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Critical illnesses often lead to early muscle wasting.1,2 
The muscular atrophy that affects respiratory and 

peripheral muscles can be explained by many physiologic 
mechanisms including mitochondrial dysfunction, protein 
catabolism, microvascular alterations, inactivation of sodium 
channels, alteration in calcium homeostasis, and tensegrity 
impairment.3 A more specific involvement of diaphragm 
fibers may directly be caused by the aggressive action of 
both sepsis and the mechanical ventilation support,4–7 lead-
ing to ventilator-induced diaphragm dysfunction.8 The 
subsequent impairment of diaphragm contractility and the 
reduction of its muscle mass are associated with prolonged 
weaning and poor outcome.8,9 Under normal conditions, 
the muscle fibers of the diaphragm contract a dozen of 
times per minute; however, in artificial inactivation of the 
diaphragm, by sedation or paralysis, such contractions are 
suddenly arrested, incurring muscular atrophy which could 
happen earlier than that of peripheral muscles (especially 
nonpostural muscles with mainly phasic function, which 
usually contract on demand and have a low inactive tonus).4

Several studies10–12 have demonstrated that ultrasonogra-
phy is a good tool to visualize and measure the apposition 
zone of the diaphragm with a good accuracy. We designed 
the present work to assess diaphragm muscle atrophy during 
the first days of critical illness, and to describe its determi-
nants. The main objective of the study was to detect a clin-
ically significant decrease in diaphragm thickness assessed 
by ultrasonography at day 5. To scrutinize the possible role 
of diaphragm inactivity in the occurrence of its muscle 

ABSTRACT
Background: Muscle atrophy occurs early during critical illnesses. Although 
diffuse, this atrophy may specifically affect the diaphragm under artificial inac-
tivity accompanying invasive mechanical ventilation. The primary objective of 
this study was to highlight diaphragm atrophy during the first 5 days of critical 
illness. Monitoring of pectoral thickness (a nonpostural muscle with mainly 
phasic function) served as a control.

Methods: Diaphragm and pectoral thicknesses were measured by ultra-
sound within the first 24 h of admission in 97 critically ill patients, including 
62 on mechanical ventilation. Thirty-five patients were reexamined at day 5.

Results: Baseline median (interquartile) values of diaphragm and pectoral 
thicknesses at day 1 were 2.4 (2.0, 2.9) and 5.9 (4.7, 7.2) mm, respectively 
(n = 97). Higher values of diaphragm thickness at baseline were positively 
associated with male sex, chronic obstructive pulmonary disease, and diabe-
tes. Diaphragm and pectoral atrophies (defined as a decrease of 10% or more 
between day 1 and day 5) were detected in 48% (17 of 35) and 29% (10 of 
34) respectively, and were uncorrelated with each other. Diaphragm atrophy 
was significantly more frequent in patients with septic shock and in those 
with mechanical ventilation, as compared with their respective counterparts 
(71% [10 of 14] vs. 33% [7 of 21], P = 0.027 and 71% [17 of 28] vs. 0%  
[0 of 7], P = 0.004, respectively), whereas pectoral atrophy was more com-
mon in patients treated with steroids as compared with their counterparts 
(58% [7 of 12] vs. 14% [3 of 22], P = 0.006). A statistically significant asso-
ciation between diaphragm atrophy and outcome was not found. Pectoral 
atrophy seemed associated with less successful weaning from mechanical 
ventilation at day 14 (12% [1 of 8] vs. 58% [11 of 19], P = 0.043).

Conclusions: Ultrasound enables identification of specific early diaphragm 
atrophy that affects the majority of mechanically ventilated patients and septic 
shock patients. Diaphragm atrophy and pectoral muscle atrophy seem to be 
two unrelated processes.

(ANESTHESIOLOGY 2019; 131:569–79)

EDITOR’S PERSPECTIVE

What We Already Know about This Topic

•	 Muscle atrophy is common in the critically ill, and diaphragm atro-
phy occurs during mechanical ventilation. It is not known whether 
wasting of diaphragm and nondiaphragm muscle is related.

What This Article Tells Us That Is New

•	 Ultrasound was used for serial assessment of diaphragm and pecto-
ral muscle in 97 critically ill patients. Diaphragm and pectoral atro-
phy occurred in 48% and 29%, respectively, and was associated 
with septic shock (diaphragm) and steroid use (pectoral); atrophy of 
the two muscle types appears unrelated.
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atrophy, we categorized patients by their need for mechan-
ical ventilation. We also monitored the pectoral muscle, 
which is a nonpostural muscle, not involved in ventilation, 
and whose mechanism of atrophy could be independent 
of active breathing cessation.4 We hypothesized that dia-
phragm atrophy would be more pronounced than pectoral 
atrophy after forced, artificial inactivation of the former.

Materials and Methods
This observational, prospective, and monocentric study was 
approved by the French research ethic board Committee 
for the Protection of Persons Sud-Est II, Edouard Herriot 
Hospital, Lyon, France. It was conducted between June 
2013 and January 2016 in a single intensive care unit (ICU). 
All included patients (or their relatives) provided written 
informed consent.

Study Population and Design

All patients consecutively admitted to the ICU were 
screened and enrolled in the study if they satisfied the fol-
lowing criteria in total: older than 18 yr of age, covered 
by the French social security system, nonopposition of the 
patient or relatives to participation in the trial. Patients 
were excluded if they had one of the following criteria: 
tracheostomy, chronic noninvasive or invasive ventilation, 
known diaphragmatic paralysis or neurologic disease with 
motor dysfunction, pregnancy, breast-feeding, ventilation 
longer than 24 h before hospitalization, an expected dura-
tion of ICU stay or mechanical ventilation (in ventilated 
patients) of less than five days, or a do-not-resuscitate order. 
Screening was only carried out when at least one of the 
ultrasound operators was present in the ICU. Inclusion 

in the study did not interfere with the daily clinical man-
agement, especially weaning from mechanical ventilation, 
which was protocolled.13

Ultrasonography Measurements and Reproducibility

Ultrasound images of the right hemidiaphragm zone of 
apposition and of the right pectoral muscle were recorded 
for each patient on day 1, and repeated on day 5, when 
applicable. Follow-up on day 5 was not performed if one of 
the following events occurred: change of ventilation con-
dition (i.e., intubation or extubation), discharge from ICU, 
or death. Measurement sites (i.e., diaphragm apposition 
on axillary line, and pectoral muscle) were marked with a 
transparent film to repeat the images exactly from the same 
points. Images were taken with Vivid S6 (General Electric 
Healthcare, USA) ultrasound machine with a 10-MHz 
probe. Right diaphragm thickness was measured with the 
technique described by Wait and Cohn on patients in 
semi-sitting position.11,14 The probe was placed on the right 
anterior axillary line. The diaphragm was identified as the 
hypoechogenic zone sandwiched between the two hyper-
echogenic lines: pleural and peritoneal membranes (fig. 1). 
Diaphragm thickness was measured on time movement and 
captured as the distance between the two lines at the end of 
expiration. The right pectoral muscle was observed under 
the clavicle, with the probe pointing to the coracoid pro-
cess as described by Grechenig et al.15 (fig. 2). Images were 
taken by two trained operators (A.R. and E.V., certified for 
critical care ultrasonography) and analyzed offline by only 
one (E.V.); three measurements were averaged out for each 
patient on day 1, and day 5 when applicable. Muscle atro-
phy was quantified for each patient by dividing the change 
in thickness (thickness on day 5 minus thickness on day 1) 

Fig. 1.  Example of ultrasound visualization of the diaphragm at the zone of apposition (left panel) and comparative computed tomography 
scan (right panel). The diaphragm could be identified as the hypoechogenic zone bounded by the two hyperechogenic pleural and peritoneal 
layers (parallel arrows in the left panel).
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by the thickness on day 1 and expressing it as a percentage. 
Diaphragm atrophy was defined as a 10% or more relative 
decrease in diaphragm thickness between day 1 and day 5.16 
The same definition could be applied for pectoral atrophy.

Agreement between the two observers was assessed 
in 20 patients from the study. The two ultrasonographers 
performed separate recordings of diaphragm and pectoral 
thicknesses for each patient, and these measurements were 
all analyzed and compared by one of them (E.V.).

Endpoints and Data Recording

The primary outcome was the change in diaphragm thick-
ness between day 1 and day 5. The secondary endpoints 
were (1) percentage of pectoral atrophy on day 5, (2) clin-
ical characteristics associated with baseline diaphragm and 
pectoral thickness, and (3) ICU characteristics and out-
comes associated with diaphragm and pectoral atrophy. The 
following data were assessed at ICU admission: age (consid-
ering those of older than 65 yr as elderly patients at risk for 
sarcopenia),17 sex, weight, smoking history, comorbidities 
(including high blood pressure, cardiovascular disease, dia-
betes, and chronic obstructive pulmonary disease), admis-
sion diagnosis, and disease severity (assessed by Sequential 
Organ Failure Assessment and Simplified Acute Physiology 
Score II scores, where patient’s condition is classified very 
severe with values greater than 7 and greater than 59, 
respectively).18,19 Some relevant ICU clinical characteristics 
were collected between day 1 and day 5, such as mechanical 
ventilation, septic shock (assessed by using Sepsis 3 defi-
nition),20 muscle paralysis, use of sedation, and corticoste-
roid therapy (including low doses to treat septic shock). 
Successful weaning from mechanical ventilation at day 14 
was defined as patient survival with definitive liberation 

from invasive mechanical ventilation 14 days after inclu-
sion in the study. In-ICU and in-hospital length of stay and 
mortality were also recorded.

Statistical Analysis

Based on a preliminary study showing a daily diaphragm 
thinning of 6% during mechanical ventilation,21 we hypo-
thetically calculated an overall thinning of 20% from day 1 
to day 5. With an estimated diaphragm thickness of 29 ± 
3 mm at day 1,22 an α-risk (type I error) of 5%, and a statis-
tical power of 90%, 33 patients requiring mechanical venti-
lation were deemed necessary to show a 20% reduction in 
diaphragm thickness between day 1 and day 5. Anticipating 
that 20% of included patients requiring mechanical venti-
lation would die or would be extubated before day 5, 40 
patients with mechanical ventilation were considered nec-
essary. However, we decided to include a minimum of 80 
patients, of whom at least 40 were on mechanical ventila-
tion, and 40 with spontaneous breathing.

Data were analyzed using IBM SPSS Statistics for 
Windows (Version 19.0, IBM Corp, USA). Results were 
reported as medians (first, third quartiles) or numbers 
(percentage). Mann–Whitney U test was used to compare 
continuous variables. Chi-square test or Fisher exact test 
were used to compare categorical variables, as appropriate. 
Diaphragm and pectoral muscle thickness changes from 
day 1 to day 5 were compared by Wilcoxon paired test. 
Spearman rank correlation coefficient was used for bivar-
iate correlations. Two-sided P values less than 0.05 were 
considered significant. No outliers were detected during 
the analysis, and the data presented here are exhaustive.

The reproducibility was expressed by the intraclass cor-
relation coefficient23 and the coefficient of repeatability,24 

Fig. 2.  Ultrasound image of the pectoral muscle under the clavicle (left panel), and comparative computed tomography scan (right panel). 
The pectoralis major is outlined by its two fasciae (arrows) and stands out in front of the pectoralis minor (visible on the left).
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as proposed by Bland and Altman. Intraclass correlation 
coefficient was determined with consistency and 95% CI. 
Coefficient of repeatability was calculated using the British 
Standards Institution repeatability coefficient (twice the SD of 
the differences in repeated measurements).24 The coefficient of 
repeatability is directly related to the 95% limits of agreement. 
It is expressed in the measurement units and is the smallest 
significant difference between repeated measurements.

Results
We herein report the primary and preplanned analysis of 
these data.

Patient Population and Follow-up

Ninety-seven patients were included in the study (fig. 3). At 
the time of inclusion, 62 patients were on mechanical ven-
tilation and 35 were breathing spontaneously. Patient’s clin-
ical characteristics at ICU admission (day 1 cases [n = 97]) 
are listed in Supplemental Digital Content 1 (http://links.
lww.com/ALN/B929). Among the 62 patients requir-
ing mechanical ventilation, only 28 could be followed up 
on day 5; the remaining patients were either extubated 
(n = 18) or dead (n = 16) before day 5. Of the 35 spon-
taneously breathing patients, only seven could be followed 
up on day 5; the remainders were either intubated (n = 8) 

Fig. 3.  Flow chart of the study population. ICU, intensive care unit.

Copyright © 2019, the American Society of Anesthesiologists, Inc. Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

D
ow

nloaded from
 http://asa2.silverchair.com

/anesthesiology/article-pdf/131/3/569/532671/20190900_0-00023.pdf by guest on 11 April 2024

http://links.lww.com/ALN/B929
http://links.lww.com/ALN/B929


	 Anesthesiology 2019; 131:569–79	 573

Diaphragm and Pectoral Atrophies

Vivier et al. 

or discharged from ICU (n = 20) between day 1 and day 
5. Characteristics of patients followed up on day 5 (com-
plete cases on day 5 [n = 35]) are reported in Supplemental 
Digital Content 2 (http://links.lww.com/ALN/B930).

Diaphragm and Pectoral Thicknesses

Diaphragm thickness was successfully assessed using ultra-
sound in all patients on day 1 and alike for pectoral thickness, 
except in one patient. At day 1, the whole population (day 1 
cases [n = 97]) had a diaphragm and pectoral median thick-
nesses of 2.4 (2.0, 2.9) and 5.9 (4.7, 7.2) mm, respectively. At 
day 1, a higher diaphragm thickness was positively associated 
with male sex, diabetes, and chronic obstructive pulmonary 
disease, whereas the pectoral muscle was thicker in over-
weight (Supplemental Digital Content 3, http://links.lww.
com/ALN/B972) and younger patients (table 1). The cor-
relation between diaphragm and pectoral thicknesses at day 
1 was not statistically significant (rho = 0.171, P = 0.095; 
fig. 4). There was no significant association between baseline 
thicknesses and outcome (data not shown).

Diaphragm and Pectoral Atrophy

The marks on the chest wall were still present in all patients at 
day 5, on which the measurements of diaphragm and pectoral 
thicknesses could be repeated. In the overall population (com-
plete cases on day 5 [n = 35]), a substantial thinning of the dia-
phragm was observed between day 1 and day 5 (from 2.5 [2.1, 
3.0] to 2.1 [1.9, 2.5] mm, with a mean difference of 0.3 mm 
[95% CI, 0.2–0.5], P < 0.001, fig. 5A), whereas the change in 
pectoral thickness was not significant (from 5.6 [4.8, 6.9] to 5.9 
[4.9, 7.0] mm, with a mean difference of 0.1 mm [95% CI, −0.3 
to +0.5], P = 0.308, fig. 5B). The occurrence of diaphragm 

and pectoral atrophies (as defined by a 10% or more relative 
decrease in thickness) were 48% (17 of 35) and 29% (10 of 
34), respectively. There was no statistically significant correlation 
between the change in thickness of diaphragm and pectoral 
(rho = −0.02, P = 0.912; fig. 4B). In post hoc subgroup anal-
yses, pectoral atrophy occurred more in patients treated with 
steroids, whereas diaphragm atrophy occurred more in patients 
with mechanical ventilation, septic shock (Supplemental 
Digital Content 4, http://links.lww.com/ALN/B973), or mul-
tiple organ failure, as compared with their respective counter-
parts; other variables did not consistently influence diaphragm 
or pectoral atrophy (tables 2 and 3). Post hoc outcome analyses 
found that diaphragm atrophy was not associated with patient’s 
outcomes, whereas pectoral atrophy was associated with less 
successful weaning at day 14 (Supplemental Digital Content 5, 
http://links.lww.com/ALN/B931).

Reproducibility

Intraclass correlation coefficient were 0.982 (95% CI, 0.955 
to 0.993) and 0.985 (95% CI, 0.963 to 0.994) for diaphragm 
and pectoral thicknesses, respectively. Coefficients of repeat-
ability were 0.3 and 0.9 mm for diaphragm and pectoral 
thicknesses, respectively.

Discussion
Baseline diaphragm and pectoral thicknesses were not homo-
geneous in the studied population and seemed influenced 
by different preexisting comorbidities but with no definite 
conclusion given the limited sample size. In the 35 patients 
followed from day 1 to day 5, we observed atrophy of dia-
phragm over the first days of the critical illness, especially in 
patients with mechanical ventilation, septic shock, or organ 

Table 1.  Diaphragm and Pectoral Thickness According to Patient Baseline Characteristics (n = 97)

 Diaphragm Thickness (mm) Pectoral Thickness (mm)

Sex Male (n = 68) 2.6 (2.1–3.0) P = 0.042 5.9 (4.7–7.2) P = 0.725
 Female 2.1 (1.8–2.7) 5.5 (4.6–7.2)
Elderly
(Age older than 65 yr)

Yes (n = 63) 2.4 (2.0–3.0) P = 0.934 5.6 (4.6–6.5) P = 0.016
No 2.3 (2.1–2.9) 6.9 (5.4–8.1)

Overweight
(BMI greater than 25 kg/m2)

Yes (n = 44) 2.5 (2.1–3.0) P = 0.277 6.4 (5.4–7.8) P =0.004
No 2.3 (2.0–2.9) 5.4 (4.5–6.6)

Hypertension Yes (n = 37) 2.6 (2.1–3.0) P = 0.078 6.1 (5.0–7.3) P = 0.215
 No 2.2 (1.9–2.8) 5.5 (4.6–7.1)
Diabetes Yes (n = 28) 2.8 (2.1–3.2) P = 0.018 6.5 (4.8–8.1) P = 0.242
 No 2.3 (1.9–2.8) 5.8 (4.6–7.0)
Smoking Yes (n = 36) 2.6 (2.0–3.2) P = 0.394 5.8 (4.6–7.9) P = 0.897
 No 2.3 (2.0–2.9) 6.0 (4.7–7.0)
COPD Yes (n = 29) 2.8 (2.0–3.3) P = 0.019 5.9 (4.8–7.7) P = 0.753
 No 2.2 (2.0–3.0) 5.9 (4.6–7.1)
Heart disease Yes (n = 41) 2.3 (2.0–2.8) P = 0.589 5.8 (4.7–6.9) P = 0.870
 No 2.4 (2.0–3.1) 6.0 (4.6–7.6)
Ventilation MVS (n = 62) 2.3 (2.0–2.9) P = 0.340 5.8 (4.7–7.3) P = 0.961
 SB 2.7 (2.0–3.0) 6.0 (4.6–7.1)

Data are median (interquartile range). BMI, body mass index; COPD, chronic obstructive pulmonary disease; MVS, Mechanical ventilation support; SB, spontaneous breathing.
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failure. Pectoral atrophy happened more in patients treated 
with steroids during the first 5 days in ICU, and seemed asso-
ciated with poor outcomes, unlike diaphragm atrophy.

Diaphragm and Pectoral Thicknesses

In this series of 97 patients, the diaphragm was thicker in men 
than in women, confirming previously reported data.25 We 
also found a higher baseline diaphragm thickness in patients 
with chronic obstructive pulmonary disease, which is consis-
tent with previous autopsy data demonstrating an increase of 
the number and size of diaphragm muscle fibers in emphy-
sematous patients.26,27 Such muscular hypertrophy has been 
ascribed to excessive respiratory workload and lower mus-
cular efficiency in chronic obstructive pulmonary disease 
patients.28 This observation is also congruent with the greater 
diaphragm thickening recently reported in chronic obstruc-
tive pulmonary disease patients.29 More surprisingly, diabetic 

patients also had a thicker diaphragm than their counterparts. 
Several epidemiologic studies have shown a slight decrease in 
forced expiratory volume in diabetic patients, suggesting that 
diaphragm hypertrophy could have been induced by a work-
load-driven mechanism similar to that occurring in chronic 
obstructive pulmonary disease.30,31 On the other hand, other 
physiologic studies have suggested a decreased respiratory 
muscle strength in diabetics which could be the underlying 
mechanism.32,33 Further studies are essential to scrutinize the 
effect of diabetes on diaphragm thickness. The two factors 
associated with pectoral thickness in our series were age and 
obesity. Age classically generates sarcopenia,34 whereas for 
obesity its role in precipitating peripheral trophicity remains 
controversial (although some studies reported an increase in 
lean muscles in obese individuals35,36).

Diaphragm Atrophy

Our work corroborates the previous studies findings con-
cerning the use of ultrasound to quantify early diaphragm 
atrophy in critically ill patients.16,21,25,37,38 On the contrary, 
pectoral atrophy was infrequent in our population. This dis-
crepancy is congruent with the results of Levine et al.,4 who 
found a marked histologic atrophy of the diaphragm but not 
the pectoral muscles in mechanically ventilated patients. A 
recent tomographic study also showed a more remarkable 
atrophy of the diaphragm compared with limb muscles in 
ICU septic patients.39 However, another report showed 10% 
atrophy of the rectus femoris in the early course of criti-
cal illness,2 which may reflect the fact that the rectus fem-
oris is involved in permanent static tone which is abruptly 
abolished in critical illness. All together, these findings may 
suggest a major role for inactivity in the pathophysiology 
of muscle atrophy during critical illness, with a preferential 
alteration of muscles used for permanent contractions (e.g., 
diaphragm) or resting tone (e.g., muscles involved in static 
tone). Interestingly, in our very limited sample (n = 35), the 
use of steroids was strongly associated with pectoral atro-
phy. Steroids increase protein catabolism40,41 and are contro-
versial risk factors for ICU-acquired peripheral weakness.42 
However, some experimental studies have suggested a possi-
ble protective role of steroids against ventilator-induced dia-
phragm dysfunction via inhibition of the calpain system.43,44

Muscular Atrophy and Outcome

We have not found any apparent association between dia-
phragm atrophy and clinical outcomes in complete cases on 
day 5 (n = 35). However, a significant impact of diaphragm 
atrophy on mechanical ventilation outcomes has been high-
lighted in a recent study of much larger sample size.16 Several 
factors can explain this discrepancy (e.g., diaphragm thinning 
or thickening could widely be influenced by the respiratory 
load endured by the respiratory muscles16,29), and the presence 
of competing pathologic processes may trigger thickening in 
opposite directions. In our study, diaphragm thickness was 

Fig. 4.  Relationships between diaphragm and pectoral values 
of thickness in all of day 1 cases (n  =  97; A) and atrophy in 
complete cases on day 5 (n = 35; B). There was no correlation 
between diaphragm and pectoral baseline thicknesses at day 1 
(A), and there was also no correlation between changes in thick-
ness of diaphragm and pectoral from day 1 to day 5 (B). Rho 
denotes Spearman’s rank correlation coefficient.
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only ascertained on day 1 and day 5, and we may have failed 
to detect very early atrophy in many patients. Furthermore, 
our small sample size did not enable us to adjust associations 
for important confounders. Unlike diaphragm atrophy, pec-
toral atrophy was associated with prolonged weaning from 
mechanical ventilation and a trend toward prolonged ICU 
stay in our study. A similar association with worse outcomes 
was previously reported with atrophy of the rectus femoris.2 
Further studies with bigger sample sizes are needed to depict 
the respective impacts of diaphragm and peripheral muscles 
atrophies on the outcomes of critically ill patients.

Strengths and Limitations

The strength of our study lies in the parallel and sequential 
assessment of diaphragm and pectoral thicknesses by trained 
sonographers. Our study has several limitations. First, the 
monocentric design and limited sample size, hence the need 
for an external validation. Second, the lack of functional test 
precludes direct extrapolation to respiratory or peripheral 
muscle weakness. Third, the agreement between observers’ 
measurements is almost proportional to the changes in thick-
ness they measured (i.e., the smaller the change, the lower the 

Fig. 5.  Diaphragm (A) and pectoral (B) thickness at day 1 and in complete cases on day 5 (n = 35). Individual values (left) and box plot repre-
sentation (right) for diaphragm thickness (A) and pectoral thickness (B) measurement at day 1 and day 5. Overall, a thinning of the diaphragm 
was observed between day 1 and day 5, whereas change in pectoral thickness was not significant.*P < 0.001 for paired Wilcoxon test for 
difference between diaphragm thickness at day 1 and day 5.

Copyright © 2019, the American Society of Anesthesiologists, Inc. Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

D
ow

nloaded from
 http://asa2.silverchair.com

/anesthesiology/article-pdf/131/3/569/532671/20190900_0-00023.pdf by guest on 11 April 2024



Critical Care Medicine

576	 Anesthesiology 2019; 131:569–79	 Vivier et al.

agreement), despite our efforts to optimize this reproducibility 
by using a high-frequency probe and by marking the obser-
vation site. Lastly, some factors could theoretically have biased 
the pectoral thickness measurement, including orientation of 
the beam, compression of the muscle by the probe, or muscle 

infiltration with edema.45 Understanding the primary mech-
anism of ICU-acquired weakness remains a challenge for the 
intensivists. Our results may help clarify the distinctive pat-
terns of ventilator-induced diaphragm dysfunction and skel-
etal muscle weakness, which are two outstanding pathologic 

Table 2.  Patients Characteristics According to Diaphragm Atrophy at Day 5

All Patients
(n = 35)

Diaphragm Atrophy
(n = 17)

No Diaphragm Atrophy
(n = 18) P Value

Age, yr 73 (60 to 80) 74 (55 to 80) 73 (64 to 80) 0.680
Male sex 28 (80%) 12 (71%) 16 (89%) 0.176
BMI, kg/m2 24 (22 to 28) 23 (21 to 26) 26 (22 to 29) 0.248
Characteristics at inclusion     
  SAPS II 57 (43 to 65) 65 (45 to 80) 51 (36 to 57) 0.012
  SOFA score 8 (4 to 9) 9 (7 to 11) 6 (2 to 9) 0.013
  Lactate, mmol/l 1.7 (1.2 to 4.3) 2.4 (1.4 to 4.7) 1.3 (1.1 to 2.4) 0.072
  Sepsis 24 (69%) 14 (82%) 10 (56%) 0.088
  Septic shock 14 (40%) 10 (59%) 4 (22%) 0.027
ICU management     
 M V 28 (80%) 17 (100%) 11 (61%) 0.008
  Sedation 26 (74%) 16 (94%) 10 (55%) 0.018
  Length of sedation, h 46 (0 to 78) 46 (19 to 82) 24 (0 to 82) 0.292
  Curarization 11 (31%) 6 (35%) 5 (28%) 0.632
  Length of curarization, h 0 (0 to 24) 0 (0 to 27) 0 (0 to 29) 0.630
  Steroids 13 (37%) 7 (41%) 6 (33%) 0.631
  Fluid balance, ml 1,143 (−3,625 to 2,679) 2,705 (−3,936 to 6,467) −423 (−3,498–1,472) 0.254
  Nutritional intake, Kcal 5,900 (3,500 to 7,260) 6,900 (5,552 to 7,525) 4,355 (1,400 to 7,167) 0.070
  Duration of parenteral nutrition, h 120 (90 to 120) 120 (75 to 120) 120 (96 to 120) 0.974
  Duration of enteral nutrition, h 48 (0 to 96) 96 (2 to 100) 36 (0 to 96) 0.381

Data are n (%) or median (interquartile range). BMI, body mass index; ICU, intensive care unit; MV, mechanical ventilation; SAPS II, Simplified Acute Physiology Score II; SOFA, 
Sequential Organ Failure Assessment. Patients were classified according to a threshold of diaphragm atrophy of −10%.

Table 3.  Patients Characteristics According to Pectoral Atrophy at Day 5

All Patients
(n = 34)

Pectoral Atrophy
(n = 10)

No Pectoral Atrophy
(n = 24) P Value

Age, yr 73 (60 to 80) 68 (64 to 74) 76 (57 to 82) 0.381
Male sex 27 (79%) 9 (90%) 18 (75%) 0.324
BMI, kg/m2 24 (22 to 28) 22 (19 to 25) 26 (23 to 29) 0.089
Characteristics at inclusion     
  SAPS II 55 (43 to 65) 54 (38 to 64) 55 (43 to 65) 0.895
  SOFA score 8 (4 to 9) 7 (2 to 9) 8 (4 to 10) 0.285
  Lactate, mmol/l 1.7 (1.2 to 4.3) 1.7 (1.2 to 5.3) 1.7 (1.2 to 4.2) 0.925
  Sepsis 23 (68%) 5 (50%) 18 (75%) 0.156
  Septic shock 13 (38%) 3 (30%) 10 (42%) 0.524
ICU management     
 M V 27 (79%) 8 (80%) 19 (79%) > 0.999
  Sedation 25 (73%) 6 (60%) 19 (79%) 0.248
  Length of sedation, h 45 (0 to 76) 24 (0 to 96) 45 (4 to 71) 0.867
  Curarization 10 (29%) 3 (30%) 7 (29%) 0.961
  Length of curarization, h 0 (0 to 24) 0 (0 to 54) 0 (0 to 20) 0.809
  Steroids 12 (35%) 7 (70%) 5 (21%) 0.006
  Fluid balance, ml 1,143 (−3,625 to 2,579) −1,422 (−2,705 to 1,324) 1,461 (−4,445 to 3,079) 0.603
  Nutritional intake, Kcal 5,900 (3,500 to 7,260) 4,400 (3,905 to 6,180) 6,900 (4,400 to 7,330) 0.179
  Duration of parenteral nutrition, h 120 (90 to 120) 120 (105 to 120) 120 (58 to 120) 0.398
  Duration of enteral nutrition, h 72 (0 to 96) 72 (24 to 96) 72 (0 to 108) 0.905

Data are n (%) or median (interquartile range). BMI, body mass index; ICU, intensive care unit; MV, mechanical ventilation; SAPS II, Simplified Acute Physiology Score II; SOFA, 
Sequential Organ Failure Assessment. Patients were classified according to a threshold of pectoral atrophy of -10%
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entities linked to critical illness myopathy.8 Further studies are 
needed to corroborate these ultrasound results with higher 
technical accuracy such as computed tomography or mag-
netic resonance imaging. Gradation and comparative analysis 
of muscle function and mass could also be of high interest.

Conclusion

Baseline diaphragm thickness was influenced by sex and 
comorbidities (including chronic obstructive pulmonary dis-
ease and diabetes). The diaphragm displayed clinically signifi-
cant atrophy during the first 5 days of critical illness, especially 
in patients with septic shock, organ failure, or invasive mechan-
ical ventilation. Given the small sample size, the study did not 
detect a link between atrophy of the diaphragm and clini-
cal outcomes. Pectoral atrophy seemed confined to patients 
treated with steroids, and was associated with a poor outcome.﻿﻿﻿﻿﻿﻿‍‍
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ANESTHESIOLOGY REFLECTIONS FROM THE WOOD LIBRARY-MUSEUM

Antipodal Views on Branding Amylocaine as Stovaine: 
Modesty or Political Correctness?

After surgeons revealed in 1904 that researcher Ernest A. Fourneau (1872 to 1949) had synthesized an alterna-
tive local anesthetic to cocaine, his Parisian firm, Poulenc Frères, branded his amylocaine as “Stovaine” for their 
English-speaking consumers. Over the years, that branding has been viewed quite differently by anesthesia 
museum curators in the southern and northern hemispheres. In Australia, “Stovaine” was characterized by Drs. 
C. M. Ball and R. N. Westhorpe as “modestly named with an anglicized version of his own name (Fourneau 
meaning furnace or stove).” However, in the United States, “Stovaine” was viewed as a pragmatic branding, so 
that Fourneau’s company could avoid peddling the anesthetic with the socially awkward name of  “Fourneau-
caine.” (Copyright © the American Society of Anesthesiologists’ Wood Library-Museum of Anesthesiology.)
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