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Background: Patients with acute respiratory failure (ARF) may need mechanical

ventilation (MV), which can lead to diaphragmatic dysfunction and muscle wasting,

thus making difficult the weaning from the ventilator. Currently, there are no biomarkers

specific for respiratory muscle and their function can only be assessed trough ultrasound

or other invasive methods. Previously, the fast and slow isoform of the skeletal

troponin I (fsTnI and ssTnI, respectively) have shown to be specific markers of muscle

damage in healthy volunteers. We aimed therefore at describing the trend of skeletal

troponin in mixed population of ICU patients undergoing weaning from mechanical

ventilation and compared the value of fsTnI and ssTnI with diaphragmatic ultrasound

derived parameters.

Methods: In this prospective observational study we enrolled consecutive patients

recovering from acute hypoxemic respiratory failure (AHRF) within 24 h from the start of

weaning. Every day an arterial blood sample was collected to measure fsTnI, ssTnI, and

global markers of muscle damage, such as ALT, AST, and CPK. Moreover, thickening

fraction (TF) and diaphragmatic displacement (DE) were assessed by diaphragmatic

ultrasound. The trend of fsTnI and ssTnI was evaluated during the first 3 days of weaning.

Results: We enrolled 62 consecutive patients in the study, with a mean age of 67 ± 13

years and 43 of them (69%) were male. We did not find significant variations in the ssTnI

trend (p = 0.623), but fsTnI significantly decreased over time by 30% from Day 1 to Day

2 and by 20% from Day 2 to Day 3 (p < 0.05). There was a significant interaction effect

between baseline ssTnI and DE [F (2) = 4.396, p = 0.015], with high basal levels of ssTnI

being associated to a higher decrease in DE. On the contrary, the high basal levels of

fsTnI at day 1 were characterized by significant higher DE at each time point.
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Conclusions: Skeletal muscle proteins have a distinctive pattern of variation during

weaning from mechanical ventilation. At day 1, a high basal value of ssTnI were

associated to a higher decrease over time of diaphragmatic function while high values of

fsTnI were associated to a higher displacement at each time point.

Keywords: acute hypoxemic respiratory failure, assisted mechanical ventilation, biomarker, diaphragm,

diaphragmatic ultrasound, skeletal troponin, weaning

INTRODUCTION

Ventilatory support is an essential life-saving therapy for
intensive care patients with acute respiratory failure (1).
However, most patients under mechanical ventilation (MV)
experience deleterious impact of mechanical ventilation on
the diaphragm (2). The balance between lung and diaphragm
protection remains challenging. As known, MV can trigger a
sustained change in muscle fibers biochemistry (3), ultimately
leading to diaphragmatic atrophy (4). Experimental evidence
suggest that signs of increased oxidative stress and diaphragm
fiber proteolysis may arise as early as 12 h fromMV initiation (5).
Ventilator induced diaphragmatic dysfunction (VIDD) (6) has a
rapid onset, is related to the duration of ventilation support (7)
and affects the clinical outcome (8–11). The diaphragm seems
to be more susceptible to fast disuse atrophy, as compared to
peripheral skeletal muscles (e.g., pectoralis muscle and latissimus
dorsi) (12). In order to minimize VIDD, it has been suggested
to implement assisted modes as soon as clinically feasible and
safe (13), to minimize patient-ventilator asynchronies (14) and
to avoid excessive expiratory braking (15, 16), despite definitive
evidence are not available.

In critically ill patients, no bedside tools are available to
monitor the muscular function except for ultrasound, which is
non-invasive but highly operator-dependent (17). Phrenic nerve
stimulation, which would be the “gold standard,” is invasive,
complex and thus limited in the routine clinical application.

Specific circulating biomarkers for skeletal muscles have
been recently identified. In contrast with non-specific muscular
markers, like creatine kinase (CPK), specific markers could
potentially open the possibility to provide real time information
on the integrity of different types of muscular fibers (18).
Slow- and fast-twitch skeletal troponin I (ssTnI and fsTnI)
have been shown to be promising markers of damage to
slow oxidative (Type I) and fast glycolytic (Type II) muscular
fibers (19, 20), respectively.

In a previous report in healthy subjects undergoing an
inspiratory threshold loading trial (21), fsTnI was regarded
as an early marker, more sensitive than CK, of subclinical
diaphragmatic damage. Furthermore, recent data suggest the use
of thesemarkers for evaluating subclinical muscular damage (22),
since their circulating level are influenced by both muscular mass
and amount of muscle disruption.

It is not clear what happens to the circulating levels of
skeletal troponin in patients with acute respiratory failure (ARF)
undergoing mechanical ventilation, especially during the early
phase of weaning. Therefore, the primary aim of the present

study was to describe the trend of circulating skeletal troponins
during the early part of weaning in a population of mechanically
ventilated critically ill patients. Moreover, we hypothesized
that values of skeletal troponin beyond normality could be
associated to diaphragmatic dysfunction. To test this hypothesis,
we compared ultrasound derived diaphragmatic parameters with
the baseline levels and the trend of plasma skeletal troponins to
determine if they could serve as early markers of diaphragmatic
atrophy/ventilator over assistance.

METHODS

Study Population
This is a longitudinal, single-center, observational cohort study,
conducted over a 24-months period (March 2017 to March 2019)
in the ICU of the S. Anna University Hospital, Ferrara, Italy. The
study was approved by the ethics committee of our institution
(Azienda Ospedaliero-Universitaria Ferrara Ethic Committee,
number of ethical approval 131084). Informed consent was
obtained from each patient or next of kin. All consecutive
patients recovering from acute hypoxemic respiratory failure
(AHRF) with an expected length of mechanical ventilation of
72 h or more were screened for study inclusion. The inclusion
criteria were: age 18 years or older, ventilation in assisted
mode, Richmond Agitation Sedation Scale (RASS) between
−1 and +1. Exclusion criteria were: history of neuromuscular
disease, continuous infusion of muscle-paralyzing agents in the
last 48 h, diaphragm atrophy or paralysis, abnormal values of
myocardial and muscular damage markers at ICU admission,
presence of moderate/severe acute kidney injury (23) at ICU
admission, presence of thoracotomy, pneumothorax or pneumo-
mediastinum, pregnancy.

Study Protocol
All patients were enrolled at the beginning of weaning from MV
and therefore when able to trigger the ventilator. Specifically,
the patients were studied from the 1st (defined Day 1) to the
3rd day (defined Day 3) since the switch from the beginning
of assisted mode ventilation (PSV). The following data were
collected: mode of mechanical ventilation, ventilator parameters
[i.e., pressure support, positive end-expiratory pressure (PEEP),
inspired oxygen fraction (FiO2)], breathing pattern [i.e., tidal
volume (VT), respiratory rate (RR)] and the occlusion pressure
at 100ms (P0.1), defined as the negative pressure measured
100ms after the initiation of an inspiratory effort. All included
patients underwent a daily ultrasonographic evaluation of the
diaphragmatic function. Arterial blood samples were collected
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right after ultrasound measurements to evaluate arterial blood
gasses and circulating markers. Creatinine was collected each day
during the study period to evaluate the onset of moderate/severe
acute kidney injury (23).

Mechanical Ventilation Setting
Patients with ARF were included in the study within 24 h after
the initiation of assisted mechanical ventilation (i.e., pressure
support ventilation, PSV) according to the attending physicians’
judgment. The readiness to sustain PSV was based on the
following criteria: (a) improvement of the condition leading to
acute respiratory failure, (b) positive end-expiratory pressure
(PEEP) lower than 10 cm H2O and inspiratory oxygen fraction
(FiO2) lower than 0.5, (c) Richmond Agitation Sedation Scale
(RASS) between−1 and+1, with no sedation or with low dose of
continuous infusion of sedation (i.e., propofol 0.5–1.5 mg/kg/h
and/or remifentanil 0.03–0.05 mg/kg/min or dexmedetomidine
(0.3–1.0 µg/kg/h), (d) ability to trigger the ventilator, (e)
hemodynamic stability (with norepinephrine≤ 0.1µg/kg/min or
equivalent), (f) normothermia.

Pressure support ventilation was set to meet the following
targets: VT of 6–8 mL/kg/PBW, with RR 20–30 bpm. Pressure
support (PS) was decreased if VT > 8 mL/kg/PBW and/or
RR < 20 while it was increases if VT < 6 mL/kg PBW
and/or RR > 30 and/or in the presence of respiratory distress
(e.g., marked use of the accessory muscles). PEEP and then
FiO2 were increased if SpO2 was < 90%, while FiO2 and
then PEEP were decreased if SpO2 was > 96%. The PEEP
and FiO2 levels in use before the study were left unchanged.
Patients returning into controlled mechanical ventilation due to
deteriorating respiratorymechanics or general clinical conditions
were excluded from the clinical study.

Ultrasonography
Ultrasonographic assessments were performed by a single well-
trained physician (F.D.C.) by using the same ultrasonography
machine (M-Turbo, SonoSite, Inc., USA). All measurements
were performed in patients lying in the semi-recumbent position
and on the right side. Diaphragmatic excursion (DE) was
evaluated using a 3.5 to 5-MHz convex ultrasound probe using
a subcostal approach (24–26).

Diaphragmatic thickness and thickening fraction were
assessed using a 12-MHz linear ultrasound probe by using
an intercostal approach, as previously described (27, 28).
Diaphragm thickening fraction (TFdi) was measured in M-
mode as TFdi = [(TEI-TEE)/TEE ] × 100, where TEE and TEI

correspond to the thickness of the diaphragm at the end of
expiration and inspiration, respectively. Normal diaphragmatic
function was defined as the presence of a DE ≥ 10mm (28) or a
TFdi ≥ 30% (29).

Serum Sampling and Quantification of
Skeletal Troponins
Serum samples were obtained from the arterial blood in
anticoagulant-free tubes by centrifugation at 1,500 rpm for
10min after clotting and stored in aliquots at −80◦C until assay.
To avoid possible loss of bioactivity, samples were analyzed

within 3 months from the collection and thawed only once. Slow
skeletal Troponin I (ssTnI, Mybiosource, Cat. No. MBS2510383)
and fast skeletal Troponin I (fsTnI, Mybiosource, Cat. No.
MBS927961) were assayed by commercially available ELISA
kits according to manufacturer’s instructions. Specific technical
details can be found elsewhere (22).

Myoglobin, Creatine Kinase (CPK) and creatinine
were determined by routine analysis from the hospital’s
clinical laboratory. The concentration of aldolase, aspartate
aminotransferase (AST), and alanine aminotransferase
(ALT) were assayed on undiluted serum samples by coupled
spectrophotometric enzymatic assays on a Tecan Infinite
M200 (Tecan Group Ltd., Männedorf, Switzerland) as
detailed elsewhere (22).

Demographic and Clinical Data Collection
Demographics, anthropometrics, comorbidities, information,
and causes of hospitalization were recorded into study-specific
case report forms and database. Simplified Acute Physiology
Score II (SAPSII) values, etiology, diagnosis, and severity of
AHRF, days on mechanical ventilation before study enrollment
were collected for each patient. Sequential organ failure
assessment (SOFA) was calculated daily throughout the study
observation period. Finally, days of mechanical ventilation, ICU
length of stay, hospital length of stay, ICUmortality, and 28-days
mortality were recorded as outcome data.

Statistical Analysis
Given the observational nature of this pilot study we enrolled
a convenience sample size of consecutive patients matching
inclusion criteria over a 2-year period based on previous studies
(30). Continue variables are expressed as mean ± standard
deviation or medians [interquartile range] depending on their
distribution, whereas categorical variables are presented as
frequencies and percentages. The Shapiro-Wilk test was used
to assess the assumption of normality. Categorical data were
compared using the χ

2 test or Fisher exact test as appropriate.
Unpaired Student’s t-tests or Mann-Whitney U-tests for data
with normal or non-normal distribution, respectively, were used
to compare continuous variables.

Mixed ANOVA was used to test differences in breathing
parameters, diaphragmatic ultrasound measurements and sTnI
serum levels among different time points [24 h (Day 1), 48 h
(Day 2) and 72 h (Day 3) from assisted mechanical ventilation
initiation], after log transformation of variables. In this case,
statin use and other variables like sex, age (centered to the mean
of 67 years), and BMI (centered to the mean of 28.4 Kg/m2)
were included in the model as covariates to correct for possible
confounding factors. The subjects were divided into two groups
based on the presence of higher of lower values than the median
of biomarkers at baseline (ssTnI= 66 pg/mL, fsTnI= 31 pg/mL,
CK = 68 U/L, myoglobin = 151 ng/mL). Then, we performed a
mixed ANOVA by using these groups as between-subject variable
to observe the possible interaction between low/high levels of
biomarkers at baseline on respiratory effort parameters.

Correlation between diaphragmatic ultrasound
measurements and circulating muscle functionality biomarkers

Frontiers in Medicine | www.frontiersin.org 3 December 2021 | Volume 8 | Article 770408

https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles


Spadaro et al. Diaphragmatic Function in ARF

TABLE 1 | Patients’ clinical characteristics at ICU admission.

Variables Patients (N = 62)

Age, years 67 ± 13

Male sex, n (%) 43 (69)

BMI, kg/m2 28.4 ± 5.5

SAPS II score at admission 42 [35–49]

Smoker, n (%)

Actual 18 (29)

Former 6 (10)

Comorbidities, n (%)

Heart diseases 16 (26)

Hypertension 37 (60)

Chronic cardiac ischemia 7 (11)

COPD 9 (15)

Diabetes 13 (21)

CKD 5 (8)

Reason for MV initiation, n (%)

AHRF 29 (47)

Sepsis 6 (10)

Septic shock 18 (29)

Hemorrhagic shock 4 (6)

Coma 4 (6)

Cardiogenic shock 1 (2)

Outcomes

Days spent on MV 10 [6–16]

ICU LOS 13 [8–19]

Hospital LOS 31 [15–53]

28-days mortality 10 (16)

BMI, body mass index, SAPS, simplified acute physiology score, COPD, chronic

pulmonary obstructive disease, CKD, chronic kidney disease, AHRF, acute hypoxemic

respiratory failure, ICU, intensive care unit, LOS, length of stay.

were assessed by multivariate linear mixed-effects models, as
stated elsewhere (31). sTnI values were tested as predictors of
“normal diaphragmatic function” determined by diaphragmatic
ultrasound through receiver operator characteristic (ROC)
curves. For each ROC curve, sensitivity, specificity, accuracy,
and optimal cut-off point using Youden’s index were calculated.
Statistical analyses were performed using SPSS 20.0 statistical
software (SPSS Inc., Chicago, IL). In all statistical analyses, a
2-tailed test was performed and the p ≤ 0.05 was considered
statistically significant.

RESULTS

Patient Population
A total of 62 consecutive patients were included in the study
after 1 [1–3] days from ICU admission. The main clinical
characteristics of patients at admission are shown in Table 1.
Their mean age was 67 ± 13 years old and 43 (69%) were male.
Their median SAPSII score was 42 [35–49], resulting in a 29%
predicted mortality. The most frequent causes for ICU admission
were acute hypoxemic respiratory failure (AHRF) (43%), sepsis
(37%), ARDS (24%) and hemorrhagic shock (9%). The median

TABLE 2 | Skeletal troponin and “traditional” muscle damage parameters during

the study period.

Variables Day 1 Day 2 Day 3 p-value

ssTnI, pg/mL 66 [15–164] 55 [18–140] 51 [18–154] 0.623

fsTnI, pg/mL 31 [5–90] 18 [5–76] 13 [2–67] <0.05

CK, U/L 68 [26–243] 55 [21–176] 44 [15–104] <0.0001

Myoglobin, ng/mL 151 [57–276] 85 [40–153] 79 [41–126] <0.0001

AST, U/L 5.4 [1.6–10.9] 3.4 [1.3–9.7] 3.9 [1.3–10.6] 0.226

ALT, U/L 4.8 [2.1–20.8] 5.3 [2.2–13.8] 6.1 [2.2–13.2] 0.617

Aldolase, U/L 4.5 [3.2–5.7] 3.9 [3.3–5.6] 4.2 [3.4–5.7] 0.789

ssTnI, slow skeletal troponin I, fsTnI, fast skeletal troponin I, AST, aspartate

aminotransferase, ALT, alanine aminotransferase, CK, creatine kinase.

FIGURE 1 | Skeletal TnI serum levels over the study period. Value of ssTnI (A)

were not different over time, whereas fsTnI (B) significantly decreased within

the time frame of the study (p < 0.05 for within-subjects linear trend). The dots

represent the median whereas the upper and lower bars the upper and lower

95% confidence interval, respectively. *p < 0.05 vs. T0.

time spent on invasive mechanical ventilation was 10 [6−16]
days, and their median ICU length of stay was 13 [8–19] days. No
patient developed moderate/severe acute kidney injury during
the study period.

Skeletal Troponin and “Classic” Muscle
Damage Parameters
We did not find significant variations in the ssTnI trend (p =

0.623). On the contrary, fsTnI significantly decreased over time
by 30% from Day 1 to Day 2 and by 20% from Day 2 to Day 3,
p < 0.05, within-subjects linear contrast: p < 0.05 (Table 2 and
Figure 1). Of note, by correcting the values for the use of statin as
a confounding factor, fsTnI still significantly decreased over time
(p < 0.05). However, when considering the other confounding
factors (sex, centered age, and centered BMI), the fsTnI trend was
not significant.

A decreasing trend over time was also detected for myoglobin
(p < 0.0001), with a 45% decrease from Day 1 to Day 2 and
almost a 30% decrease from Day 2 to Day 3. Similar data were
also observed for CPK, which showed a significant decrease over
time (Table 2, p < 0.0001) with almost 20% lower values each
following day. None of the other traditional markers (aldolase,
AST, and ALT) showed significant variations within the study.
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Of note, by correcting the values of both myoglobin and CPK
for statin use the variables remained significant (p = 0.011 and p
< 0.001, respectively), whereas they lose their significance in the
fully corrected model.

Ventilation Parameters and Clinical
Variables Over Time
Respiratory parameters and gas exchange remained stable
throughout the study. The number of patients requiring the use
of vasoactive drugs decreased over time (Day 1: 48%, Day 2: 37%,
Day 3: 29%, Table 3).

TABLE 3 | Clinical and mechanical ventilation parameters during the study period.

Day 1 Day 2 Day 3 p-value

Pressure support, cmH2O 9 ± 4 9 ± 3 8 ± 4 0.036

PEEP applied, cmH2O 8 ± 3 8 ± 3 8 ± 3 0.211

Respiratory rate, bpm 15 ± 5 16 ± 6 17 ± 5 0.548

VE, L/min 7.5 ± 2.0 7.5 ± 2.0 8.1 ± 2.1 0.418

Cdyn, ml/cmH2O 59 [40–70] 53 [39–64] 56 [40–74] 0.433

PaO2/FiO2 228

[156–293]

208

[153 −305]

230

[153 −280]

0.799

MAP, mmHg 83 [75–95] 85 [73–96] 83 [76–93] 0.740

SOFA score 6 [3–8] 5 [3–7] 4 [3–7] 0.852

Vasoactive drug use, n (%) 30 (48) 23 (37) 18 (29) -

Steroid use, n (%) 26 (42) 29 (47) 26 (42) -

PEEP, positive end-expiratory pressure, VE , minute ventilation, Cdyn, dynamic

compliance, PaO2/FiO2, oxygen partial arterial tension/inspired oxygen fraction, MAP,

mean arterial pressure, SOFA, sequential organ failure assessment.

Skeletal Troponin and Diaphragmatic
Ultrasound
We found a significant interaction effect between baseline ssTnI
levels and DE [F(2) = 4.396, p = 0.015], indicating that the
observed decrease in DE over time was dependent on the baseline
levels of ssTnI. In particular, subjects with high basal levels of
ssTnI had a greater decrease in DE when compared to those
with low ssTnI basal levels, identified by the steeper slope in
Figure 2A. We did not find any significant interaction between
baseline fsTnI levels and the DE trend [F(2) = 0.662, p =

0.518, Figure 2B]. However, contrary to what observed for ssTnI,
patients characterized by high basal levels of fsTnI had a higher
DE at each time point than those with low fsTnI basal levels
(log transformed variables: Day 1 mean difference: −0.356, p =

0.006, Day 2: −0.332, p = 0.014, Day 3: −0.102, p = 0.102).
CK and myoglobin, did not any correlation with DE despite
their decrease over time (data not shown). The TFdi trend was
not influenced by the baseline levels of any of the measured
muscular biomarkers.

Finally, we evaluated whether the frequency of patients
developing diaphragmatic dysfunction (defined as DE < 1 cm
at Day 3) was different between those demonstrating higher
or lower levels of muscular biomarkers at Day 1 (i.e., higher
or lower of the median serum concentration). The frequency
of patients developing diaphragmatic dysfunction at Day 3 was
independent from both ssTnI (40.6% of subjects each group,
Fisher’s exact test, p = 1), fsTnI (low fsTnI vs. high fsTnI:
47.1 vs. 35.3%, p = 0.460) (Supplementary Figure 1), CPK or
myoglobin. When diaphragmatic dysfunction was evaluated by
TFdi (i.e., <30%), the results were similar. We did not find any
significant correlation between inspiratory effort parameters and
muscular biomarkers within-subjects (e.g., at each time point,

FIGURE 2 | Diaphragmatic excursion (cm) in patients with high or low median levels of skeletal troponins. (A) The decrease in diaphragmatic excursion was more

prominent in patients with higher basal levels of ssTnI (i.e., >median) denoting the influence of ssTnI basal levels on DE. On the contrary, fsTnI basal levels (B) did not

influence the decrease in DE. The dots represent the geometric means whereas the upper and lower bars the upper and lower 95% confidence interval, respectively.

**p < 0.01, *p < 0.05.
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FIGURE 3 | ROC curve analysis for ssTnI as a predictor of normal

diaphragmatic function as assessed by diaphragmatic ultrasound

(diaphragmatic displacement ≥ 10mm).

Supplementary Table 1). The only exception was for myoglobin,
which showed a positive within-subjects relationship with both
DE and TFdi (r = 0.464, p = 0.001 and r = 0.462, p = 0.001,
respectively). Interestingly, ssTnI and fsTnI showed a significant
between-subjects positive correlationwithDE and TEE (for ssTnI
r = 0.332, p = 0.038 for DE and r = 0.346, p = 0.027 for TEE
and for fsTnI r = 0.445, p = 0.005 for DE and r = 0.400, p =

0.009 for TEE). As such, this indicates that subjects with higher
serum levels of skeletal troponins had higher DE and TEE values.
Instead, CK correlated only with TEE (r = 0.381, p = 0.016) and
P0.1 (r = 0.657, p= 0.002).

Skeletal Troponins as Diaphragmatic
Function Predictors
A value of ssTnI > 60.06 pg/mL was found to detect a DE
≥ 10mm (AUC-ROC = 0.628, 95% CI = 0.551 to 0.696, p =

0.003) with sensibility 53 [43–62] % and specificity 72 [60–82] %
(Figure 3). A value of fsTnI > 46.81 pg/mL was found to detect
a DE ≥ 10mm (AUC-ROC = 0.619, 95% CI = 0.545 to 0.689,
p = 0.004) with sensibility 38 [29–48] % and specificity 83 [72–
90] % (Figure 4A). A value of fsTnI > 18.29 pg/mL was found
to detect a TFdi ≥ 30% (AUC-ROC = 0.617, 95% CI = 0.541
to 0.688, p = 0.006) with sensibility 59 [49–68] % and specificity
67 [55–76] % (Figure 4B).

DISCUSSION

In this study we described the trend of circulating skeletal
troponin in a population of mechanical ventilated ICU patients
during the early phase of weaning from mechanical ventilation.

We found that (1) the fast but not the slow isoform of skeletal
troponin decreased over time within the first 3 days of weaning,
(2) patients with higher levels of ssTnI on day 1 had a higher
decrease of diaphragmatic excursion while (3) patients with
higher basal fsTnI had higher DE (4) both fsTnI and ssTnI
showed a significant positive between-patients correlation with
both DE and TFdi while no correlation was found between
myoglobin and CPK levels and ultrasound-derived parameters.

Critical illness-associated diaphragm weakness can affect up
to 64% of patients within 24 h after intubation (32) and up to
80% of patients requiring prolonged mechanical ventilation (33).
However, to the best of our knowledge, no serum biomarker
has been suggested to specifically diagnose and monitor the
development of respiratory muscles damage. A major limitation
of traditional serum biomarkers (i.e., CK, lactate dehydrogenase,
myoglobin, AST) is that they have a large normal reference range
for healthy subjects (19) and thus, low levels of injury in the
individual patient may go undetected. In addition, although these
markers are useful for the study of muscle-related diseases, they
suffer from a low specificity in detecting solely the damage to
skeletal muscles, since an increase of these proteins may also be
related to myocardial injury (34).

We hereby describe for the first time the trend of circulating
skeletal troponin during the early phase of weaning. We found
that the fast skeletal troponin decreased over time during
the 3 days of observation but not the slow isoform. The
discrepancy between the circulating values of these two isoforms
is not new and has been recently found in patients with
neuromuscular disease (35). Elevations in both ssTnI and fsTnI
have been recorded in severe trauma and ischemia (36), therefore
suggesting that the increase of ssTnI into circulation may require
muscle injury beyond the damage caused by defective contraction
or, in our case, by mechanical ventilation. We might then
speculate that an increase in fsTnI could be a marker of muscle
overload, rather than a sign of loss of muscular mass caused by
ischemia or direct muscular trauma. At the same time, the very
decrease of ssTnI below the “normal threshold” could indicate
a diaphragm dysfunctionality or muscular mass loss, given the
found relationship between DE and ssTnI.

In fact, both fsTnI and ssTnI, but not the other classical
markers of muscular damage, were positively correlated with
ultrasonographic measurements of diaphragmatic displacement.
In particular, subjects with higher levels of these two markers
had both higher diaphragmatic excursion and diaphragmatic
thickness at end-expiration.

Recently, Dres et al. (37) showed that the use of parasternal
intercostal muscle ultrasound was responsive to respiratory load
and a greater parasternal intercostal muscle thickening under
pressure support ventilation was associated with diaphragm
dysfunction. Accordingly, it could be interesting to investigate
the relative contribution of parasternal intercostal muscle in
relationship of skeletal troponin kinetics.

Our study population seemed to maintain clinical stability
over time, with stable levels of mechanical ventilation assistance
(i.e., pressure support and PEEP) and no substantial changes
in respiratory mechanics and gas exchange. The values of
P0.1 (ranging between 1.4 and 1.2) were relatively low and
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FIGURE 4 | ROC curve analysis for fsTnI as a predictor of normal diaphragmatic function as assessed by diaphragmatic ultrasound (A, diaphragmatic excursion ≥

10mm, B, diaphragmatic thickening fraction ≥ 30%).

both median values of diaphragmatic excursion and thickening
fraction were below the thresholds for diaphragmatic weakness
(9, 28, 38) indicating that a “diaphragm protective” mechanical
ventilation was maintained (39). Nevertheless, we found
an increasing trend of patients presenting a diaphragmatic
dysfunction, as assessed by ultrasound, over time. These findings
prompt the need of a continuous and accurate monitoring of
respiratory muscle function during the ICU stay (40).

Diaphragmatic ultrasound is a non-invasive tool to assess the
function of the diaphragm, but the technique is time consuming
and highly operator dependent. Therefore, dosing fsTnI and
ssTnI could potentially increase the number of patients screened
for diaphragmatic dysfunction, improve the use of human
resources, and allow this assessment also when and where an
expert sonographer is not available.

Our study has relevant limitations. First, it is a single-center
designed study with a small sample size. Nevertheless, this
is a pilot study aiming at describing for the first time the
trend of a novel serum marker in a general ICU population
of patients recovering from AHRF and our study population
might be used as a reference for normal values for a general ICU
population during the early phases of their ICU stay. Second, we
compared serum skeletal troponin levels only to diaphragmatic
dysfunction, without taking into account global muscular mass
or performing direct measurements of limb function. However,
since the diaphragm is more sensitive to iatrogenic injury caused
by MV (12), we decided to focus on this peculiar muscle after
a relatively short period of controlled mechanical ventilation
(i.e., 1 [1–3] days). Further studies are needed to assess whether
the two isoforms of skeletal troponin are associated to systemic
muscle wasting, sarcopenia and extradiaphragmatic wasting

during ICU stay (41). Third, patients’ population (i.e., patients
recovering from AHRF from several causes) is representative
of a general ICU population, but little is known on patients’
diaphragmatic function before ICU admission. Fourth, we have
followed patients for a relatively short time compared to their
median ICU length of stay (i.e., 13 [8–19] days), the latter
issue is related to the need to perform a time consuming,
expensive and not readily available analysis for skeletal troponin
serum levels. Finally, we have not studied patients both
during controlled mechanical ventilation and during unassisted
spontaneous breathing. Further studies are needed to assess
skeletal troponin trend during the whole respiratory failure
treatment, from complete assistance to complete weaning from
mechanical ventilation.

CONCLUSIONS

Circulating fast and slow skeletal troponin have specific and
different trends in the early phase of weaning from mechanical
ventilation and they correlate with ultrasound derived
diaphragmatic assessment parameters. The fsTnI decreased
during the early phase of weaning while high initial values
of ssTnI are associated to a higher decrease of diaphragmatic
displacement over time. Further studies are needed to confirm
the relationship between these novel biomarkers, protective
mechanical ventilation and weaning outcome.
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