to the brain caused by the immediate cessation of cerebral blood flow following CA. Thereafter, the secondary injury of HIBI takes 
place in the hours and days following the initial CA and reperfusion. Among factors that may be implicated in this secondary injury include 
reperfusion injury, microcirculatory dysfunction, impaired cerebral autoregulation, hypoxemia, hyperoxia, hyperthermia, fluctuations in arterial carbon 
dioxide, and concomitant anemia.
Clarifying the underlying pathophysiology of HIBI is imperative and has been the focus of considerable research to identify therapeutic targets. Most 
notably, targeted temperature management has been studied rigorously in preventing secondary injury after HIBI and is associated with improved 
outcome compared with hyperthermia. Recent advances point to important roles of anemia, carbon dioxide perturbations, hypoxemia, hyperoxia, and 
cerebral edema as contributing to secondary injury after HIBI and adverse outcomes. Furthermore, breakthroughs in the individualization of 
perfusion targets for patients with HIBI using cerebral autoregulation monitoring represent an attractive area of future work with therapeutic 
implications.
We provide an in-depth review of the pathophysiology of HIBI to critically evaluate current approaches for the early treatment of HIBI secondary to 
CA. Potential therapeutic targets and future research directions are summarized.



The respiratory muscles drive ventilation. Under normal conditions, the diaphragm is the main muscle for inspiration, whereas
expiration is largely passive, driven by relaxation of the inspiratory muscles and elastic recoil pressure of the lung. A disturbance in 
the balance between capacity and loading of the inspiratory muscles will result in respiratory failure. This may occur in the course of 
numerous disorders that increase loading of the diaphragm, such as pneumonia, acute respiratory distress syndrome (ARDS), acute 
exacerbation of chronic obstructive pulmonary disease (COPD) and trauma. On the other hand, capacity of the respiratory muscles 
may be impaired due to congenital myopathies or acquired muscle dysfunction (e. g., in COPD or cancer cachexia). Mechanical 
ventilation can partially or completely unload the respiratory muscles. Despite being life‐saving, studies published in the last decade 
have demonstrated that respiratory muscle function may further deteriorate in ventilator bound intensive care unit (ICU) patients. 
Respiratory muscle weakness in ventilated ICU patients is associated with prolonged duration of ventilator weaning and increased 
risk of ICU and hospital readmission. Therefore, it seems of crucial importance to limit the detrimental effects of critical illness, and 
in particular mechanical ventilation, on the respiratory muscles. The aim of this chapter is to describe recent insights into the 
pathophysiology of diaphragm dysfunction in ICU patients and how these new findings may affect clinical care for our patients. We 
will focus on studies performed in humans.



Sepsis is defined as a life‐threatening organ dysfunction caused by a non‐homeostatic response of the host to an infection. Sepsis 
associated encephalopathy (SAE) is a transient and reversible brain dysfunction, occurring when the source of sepsis is located 
outside of the central nervous system. SAE affects approximately a third of septic patients and is a risk factor for long term 
disability and mortality . SAE is characterized by an altered mental status, which may range from delirium to coma. 
Electrophysiological and brain imaging anomalies may be present. The electroencephalogram (EEG) anomalies of SAE were 
described and classified by Young et al., including, from the most benign to the most severe, excessive theta rhythms, 
predominant delta rhythms, triphasic waves and burst suppression. A recent study reported that seizures were recorded in up to 
15% of patients. However, the exact place of EEG monitoring in sepsis remains to be defined. Evoked potentials, when 
investigated in sepsis, show evidence of increased latencies and decreased amplitudes. Cerebral imaging shows various patterns 
of brain injury during SAE. Brain magnetic resonance imaging (MRI) can be normal or show focal injuries, such as white matter
hyperintensities or ischemic stroke, in the presence of disseminated intravascular coagulation (DIC) or of cardiac arrhythmia. 
Although there is no hallmark biomarker for SAE, elevated plasma levels of S100β or neuron‐specific enolase (NSE) have been 
reported. Their exact significance, however remains unclear.



Obesity has become a worldwide health concern. The prevalence of obese adults in the United States of America has risen significantly over the last 
decade to 35%. Bariatric surgery and complications associated with bariatric surgery are becoming increasingly frequent. Obese patients represent a 
specific population in the intensive care unit. Atelectasis formation is increased in obese patients, because of the negative effects of thoracic wall 
weight and abdominal fat mass on pulmonary compliance, leading to decreased functional residual capacity (FRC) and arterial oxygenation. These 
atelectases are further exacerbated by a supine position and further worsened after general anesthesia and mechanical ventilation. Atelectases
contribute to hypoxemia during mechanical ventilation and after weaning from mechanical ventilation. More importantly, they persist after extubation
in the obese patient in comparison with full resolution in non‐obese patients, leading to pulmonary infections. Moreover, obese patients often present 
comorbidities, such as obstructive apnea syndrome or obesity hypoventilation syndrome. Obesity is a major risk factor for obstructive apnea
syndrome (30 to 70% of subjects with obstructive apnea syndrome are obese). Many complications of respiratory care are directly related to the 
obstructive apnea syndrome: difficult airway management including difficult mask ventilation, difficult intubation and obstruction of the upper airway. 
The repetitive occurrence of rapid eye movement (REM) sleep, hypoventilation or obstructive sleep apnea with long‐lasting apnea and hypopnea 
induces a secondary depression of respiratory drive with daytime hypercapnia, leading to obesity hypoventilation syndrome. Obesity hypoventilation 
syndrome is defined as a combination of obesity (body mass index [BMI] ≥ 30 kg/m2), daytime hypercapnia (PaCO2 > 45 mm Hg), and disordered 
breathing during sleep (after ruling out other disorders that might cause alveolar hypoventilation).



Oxygen therapy is the first step in the prevention and treatment of hypoxemic respiratory failure and has traditionally been delivered using nasal 
prongs or masks. However, the maximal flow rates that these devices can deliver are limited because of the discomfort generated secondary to 
insufficient heat and humidity provided to the gas administered. Although high‐flow oxygen therapy is currently defined as flows greater than 30 
l/min, it is accepted that flows up to 15 l/min can be delivered using conventional nasal prongs or masks; this flow is far less than the peak inspiratory 
flow of a patient with dyspnea. In addition, flows exceeding 6 l/min can lead to insufficient humidification provided to the nasal mucosa, even when a 
cold bubble humidifier is used. Therefore, room air dilutes the supplemental oxygen, resulting in a significant decrease in the fraction of the inspired 
oxygen (FiO2) that finally reaches the alveoli.
In recent years, new devices that deliver totally conditioned gas (37 °C containing 44 mg H2O/l [100% relative humidity] using a heated humidifier 
and a heated inspiratory circuit) through a wide bore nasal cannula at very high flow (up to 60 l/min) at a predetermined constant oxygen 
concentration (21 to 100%) have emerged as a safe and useful supportive therapy in many clinical situations.
High‐flow nasal cannula (HFNC) supportive therapy exerts its potential benefits through a variety of mechanisms. In the literature this treatment 
strategy has been variously described as nasal high flow and high flow oxygen therapy, but we believe that the most appropriate term is heated and 
humidified HFNC supportive therapy. This term reflects the features that generate the technique’s clinical effects (i. e., the delivery of warm and 
humidified air at high flows through a nasal cannula).



Extracorporeal membrane oxygenation (ECMO) is a technology capable of providing short-term mechanical support to the heart, 
lungs or both. Over the last decade, the number of centres offering ECMO has grown rapidly. At the same time, the indications for 
its use have also been broadened. In part, this trend has been supported by advances in circuit design and in cannulation 
techniques. Despite the widespread adoption of extracorporeal life support techniques, the use of ECMO remains associated with 
significant morbidity and mortality. A complication witnessed during ECMO is the inflammatory response to extracorporeal 
circulation. This reaction shares similarities with the systemic inflammatory response syndrome (SIRS) and has been well-
documented in relation to cardiopulmonary bypass. The exposure of a patient’s blood to the non-endothelialised surface of the 
ECMO circuit results in the widespread activation of the innate immune system; if unchecked this may result in inflammation and 
organ injury. Here, we review the pathophysiology of the inflammatory response to ECMO, highlighting the complex interactions
between arms of the innate immune response, the endothelium and coagulation. An understanding of the processes involved may 
guide the design of therapies and strategies aimed at ameliorating inflammation during ECMO. Likewise, an appreciation of the
potentially deleterious inflammatory effects of ECMO may assist those weighing the risks and benefits of therapy.



Abstract
Background
The study objective was to obtain consensus on physical therapy (PT) in the rehabilitation of critical illness survivors after hospital discharge. Research questions were: what are 
PT goals, what are recommended measurement tools, and what constitutes an optimal PT intervention for survivors of critical illness?
Methods
A Delphi consensus study was conducted. Panelists were included based on relevant fields of expertise, years of clinical experience, and publication record. A literature review 
determined five themes, forming the basis for Delphi round one, which was aimed at generating ideas. Statements were drafted and ranked on a 5-point Likert scale in two 
additional rounds with the objective to reach consensus. Results were expressed as median and semi-interquartile range, with the consensus threshold set at ≤0.5.
Results
Ten internationally established researchers and clinicians participated in this Delphi panel, with a response rate of 80 %, 100 %, and 100 % across three rounds. Consensus was 
reached on 88.5 % of the statements, resulting in a framework for PT after hospital discharge. Essential handover information should include information on 15 parameters. A 
core set of outcomes should test exercise capacity, skeletal muscle strength, function in activities of daily living, mobility, quality of life, and pain. PT interventions should include 
functional exercises, circuit and endurance training, strengthening exercises for limb and respiratory muscles, education on recovery, and a nutritional component. Screening 
tools to identify impairments in other health domains and referral to specialists are proposed.
Conclusions
A consensus-based framework for optimal PT after hospital discharge is proposed. Future research should focus on feasibility testing of this framework, developing risk 
stratification tools and validating core outcome measures for ICU survivors.



Abstract
Background
There is growing interest in patient outcomes following critical illness, with an increasing number and different types of studies conducted, and a need for synthesis of existing 
findings to help inform the field. For this purpose we conducted a systematic review of qualitative studies evaluating patient outcomes after hospital discharge for survivors of 
critical illness.
Methods
We searched the PubMed, EMBASE, CINAHL, PsycINFO, and CENTRAL databases from inception to June 2015. Studies were eligible for inclusion if the study population was 
>50 % adults discharged from the ICU, with qualitative evaluation of patient outcomes. Studies were excluded if they focused on specific ICU patient populations or specialty 
ICUs. Citations were screened in duplicate, and two reviewers extracted data sequentially for each eligible article. Themes related to patient outcome domains were coded and 
categorized based on the main domains of the Patient Reported Outcomes Measurement Information System (PROMIS) framework.
Results
A total of 2735 citations were screened, and 22 full-text articles were eligible, with year of publication ranging from 1995 to 2015. All of the qualitative themes were extracted 
from eligible studies and then categorized using PROMIS descriptors: satisfaction with life (16 studies), including positive outlook, acceptance, gratitude, independence, 
boredom, loneliness, and wishing they had not lived; mental health (15 articles), including symptoms of post-traumatic stress disorder, anxiety, depression, and irritability/anger; 
physical health (14 articles), including mobility, activities of daily living, fatigue, appetite, sensory changes, muscle weakness, and sleep disturbances; social health (seven 
articles), including changes in friends/family relationships; and ability to participate in social roles and activities (six articles), including hobbies and disability.
Conclusion
ICU survivors may experience positive emotions and life satisfaction; however, a wide range of mental, physical, social, and functional sequelae occur after hospital discharge. 
These findings are important for understanding patient-centered outcomes in critical care and providing focus for future interventional studies aimed at improving outcomes of 
importance to ICU survivors.



Abstract
Background
Ventilator-dependent patients in the ICU often experience difficulties with one of the most basic human functions, namely communication, due to intubation. Although various assistive 
communication tools exist, these are infrequently used in ICU patients. We summarized the current evidence on communication methods with mechanically ventilated patients in the ICU. 
Secondly, we developed an algorithm for communication with these patients based on current evidence.
Methods
We performed a systematic review. PubMed, Embase, Cochrane, Cinahl, PsychInfo, and Web of Science databases were systematically searched to November 2015. Studies that reported a 
communication intervention with conscious nonverbal mechanically ventilated patients in the ICU aged 18 years or older were included. The methodological quality was assessed using the 
Quality Assessment Tool.
Results
The search yielded 9883 publications, of which 31 articles, representing 29 different studies, fulfilled the inclusion criteria. The overall methodological quality varied from poor to moderate. 
We identified four communication intervention types: (1) communication boards were studied in three studies—they improved communication and increased patient satisfaction, but they can 
be time-consuming and limit the ability to produce novel utterances; (2) two types of specialized talking tracheostomy tubes were assessed in eight studies—audible voicing was achieved in 
the majority of patients (range 74–100 %), but more studies are needed to facilitate safe and effective use; (3) an electrolarynx improved communication in seven studies—its effectiveness was 
mainly demonstrated with tracheostomized patients; and (4) “high-tech” augmentative and alternative communication (AAC) devices in nine studies with diverse computerized AAC devices 
proved to be beneficial communication methods—two studies investigated multiple AAC interventions, and different control devices (e.g., touch-sensitive or eye/blink detection) can be used 
to ensure that physical limitations do not prevent use of the devices. We developed an algorithm for the assessment and selection of a communication intervention with nonverbal and 
conscious mechanically intubated patients in the ICU.
Conclusions
Although evidence is limited, results suggest that most communication methods may be effective in improving patient–healthcare professional communication with mechanically ventilated 
patients. A combination of methods is advised. We developed an algorithm to standardize the approach for selection of communication techniques.



Abstract
Background
Reintubation is associated with high mortality. Identification of methods to avoid reintubation is needed. The aim of this study was to assess whether prophylactic 
noninvasive ventilation (NIV) would benefit patients with various cough strengths.
Methods
We prospectively enrolled 356 patients who successfully passed a spontaneous breathing trial in a respiratory intensive care unit. Before extubation, cough peak flow was 
measured. After extubation, attending physicians determined whether the patients would receive prophylactic NIV or conventional oxygen treatment (control group). 
Patients were followed up to 90 days postextubation or death, whichever came first.
Results
The median value of cough peak flow was 70 L/minute. Among the patients with cough peak flow ≤70 L/minute, 108 received NIV and 72 received conventional oxygen 
treatment. In this cohort, NIV reduced reintubation (9 % vs. 35 % at postextubation 72 h, p < 0.01; and 24 % vs. 49 % at postextubation 7 days, p < 0.01) and postextubation
90-day mortality (43 % vs. 61 %, p = 0.02) compared with the control group. Further, use of NIV was an independent protective factor for reintubation (OR = 0.19, p < 0.01 
at 72 h postextubation; and OR = 0.33, p < 0.01 at 7 days postextubation) and for death at 90 days postextubation (OR = 0.40, p = 0.02). Among patients with cough peak 
flow >70 L/minute, 71 received NIV and 105 received conventional oxygen treatment. In this cohort, NIV did not reduce reintubation (6 % vs. 6 % at 72 h postextubation, 
p > 0.99; and 9 % vs. 9 % at 7 days postextubation, p > 0.99) or postextubation 90-day mortality (21 % vs. 15 %, p = 0.32) compared with the control group. Further, use of 
NIV was not associated with reintubation or postextubation 90-day mortality.
Conclusion
In a planned extubated population, prophylactic NIV benefited patients with weak cough but possibly not in patients with strong cough.



Abstract
Background
Diaphragm dysfunction in mechanically ventilated patients is associated with poor outcome. Maximal inspiratory pressure (MIP) can be used to evaluate inspiratory muscle 
function. However, it is unclear whether respiratory weakness is independently associated with long-term mortality. The aim of this study was to determine if low MIP is 
independently associated with one-year mortality.
Methods
We conducted a prospective observational cohort study in an 18-bed ICU. Adults requiring at least 24 hours of mechanical ventilation with scheduled extubation and no 
evidence of pre-existing muscle weakness underwent MIP evaluation just before extubation. Patients were divided into two groups: low MIP (MIP ≤30 cmH2O) and high MIP 
(MIP >30 cmH2O). Mortality was recorded for one year after extubation. For the survival analysis, the effect of low MIP was assessed using the log-rank test. The independent 
effect of low MIP on post mechanical ventilation mortality was analyzed using a multivariable Cox regression model.
Results
One hundred and twenty-four patients underwent MIP evaluation (median age 66 years (25th–75th percentile 56–74), Simplified Acute Physiology Score (SAPS) 2 = 45 (33–57), 
duration of mechanical ventilation 7 days (4–10)). Fifty-four percent of patients had low MIP. One-year mortality was 31 % (95 % CI 0.21, 0.43) in the low MIP group and 7 % 
(95 % CI 0.02, 0.16) in the high MIP group. After adjustment for SAPS 2 score, body mass index and duration of mechanical ventilation, low MIP was independently associated 
with one-year mortality (hazard ratio 4.41, 95 % CI 1.5, 12.9, p = 0.007). Extubation failure was also associated with low MIP (relative risk 3.0, 95 % CI 1, -9.6; p = 0.03) but 
tracheostomy and ICU length of stay were not.
Conclusion
Low MIP is frequent in patients on mechanical ventilation and is an independent risk factor for long-term mortality in ICU patients requiring mechanical ventilation. MIP is 
easily evaluated at the patient’s bedside.



Abstract
Background
Rhabdomyolysis is a clinical syndrome that comprises destruction of skeletal muscle with outflow of intracellular muscle content into the bloodstream. There is a great 
heterogeneity in the literature regarding definition, epidemiology, and treatment. The aim of this systematic literature review was to summarize the current state of knowledge 
regarding the epidemiologic data, definition, and management of rhabdomyolysis.
Methods
A systematic search was conducted using the keywords “rhabdomyolysis” and “crush syndrome” covering all articles from January 2006 to December 2015 in three databases 
(MEDLINE, SCOPUS, and ScienceDirect). The search was divided into two steps: first, all articles that included data regarding definition, pathophysiology, and diagnosis were 
identified, excluding only case reports; then articles of original research with humans that reported epidemiological data (e.g., risk factors, common etiologies, and mortality) 
or treatment of rhabdomyolysis were identified. Information was summarized and organized based on these topics.
Results
The search generated 5632 articles. After screening titles and abstracts, 164 articles were retrieved and read: 56 articles met the final inclusion criteria; 23 were reviews 
(narrative or systematic); 16 were original articles containing epidemiological data; and six contained treatment specifications for patients with rhabdomyolysis.
Conclusion
Most studies defined rhabdomyolysis based on creatine kinase values five times above the upper limit of normal. Etiologies differ among the adult and pediatric populations 
and no randomized controlled trials have been done to compare intravenous fluid therapy alone versus intravenous fluid therapy with bicarbonate and/or mannitol.



Respiratory muscle dysfunction may develop rapidly in critically ill ventilated patients and is associated with 
increased morbidity, length of intensive care unit stay, costs, and mortality. This review briefly discusses the 
pathophysiology of respiratory muscle dysfunction in intensive care unit patients and then focuses on strategies 
that prevent the development of muscle weakness or, if weakness has developed, how respiratory muscle function 
may be improved. We propose a simple strategy for how these can be implemented in clinical care.



Abstract
Background
The purpose of this study was to examine hospital mortality, long-term mortality, and health service utilization among critically ill patients. We also determined whether these 
outcomes differed according to demographic and clinical characteristics.
Methods
We conducted a retrospective cohort study of adults (age ≥18 years) who survived admission to an intensive care unit (ICU) in Ontario, Canada, between 1 April 2002 and 31 
March 2012, excluding isolated admissions to step-down or intermediate ICUs, coronary care ICUs, or cardiac surgery ICUs. Adults (age ≥18 years) who survived an acute 
hospitalization that did not include an ICU stay formed the comparator group. The primary outcome was mortality following hospital discharge. Secondary outcomes were 
healthcare utilization, including emergency room admissions and hospital readmissions during follow-up.
Results
Over the study interval, 500,124 patients were admitted to ICUs and 420,187 (84 %) survived to hospital discharge. Median follow-up for survivors was 5.3 (interquartile range 
2.5, 8.2) years. Patients admitted to an ICU were more likely to subsequently visit the emergency department, be readmitted to the hospital and ICU, receive home care 
support, require rehabilitation, and be admitted for long-term care. Those requiring more resources within the ICU required more resources after discharge. One-third of 
patients admitted to the ICU died during long-term follow-up, with overall probabilities of death of 11 % and 29 % at 1 year and 5 years, respectively. In the adjusted analysis, 
there was an increasing hazard of death with increasing age, reaching a hazard ratio of 18.08 (95 % confidence interval 16.60–19.68) for those ≥85 years of age compared 
with those aged 18–24 years.
Conclusions
Healthcare utilization after hospital discharge was higher among ICU patients, and also among those requiring more healthcare resources during their ICU admission, than 
among all hospitalized patients as a group. One-third of ICU patients died within the 5 years following discharge, and age was the most influential determinant of outcome. 
These findings should help target post–ICU discharge services for high-risk groups and better inform goals-of-care discussions for elderly critically ill patients.



Abstract
BACKGROUND: Critically ill mechanically ventilated patients experience impaired airway clearance due to ineffective cough and impaired secretion 
mobilization. Cough augmentation techniques, including mechanical insufflation-exsufflation (MI-E), manually assisted cough, and lung volume 
recruitment, improve cough efficiency. Our objective was to describe use, indications, contraindications, interfaces, settings, complications, and 
barriers to use across Canada.
METHODS: An e-mail survey was sent to nominated local survey champions in eligible Canadian units (ICUs, weaning centers, and intermediate care 
units) with 4 telephone/e-mail reminders.
RESULTS: The survey response rate was 157 of 238 (66%); 78 of 157 units (50%) used cough augmentation, with 50 (64%) using MI-E, 53 (68%) using 
manually assisted cough, and 62 (79%) using lung volume recruitment. Secretion clearance was the most common indication (MI-E, 92%; manually 
assisted cough, 88%; lung volume recruitment, 76%), although the most common units (44%) used it <50% of the time. Use during weaning from 
invasive (MI-E, 21%; manually assisted cough, 39%; lung volume recruitment, 3%) and noninvasive ventilation (MI-E, 21%; manually assisted cough, 
33%; lung volume recruitment, 21%) was infrequent. The most common diagnoses were neuromuscular disease (97%) and spinal cord injury (83%). 
Pneumothorax was the most frequently identified absolute contraindication for MI-E (93%) and lung volume recruitment (83%); rib fracture was most 
frequently identified for manually assisted cough (69%). MI-E mean inspiratory pressure was 31 cm H2O, and expiratory pressure was −32 cm H2O. 
Mucus plugging requiring tracheostomy inner change was the most frequent complication for MI-E (23%), chest pain for manually assisted cough 
(36%), and hypotension for lung volume recruitment (17%). The most commonly cited barriers were lack of expertise (70%), knowledge (65%), and 
resources (52%).
CONCLUSIONS: We found moderate adoption of cough augmentation techniques, particularly for secretion management. Lack of expertise and 
knowledge are potentially modifiable barriers addressed with educational interventions.



Despite the historical precedent of mobilizing critically ill patients, bed rest is common practice in ICUs worldwide, 
especially for mechanically ventilated patients. ICU-acquired weakness is an increasingly recognized problem, with 
sequelae that may last for months and years following ICU discharge. The combination of critical illness and bed rest 
results in substantial muscle wasting during an ICU stay. When initiated shortly after the start of mechanical 
ventilation, mobilization and rehabilitation can play an important role in decreasing the duration of mechanical 
ventilation and hospital stay and improving patients' return to functional independence. This review summarizes 
recent evidence supporting the safety, feasibility, and benefits of early mobilization and rehabilitation of 
mechanically ventilated patients and presents a brief summary of future directions for this field.



High-flow nasal cannula (HFNC) oxygen therapy is carried out using an air/oxygen blender, active humidifier, single 
heated tube, and nasal cannula. Able to deliver adequately heated and humidified medical gas at flows up to 60 
L/min, it is considered to have a number of physiological advantages compared with other standard oxygen 
therapies, including reduced anatomical dead space, PEEP, constant FIO2, and good humidification. Although few 
large randomized clinical trials have been performed, HFNC has been gaining attention as an alternative respiratory 
support for critically ill patients. Published data are mostly available for neonates. For critically ill adults, however, 
evidence is uneven because the reports cover various subjects with diverse underlying conditions, such as hypoxemic 
respiratory failure, exacerbation of COPD, postextubation, preintubation oxygenation, sleep apnea, acute heart 
failure, and conditions entailing do-not-intubate orders. Even so, across the diversity, many published reports 
suggest that HFNC decreases breathing frequency and work of breathing and reduces the need for respiratory 
support escalation. Some important issues remain to be resolved, such as definitive indications for HFNC and criteria 
for timing the starting and stopping of HFNC and for escalating treatment. Despite these issues, HFNC has emerged 
as an innovative and effective modality for early treatment of adults with respiratory failure with diverse underlying 
diseases.



The majority of patients admitted to the ICU require mechanical ventilation as a part of their process of care. However, 
mechanical ventilation itself or the underlying disease can lead to dysfunction of the diaphragm, a condition that may 
contribute to the failure of weaning from mechanical ventilation. However, extended time on the ventilator increases 
health-care costs and greatly increases patient morbidity and mortality. Nevertheless, symptoms and signs of muscle 
disease in a bedridden (or bed rest-only) ICU patient are often difficult to assess because of concomitant confounding 
factors. Conventional assessment of diaphragm function lacks specific, noninvasive, time-saving, and easily performed 
bedside tools or requires patient cooperation. Recently, the use of ultrasound has raised great interest as a simple, 
noninvasive method of quantification of diaphragm contractile activity. In this review, we discuss the physiology and the 
relevant pathophysiology of diaphragm function, and we summarize the recent findings concerning the evaluation of 
its (dys)function in critically ill patients, with a special focus on the role of ultrasounds. We describe how to assess 
diaphragm excursion and diaphragm thickening during breathing and the meaning of these measurements under 
spontaneous or mechanical ventilation as well as the reference values in health and disease. The spread of 
ultrasonographic assessment of diaphragm function may possibly result in timely identification of patients with 
diaphragm dysfunction and to a potential improvement in the assessment of recovery from diaphragm weakness.



Abstract
BACKGROUND: This study was conducted to measure the serial changes in pulmonary function over 12 months after lobectomy in 
subjects with lung cancer and to evaluate the actual recovery of pulmonary function in comparison with the predicted postoperative 
values.
METHODS: Subjects who underwent lobectomy for primary lung cancer were included in this study. In the statistical analysis, we 
included data from 76 subjects (52 men and 24 women; mean age, 63.4 y) who completed perfusion scintigraphy 1 week before 
surgery and FEV1 and diffusion capacity of the lung for carbon monoxide (DLCO) assessments preoperatively and at 1, 6, and 12 months 
postoperatively.
RESULTS: The actual percent-of-predicted FEV1 1 month postoperatively was 77.9% of the preoperative value, which was almost equal 
to the predicted postoperative value, and significantly increased to 84.3% by 6 months and 84.2% at 12 months. The actual percent-of-
predicted DLCO 1 month postoperatively was 81.8% of the preoperative value, which was similar to the predicted postoperative value, 
and also significantly increased to 91.3% at 6 months and 96.5% at 12 months. However, the actual pulmonary function test results at 
1 y in subjects with COPD or in those who underwent thoracotomy or received adjuvant chemotherapy were not different from the
predicted postoperative values.
CONCLUSIONS: Actual pulmonary function compared with predicted postoperative values improved over time over 1 y after 
lobectomy. However, this improvement was not observed in subjects with COPD or in those who underwent thoracotomy or received
postoperative adjuvant chemotherapy.



Abstract
Rationale: Noninvasive ventilation (NIV) is increasingly used in patients with acute respiratory distress syndrome (ARDS). The evidence supporting 
NIV use in patients with ARDS remains relatively sparse.
Objectives: To determine whether, during NIV, the categorization of ARDS severity based on the PaO2/FiO2 Berlin criteria is useful.
Methods: The LUNG SAFE (Large Observational Study to Understand the Global Impact of Severe Acute Respiratory Failure) study described the 
management of patients with ARDS. This substudy examines the current practice of NIV use in ARDS, the utility of the PaO2/FiO2 ratio in classifying 
patients receiving NIV, and the impact of NIV on outcome.
Measurements and Main Results: Of 2,813 patients with ARDS, 436 (15.5%) were managed with NIV on Days 1 and 2 following fulfillment of 
diagnostic criteria. Classification of ARDS severity based on PaO2/FiO2 ratio was associated with an increase in intensity of ventilatory support, NIV 
failure, and intensive care unit (ICU) mortality. NIV failure occurred in 22.2% of mild, 42.3% of moderate, and 47.1% of patients with severe ARDS. 
Hospital mortality in patients with NIV success and failure was 16.1% and 45.4%, respectively. NIV use was independently associated with increased 
ICU (hazard ratio, 1.446 [95% confidence interval, 1.159–1.805]), but not hospital, mortality. In a propensity matched analysis, ICU mortality was higher 
in NIV than invasively ventilated patients with a PaO2/FiO2 lower than 150 mm Hg.
Conclusions: NIV was used in 15% of patients with ARDS, irrespective of severity category. NIV seems to be associated with higher ICU mortality in 
patients with a PaO2/FiO2 lower than 150 mm Hg.



Abstract
Background: Interventions that lead to earlier liberation from mechanical ventilation can improve patient outcomes. This guideline, a collaborative 
effort between the American Thoracic Society and the American College of Chest Physicians, provides evidence-based recommendations to optimize 
liberation from mechanical ventilation in critically ill adults.
Methods: Two methodologists performed evidence syntheses to summarize available evidence relevant to key questions about liberation from
mechanical ventilation. The methodologists appraised the certainty in the evidence (i.e., the quality of evidence) using the Grading of 
Recommendations, Assessment, Development, and Evaluation approach and summarized the results in evidence profiles. The guideline panel then 
formulated recommendations after considering the balance of desirable consequences (benefits) versus undesirable consequences (burdens, adverse 
effects, and costs), the certainty in the evidence, and the feasibility and acceptability of various interventions. Recommendations were rated as strong or 
conditional.
Results: The guideline panel made four conditional recommendations related to rehabilitation protocols, ventilator liberation protocols, and cuff leak 
tests. The recommendations were for acutely hospitalized adults mechanically ventilated for more than 24 hours to receive protocolized rehabilitation 
directed toward early mobilization, be managed with a ventilator liberation protocol, be assessed with a cuff leak test if they meet extubation criteria 
but are deemed high risk for postextubation stridor, and be administered systemic steroids for at least 4 hours before extubation if they fail the cuff leak 
test.
Conclusions: The American Thoracic Society/American College of Chest Physicians recommendations are intended to support healthcare professionals 
in their decisions related to liberating critically ill adults from mechanical ventilation.



Abstract
Rationale: Critical illness survivors often experience permanent functional disability due to intensive care unit (ICU)-acquired weakness. The 
mechanisms responsible for long-term weakness persistence versus resolution are unknown.
Objectives: To delineate cellular mechanisms underlying long-term weakness persistence in ICU survivors.
Methods: We conducted a nested, prospective study of critically ill patients mechanically ventilated for 7 days or longer. The patients were recruited 
from the RECOVER program and serially assessed over 6 months after ICU discharge. Twenty-seven of 82 patients consented to participate; 15 and 11 
patients were assessed at 7 days and 6 months after ICU discharge, respectively.
Measurements and Main Results: We assessed motor functional capacity, quadriceps size, strength, and voluntary contractile capacity and 
performed electromyography, nerve conduction studies, and vastus lateralis biopsies for histologic, cellular, and molecular analyses. Strength and 
quadriceps cross-sectional areas were decreased 7 days after ICU discharge. Weakness persisted to 6 months and correlated with decreased function. 
Quadriceps atrophy resolved in 27% patients at 6 months. Muscle mass reconstitution did not correlate with resolution of weakness, owing to 
persistent impaired voluntary contractile capacity. Compared with Day 7, increased ubiquitin–proteasome system–mediated muscle proteolysis, 
inflammation, and decreased mitochondrial content all normalized at 6 months. Autophagy markers were normal at 6 months. Patients with sustained 
atrophy had decreased muscle progenitor (satellite) cell content.
Conclusions: Long-term weakness in ICU survivors results from heterogeneous muscle pathophysiology with variable combinations of muscle 
atrophy and impaired contractile capacity. These findings are not explained by ongoing muscle proteolysis, inflammation, or diminished mitochondrial 
content. Sustained muscle atrophy is associated with decreased satellite cell content and compromised muscle regrowth, suggesting impaired 
regenerative capacity.



Abstract
Rationale: Disability risk groups and 1-year outcome after greater than or equal to 7 days of mechanical ventilation (MV) in medical/surgical intensive 
care unit (ICU) patients are unknown and may inform education, prognostication, rehabilitation, and study design.
Objectives: To stratify patients for post-ICU disability and recovery to 1 year after critical illness.
Methods: We evaluated a multicenter cohort of 391 medical/surgical ICU patients who received greater than or equal to 1 week of MV at 7 days and 3, 
6, and 12 months after ICU discharge. Disability risk groups were identified using recursive partitioning modeling.
Measurements and Main Results: The 7-day post-ICU Functional Independence Measure (FIM) determined the recovery trajectory to 1-year after ICU 
discharge and was an independent risk factor for 1-year mortality. The 7-day post-ICU FIM was predicted by age and ICU length of stay. By 2 weeks of 
MV, ICU patients could be stratified into four disability groups characterized by increasing risk for post ICU disability, ICU and post-ICU healthcare use, 
and disposition. Patients less than 42 years with ICU length of stay less than 2 weeks had the best function and fewest deaths at 1 year compared with 
patients greater than 66 years with ICU length of stay greater than 2 weeks who sustained the worst disability and 40% 1-year mortality. Depressive 
symptoms (17%) and post-traumatic stress disorder (18%) persisted at 1 year.
Conclusions: ICU survivors of greater than or equal to 1 week of MV may be stratified into four disability groups based on age and ICU length of stay. 
These groups determine 1-year recovery and healthcare use and are independent of admitting diagnosis and illness severity.



Abstract
Rationale: Most of the 1.4 million older adults who survive the intensive care unit (ICU) annually in the United States face increased disability, but little is known 
about those who achieve functional recovery.
Objectives: Our objectives were twofold: to evaluate the incidence and time to recovery of premorbid function within 6 months of a critical illness and to identify 
independent predictors of functional recovery among older ICU survivors.
Methods: Potential participants included 754 persons aged 70 years or older who were evaluated monthly in 13 functional activities (1998–2012). The analytic 
sample included 218 ICU admissions from 186 ICU survivors. Functional recovery was defined as returning to a disability count less than or equal to the pre-ICU 
disability count within 6 months. Twenty-one potential predictors were evaluated for their associations with recovery.
Measurements and Main Results: Functional recovery was observed for 114 (52.3%) of the 218 admissions. In multivariable analysis, higher body mass index 
(hazard ratio [HR], 1.07; 95% confidence interval [CI], 1.03–1.12) and greater functional self-efficacy (HR, 1.05; 95% CI, 1.02–1.08), a measure of confidence in 
performing various activities, were associated with recovery, whereas pre-ICU impairment in hearing (HR, 0.38; 95% CI, 0.22–0.66) and vision (HR, 0.59; 95% CI, 
0.37–0.95) were associated with a lack of recovery.
Conclusions: Among older adults who survived an ICU admission with increased disability, pre-ICU hearing and vision impairment were strongly associated with 
poor functional recovery within 6 months, whereas higher body mass index and functional self-efficacy were associated with recovery. Future research is needed 
to evaluate whether interventions targeting these factors improve functional outcomes among older ICU survivors.



Abstract
Objectives: To longitudinally evaluate the association of post-ICU muscle weakness and associated trajectories of weakness over time with 5-year 
survival.
Design: Longitudinal prospective cohort study over 5 years of follow-up.
Setting: Thirteen ICUs in four hospitals in Baltimore, MD.
Patients: One hundred fifty-six acute respiratory distress syndrome survivors.
Interventions: None.
Measurements and Main Results: Strength was evaluated with standardized manual muscle testing using the Medical Research Council sum score 
(range, 0–60; higher is better), with post-ICU weakness defined as sum score less than 48. Muscle strength was assessed at hospital discharge and at 3, 
6, 12, 24, 36, and 48 months after acute respiratory distress syndrome. At discharge, 38% of patients had muscle weakness. Every one point increase in 
sum score at discharge was associated with improved survival (hazard ratio [95% CI], 0.96 [0.94–0.98]), with similar findings longitudinally (0.95 [0.93–
0.98]). Having weakness at discharge was associated with worse 5-year survival (1.75 [1.01–3.03]), but the association was attenuated (1.54 [0.82–2.89]) 
when evaluated longitudinally over follow-up. Persisting and resolving trajectories of muscle weakness, occurring in 50% of patients during follow-up, 
were associated with worse survival (3.01 [1.12-8.04]; and 3.14 [1.40-7.03], respectively) compared to a trajectory of maintaining no muscle weakness.
Conclusions: At hospital discharge, greater than one third of acute respiratory distress syndrome survivors had muscle weakness. Greater strength at 
discharge and throughout follow-up was associated with improved 5-year survival. In patients with post-ICU weakness, both persisting and resolving 
trajectories were commonly experienced and associated with worse survival during follow-up.



Abstract
Objective: To provide an update to “Surviving Sepsis Campaign Guidelines for 
Management of Sepsis and Septic Shock: 2012.”
Design: A consensus committee of 55 international experts representing 25 
international organizations was convened. Nominal groups were assembled at 
key international meetings (for those committee members attending the 
conference). A formal conflict-of-interest (COI) policy was developed at the 
onset of the process and enforced throughout. A stand-alone meeting was held 
for all panel members in December 2015. Teleconferences and electronic-based 
discussion among subgroups and among the entire committee served as an 
integral part of the development.
Methods: The panel consisted of five sections: hemodynamics, infection, 
adjunctive therapies, metabolic, and ventilation. Population, intervention, 
comparison, and outcomes (PICO) questions were reviewed and updated as 
needed, and evidence profiles were generated. Each subgroup generated a list 
of questions, searched for best available evidence, and then followed the 
principles of the Grading of Recommendations Assessment, Development, and 
Evaluation (GRADE) system to assess the quality of evidence from high to very 
low, and to formulate recommendations as strong or weak, or best practice 
statement when applicable.
Results: The Surviving Sepsis Guideline panel provided 93 statements on early 
management and resuscitation of patients with sepsis or septic shock. Overall, 
32 were strong recommendations, 39 were weak recommendations, and 18 
were best-practice statements. No recommendation was provided for four 
questions.
Conclusions: Substantial agreement exists among a large cohort of 
international experts regarding many strong recommendations for the best 
care of patients with sepsis. Although a significant number of aspects of care 
have relatively weak support, evidence-based recommendations regarding the 
acute management of sepsis and septic shock are the foundation of improved 
outcomes for these critically ill patients with high mortality.



Abstract
Objective: Early mobility in mechanically ventilated patients is safe, feasible, and may improve functional outcomes. We sought to determine the 
prevalence and character of mobility for ICU patients with acute respiratory failure in U.S. ICUs.
Design: Two-day cross-sectional point prevalence study.
Setting: Forty-two ICUs across 17 Acute Respiratory Distress Syndrome Network hospitals.
Patients: Adult patients (≥ 18 yr old) with acute respiratory failure requiring mechanical ventilation.
Interventions: We defined therapist-provided mobility as the proportion of patient-days with any physical or occupational therapy–provided 
mobility event. Hierarchical regression models were used to identify predictors of out-of-bed mobility.
Measurements and Main Results: Hospitals contributed 770 patient-days of data. Patients received mechanical ventilation on 73% of the 
patient-days mostly (n = 432; 56%) ventilated via an endotracheal tube. The prevalence of physical therapy/occupational therapy–provided 
mobility was 32% (247/770), with a significantly higher proportion of nonmechanically ventilated patients receiving physical therapy/occupational 
therapy (48% vs 26%; p ≤ 0.001). Patients on mechanical ventilation achieved out-of-bed mobility on 16% (n = 90) of the total patient-days. 
Physical therapy/occupational therapy involvement in mobility events was strongly associated with progression to out-of-bed mobility (odds 
ratio, 29.1; CI, 15.1–56.3; p ≤ 0.001). Presence of an endotracheal tube and delirium were negatively associated with out-of-bed mobility.
Conclusions: In a cohort of hospitals caring for acute respiratory failure patients, physical therapy/occupational therapy–provided mobility was 
infrequent. Physical therapy/occupational therapy involvement in mobility was strongly predictive of achieving greater mobility levels in patients 
with respiratory failure. Mechanical ventilation via an endotracheal tube and delirium are important predictors of mobility progression.



Abstract
Objective : This study aimed to assess whether interventions targeted at improving sleep in the ICU were associated with reductions in ICU delirium. Secondary outcomes 
include duration of delirium and ICU length of stay.
Data Sources: MEDLINE, CINAHL, Web of Science, Scopus, WorldCat, and International Pharmaceutical Abstracts were searched from inception to January 2016.
Study Selection: Studies investigating any type of sleep intervention (nonpharmacologic or pharmacologic) and assessing the impact on ICU delirium were included. Any type 
of study design was permitted so long as the delirium assessment was made at least daily with a validated delirium assessment tool.
Data Extraction: The following data were extracted: first author, year of publication, study design, ICU type, components of sleep intervention, use of sleep assessment tool, 
patient age, sex, severity of illness, sleep measures, delirium assessment tool, incidence of delirium, duration of delirium, and ICU length of stay. The incidence of delirium was 
used to compare rates of ICU delirium across studies. Methodologic quality of included studies was evaluated using the Effective Public Health Practice Project quality 
assessment tool.
Data Synthesis: Of 488 citations screened, 10 studies were identified for inclusion in the final review; six of which demonstrated a statistically significant reduction in the 
incidence of ICU delirium associated with sleep intervention. Four studies assessed duration of delirium; of which, three reported a shorter duration of delirium with sleep 
intervention. Two studies associated sleep intervention with a reduced ICU length of stay. In regard to quality assessment and risk of bias, only one study was assessed as strong. 
Multiple identified confounders and the significant qualitative assessment of heterogeneity limit both the conclusions that can be drawn from these findings and the 
quantitative pooling of data.
Conclusions: Although sleep interventions seem to be a promising approach for improving delirium-related outcomes, studies are limited by bias issues, varying 
methodologies, and multiple confounders, making the evidence base for this conclusion limited at best. Future studies would benefit from a systematic approach to studying the 
link between sleep intervention and delirium-related outcomes, which is outlined in the context of reviewing the existing literature.



Abstract
Objectives: To characterize survivors’ employment status after critical illness and to determine if duration of delirium during hospitalization and 
residual cognitive function are each independently associated with decreased employment.
Design: Prospective cohort investigation with baseline and in-hospital clinical data and follow-up at 3 and 12 months.
Setting: Medical and surgical ICUs at two tertiary-care hospitals.
Patients: Previously employed patients from the Bringing to Light the Risk Factors and Incidence of Neuropsychological Dysfunction in ICU Survivors 
study who survived a critical illness due to respiratory failure or shock were evaluated for global cognition and employment status at 3- and 12-month 
follow-up.
Measurements and Main Results: We used multivariable logistic regression to evaluate independent associations between employment at both 3 
and 12 months and global cognitive function at the same time point, and delirium during the hospital stay. At 3-month follow-up, 113 of the total 
survival cohort of 448 (25%) were identified as being employed at study enrollment. Of these, 94 survived to 12-month follow-up. At 3- and 12-month 
follow-up, 62% and 49% had a decrease in employment, 57% and 49% of whom, respectively, were newly unemployed. After adjustment for physical 
health status, depressive symptoms, marital status, level of education, and severity of illness, we did not find significant predictors of employment 
status at 3 months, but better cognition at 12 months was marginally associated with lower odds of employment reduction at 12 months (odds ratio, 
0.49; p = 0.07).
Conclusions: Reduction in employment after critical illness was present in the majority of our ICU survivors, approximately half of which was new 
unemployment. Cognitive function at 12 months was a predictor of subsequent employment status. Further research is needed into the potential 
relationship between the impact of critical illness on cognitive function and employment status.



Abstract
Objective: The relationship between neuromuscular blocking agents and neuromuscular dysfunction acquired in critical illness remains unclear. We examined the association 
between neuromuscular blocking agents and ICU-acquired weakness, critical illness polyneuropathy, and critical illness myopathy.
Data Sources: PubMed, EMBASE, Web of Science, Cochrane Central Register of Controlled Trials, Cumulative Index of Nursing and Allied Health Literature, and bibliographies of 
included studies were searched from database inception until September 24, 2015.
Study Selection: Randomized controlled trials and prospective observational studies examining the association between neuromuscular blocking agents and ICU-acquired 
weakness, critical illness polyneuropathy, or critical illness myopathy.
Data Extraction: One author screened titles/abstracts. Two authors independently reviewed full text and extracted data from included studies. Meta-analysis was performed 
using the DerSimonian-Laird random effects model (OpenMetaAnalyst 10.10 for OS.X). We assessed reporting bias with funnel plots and heterogeneity with the I2 statistic.
Data Synthesis: Of 2,170 titles/abstracts screened, 99 full texts were selected for review, yielding one randomized controlled trial and 18 prospective observational studies, for a 
total of 2,254 patients. The randomized controlled trial did not show an association between neuromuscular blocking agents and neuromuscular dysfunction acquired in critical 
illness (odds ratio, 1.21; 95% CI, 0.67–2.19), but pooled data from all included studies suggested a modest association (odds ratio, 1.25; 95% CI, 1.06–1.48; I2 = 16%). Funnel plots 
suggested reporting bias, and sensitivity analyses showed a disproportionate contribution from critical illness polyneuropathy/critical illness myopathy and severe sepsis/septic 
shock studies.
Conclusions: This meta-analysis suggests a modest association between neuromuscular blocking agents and neuromuscular dysfunction acquired in critical illness; limitations 
include studies with a high risk of bias and a disproportionate contribution from studies examining patients for critical illness polyneuropathy/critical illness myopathy and those 
with severe sepsis/septic shock.



Abstract
Objectives: To synthesize data on prevalence, natural history, risk factors, and post-ICU interventions for depressive symptoms in ICU survivors.
Data Sources: PubMed, EMBASE, Cumulative Index of Nursing and Allied Health Literature, PsycINFO, and Cochrane Controlled Trials Registry (1970–
2015).
Study Selection: Studies measuring depression after hospital discharge using a validated instrument in more than 20 adults from non-specialty ICUs.
Data Extraction: Duplicate independent review and data abstraction.
Data Synthesis: The search identified 27,334 titles, with 42 eligible articles on 38 unique studies (n = 4,113). The Hospital Anxiety and Depression 
Scale-Depression subscale was used most commonly (58%). The pooled Hospital Anxiety and Depression Scale-Depression subscale prevalence (95% 
CI) of depressive symptoms at a threshold score greater than or equal to 8 was 29% (22–36%) at 2–3 months (12 studies; n = 1,078), 34% (24–43%) at 6 
months (seven studies; n = 760), and 29% (23–34%) at 12–14 months (six studies; n = 1,041). The prevalence of suprathreshold depressive symptoms 
(compatible with Hospital Anxiety and Depression Scale-Depression subscale, ≥ 8) across all studies, using all instruments, was between 29% and 30% 
at all three time points. The pooled change in prevalence (95% CI) from 2–3 to 6 months (four studies; n = 387) was 5% (–1% to +12%), and from 6 to 
12 months (three studies; n = 412) was 1% (–6% to +7%). Risk factors included pre-ICU psychologic morbidity and presence of in-ICU psychologic 
distress symptoms. We did not identify any post-ICU intervention with strong evidence of improvement in depressive symptoms.
Conclusions: Clinically important depressive symptoms occurred in approximately one-third of ICU survivors and were persistent through 12-month 
follow-up. Greater research into treatment is needed for this common and persistent post-ICU morbidity.



Abstract
Objectives: To evaluate the study designs and measurement instruments used to assess physical, cognitive, mental health, and quality of life outcomes of survivors of critical 
illness over more than 40 years old as a first step toward developing a core outcome set of measures for future trials to improve outcomes in ICU survivors.
Design: Scoping review.
Setting: Published articles that included greater than or equal to one postdischarge measure of a physical, cognitive, mental health, or quality of life outcome in more than or 
equal to 20 survivors of critical illness published between 1970 and 2013. Instruments were classified using the World Health Organization’s International Classification of 
Functioning, Disability, and Health framework.
Subjects: ICU survivors.
Interventions: None.
Measurements and Main Results: We reviewed 15,464 abstracts, and identified 425 eligible articles, including 31 randomized trials (7%), 116 cross-sectional studies (27%), and 
278 cohort studies (65%). Cohort studies had a median (interquartile range) sample size of 96 survivors (52–209), with 38% not fully reporting loss to follow-up. A total of 250 
different measurement instruments were used in these 425 articles. Among eligible articles, 25 measured physical activity limitations (6%), 40 measured cognitive activity 
limitations (9%), 114 measured mental health impairment (27%), 196 measured participation restriction (46%), and 276 measured quality of life (65%).
Conclusions: Peer-reviewed publications reporting patient outcomes after hospital discharge for ICU survivors have grown from 3 in the 1970s to more than 300 since 2000. 
Although there is evidence of consolidation in the instruments used for measuring participation restriction and quality of life, the ability to compare results across studies 
remains impaired by the 250 different instruments used. Most articles described cohort studies of modest size with a single follow-up assessment using patient-reported 
measures of participation restriction and quality of life. Development of a core outcome set of valid, reliable, and feasible measures is essential to improving the outcomes of 
critical illness survivors.



Abstract
Objective: Mechanical ventilation contributes to diaphragmatic atrophy and dysfunction, and few techniques exist to assess diaphragmatic function: 
the purpose of this study was to quantify diaphragm atrophy in a population of critically ill mechanically ventilated patients with ultrasound and to 
identify risk factors that can worsen diaphragmatic activity.
Design: Prospective observational study.
Setting: ICU of a 1,200-bed university hospital.
Patients: Newly intubated adult critically ill patients.
Interventions: Diaphragm thickness in the zone of apposition was measured daily with ultrasound, from the first day of mechanical ventilation till 
discharge to the main ward.
Measurements and Main Results: Daily atrophy rate (ΔTdi/d) was calculated as the reduction in percentage from the previous measurement. To 
analyze the difference in atrophy rate (ΔTdi/d), ventilation was categorized into four classes: spontaneous breathing or continuous positive airway 
pressure; pressure support ventilation 5–12 cm H2O (low pressure support ventilation); pressure support ventilation greater than 12 cm H2O (high 
pressure support ventilation); and controlled mechanical ventilation. Multivariate analysis with ventilation support and other clinical variables was 
performed to identify risk factors for atrophy. Forty patients underwent a total of 153 ultrasonographic evaluations. Mean (SD) ΔTdi/d was –7.5% 
(12.3) during controlled mechanical ventilation, –5.3% (12.9) at high pressure support ventilation, –1.5% (10.9) at low pressure support ventilation, 
+2.3% (9.5) during spontaneous breathing or continuous positive airway pressure. At multivariate analysis, only the ventilation support was predictive 
of diaphragm atrophy rate. Pressure support predicted diaphragm thickness with coefficient –0.006 (95% CI, –0.010 to –0.002; p = 0.006).
Conclusions: In critically ill mechanically ventilated patients, there is a linear relationship between ventilator support and diaphragmatic atrophy rate.



Abstract
Objectives: Despite protocols incorporating spontaneous breathing trials, 31% of ICU patients experience difficult or prolonged weaning from mechanical ventilation. 
Nonfatiguing modes such as pressure support ventilation are recommended. Proportional assist ventilation provides assistance in proportion to patient effort, which may 
optimize weaning. However, it is not known how proportional assist ventilation performs relative to pressure support ventilation over a prolonged period in the complex ICU 
setting. The purpose of this study was to compare the physiologic and clinical performance (failure rate), safety, and feasibility of protocols using daily spontaneous breathing 
trial plus pressure support ventilation versus proportional assist ventilation until ventilation discontinuation.
Design: Single-center, unblinded pilot randomized controlled trial.
Setting: Medical-surgical ICU of a tertiary-care hospital.
Patients: Adult patients intubated greater than 36 hours were randomized if they met eligibility criteria for partial ventilatory support, tolerated pressure support ventilation 
greater than or equal to 30 minutes, and either failed or did not meet criteria for a spontaneous breathing trial.
Interventions: Patients were randomized to the pressure support ventilation or proportional assist ventilation protocol (PAV+, Puritan Bennett 840; Covidien, Boulder, CO). Both 
protocols used progressive decreases in level of assistance as tolerated, coupled with daily assessment for spontaneous breathing trials.
Measurements and Main Results: Of 54 patients randomized, outcome data are available for 50 patients; 27 were randomized to receive proportional assist ventilation and 23 
to receive pressure support ventilation. There were no adverse events linked to the study interventions, and protocol violations were infrequent. Recruitment was slower than 
projected (1.3 patients per month). The median (interquartile range) time from randomization to successful extubation was 3.9 days (2.8–8.4 d) on proportional assist ventilation 
versus 4.9 days (2.9–26.3 d) on pressure support ventilation (p = 0.39). Time to live ICU discharge was 7.3 days (5.2–11.4 d) on proportional assist ventilation versus 12.4 days 
(7.5–30.8 d) on pressure support ventilation (p = 0.03).
Conclusion: This pilot study demonstrates the utility, safety, and feasibility of the weaning protocols and provides important information to guide the design of a future 
randomized controlled trial comparing weaning from mechanical ventilation on pressure support ventilation versus proportional assist ventilation.



Abstract
Objectives: ICU-acquired weakness is a common complication of critical illness and can have significant effects upon functional status and quality of 
life. As part of preliminary work to inform the design of a randomized trial of a complex intervention to improve recovery from critical illness, we 
sought to identify pharmacological interventions that may play a role in this area.
Data Sources: We systematically reviewed the published literature relating to pharmacological intervention for the treatment and prevention of ICU-
acquired weakness.
Study Selection: We searched MEDLINE, EMBASE, CINAHL+, Web of Science, and both U.S. and European trial registries up to July 2014 alongside 
reviews and reference lists from populations with no age or language restrictions. We included studies that reported a measure of muscle structure or 
physical function as an outcome measure.
Data Extraction: We estimated pooled odds ratios and 95% CI using data extracted from published articles or where available, original data provided 
by the authors. Assessment of bias was performed using the Cochrane Collaboration’s risk of bias tool.
Data Synthesis: Ten studies met the inclusion criteria. The current body of evidence does not support the use of any pharmacological agent in this 
setting, although maintaining euglycemia may reduce the prevalence of critical illness polyneuropathy.
Conclusions: At present, no pharmacological intervention can be recommended to prevent or treat ICU-acquired weakness. Further research is 
required into this field to include more novel agents such as myostatin inhibitors. Challenges in the conduct of research in this area are highlighted.



Abstract
Objectives: Functional status at hospital discharge may be a risk factor for adverse events among survivors of critical illness. We sought to examine 
the association between functional status at hospital discharge in survivors of critical care and risk of 90-day all-cause mortality after hospital 
discharge.
Design: Single-center retrospective cohort study.
Setting: Academic Medical Center.
Patients: Ten thousand three hundred forty-three adults who received critical care from 1997 to 2011 and survived hospitalization.
Interventions: None.
Measurements and Main Results: The exposure of interest was functional status determined at hospital discharge by a licensed physical therapist 
and rated based on qualitative categories adapted from the Functional Independence Measure. The main outcome was 90-day post hospital 
discharge all-cause mortality. A categorical risk-prediction score was derived and validated based on a logistic regression model of the function 
grades for each assessment. In an adjusted logistic regression model, the lowest quartile of functional status at hospital discharge was associated 
with an increased odds of 90-day postdischarge mortality compared with patients with independent functional status (odds ratio, 7.63 [95% CI, 
3.83–15.22; p < 0.001]). In patients who had at least 7 days of physical therapy treatment prior to hospital discharge (n = 2,293), the adjusted odds 
of 90-day postdischarge mortality in patients with marked improvement in functional status at discharge was 64% less than patients with no change 
in functional status (odds ratio, 0.36 [95% CI, 0.24–0.53]; p < 0.001).
Conclusions: Lower functional status at hospital discharge in survivors of critical illness is associated with increased postdischarge mortality. 
Furthermore, patients whose functional status improves before discharge have decreased odds of postdischarge mortality.



Intensive care unit-acquired weakness (ICUAW) is a 
common condition in critically ill patients who are 
mechanically ventilated for prolonged periods of time. Only 
recently have mechanistic studies shown that muscle 
atrophy and loss of muscle mass develop rapidly during 
critical illness – within hours of the patient being intubated 
and mechanically ventilated. Physiotherapists play an 
integral role in the prevention and treatment of ICUAW 
within the intensive care unit (ICU), with studies showing 
benefit from early mobilisation and inspiratory muscle 
training for patients in the ICU to improve duration of 
weaning and functional independence at hospital 
discharge. Most importantly, as survival from ICU increases, 
physiotherapists will have a greater role in the management 
of ICUAW after discharge from ICU and hospital.
This review summarises the pathophysiology of ICUAW; the 
diagnosis during critical illness; the respiratory and 
musculoskeletal consequences of ICUAW; the burden of 
ICUAW on survivors of critical illness and their families; 
strategies to prevent and manage ICUAW, with a focus on 
specific physiotherapy interventions during critical illness; 
and future directions for research and practice.



Abstract
Background
Critical illness polyneuropathy (CIP) is a complex disease affecting 30–70% of critically ill patients.
Methods
Clinical (Barthel index, length of stay (LOS), morbidity, duration of mechanical ventilation, routine lab results) and neurophysiological (neurography) 
data of 191 patients admitted to neurological early rehabilitation and diagnosed with CIP have been analyzed retrospectively.
Results
CIP diagnosis was correct in 159 cases (83%). In this study, systemic inflammation, sepsis, systemic inflammatory response syndrome (SIRS), multiple 
organic failure (MOF), chronic renal failure, liver dysfunction, mechanical ventilation, diabetes, dyslipidemia and impaired ion homeostasis 
(hypocalcaemia, hypokalemia) were associated with CIP. Neurography, in particular of the peroneal, sural, tibial and median nerves, helped to identify 
CIP patients. Compound muscle action potential amplitude (r = −0.324, p < 0.05), as well as sensory (r = −0.389, p < 0.05) and motor conduction 
velocity (r = −0.347, p < 0.05) of the median nerve correlated with LOS in neurological early rehabilitation but not with outcome measures.
Conclusions
In most cases, diagnosis of CIP among neurological early rehabilitation patients seems to be correct. Neurography may help to verify the diagnosis 
and to learn more about CIP pathophysiology, but it does not allow outcome prediction. Further studies on CIP are strongly encouraged.



Abstract
Background: Early mobilization and rehabilitation of patients in intensive care units (ICU) may improve physical function, and reduce the duration 
of delirium, mechanical ventilation and ICU length of stay. However, safety concerns are an important barrier to widespread implementation. 
Objective: To synthesize safety data regarding patient mobilization and rehabilitation in the ICU, including falls, removal of endotracheal tubes 
(ETT), removal or dysfunction of intravascular catheters, removal of other catheters/tubes, cardiac arrest, hemodynamic changes and desaturation. 
Data Sources: Systematic literature review, including searches of 5 databases. Eligible studies evaluated patients who received mobilization-
related interventions in the ICU. Exclusion criteria included: 1) case series with <10 patients; 2) majority of patients <18 years old; and 3) data not 
reported to permit calculation of incidence of safety events. Data Extraction: Number of patients, mobilization/rehabilitation sessions, potential 
safety events and events with negative consequences (e.g. requiring intervention or additional therapy). Synthesis: Heterogeneity was assessed by 
I-square statistics, and bias assessed by the Newcastle-Ottawa Scale and Cochrane risk of bias assessment. The literature search identified 20,660 
titles. There were 48 eligible publications evaluating 7,546 patients, with 583 potential safety events occurring in 22,351 
mobilization/rehabilitation sessions. There were a total of 583 (2.6%) potential safety events with heterogeneity in the definitions for these events. 
For the safety event types that could be meta-analyzed, pooled incidences per 1,000 mobilization/rehabilitation sessions (95% confidence 
interval) were: hemodynamic changes, 3.8 (1.3–11.4) and desaturation, 1.9 (0.9–4.3). A total of 24 studies of 3,404 patients reported on any 
consequences of potential safety events (e.g. needing to increase dose of vasopressor due to mobility-related hypotension), with a frequency of 
0.6% in 14,398 mobilization/rehabilitation sessions. Conclusions: Patient mobilization and physical rehabilitation in the ICU appears safe with a 
low incidence of potential safety events, and only rare events having any consequences for patient management. Heterogeneity in the definition 
of safety events across studies emphasizes the importance of implementing existing consensus-based definitions.



Abstract
Background
Critically ill patients frequently suffer muscle weakness whilst in critical care. Ultrasound can reliably track loss of muscle size, but also quantifies the arrangement of the muscle fascicles, 
known as the muscle architecture. We sought to measure both pennation angle and fascicle length, as well as tracking changes in muscle thickness in a population of critically ill patients.
Methods
On days 1, 5 and 10 after admission to critical care, muscle thickness was measured in ventilated critically ill patients using bedside ultrasound. Elbow flexor compartment, medial head of 
gastrocnemius and vastus lateralis muscle were investigated. In the lower limb, we determined the pennation angle to derive the fascicle length.
Results
We recruited and scanned 22 patients on day 1 after admission to critical care, 16 were re-scanned on day 5 and 9 on day 10. We found no changes to the size of the elbow flexor 
compartment over 10 days of admission. In the gastrocnemius, there were no significant changes to muscle thickness or pennation angle over 5 or 10 days. In the vastus lateralis, we 
found significant losses in both muscle thickness and pennation angle on day 5, but found that fascicle length is unchanged. Loss of muscle on day 5 was related to decreases in 
pennation angle. In both lower limb muscles, a positive relationship was observed between the pennation angle on day 1, and the percentage of angle lost by days 5 and 10.
Discussion
Muscle loss in critically ill patients preferentially affects the lower limb, possibly due to the lower limb becoming prone to disuse atrophy. Muscle architecture of the thigh changes in the 
first 5 days of admission, in particular, we have demonstrated a correlation between muscle thickness and pennation angle. It is hypothesised that weakness in the lower limb occurs 
through loss of force generation via a reduced pennation angle.
Conclusion
Using ultrasound, we have been able to demonstrate that muscle thickness and architecture of vastus lateralis undergo rapid changes during the early phase of admission to a critical care 
environment.
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