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Following initiation of mechanical ventilation for 
respiratory failure, most patients are successfully 
weaned, but some develop ventilator dependence. 

These patients or their families may opt for long-term 
ventilator support or withdrawal of the ventilator 
with the understanding that death will likely ensue. 
Here we address ventilator-dependent patients who 
otherwise have functioning vital organs. What options 
are available, what questions need to be answered, and 
how should we proceed?

Ventilator withdrawal is multidisciplinary, with a 
complex and evolving history involving ethics, law, and 
culture.1,2 Healthcare providers in critical care settings 
should be able to counsel their patients about the risks, 
benefits, and options regarding mechanical ventilation 
in both the short term and the long term. Patients and 

families may face ethical and psychological barriers, 
and clinicians should be prepared to discuss these 
concepts. Once a decision has been made to withdraw 
the ventilator, the clinician must be able to manage 
symptoms, which may include dyspnea and anxiety, 
during the peri-withdrawal time period.3,4

EPIDEMIOLOGY
Withdrawal of life support in the intensive care setting 
is increasing in frequency. More than half a million 
deaths a year, or 20-25% of all deaths in the United 
States, occur in ICUs.5 Serial review of ICU deaths in 
San Francisco found that from the 1980s to the 1990s, 
the percentage of ICU deaths that occurred following 
withdrawal or withholding of life support increased 
from approximately 50% to approximately 90%.6,7 
The factor most strongly associated with withdrawal 
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of mechanical ventilation are the physician’s 
perception of patient’s preferences about 
use of life support.8 This emphasizes the 
importance of asking patients, especially 
those with serious or life-limiting illness, 
to consider what kind of quality of life 
is acceptable when they are stable in the 
outpatient setting.

PROGNOSIS
When deciding whether to withdraw 
ventilator support, families often want an 
estimate as to how long the patient is likely 
to survive following removal. Uncertainty 
is the rule, but having a rough prognostic 
estimate can be useful. A predicted survival 
time of ≤ 60 minutes following withdrawal 
has been used to help families and clinicians 
prepare for palliative symptom management, 
family grieving, and allocation of ICU beds. 
Post-withdrawal survival has been described 
in several studies, with median survival of 
approximately 1 hour, and interquartile 
ranges of minutes to a few hours.9-13 Patients 
surviving more than a week have also been 
described, so counseling should include 
the discussion of potential transfer out of 
the ICU, especially for patients expected to 
survive beyond the first hour.

There is no standard tool for prediction of 
survival, but intensivist prediction of death 
within 60 minutes seems to be the prevailing 
clinical standard.12 Tools such as the United 
Network for Organ Sharing Criteria, 
developed to assist in prediction of time to 
death in the setting of organ donation after 
cardiac death, have been validated but not 
universally applied.13 Clinical parameters, 
such as lower pH, lower Glasgow Coma 
Scale, lower spontaneous respiratory rate, 
lower systolic blood pressure, higher positive 
end-expiratory pressure (PEEP), and higher 
fraction of inspired oxygen (FiO2), have 
been shown to correlate well with death 
within 60 minutes, with a greater number of 
positive parameters increasing the predictive 
value (see Table 1).11,12 Other clinical 
concerns, such as respiratory mechanics, 
muscular weakness, neurologic status, and 
extent of multi-organ dysfunction, can 
contribute to predictions of survival time.14 
Providing accurate predictions remains a 
challenge.

Alternatives to withdrawal of the ventilator 
should be discussed in detail during 
counseling. With a stable surgical airway, 

a ventilator-dependent patient can be kept 
alive for months, even years. Some patients 
may gradually wean from the ventilator 
support over weeks or months, while 
others may never be liberated, depending 
on the nature of the underlying condition. 
Autonomy and independence can vary, and 
definitive prognosis may take months to 
determine.15,16

ETHICAL AND PSYCHOLOGICAL 
CONCERNS
Withdrawal of life support with expected 
death has significant ethical, legal, moral, 
and psychological facets for clinicians, 
patients, and families. Some may feel 
a sense of moral obligation to try all 
available therapies, regardless of potential 
benefit.2 Patients have the right to refuse 
or withhold any treatments or therapies 
at any time. The benefit, or lack thereof, 
of a potential therapy may not be known 
prior to a therapeutic trial. If the therapy 
does not demonstrate significant benefit 
after a therapeutic trial, withdrawal allows 
the irreversible underlying disease to 
take its natural course; the intention is to 
acknowledge the limits of medicine and 
not to hasten death. Thus, withholding 
and withdrawing a life-sustaining therapy 
such as a ventilator are considered ethically 
equivalent.4

Psychologically, however, withdrawal may 
feel more burdensome than withholding due 
to the active nature of removing treatment. 
This psychological barrier is important to 
consider in grieving family members who 
may suffer from guilt at “killing” their 
loved one. In such instances, the gradual 
withdrawal of other life-sustaining therapies 
over a period of hours to days prior to 
ventilator withdrawal has been associated 
with improved satisfaction. Ventilators are 
frequently the last therapy discontinued 
prior to death.17

When families are considering ventilator 
withdrawal they may show signs of 
resistance, conflict, disagreement, anger, and 
grief. Cultural, religious, personal, or social 
issues may affect caregivers’ perceptions 
and attitudes.18 It is important to provide 
a multidisciplinary approach to support, 
including chaplains and other psychosocial 
support staff, allow time and space for 
reflection, answer questions honestly, and 
offer empathy and assurance.19,20
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After the ventilator is withdrawn, the goal is to allow the 
disease to take its natural course, to neither hasten nor 
prolong death. When observing the patient’s discomfort, 
requests may come from family or bedside caregivers 
to shorten the duration of suffering. Medical methods 
for hastening death could include increasing doses of 
sedatives beyond what is symptomatically indicated 
or administration of lethal medication that has no 
symptomatic benefit. These options are legally and 
ethically unacceptable in the United States.1 The patient’s 
suffering should not be discounted, and every effort must 
be made by clinicians to ensure the patient’s comfort.2,4,21

Conversely, clinicians or families may express a fear of 
hastening death. The doctrine of double effect provides 
the ethical rationale and moral imperative to treat 
symptoms with sedating medications, even when they 
may have the foreseen (but unintended) consequence of 
hastening death.4,21 A number of studies have evaluated 
the effect of opioids and benzodiazepines on timing of 
death and found no definitive correlation between dose 
and timing of death. Indeed, some studies have shown 
that patients receiving higher doses may actually have 
longer survival, with the theory being that relieving 
dyspnea and anxiety may decrease oxygen demand.22-24 
Overall, general principles of critical care and palliative 
care should be followed when administering analgesia 
and sedation surrounding ventilator withdrawal.

Withdrawing a ventilator in a patient who is awake, 
aware, and cognizant that removal of the ventilator will 
result in their death is also psychologically and ethically 
challenging. While the ultimate prognosis may be similar 
to the patient who is unaware, it may feel like suicide. 
However, legal precedents and ethicists have deemed 
that if the quality of life is unacceptable to the patient, 
removing a ventilator from an awake patient is ethically 
equivalent to removing a ventilator from a patient who 
is unaware. One benefit is that the provider can be 
confident of the patient’s actual wishes. However, one 
must ensure durability of the patient’s desire and an 
absence of reversible reasons for desire to hasten death, 
such as clinical depression, concerns of being a burden to 
family, or uncontrolled pain.25,26

Table 1. Clinical Parameters Suggesting  
Prognosis of <1 Hour Following Ventilator 
Withdrawal11,12,13

• pH ≤ 7.32
• Glasgow coma scale ≤ 3
• Spontaneous respiratory rate ≤ 10
• Systolic blood pressure ≤ 84 mm Hg
• PEEP > 10 cm H2O
• Peak Inspiratory Pressure > 35 cm H2O
• FiO2 > 70%
• Vasopressor use
• No analgesia

In a patient who is unable to communicate, a legal 
decision maker must be used to decide the plan of care. 
This may be a power of attorney previously designated 
by the patient or a surrogate decision maker chosen 
based on a legal hierarchy. A power of attorney or 
surrogate is obligated to choose what they think the 
patient would have wanted, even if it conflicts with 
what they themselves would want. This speaks to the 
importance of a patient making their wishes known 
ahead of time.

SYMPTOM MANAGEMENT AND PRACTICAL ISSUES
The process of ventilator withdrawal should be stepwise 
and systematic in order to decrease unnecessary distress 
among all involved (see Table 2).4,20 Prior to withdrawal 
of the ventilator, communication should be thorough 
and well-documented. A “Do Not Resuscitate” order 
should be confirmed. Alarms and monitors should be 
turned off, allowing visitors to focus on the patient 
without distracting noises.

While withdrawal of life-sustaining therapies, such 
as vasopressors or intravenous fluids, should cause 
no immediate discomfort, withdrawal of mechanical 
ventilation may be accompanied by dyspnea and 
anxiety. Symptom management during this time must be 
aggressive, and drug titration may need to be frequent. 
Clinicians have a broad array of medications from 
which to select for symptom management in this time 
period (see Table 3). First-line therapy for management 
of dyspnea and pain is usually an intravenous opioid, 
such as fentanyl, morphine, or hydromorphone. First-
line therapy for management of anxiety is usually an 
intravenous benzodiazepine, such as midazolam or 
lorazepam. Both opioids and benzodiazepines can 
be administered as a bolus dose or as a continuous 
infusion.9 Patients may require higher doses of opioids or 

Table 2. Process of Ventilator Withdrawal4,20

• Counsel family
• Explain process and unpredictable time course
• Encourage family to pursue rituals, spiritual support
• Enter and confirm DNR/DNI order
• Document findings, discussion, goals in the record
• Turn off monitors
• Remove restraints
• Symptom control (see Table 3)
• Titrate down FiO2 and put on a nasal cannula, if desired
• If on assist control, change to pressure support
• Down-titrate pressure support 5-10 cm H2O while main-

taining RR < 30 by up-titrating opioids
• Silence ventilator
• If intubated, deflate cuff, remove ETT with towel  

underneath
• If tracheostomy, remove ventilator and leave trach intact
• Suction excess secretions
• Turn off ventilator
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benzodiazepines than used in routine critical care settings 
to adequately manage dyspnea and anxiety during 
ventilator withdrawal; the doses should be titrated to 
symptoms without a set ceiling.27 Deep sedation, such 
as with propofol, is sometimes used, usually in patients 
who are already receiving the medication or in those 
who are anticipated to have a high degree of tolerance to 
opioids or benzodiazepines. Barbiturates have been cited 
in older literature but they used less frequently today.4,28

Neuromuscular blockade (i.e., paralysis) is sometimes 
used to decrease ventilator dyssynchrony in patients on 
mechanical ventilation. Patients appear comfortable 
as the facial muscles are relaxed and all breathing is 
triggered by the ventilator. Neuromuscular blockers 
provide no additional comfort to the patient and should 
not be initiated as a comfort measure prior to ventilator 
withdrawal. Additionally, if a ventilator is withdrawn 
on a paralyzed patient, there will be immediate death 
as there will be no spontaneous breaths. If paralytics 
are being previously administered, a provider should 
ensure they are discontinued with enough time for the 
patient to initiate their own breaths prior to ventilator 
withdrawal.29

Two distinct weaning methods for withdrawal of 
mechanical ventilation have previously been described: 
gradual terminal weans and immediate terminal 
extubations.30 Current guidelines advocate for a 
hybrid, with a rapid wean over no more than an hour 
or so to allow for aggressive titration of medications 
to adequately control dyspnea and anxiety but not to 
allow for prolongation of death.4,31 When ventilator 
support and symptom control are such that symptoms 
are not expected to escalate upon removal of support, 
mechanical ventilation is discontinued by extubation or 
disconnection of the ventilator from the tracheostomy.   

After removal of the endotracheal tube, saliva and 
secretions may pool in the posterior oropharynx 
and tracheobronchial tree, leading to rattling sounds 
with inspiration and expiration. This phenomenon, 
sometimes called the “death rattle,” tends to occur in 
the terminal phase in patients who are too weak or 
obtunded to adequately expectorate. It can be frequent, 
reported in up to 90% of patients at the end of life. 
Although the death rattle is thought not to be extremely 
distressing to the patient, caregivers may experience 
distress that their loved one is choking. Temporary 
postural drainage can be used to decrease the volume 
of secretions, and anticholinergic medications can also 
be used to decrease formation of secretions.32 Further 
titration of medications may be required following 
removal of ventilator support, and if patients survive 
beyond the initial few hours, arrangements may be made 
for transfer out of the ICU.

CONCLUSION
Patients can end up on life support, even in unexpected 
circumstances. Ventilator withdrawal with expected 
death is a complex process, now considered an ethically 
and morally acceptable practice. Familiarity and 
literature on this topic are increasing. Life expectancy 
following withdrawal varies from minutes up to weeks. 
Critical care providers should be comfortable with 
counseling families before ventilator withdrawal and 
the process and symptom management surrounding 
ventilator withdrawal.  n
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SYNOPSIS: Treatment for 24 months with oral anticoagulation for unprovoked, first-time pulmonary embolism was superior to treatment 
for 6 months only.

SOURCE: Couturaud F, et al. Six months vs extended oral anticoagulation after a first episode of pulmonary embolism: The PADIS-PE 
randomized clinical trial. JAMA 2015;314:31-40.
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Long-term treatment of pulmonary embolism (PE) 
with oral anticoagulant therapy is the standard of 

care, but the duration of therapy has not been well 
established. Based largely on a single, non-blinded study, 
the American College of Chest Physicians (ACCP) 
recommended that an unprovoked PE be treated with at 
least 3 months of oral anticoagulant therapy (Evidence: 
Grade 1B) with an extended course of treatment if the 
bleeding risk is low to moderate (Evidence: Grade 2B); 
similarly, the European Society of Cardiology recently 
recommended at least 3 months of therapy (Evidence: 
Class I, Level A) with extended therapy in patients with 
low bleeding risk (Evidence: Class IIa, Level B).1,2

The PADIS-PE study is a randomized, double-blind trial 
of adult patients with a first episode of unprovoked PE 
that seeks to better define the appropriate duration of 
therapy. In this study, 371 patients with radiographically 
confirmed PE who had already completed 6 months of 
therapy with a vitamin K antagonist were randomized 
to an additional 18 months of therapy or placebo. 
Unprovoked PE was defined by the absence of any 
reversible risk factor within 3 months of the PE, such 
as surgery, trauma, and bed rest, for more than 72 
hours and the absence of active cancer within the last 
2 years. Patients were excluded if they had previously 
experienced a deep vein thrombosis (DVT) or PE, 
had an independent indication for anticoagulation, 
had bleeding during the initial 6 months of therapy, 
had known thrombophilia, increased bleeding risk, 
platelets < 100,000, were expecting major surgery in 
the upcoming 18 months, or had a life expectancy of < 
18 months. The primary outcome was a composite of 
recurrent venous thromboembolism or major bleeding 
within the 18-month trial period. This outcome was 
reassessed 24 months after the treatment period was 
completed.

During the 18-month trial period, treatment with 
warfarin reduced the primary endpoint significantly 
(HR, 0.22; CI, 0.01-1.20; P = 0.001.). This effect 
was due to a reduction in the rate of recurrent venous 
thromboembolism in the treatment group compared 
with the placebo group (1.7% vs 13.5%, HR 0.15, P 
< 0.001), while there was a non-significant increase in 
bleeding in the warfarin group (2.2% vs 0.5%, HR 
3.96, P = 0.22). Overall, there was no difference in 
mortality during this period between the two groups 
(1.1% vs 1.1%, HR 1.32, P = 0.78). In the subsequent 
24-month period, while not anticoagulated, the effects 
of prior treatment were largely lost. The overall rate of 
recurrent thromboembolism was similar in the former 
treatment and placebo groups (17.9% vs 22.1%, HR 
0.69, P = 0.14), as was the bleeding risk (3.5% vs 3%, 
HR 1.12, P = 0.85). Mortality was similar in the two 
groups (9.1% vs 3.6%; HR 1.51; P = 0.45).

n COMMENTARY
Previous professional guidelines have recommended 
“extended” courses of anticoagulation, but the optimal 
duration of therapy was ill-defined. The PADIS-PE study 
provides strong evidence that 24 months of vitamin K 
antagonism is superior to 6 months for the treatment of 
first-time, unprovoked PE. At the end of the 24-month 
therapeutic trial, patients were further monitored off 
therapy (median 41 months total). Interestingly during 
this period, the overall rates of recurrence of PE in the 
warfarin and placebo groups became statistically similar, 
as the warfarin group had 25 additional events while the 
placebo group experienced only 14 additional episodes 
of venous thromboembolism. This implies that the 
underlying cause of the PE, while unknown, had not 
resolved. This is further supported by the observation 
in this and other studies that the form of recurrence 
was similar to the index event. Additionally, the rate of 
recurrence was almost twice as high in the group that 
stopped therapy compared with the placebo group, 
implying that a rebound effect may increase the risk 
of clot after discontinuation of therapy. Therapy well 
beyond 24 months, even lifelong, might be beneficial.

As described above, recommendations regarding 
treatment of PE also vary based on the likelihood of 
bleeding complications. This study included patients 
with low, moderate, and high risks of bleeding based 
on ACCP scoring. These factors include advanced age, 
previous bleeding, cancer, renal failure, liver failure, 
diabetes, previous stroke, poor anticoagulant control, 
frequent falls, and alcohol abuse. This study included 
45.7% and 40.7% of patients at high risk (more than 
two risk factors) in the warfarin and placebo groups, 
respectively. Unfortunately, no subgroup analysis was 
performed, but a benefit was demonstrated despite 
inclusion of this proportion of high-risk patients.

The questions remain: What is the optimal length of 
treatment, and is there a way to prospectively determine 
who would benefit from extended anticoagulation? The 
PROLONG study stratified patients with unprovoked 
DVT after at least 3 months of treatment based on 
D-dimer levels and compared rates of recurrence in 
individuals with normal levels to individuals with 
elevated levels with or without extended treatment.3 
Remarkably, the lowest level of recurrence was in 
patients with elevated D-dimer levels who then received 
extended treatment. The HR for recurrence in patients 
with elevated D-dimer levels without vs with treatment 
was 5.36 (P = 0.007). As in the PADIS-PE trial, extended 
anticoagulation was clearly beneficial. Elevated D-dimer 
levels indicated elevated risk for recurrence and benefit 
of extended anticoagulation, but normal D-dimer levels 
did not preclude patients from benefiting from extended 
anticoagulation. Future development of biomarkers may 
assist in determining benefit of extended anticoagulation, 
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but current studies suggest that lifelong anticoagulation 
after unprovoked PE is beneficial.  n
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ABSTRACT & COMMENTARY

Using Critical Care Ultrasonography  
to Diagnose the Etiology of Acute 
Respiratory Failure
By Eric C. Walter, MD, MSc

Pulmonary and Critical Care Medicine, Northwest Permanente and Kaiser Sunnyside Medical Center, Portland, OR

Dr. Walter reports no financial relationships relevant to this field of study.

SYNOPSIS: This single-center study suggests that thoracic ultrasound and limited echocardiography may be useful to help differentiate the 
causes of acute hypoxic respiratory failure in the ICU.

SOURCE: Sekiguchi H, et al. Critical care ultrasonography differentiates ARDS, pulmonary edema, and other causes in the early course of 
acute hypoxic respiratory failure. Chest 2015 May 21[Epub ahead of print].

Acute hypoxic respiratory failure is common in 
the ICU, yet determining the etiology can be 

challenging. Thoracic ultrasound (US) and limited 
echocardiography (echo) are increasingly being 
used in the ICU. This prospective study evaluated 
the effectiveness of thoracic US and limited echo in 
determining the etiology of acute hypoxic respiratory 
failure.

This was a single-center study performed at an academic 
teaching hospital. Adults with acute hypoxic respiratory 
failure (defined as arterial partial pressure of oxygen to 
fraction of inspired oxygen ratio [PaO2/FiO2] < 300) 
were eligible (241 screened and 134 enrolled). Thoracic 
US and limited echo were performed within 6 hours 
of the diagnosis of acute respiratory failure. The exam 
was limited to 10 minutes. Thoracic US included five 
lung zones bilaterally (second and fourth intercostal 
spaces at the midclavicular and midaxillary lines and 
at the diaphragmatic arch). Limited echo included 
the subcostal 4-chamber, parasternal long- and short-
axis, and apical 4-chamber views. Images were saved 
for later interpretation by board-certified radiologists 
and cardiologists blinded to the clinical data. Medical 
records were reviewed by two investigators blinded to 
the US and echo findings. Acute hypoxic respiratory 
failure was classified by these reviewers into one of three 
groups: 1) miscellaneous causes (unilateral pneumonia, 
pulmonary embolism, chronic obstructive pulmonary 

disease [COPD], mucous plugging), 2) cardiogenic 
pulmonary edema (CPE), or 3) acute respiratory distress 
syndrome (ARDS). After chart review, 25% were 
diagnosed with miscellaneous causes, 44% with CPE, 
and 31% with ARDS. The authors then used complex 
statistical modeling to associate imaging findings and 
cut-points that could predict these diagnoses. Based on 
these findings, an algorithm was suggested.

The first step is to evaluate for B-lines with thoracic 
ultrasound. B-lines, or lung comets, are hyperechoic 
or isoechoic vertical lines arising from the pleural line 
and spreading down to the edge of the screen. B-lines 
have previously been found to be associated with 
extravascular lung water.1 B-lines in less than three lung 
zones suggested a miscellaneous cause, whereas B-lines 
in three or more lung zones suggested either ARDS 
or CPE. The presence of a left pleural effusion > 20 
mm moderately or severely decreased left ventricular 
function, and a large minimal inferior vena cava 
diameter (> 23 mm) suggested CPE over ARDS.

n COMMENTARY
Ultrasound is a test with distinct advantages. It uses 
no radiation, results are immediately available at the 
bedside, and testing can be repeated as the clinical 
situation changes. Sekiguchi et al add to the growing 
literature supporting US in the ICU, but this study 
should be considered more as a proof of concept study 
than definitive evidence. The authors recorded many 
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High-flow oxygen in acute respiratory failure

different US measurements in an attempt to 
identify markers that could predict certain 
diagnoses. The use of so many measures 
increases the probability of type 1 error 
(finding an association when it truly does not 
exist). Furthermore, other questions need to 
be answered before US can be recommended 
as a useful tool in the evaluation of acute 
hypoxic respiratory failure. Is US better 
than other tests commonly used, such as 
chest x-ray or basic natriuretic peptide? For 
clinicians already using these studies, as well 
as the history and physical exam, will US 
add appreciable information beyond what is 
already used? Will US potentially be better 
than clinical gestalt? 

Perhaps the biggest disadvantage to critical 
care US is the technical skills required to both 
obtain and interpret images. In this study, it 
was not clear if the images were obtained by 

intensivists or certified ultrasonographers. 
Images were interpreted by board-certified 
cardiologists and radiologists. In this proof 
of concept study, it made sense to use experts 
to obtain and review images. However, this 
limits the generalizability of the study. Future 
studies should see if intensivists at the bedside 
can demonstrate the same results. Critical 
care US is in its infancy but promises to be a 
valuable new tool. Too frequently, new tools 
are adopted in the ICU before being critically 
evaluated. Studies such as this are welcome 
evaluations. Over time, they will help us 
understand how and when US can best be 
used.  n
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1.  The doctrine of double effect provides the 
ethical rationale for which of the following?
a. Initiation of neuromuscular blockade prior 
to ventilator withdrawal to ensure a relaxed 
facial expression
b. Increasing the dose of morphine in a 
patient who shows signs of pain despite 
concerns that the higher dose may suppress 
the respiratory rate
c. Decreasing the dose of morphine in a 
patient who is moaning with pain because 
the respiratory rate of 8 indicates respiratory 
suppression
d. Increasing the dose of lorazepam in a 
patient who appears comfortable in order to 
shorten the duration of suffering
e. Withdrawing a ventilator in a patient who 
is awake and expresses understanding that 
withdrawal will lead to death

2.  In the PADIS-PE study, what was the effect of 
24 months of anticoagulation vs 6 months?
a. Increased risks of both bleeding and 
recurrent PE
b. Decreased risks of both bleeding the 
recurrent PE
c. Decreased risk of recurrent PE without 
statistically increased bleeding risk
d. Decreased overall mortality
e. Patients were treated with warfarin for 
longer than 24 months

3.  In thoracic ultrasound, B-lines:
a. are suggestive of pleural empyema.
b. are hyperechoic or isoechoic vertical lines 
arising from the pleural line and spreading.
down to the edge of the screen.
c. are not associated with extravascular lung 
water.
d. are horizontal lines that are parallel and 
equidistant to the chest wall.
e. are suggestive of pneumothorax.
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