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BACKGROUND: Several respiratory abnormalities can be present in primary hypothyroidism and
can be reversed with adequate hormone treatment. However, the role of thyroid hormone replacement
therapy on the respiratory system in patients with nonthyroidal illness syndrome is still unclear. This
physiologic study evaluated the effect of thyroid hormone treatment on respiratory muscle function in
subjects with nonthyroidal illness syndrome and while on mechanical ventilation. The primary end point
was neuromechanical efficiency, which provides an estimate of the efficiency of diaphragmatic contrac-
tion. Secondary end points were the transdiaphragmatic pressure-time product and the swing of the
electrical activity of the diaphragm, which reflect the work of breathing and inspiratory effort, respec-
tively. METHODS: Fifteen subjects on mechanical ventilation for >48 h and with a diagnosis of
nonthyroidal illness syndrome who had a failed spontaneous breathing trial, received intravenous
triiodothyronine. The hormone was administered as an intravenous bolus of 0.4 �g/kg triiodothyronine,
followed by continuous perfusion at 0.6 �g/kg for 24 h. Neuromechanical efficiency was calculated as the
ratio between the drop in airway pressure during an expiratory occlusion and the corresponding
electrical activity of the diaphragm peak. Recordings were taken at baseline and after 3, 6, and 24 h.
RESULTS: After study completion, free triiodothyronine serum concentrations increased in all the
subjects (mean � SD increase, 0.84 � 0.34 pg/mL). Neuromechanical efficiency showed no significant
changes throughout the study (mean � SD baseline, 1.40 � 0.87 cm H2O/�V; 3 h, 1.28 � 0.64 cm
H2O/�V; 6 h, 1.33 � 0.87 cm H2O/�V; 24 h, 1.41 � 0.96 cm H2O/�V). Similarly, no variations in
transdiaphragmatic pressure-time product per min (mean � SD baseline, 238.1 � 124 cm H2O � s/min;
3 h, 242.5 � 140.3 cm H2O � s /min; 6 h, 247.5 � 161.7 cm H2O � s/min; 24 h, 281.2 � 201.2 cm H2O �
s/min) or swing of electrical activity of the diaphragm (mean � baseline, 20.9 � 13.1 �V; 3 h, 17.2 � 8.3
�V; 6 h, 17.4 � 11.3 �V; 24 h, 20.3 � 13.7 �V) were observed during hormone administration.
CONCLUSIONS: In the subjects on mechanical ventilation who were admitted to the ICU with non-
thyroidal illness syndrome, thyroid hormone replacement treatment did not yield any benefit on respi-
ratory muscle function when assessed by neuromechanical efficiency, which indicated that, in these
subjects restoring normal levels of serum thyroid hormones is debatable. (ClinicalTrials.gov registration
NCT03157466.) Key words: respiratory failure; mechanical ventilation; intensive care unit; thyroid hor-
mones; diaphragm; respiratory muscle. [Respir Care 2019;64(10):1199–1207. © 2019 Daedalus Enterprises]

Introduction

The nonthyroidal illness syndrome refers to changes in
serum thyroid hormone levels observed in patients who

are critically ill and with no previously diagnosed intrinsic
thyroid disease.1 The laboratory parameters of nonthyroi-
dal illness syndrome include low serum levels of triiodo-
thyronine and high levels of reverse triiodothyronine, with
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normal or low levels of thyroxine and normal or low levels
of thyroid-stimulating hormone. It is still unclear whether
nonthyroidal illness syndrome is a protective adaptation to

SEE THE RELATED EDITORIAL ON PAGE 1322

illness or a maladaptive response to a stressful insult. Like-
wise, it remains unanswered whether laboratory abnormal-
ities of nonthyroidal illness syndrome should be corrected.

Although it is now recognized that a variety of respira-
tory abnormalities, for example, diaphragmatic dysfunc-
tion, can be present in primary hypothyroidism and re-
versed with adequate hormone treatment,2-7 the role of
thyroid hormone replacement therapy on the respiratory
system in patients with nonthyroidal illness syndrome re-
mains to be clarified. In a previous report on subjects on
mechanical ventilation who were admitted to the ICU, we
found that subjects affected by nonthyroidal illness syn-
drome had a higher mortality and a longer duration of
mechanical ventilation and ICU length of stay than those
with normal results of thyroid function tests.8 In that study,
the low-triiodothyronine state was found to be an indepen-
dent risk factor for prolonged mechanical ventilation. It is
unclear, however, whether nonthyroidal illness syndrome
is only a biochemical prognostic marker or it actually con-
tributes to the development and progression of respiratory
failure. The aim of this study was to evaluate the effect of
thyroid hormone substitution treatment on respiratory mus-
cle function in subjects on mechanical ventilation and with
nonthyroidal illness syndrome.

Methods

Subject Selection

This study was conducted in the 20-bed general ICU of
the Fondazione Policlinico Universitario Agostino Gemelli
IRCCS, Rome, Italy. The protocol was pre-approved by
the ethics committee of Università Cattolica del Sacro
Cuore (approval 28446/17), and written informed consent
was obtained from all enrolled subjects or their next of kin.
During the study, we enrolled 15 subjects who were on me-
chanical ventilation for at least 48 h and who had a diagnosis
of nonthyroidal illness syndrome and experienced weaning
failure after a spontaneous breathing trial (SBT).

Exclusion criteria were the following: age � 18 years,
pregnancy or estro-progestinic therapy, tracheostomy, neu-
rologic or neuromuscular pathology and/or known phrenic
nerve dysfunction, any contraindication to the insertion of
a nasogastric tube (eg, recent upper-gastrointestinal sur-
gery, esophageal varices), previously diagnosed intrinsic
thyroid disease, known or suspected pituitary-hypothalamic
disease, severe obesity (body mass index � 35 kg/m2),
ischemic cardiopathy, complex ventricular arrhythmias, se-
rum cortisol � 80 ng/mL (to restrict endocrine disorders to
the low-triiodothyronine state as far as possible), renal or
hepatic failure (creatininemia � 3.5 mg/dL or bilirubinemia
� 6.0 mg/dL, respectively), transfusion of plasma within
48 h before thyroid hormone assessment, use of amioda-
rone in the previous 8 weeks use of iodine contrast agents
in the previous 8 weeks hemodialysis, and expected poor
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Current knowledge

Several respiratory abnormalities, for example, dia-
phragmatic dysfunction, can be present in primary hy-
pothyroidism and can be reversed with adequate hor-
mone treatment.

What this paper contributes to our knowledge

Subjects on mechanical ventilation and with nonthyroi-
dal illness syndrome and a failed spontaneous breathing
trial did not show any changes in neuromechanical ef-
ficiency, calculated as the ratio between the drop in
airway pressure during an expiratory occlusion and the
corresponding peak of the electrical activity of the di-
aphragm. In subjects on mechanical ventilation and with
nonthyroidal illness syndrome, thyroid hormone replace-
ment therapy did not yield early benefits on diaphrag-
matic function, suggesting that alterations in serum hor-
mone levels did not need to be corrected.
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outcomes. Patients with nonthyroidal illness syndrome were
defined as those with low serum levels of free triiodothyro-
nine, normal or low serum levels of free thyroxine, and nor-
mal or low serum levels of thyroid-stimulating hormone.

Study Protocol

In the subjects with a failed SBT, basal blood samples
were immediately collected from an arterial line to deter-
mine thyroid hormone serum levels. All patients who
showed a low-triiodothyronine condition received intrave-
nous synthetic triiodothyronine (Thyrotardin, Sanofi-
Aventis Deutschland, Frankfurt am Main, Germany) and
were enrolled in the study. Soon before starting hormone
treatment (baseline) and after 3, 6, and 24 h from baseline,
we recorded respiratory parameters. Throughout the study,
enrolled subjects were on ventilation with pressure-sup-
port ventilation by using a Servo U ventilator equipped
with the neurally-adjusted ventilatory assist (NAVA) soft-
ware (Maquet, Solna, Sweden). We set the inspiratory
pressure support to obtain a tidal volume of 6–8 mL/kg of
predicted body weight, an inspiratory flow trigger of 2–5
L/min, checking for the absence of auto-trigger phenom-
ena, and a cycling-off flow threshold of 30–50% of the
peak inspiratory flow. PEEP and FIO2

were maintained at
the values in use before subject enrollment. Ventilator
settings were kept unchanged for the duration of the study
unless clinically contraindicated. The endotracheal tube
was suctioned before each study point.

Thyroid hormone replacement treatment consisted of an
intravenous bolus of 0.4 �g/kg triiodothyronine, followed by
continuous perfusion at 0.6 �g/kg per 24 h, as previously
described.9,10 Treatment was then stopped and resumed on
the next day by the sublingual route, with a triiodothyronine
dose assessed on the basis of new thyroid hormone tests to
maintain hormone-circulating levels within normal limits.
Electrocardiogram, invasive blood pressure, and peripheral
SpO2

were monitored continuously throughout the entire thy-
roid hormone infusion period. A flowchart of the subject
recruitment process is shown in Figure 1.

Measurements

NAVA is a form of partial ventilatory support wherein
the machine adjusts ventilator assistance to the electrical
activity of the diaphragm (EAdi), which is the best avail-
able signal to estimate the respiratory drive, and to trigger
on and cycle off the delivery of mechanical assistance and
to regulate ventilation and intra-breath profile.11-13 If EAdi

is expressed in relation to airway pressure (Paw) during an
inspiratory effort against an occluded respiratory circuit,
the Paw/EAdi (ie, inspiratory pressure generation normal-
ized to neural inspiratory effort) represents neuromechani-

cal efficiency, which provides an estimate of efficiency of
the diaphragmatic contraction.14-17

Our subjects were studied in the semi-recumbent posi-
tion and on ventilation with a Servo U ventilator (Maquet)
equipped with the NAVA software. At the beginning of
the study, an EAdi catheter was placed in each patient, with
correct positioning of the catheter assessed through a spe-
cific function of the ventilator (EAdi catheter positioning).
The EAdi signal was processed by algorithms designed to
reduce interferences related to variations in lung volume,
chest-wall configuration, and changes in diaphragm posi-
tion.18 EAdi was quantified every 16 ms by using the root
mean square.19-20 Paw, flow, and EAdi signals obtained
from the RS232 port of the ventilator were stored in a
personal computer at a sampling rate of 100 Hz (NAVA
tracker software, Maquet). Subsequently, the NAVA
tracker files were converted and analyzed by using the
ICU Lab software package (Kleistek Engineering, Bari,
Italy).

Respiratory parameters were calculated from the EAdi

signal according to Bellani et al.21 In summary, the pres-
sure generated by respiratory muscles (Pmus) generally com-
puted as the difference between esophageal pressure and
the chest-wall elastic recoil curve) is tightly related to EAdi

by a proportionality coefficient, termed the Pmus/EAdi in-
dex, which is stable within each patient under different

Patients eligible for
an SBT

407

SBT after mechanical
ventilation ≥48 h 

312

Patients who failed
the SBT

45

Thyroid hormone assessment
22

Mechanically ventilated <48 h: 95

Successfully completed SBT: 267

No nonthyroidal illness syndrome: 7

Neuromuscular pathology: 2
GI surgery: 1
Intrinsic thyroid disease: 4
Severe obesity: 3
Ischemic cardiopathy: 5
Amiodarone: 2
Iodine contrast agents: 3
Hemodialysis: 3

Nonthyroidal illness syndrome
15

Subjects analyzed
15

Excluded
21

Fig. 1. Flow chart. SBT � spontaneous breathing trial, GI �
gastrointestinal.
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conditions of ventilator assistance. The derivation of this
index from the airway pressure signal during an expiratory
occlusion represents a good surrogate of the Pmus/EAdi

index measured during regular tidal ventilation, which
thus allows a valuable estimate of inspiratory effort and
prevents the need for esophageal pressure monitoring once
the EAdi measurement is available.21 Accordingly, because
the fall in the airway pressure during a spontaneous in-
spiratory effort against the occluded airways (hence, in the
absence of flow) equals the fall in esophageal pressure,
which is a reasonable surrogate for transdiaphragmatic pres-
sure (Pdi), we used neuromechanical efficiency as an index
to convert the EAdi signal into a Pdi signal.

The neuromechanical efficiency was calculated as the
ratio between the peak negative value in airway pres-

sure of a single inspiratory effort (recorded during a
short end-expiratory occlusion) and the corresponding
EAdi peak14-17 (Fig. 2). The Pdi was calculated as:
Pdi � EAdi � neuromechanical efficiency. The pres-
sure-time product of the Pdi per breath (PTPdi/breath)
was calculated as the area under the Pdi signal, which
was derived from the EAdi curve during the assisted
spontaneous breathing. The PTPdi recorded over 1 min
was referred to as PTPdi/min.

Primary and Secondary End Points

The primary end point of this study was the subject’s
contractile diaphragmatic efficiency assessed by the
neuromechanical efficiency over the first 24 h after start-
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Fig. 2. Flow, airway pressure (Paw), and electrical activity of the diaphragm tracings during the maneuver were used to measure the
neuromechanical efficiency. Neuromechanical efficiency was calculated as the ratio between the drop in Paw during an expiratory occlusion
and the corresponding electrical activity of the diaphragm (EAdi) peak.
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ing triiodothyronine administration. Secondary end points
were the subject’s PTPdi and swing of EAdi, which are
surrogate estimates of work of breathing and inspiratory
effort.

Thyroid Laboratory Tests

The normal ranges of serum hormone concentrations for
our laboratory are as follows: free thyroxine, 8.5–15.5
pg/mL; free triiodothyronine, 2.3–4.2 pg/mL; and thyroid-
stimulating hormone, 0.35–2.8 mIU/mL. Our patients were
considered eligible to participate in the study if they had
serum free triiodothyronine concentrations � 2.0 pg/mL.
Serum thyroid hormones levels were determined by stan-
dard chemiluminescence immunoassay.

Ventilator Weaning Procedure

All the subjects had endotracheal tubes of at least 8-mm
inner diameter. The process of weaning from the ventilator
began with an assessment regarding readiness to wean,
which was then followed by an SBT. The weaning criteria
were the following: improvement or resolution of the un-
derlying cause of acute respiratory failure, adequate men-
tal status, absence of fever (body temperature � 38°C),
adequate cough, absence of excessive tracheobronchial se-
cretion (frequency of endotracheal suctioning �1 every
3 h), adequate oxygenation (SpO2

� 90% on FIO2
� 0.4 or

PaO2
/FIO2

� 150 mm Hg, with a PEEP � 5 cm H2O),
hemodynamic stability (heart rate � 140 beats/min and sys-
tolic blood pressure of 90–160 mm Hg, with no need of
vasopressors), hemoglobin � 7 g/dL, adequate pulmonary
function (absence of acidosis, maximum inspiratory pressure
of �20 cm H2O or less and measured during a brief period
of spontaneous breathing, frequency � 35 breaths/min, tidal
volume � 5 mL/kg predicted body weight, and rapid shallow
breathing index � 105). If the subjects did not meet these
criteria when first tested, then they were evaluated daily until
the criteria were fulfilled. When the above-mentioned criteria
were fulfilled, the subjects underwent an SBT that lasted 30
min, which was performed with pressure-support ventilation
of 7 cm H2O, no PEEP, and an FIO2

set at the same level as
that used during mechanical ventilation.

SBT failure was defined as the presence and persistence
of one of the following criteria: change in mental status
(somnolence or agitation), diaphoresis, cyanosis, discom-
fort, increased accessory muscle activity, frequency � 35
breaths/min, rapid shallow breathing index � 105, SpO2

�
90% at FIO2

� 0.4 or �80% in chronic respiratory failure,
an increase in PaCO2

� 10 mm Hg, pH � 7.32, hemody-
namic instability (heart rate � 140 beats/min or changed
� 20%, systolic blood pressure � 180 or � 90 mm Hg or
changed � 20%, or cardiac arrhythmias). If no signs of
SBT failure appeared in 30 min, the trial was considered

successful and the subject was extubated. On the contrary,
if signs of poor tolerance occurred at any time during the
SBT, then mechanical ventilation was reinstituted and the
subject was evaluated daily until the criteria were satisfied.

Statistical Analysis

The sample size of this physiologic study was not for-
mally calculated, and we collected � 30 normally distrib-
uted observations that were sufficient to perform paramet-
ric tests. Data distribution was assessed with the
Kolmogorov-Smirnov test. Continuous variables with nor-
mal distributions were expressed as mean � SD, whereas
those with non-normal distributions were expressed as me-
dian and interquartile ranges. Categorical variables were
presented as group proportions. The analysis of variance
for repeated measures was performed to detect significant
differences among the different experimental conditions.
P values � .05 were considered statistically significant.
MedCalc Statistical Software version 14.12.0 (MedCalc
Software bvba, Ostend, Belgium) was used for all statis-
tical analyses.

Results

A flow diagram that depicts subject identification and
enrollment is shown in Figure 1. During the study period,
515 patients were admitted to our general ICU. Among
these patients, 14% of those (45/312) who were receiving
mechanical ventilation for at least 48 h and met the wean-
ing criteria had a failed SBT. Finally, 68% of the patients
(15/22) who underwent thyroid function testing showed a
low-triiodothyronine state and were included in the study.
The main clinical characteristics of the subjects are shown
in Table 1.22

Synthetic triiodothyronine infusion was well tolerated,
and no adverse effects were reported in terms of blood
pressure, heart rate changes (Table 2), or appearance of
ischemic episodes or significant arrhythmias. No changes
were observed in arterial blood gases throughout the pro-
tocol (Table 2). No subjects received sedative drugs after
enrollment, whereas some subjects were given remifenta-
nil at doses of �0.05 �g/kg/min, which does not affect the
respiratory drive (EAdi) nor breathing frequency.23 There
was no intrinsic PEEP in any of the subjects. No subject
required a change in ventilator settings during the study
(mean � SD PEEP, 4.7 � 0.46 cm H2O; pressure support
9.6 � 0.83 cm H2O). After starting triiodothyronine replace-
ment treatment, free-triiodothyronine concentrations in-
creased in all the subjects (mean � SD increase on the day
after study completion, 0.84 � 0.34 pg/mL). Trends of neu-
romechanical efficiency, swing of EAdi, and PTPdi values are
depicted in Figure 3. One-way analysis of variance for re-
peated measures did not show any significant differences
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within study points for all the study parameters (Fig. 3,
Table 3).

Discussion

This study demonstrated that, in subjects on ventilation
who were admitted to the ICU with nonthyroidal illness
syndrome, thyroid hormone replacement therapy did not
yield early benefit on respiratory muscle function when
assessed by neuromechanical efficiency. More specifically,
1-way analysis of variance for repeated measures did not

show any significant differences in neuromechanical effi-
ciency values at 3, 6, and 24 h after starting thyroid hor-
mone administration. Similarly, also, the PTPdi and the
swing of EAdi, which reflect the work of breathing and the
inspiratory effort of the patient, respectively, did not show
any significant changes during hormone administration.
Neuromechanical efficiency (otherwise referred to as the
Pmus/EAdi index21) is an estimate of diaphragmatic effi-
ciency in patients on ventilation14-17 and is thought to in-
dicate the amount of pressure that the respiratory muscles
are developing for each microvolt of electrical activity.
The derivation of the work of breathing from the EAdi

signal is of considerable importance in the assessment of
respiratory failure in the clinical setting.

Today, it still remains unclear whether patients affected
by nonthyroidal illness syndrome are biochemically hypo-
thyroid, and, accordingly, there is no consensus about cor-
recting serum thyroid hormone concentrations in these pa-
tients. Recently, much effort has been spent in attempting
to clarify whether patients with nonthyroidal illness syn-
drome are to be treated. In this context, establishing an
appropriate clinical end point has been one of the greatest
difficulties for investigators. The aim of hormone treat-
ment should not pretend to cure patients who are critically
ill and with nonthyroidal illness syndrome but to contrib-
ute somehow to their recovery from critical illness. The-
oretically, if patients with nonthyroidal illness syndrome
were actually hypothyroid, then the normalization of their
circulating thyroid hormone levels might reverse at least
some of the typical abnormalities that may be attributable
to hypothyroidism and that have no other evident expla-
nation, including mental obtundation; dry skin; hypother-
mia; bradycardia; hypotension; sluggish tendon reflexes;
constipation; pleural, pericardial, or peritoneal effusions;
weight gain; hair loss; anemia and increased serum levels
of triglycerides, creatinine phosphokinase, lactate dehy-
drogenase, or glutamic-oxaloacetic transaminase. Unfor-
tunately, each of these disorders may result from a wide

Table 1. Characteristics of the Study Population and Main
Outcomes

Variable Result

Age, median (IQR) y 74 (62.5–76.5)
Males, n (%) 10 (66.6)
Underlying disease, n (%)

Pneumonia 5 (33.3)
Multiple trauma 4 (26.6)
Postoperative bleeding 2 (13.3)
Head trauma 1 (6.6)
Intestinal obstruction 1 (6.6)
Hypersensitivity pneumonitis 1 (6.6)
Gastrointestinal bleeding 1 (6.6)

SAPS II, median (IQR) 49 (41.5–66.5)
Duration of ventilation, median (IQR) d 7 (5.5–8,5)
ICU LOS, median (IQR) d 7 (5.5–8,5)
ICU deaths, n (%) 4 (26.6)
Thyroid hormones, median (IQR)*

Free triiodothyronine, pg/mL 1.6 (1.32–1.7)
Free thyroxine, pg/mL 8.3 (7.75–9.35)
Thyroid-stimulating hormone, mIU/mL 0.68 (0.47–2.86)

N � 15.
* Serum levels at study entry.
IQR � interquartile range (25th-75th percentile)
SAPS � Simplified Acute Physiology Score �22	

LOS � length of stay

Table 2. Arterial Blood Gas and Hemodynamic Variables During the Four Study Points

Parameter* Baseline 3 h 6 h 24 h

pH 7.44 � 0.04 7.45 � 0.03 7.47 � 0.04 7.46 � 0.05
PaCO2

, mm Hg 46.5 � 12.5 43.5 � 10.9 42.5 � 10.1 43.7 � 12.1
PaO2

/FIO2
, mm Hg 291 � 86.4 302.7 � 114.3 324.2 � 104.7 334.7 � 100.3

Bicarbonate, mmol/L 31.4 � 5.6 30.7 � 6.2 31 � 6 31.8 � 7.7
Heart rate, beats/min 86.2 � 16.8 84.2 � 17.9 85.4 � 13.6 86.3 � 13.8
SBP, mm Hg 143 � 15.8 135.2 � 21.2 139 � 18.1 131.3 � 17.5
DBP, mm Hg 68.4 � 9.1 62.5 � 9 62.9 � 6.8 63.5 � 11.2

Data are expressed as mean � SD.
* For each parameter, 1-way analysis of variance for repeated measures showed no significant differences within study points.
SBP � systolic blood pressure
DBP � diastolic blood pressure
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variety of factors commonly present in patients admitted
to the ICU. Hence, it would be difficult to show any cor-
relation between hormone treatment and correction of these
disorders. On the contrary, clinical end points, such as
physiologic functions, seem to be more suitable for eval-
uating the actual role of thyroid hormone supplementation
in patients with nonthyroidal illness syndrome.

In this respect, some investigators explored the effect of
triiodothyronine treatment on cardiac function in subjects
who were critically ill and with heart disorders, but their
results were inconsistent.9,24-27 Also, respiratory function
was deemed to be potentially affected by a low-triiodo-

thyronine state. In a retrospective analysis of subjects with
nonthyroidal illness syndrome admitted to our ICU, we
previously reported that the subjects with a low-triiodo-
thyronine state show a longer duration of mechanical ven-
tilation compared with those with normal serum hormone
levels.8 That study, however, did not clarify whether non-
thyroidal illness syndrome simply indicates a severe clin-
ical condition or is, at least in part, responsible for respi-
ratory impairment. Another study, on elderly subjects
(�65 y) admitted to the ICU for acute respiratory failure
due to exacerbation of COPD, showed that subjects with
nonthyroidal illness syndrome had a higher failure rate of
noninvasive ventilation than subjects without nonthyroidal
illness syndrome.28 To the best of our knowledge, ours
was the first study to seek possible effects of thyroid hor-
mone treatment on respiratory function in critically ill sub-
jects on ventilation and with nonthyroidal illness syndrome
in the context of personalized medicine.

The present study was conceived to last only 24 h to
minimize possible changes in the patient’s clinical features
and to avoid potential interferences with the study end
points. However, although no benefit in respiratory muscle
function was found during the first 24 h of hormone ad-
ministration, improvements cannot be completely ruled
out because these may have occurred belatedly, after com-
pletion of the study. Also, we performed laboratory testing
from the first hours after enrollment because protein syn-
thesis induced by triiodothyronine begins within the first
hour after hormone administration and reaches its peak a
few hours later.29 Also, subjects were enrolled in this study
only when they experienced an SBT failure. In this way,
the subjects had similar clinical features because they all
met the criteria for beginning weaning procedures. It is
possible that our subjects might not have been sick enough
to benefit from thyroid hormone supplementation. How-
ever, respiratory parameters throughout the study registra-
tion period followed a similar trend in the subjects, with
either slightly or severely low concentrations of serum
thyroid hormone and, therefore, with different levels of
nonthyroidal illness syndrome severity.

Even though our study did not find statistically signif-
icant results, we believe that our study provided a valuable
message regarding the usefulness of restoring thyroid hor-
mone concentrations in patients with nonthyroidal illness
syndrome and who are critically ill. In fact, correcting low
triiodothyronine is controversial, and with no definitive
results found in cardiac subjects9,24-27 or benefits in respi-
ratory muscle function in our subjects, we can argue that
giving thyroid hormone to patients affected by nonthyroi-
dal illness syndrome may not be justified. Furthermore,
regarding the significance of nonthyroidal illness syndrome
in patients admitted to the ICU and on mechanical venti-
lation,8 abnormalities in serum thyroid hormone levels in
these patients would seem to be only a biochemical marker
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Fig. 3. Main respiratory parameters during the 4 study points. For
each parameter, 1-way analysis of variance for repeated measures
showed no significant differences within study points. EAdi � elec-
trical activity of the diaphragm; PTPdi � pressure-time product of
the diaphragm (derived from the EAdi signal); NME � neurome-
chanical efficiency.

THYROID HORMONE TREATMENT AND RESPIRATORY MUSCLE FUNCTION

RESPIRATORY CARE • OCTOBER 2019 VOL 64 NO 10 1205



of the severity of illness rather than a condition that con-
tributes to the development of respiratory failure.

This study had some limitations. First, the use of serum
free triiodothyronine, free thyroxine, and thyroid-stimulat-
ing hormone levels as a screening method may be insuf-
ficient to accurately define the nature of the various dis-
orders in thyroid function tests. In the critical care setting,
patients with hyperthyroid may have paradoxically low
levels of thyroid hormones until their recovery from the
critical illness,30 and patients with primary hypothyroid-
ism may fail to manifest increased thyroid-stimulating hor-
mone.31 In addition, the presence of a low serum thyroid
stimulating hormone level may be associated with a non-
thyroidal illness syndrome per se but also with a pituitary
or hypothalamic disease. However, given the very low
incidence of these particular conditions, we believe that
the screening method used in this study did not cause
significant flaws. Second, this physiologic study was con-
ducted in 15 subjects in the ICU, which means that caution
must be used in extrapolating our findings to all patients
who are critically ill. Third, the lack of a control group did
not allow us to describe the trend of respiratory parameters
in the absence of thyroid hormone treatment, although no
significant changes were found in these parameters, not
even after thyroid hormone supplementation. Fourth, we
measured PTPdi from the EAdi signal rather than the Pdi

curves obtained by the use of an esophageal balloon.
However, it is now widely accepted that the EAdi signal

is a reliable tool for deriving Pdi values and estimating the
patient’s work of breathing without the need for esopha-
geal pressure monitoring.14,21,32 Also, even though the neu-
romechanical efficiency derived from the airway pressure
during an end-expiratory occlusion is a good estimate of
the neuromechanical efficiency measured during regular
tidal ventilation, some investigators suggest calculating
the neuromechanical efficiency measured during ventila-

tion by dividing the neuromechanical efficiency measured
during an occlusion maneuver by a specific correction
factor.21 In the present study, we did not apply any cor-
rection factor in measuring the study parameters, despite a
possible overestimation of the “dynamic” neuromechani-
cal efficiency because we were only interested in the trend
of the variables.

Conclusions

Thyroid hormone replacement treatment did not yield
any benefit on respiratory muscle function assessed by
neuromechanical efficiency in subjects with nonthyroidal
illness syndrome and who were critically ill and admitted
to the ICU. This work reinforced the view that nonthyroi-
dal illness syndrome is an adaptive clinical condition that
should not be corrected.
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