
Blood Gases, Weaning, and Extubation

In this data-driven, evidence-based era of medicine, there
remains a substantial portion of medical practice that lacks
the ‘definitive’ clinical trial or other supporting science.
This aspect of medicine is often referred to as the “art” of
medicine and addresses that portion of disease manage-
ment that is also referred to as clinical judgment or expe-
rience. There is probably an element of “art” in every
medical decision. The timing of extubation or discontinu-
ation of mechanical ventilation is no exception to this
process.

In recent years there has been more science used to base
management. Guidelines developed by the major health
care professional groups involved in the management of
these patients provide a framework for weaning from me-
chanical ventilation and extubation.1 Recommendations in-
clude the control and elimination of factors that may con-
tribute to ventilator dependence, early assessment after
clinical stability for discontinuation of mechanical venti-
lation, as well as assessment for the potential discontinu-
ation of mechanical ventilation during spontaneous breath-
ing (as opposed to during supported breathing).

The physiologic variables and indexes that have been
studied to date have been only moderately successful in
predicting the likelihood of successful extubation. With
patients on mechanical ventilation the variables/indexes
with statistically significant likelihood ratios (for predict-
ing extubation success) are minute ventilation, negative
inspiratory pressure, maximum inspiratory pressure, oc-
clusion pressure at 0.1 second, and the CROP index (which
integrates compliance, respiratory rate, oxygenation, and
maximum inspiratory pressure). During spontaneous
breathing trials, the variables/indexes with statistically sig-
nificant likelihood ratios are respiratory rate, tidal volume,
and rapid shallow breathing index. The (commonly used)
respiratory rate and rapid shallow breathing index were
found to have positive likelihood ratios of only 1.50 (95%
confidence interval 1.23–1.83) and 1.58 (95% confidence
interval 1.30–1.90) in pooled analyses.2

Once a patient has met the threshold of these weaning
criteria, a spontaneous breathing trial (SBT) is conducted.
There can be great differences in the conduct of SBTs
(unsupported, supported, level of support, duration), but
irrespective of the methods, patients who successfully tol-
erate the SBT are considered ready for extubation. The
SBT serves several purposes, providing a real-time assess-
ment of a patient’s respiratory mechanics, ability to oxy-

genate and ventilate, and comfort while breathing through
a mechanical resistance that probably exceeds airway con-
ditions when extubated. This strategy has been instrumen-
tal in reducing the duration of mechanical ventilation—by
2 days in the Ely et al study3—and has been the basis of
other protocol-driven investigations,3–6 with improvement
in the efficiency and efficacy of patient management. Re-
intubation rates have been 5–15%, in contrast with failure
rates over 30% among those not undergoing SBTs.7 How-
ever, there are other causes of extubation failure that can
not be identified with an SBT. Investigators have begun to
focus on the possibility of post-extubation upper airway
obstruction and the patient’s ability to cough and clear
secretions as other factors that contribute to post-extuba-
tion respiratory failure.8–9 What other variables may con-
tribute toward assessing these patients? What about arte-
rial blood gas (ABG) values?

SEE THE ORIGINAL STUDY ON PAGE 1033

In this issue of RESPIRATORY CARE, Salam et al10 report
their evaluation of the impact of ABG values on extuba-
tion decisions following SBTs. They collected data after
100 SBTs with 83 patients, and patients were extubated
after 86 of these SBTs. Because of multiple SBTs, a total
of 12 patients involved with 14 SBTs were not initially
extubated. In 7 of the SBTs, there were enough changes in
bedside-assessable variables to classify the SBT as failed.
In the other 7 SBTs, the patients were not extubated, pre-
sumably because of their ABG values. The authors con-
clude that the ABG values affected the decision to extu-
bate in only 7 SBTs.

How did the ABG values affect the decisions in those
SBTs? Closer examination of the physiologic data for sub-
jects 5, 6, and 7 may have led some to consider these
unfavorable SBTs. All certainly had a heart rate increase
of over 20 beats/min, and two of the three had a doubling
of respiratory rate. Their ABG values demonstrated wors-
ening hypercapnia and respiratory acidosis or worsening
hypoxemia—information that would have either deferred
extubation or further reinforced the decision not to extu-
bate. The ABG values of the other patients who were not
extubated are also notable for greater hypercapnia and
respiratory acidosis than their pre-SBT values. Not all of
the acidemia can be explained by respiratory changes alone,

RESPIRATORY CARE • NOVEMBER 2003 VOL 48 NO 11 1019



and there must have been an element of metabolic (lactic)
acidosis. In aggregate this group’s pH declined from 7.39
to 7.32, and their PaCO2

rose from 38 mm Hg to 47 mm Hg.
What of the group that failed extubation? My analysis of
the data in Table 1 in the Salam et al report indicates their
pH declined from 7.47 to 7.43 and their PaCO2

rose from 42
mm Hg to 46 mm Hg. Successfully extubated patients had
similar changes, but not of the magnitude seen with those
who were not extubated.

Why would this information be helpful in the manage-
ment of these patients? The ABG values represent an ag-
gregate of many events, involving cellular metabolism,
muscle activity, oxygen consumption and carbon dioxide
production, cardiac function, tissue perfusion, ventilation,
and perfusion. As an aggregate measure, ABG values are
relatively insensitive to minute changes in the system, but
they also represent the global response to demands placed
on the patient. In this case they represent the patient’s
response to the SBT and may provide insight to the re-
sponse to extubation. Therefore, ABG abnormalities should
be reviewed carefully, because they imply major changes
in this complex system. In the cases described by Salam et
al10 the acidosis is telling. Of the 7 patients who were not
extubated, five were acidemic, all had pH � 7.35 at the
end of the SBT, and three had pH � 7.30.

It is somewhat surprising that ABG values have not
previously undergone more formal scrutiny of their impact
on weaning and extubation. ABG analysis is a ubiquitous
measurement and has long been part of the management of
these patients. In the vast majority of investigations the
ABG values are used to identify a patient’s readiness for a
weaning trial. Few investigators have addressed their im-
pact during a weaning trial. ABG values were used in a
study11 involving postoperative patients and gradual re-
duction of intermittent mandatory ventilation. The inter-
mittent mandatory ventilation rate was reduced as long as
the patient was able to maintain a pH � 7.35, until the
patient was breathing without intermittent mandatory ven-
tilation support. Of note, they found that the pH was better
than peak negative pressure or vital capacity for identify-
ing patients able to tolerate unsupported respiration.11 In a
more recent report,12 which compared noninvasive venti-
lation to conventional therapy, the authors identified the
development of hypercapnia (defined as PaCO2

� 45 mm
Hg) at the end of an SBT as an independent risk factor
associated with lower 90-day survival. These data support
the utility of ABG measurements in the weaning of me-
chanically ventilated patients.

The investigation by Salam et al10 raises additional ques-
tions. What was it about the ABG values that led to the
decision? Unfortunately, information on the rationale to
forego extubation in these patients was not collected. Was
it the acidosis, hypercapnia, oxygenation, or some combi-
nation of all of the above that led to the final decision?

There may have also been some additional bedside infor-
mation that is not shown in the report. Certainly, we have
all encountered patients who have similar laboratory data
but very different clinical manifestations. It is interesting
to note that of the clinicians in the Salam et al study,10 the
attending physicians had the greatest reservations about
extubation (7 SBTs). There were fewer cases of concern
among the residents (5), nurses (1), and respiratory ther-
apists (4). What is the explanation for those differences?
Experience? Insight? Chance?

Although Salam et al comment on the relative lack of
impact of ABG values on the decision to extubate, one
should not sell ABG values short; they have the potential
to provide insight into a patient’s condition, unlike any
currently used variable or index. It is a test that is easily
obtained and not subject to significant variations in acqui-
sition and determination, as may be the case with other
tests.13 The importance of avoiding an inappropriate extu-
bation based on ABG values should not be underestimated.
Failed extubation means reintubation and increased risk of
pneumonia, longer hospitalization, and increased mortal-
ity. In one medical center, patients who failed extubation
were 7 times more likely to die, 31 times more likely to
spend � 14 days in the intensive care unit after extubation,
and 6 times more likely to require transfer to a long-term-
care facility (if they survived) than those successfully ex-
tubated.14 Reintubation increases the risk of pneumonia
over 8-fold.15 The few days involved with a delayed ex-
tubation pale in comparison to these figures.

Further questions need to be considered. First, can ABG
values predict extubation failure? If so, what are the most
important components and threshold values? Do ABG val-
ues provide any information that is not routinely collected
during an SBT? Are there subgroups of patients with whom
ABG values may be of greater utility? How many ABG
measurements are needed to justify their benefit in extu-
bating a patient? In this era of cost containment, a cost-
benefit analysis seems in order. Salam et al have just touched
on these areas with their investigation and more study is
warranted. And finally, do their findings add to the art or
the science of weaning and extubation? Given their focus
on the “art”-terial blood gas, the answer is probably a little
bit of both.
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