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CASE REPORT

The ABC of weaning failure – testosterone
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Abstract
This report presents a case of complicated and consistently failing
weaning attempts in a male ICU patient admitted with respiratory
failure. A systematic failure-to-wean analysis was performed but
offered insufficient help in this case. Endocrinological evaluation
showed a lowered total testosterone which was supplemented
after other courses of action seemed exhausted. Interestingly,
supplementation was followed by a sudden clinical improvement
and successful weaning.
Testosterone levels generally decrease as part of extensive
hormonal alterations in critical illness and are inferred to
contribute to the catabolic state frequently seen in critically ill men.
Low testosterone values have been linked with weaning failure
and multiple other adverse outcomes, but studies concerning the
effects on weaning are few and not comprehensive. More research
concerning testosterone replacement in the ICU is warranted, but
the surprising effects of supplementation in this case suggest that
analysis of testosterone levels and potential supplementation are
valuable considerations in weaning failure.
Case
A 63-year-old man was admitted to the ICU with respiratory
failure because of severe pulmonary oedema. The patient had
been treated for an infected knee prosthesis in a referring hospital,
surgical cleansing and prolonged antibiotic treatment had been
carried out for a Staphylococcus aureus infection. Apart from
the knee replacement, the patient’s history included a right-sided
nephrectomy, diabetes type 2, a gastric bypass and multiple
depressions.
On admission to the ICU the patient was intubated and pressure
controlled ventilation was started. Antibiotic therapy was
commenced because of pulmonary infiltration on the chest X-ray.
Acute renal insufficiency combined with hypoalbuminaemia were
established as the cause of the pulmonary and peripheral oedema.

Nephrotic syndrome was determined by 24-hour urine, and renal
biopsy showed a post-infectious glomerulonephritis. Continuous
veno-venous haemofiltration (CVVH) was started to treat the
oedema and kidney failure.
Course of mechanical ventilation
Under treatment, the patient’s condition ameliorated very slowly
but surely. On day 14 the patient’s condition was deemed well
enough to fully stop sedation and one day later the ventilation
mode was switched to pressure support. Slowly pressure, PEEP
and fiO2 could be reduced. CPAP ventilation was started twice a
day on day 19, and a spontaneous breathing trial was performed on
day 22. The oxygen saturation dipped below 90% during the trial
and mechanical ventilation was restarted. Tracheostomy proved
not to be an option because the patient had a short neck. On day
25, with low ventilation values and after a successful spontaneous
breathing trial, the patient was extubated. After 24 hours though,
the CO2 in the arterial blood gas accumulated and the patient
became drowsy and developed bradycardia, after which he was
re-intubated. In the following days the patient auto-extubated
three times. Each time the CO2 values rose within 24 hours, after
which non-invasive ventilation (NIV) was tried at first. But, due to
hypoventilation with subsequent CO2 retention and bradycardias,
re-intubation became necessary each time. On day 40 the patient
was extubated electively and NIV was started adjacently, later
followed by intermittent NIV. After five days the CO2 values rose
to 90 mmHg which again necessitated re-intubation.
Failure-to-wean analysis
Because weaning attempts kept failing, a structured approach
to weaning failure was carried out after the third extubation,
according to the ‘ABC of weaning failure’ by Heunks and Van
der Hoeven.[1]
Airway and lung – pulmonary oedema was the reason for
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admission and was treated successfully by extracting fluids using
CVVH. Infiltrative abnormalities found on CT-thorax subsided
fully under antibiotic therapy, only a Sphingomonas paucimobilis
was found in bronchial cultures. CT and ventilation conditions
showed no sign of obstruction so bronchoscopy was waived.
Brain – the patient had a delirium during his stay, which slowly
subsided after treatment with antipsychotics (CAM-ICU negative).
Sleeping problems were treated with mirtazapine, melatonin, and
benzodiazepines without causing drowsiness during the daytime. A
psychiatrist was consulted and found no signs of active depression
or other hindering mood disorders, although the patient did come
across as rather passive and lethargic.
Cardiac – ECG showed no relevant abnormalities. A
transthoracic echocardiogram showed good function of the left
ventricle and grade 1 diastolic dysfunction, which would give
no cause for weaning failure. Additionally, NT-proBNP was
measured before and after extubation but gave no indication of
a decrease in cardiac function.
Diaphragm and respiratory muscles – a diaphragm ultrasound
was performed and showed good movement bilaterally.
Neurological examination indicated no sign of neuromuscular
disorders and showed reasonable muscle strength overall.
The respiratory muscles were trained with inspiratory muscle
training and during training the patient had a maximal
inspiratory pressure of 62 cmH2O while intubated (reference
63-year old male: 84-100 cmH2O).
Endocrine and metabolic – adequate intake was ensured in
collaboration with a dietician. Electrolytes were supplemented
where necessary and extensive endocrinological diagnostics
were performed (table 1).
Table 1. Endocrinological evaluation; value (laboratory reference values)
Value (laboratory reference)
Cortisol

672 nmol/l (100-700)

TSH

6.0 mU/l (0.27-4.20)

fT4

8.9 pmol/l (10-23)

IGF-1

47 µg/l (Z-score -2)

LH

11 U/l (2-9)

FSH

12 U/l (2-12)

Testosterone (total)

0.7 nmol/l (8-25)

Prolactin

569 mU/l (50-400)

Endocrine factors
The ‘ABC of weaning failure’ mentions low cortisol and fT4
as possible hormonal causes for weaning failure. Cortisol
supplementation reduced the duration of weaning in patients
with adrenal insufficiency, while the underlying mechanism is
unknown.[1] Although there is only anecdotal evidence for T4
supplementation, a markedly low T4 may reduce the respiratory
muscle strength and central drive, so supplementation seems
reasonable in weaning failure. Cortisol in this patient was
normal and fT4 was slightly lowered but in no way atypical for
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an ICU patient. Thyroid hormone levels in critically ill patients
are almost always lowered in light of a non-thyroidal illness
syndrome,[2] while generally not impeding the weaning process.
No other hormones are mentioned in the ABC of weaning
failure as possibly influencing the weaning process.
Coincidentally a markedly lowered testosterone was found; this
was noted, but only with thoughts towards supplementation
after hospital discharge. Its clinical relevance was deemed low
in the present, critical situation. Low IGF-1 values were found,
but supplementation was not considered since the most recent
research on supplementation is distinctly negative.[1]
On day 49, more or less running short of options and new
insights, testosterone supplementation was started with an
intramuscular depot (Sustanon 1 ml, 250 mg/ml). Miraculously,
one day after supplementation it became possible to successfully
reduce ventilation conditions, after five days CPAP ventilation
was started and on day 57 the patient was extubated. In contrast
to the previous five times, values in the blood gases stayed stable
and after good clinical improvement over the following four
days, the patient was discharged to the ward in an ambulant
state. On the day of the last, and finally successful extubation,
testosterone had been supplemented to a value of 18.6 nmol/l.
Maximal inspiratory pressure had risen to 94 cmH2O, well
within the normal range for his age.
Discussion
Quite some research has been done about hormonal regulation
and dysregulation in ICU patients, with some about testosterone
in particular. These studies are not conclusive and most of
the studies specifically recommend further investigation
regarding the possible effects of testosterone supplementation
in ICU patients. To our knowledge such trials have never been
performed.
Male hypogonadism in general is associated with significant
morbidity, including muscle weakness, decreased muscle mass,
cardiomyopathy and osteopenia; healing of wounds or decubiti
is also impaired.[3-5]
In critically ill patients specifically, lowered testosterone impairs
nitrogen retention[3,6] and therefore may compromise muscle
strength and the ability to wean from mechanical ventilation.
In combination with protein loss this may lead to depletion of
peripheral muscles and the diaphragm after prolonged critical
illness, resulting in weakness, difficulty in sustaining spontaneous
breathing, inability to cough effectively, and difficulty in
participating in physical therapy and training.[7] Furthermore,
testosterone deficiency may impede anabolism and growth of
new muscle, even with optimal nutritional support.[3]
In our patient all of the impairments mentioned above are
likely to have coexisted, if not because of the low testosterone
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levels, then because of the prolonged ICU stay and mechanical
ventilation. Interestingly, all of the impairments seemed to
improve after we started testosterone supplementation, reflected
in the maximal inspiratory pressure measurements and in
the simple fact that weaning became possible following five
failures. The speed at which the clinical parameters and the
clinical condition of the patient improved was very surprising
though. It also seemed that apart from physical improvement,
mental changes such as a marked increase in motivation had
a decisive effect on successful weaning. The extremely low
testosterone values before supplementation may suggest the
patient had a pre-existent deficiency that may potentially have
added to the dramatic effect of supplementation. The patient
was referred to an endocrinologist for further analysis after
hospital discharge.
Endocrine alterations in the acute phase of critical illness are
characterised by low peripheral effector hormone levels, despite
an actively secreting pituitary. In prolonged critical illness,
however, a reduced pulsatile secretion of anterior pituitary
hormones occurs. The adrenal axis with high cortisol levels in
the presence of low ACTH levels is a noteworthy exception.[8,9]
Beyond the failure of the somatotropic (growth hormone, and
insulin-like growth factors (IGF-I and -II)) and thyrotrophic
axes (TSH, T3 and T4), hypogonadism has been documented
consistently in critical illness,[10-24] and has been inferred to
contribute to the catabolic state frequently seen in critically
ill men.[12,19,20,24,25] Testosterone levels decrease during the early
phase of critical illness. Immediately after the onset of illness or
trauma, a primary Leydig cell deficiency, due to a direct effect
of cytokines, appears to predominate combined with increased
peripheral aromatisation of androgens. In this early phase the
secretions of luteinising hormone (LH) and follicle stimulating
hormone (FSH) are generally increased to attenuate the decrease in
testosterone levels; however, normal or low LH and FSH levels can
be observed even though the testosterone level is low. In the chronic
phase of critical illness, suppressed LH secretion presumably
further reduces serum testosterone concentrations, suggesting a
hypothalamic-pituitary dysfunction.[6,14,21] Similar alterations in LH
and FSH values are encountered in women.[11,24] Considering our
patient was likely to have passed into the chronic phase of his
illness at that time, his LH and FSH were found to be relatively
high, possibly owing to his extremely low testosterone levels.
Testosterone levels are found to be below normal (defined as a serum
total testosterone level <8.7 nmol/l) in a vast majority of critically
ill men admitted to the ICU and testosterone levels decline even
further in the days following admission. Reported prevalence of
low testosterone in ICU patients admitted for septic shock, trauma,
cardiac disease, gastrointestinal bleeding, diabetic keto-acidosis,
COPD exacerbation, and postoperative patients ranges from 62.5%
to 100%.[10-21,23,24] In men admitted specifically with acute respiratory

failure and in need of mechanical ventilation for more than 24 hours,
testosterone levels were below normal in 93% of the cases with a
serum testosterone of 3.8 ± 3 nmol/l (mean ± SD).[26]
Testosterone circulates in peripheral blood in three states: tightly
bound to sex hormone binding globulin (SHBG), weakly bound to
serum albumin and corticosteroid-binding globulin (CBG), and as
free testosterone. Only the free and albumin-bound fractions are
metabolically active and therefore bioavailable.[27] Total serum
testosterone measurements comprise all three states, thus
including both bioavailable and non-bioavailable testosterone.
The levels of SHBG or binding affinity of SHBG for testosterone
are not significantly affected by other (non-androgenic) stress
steroids, acute-phase proteins, or any nonsteroidal drugs
commonly used in critical care.[25,28,29] High-dose steroids
can suppress the gonadal axis and influence SHBG binding
affinity but our patient was not given steroids. Furthermore the
biopotency of gonadotropins is not influenced across the course
of acute illness.[25] Neither are testosterone levels affected by use
of CVVH.[30] Prolactin levels, which in higher concentrations
can suppress the gonadal axis, were slightly elevated in our
patient, possibly because of decreased renal excretion due to
the kidney failure. The slight elevation in this case is unlikely to
have caused significant suppression.
Several studies have observed a correlation between low
testosterone levels in ICU patients and disease severity,[10,18,19]
severity of septic shock,[12] and worse outcomes, including
mortality,[12,14,31] ICU length of stay and duration of hospital
stay,[14,26] although other studies found no statistically significant
correlations or no correlations whatsoever.[10,17] Interestingly,
in one study in mechanically ventilated men admitted for
respiratory failure, testosterone levels were inversely related to
ICU length of stay and also to the number of ventilation days.[26]
Another study found that testosterone depression correlated
with the degree of arterial hypoxia in COPD patients with
respiratory failure.[32]
The relationship between low serum testosterone and worse
outcomes does not necessarily imply that hypogonadism per
se could worsen the vital prognosis during hospitalisation.
Testosterone may simply behave as a marker of health, as
do other biological markers such as albumin, glucose,[33] and
triiodothyronine.[34] However, the dramatic improvements in
our specific patient after supplementation of testosterone point
towards the hypothesis that lowered testosterone in itself is a cause
of worse outcomes, which warrants fundamental research on the
effects of testosterone supplementation on disease outcome.
In studies of community-based hypogonadal men, testosterone
replacement has been shown to have many beneficial effects,
including nitrogen retention,[35] positive protein balance,
increased muscle mass,[36] and decreased adipose tissue.[5]
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Testosterone replacement also enhances memory retention
and improves mood, energy level, and sense of well-being.[4,37]
Although no such research exists in critically ill patients, this line
of evidence argues for the administration of anabolic steroids to
critically ill patients to improve their catabolic state. Another
line of evidence in animal models, however, suggests that
testosterone may suppress the immune system and myocardial
function in critical illness.[6,38] While similar models also
demonstrate beneficial effects of oestrogens on these systems,
thus speculating that oestrogen, and not testosterone therapy,
may prove to be a valuable intervention during the catabolic
phases of acute and chronic critical illness.[6,39] Another clinical
study makes a case for stimulating the pituitary gland with
pulsatile GnRH administration, instead of directly supplying
effector hormones, as this would reduce side effects.[21,40,41]
This case report aims to bring to the attention of clinicians
the surprising effects of testosterone supplementation in this
particular case. We do not propose testosterone supplementation
or testing for low testosterone in all male ICU patients because,
as illustrated, there is simply too little evidence to support this.
However, considering the knowledge of this exceptional case
together with the evidence that does exist, we think analysis of
testosterone levels and potential supplementation would be a
very useful consideration when weaning fails, and thus would
be a valuable addition to the ‘ABC of weaning failure’ as used in
clinical practice.
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