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Although
common,
routine daily
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not needed
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Q: Are daily chest radiographs and arterial
blood gas tests required in ICU patients
on mechanical ventilation?

o No, they are not required or needed,

¢ but daily radiography and arterial
blood gas testing are common practice: eg,
60% of intensive care unit (ICU) patients
get daily radiographs,' even though results
provide low diagnostic yield and are unlikely
to alter patient management compared with
testing only when indicated.

The Choosing Wisely campaign,? a collab-
orative effort of a number of professional soci-
eties, advises against ordering these diagnostic
tests daily because routine testing increases
risks to patients and burdens the healthcare
system. Instead, testing is recommended only
in response to a specific clinical question, or
when the test results will affect the patient’s
treatment.

I CHEST RADIOGRAPHS:
DAILY VS CLINICALLY INDICATED

Chest  radiographs enable practitioners
to monitor the position of endotracheal
tubes and central venous catheters, evaluate
fluid status, follow up on abnormal findings,
detect complications of procedures (such as a
pneumothorax), and identify otherwise unde-
tected conditions.

And daily chest radiographs often detect
abnormalities. A 1991 study by Hall et al® of
538 chest radiographs in 74 patients on me-
chanical ventilation reported that 30% of dai-
ly routine chest radiographs disclosed a new
but minor finding (eg, a small change in en-
dotracheal tube position or a small infiltrate).
The new findings were major in 13 (17.6%)
of the 74 patients (95% confidence interval
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[CI] 9%-26%). These included findings that
required an immediate diagnostic or therapeu-
tic intervention (eg, endotracheal tube below
the tracheal carina, malposition of a catheter,
pneumothorax, large pleural effusion).

But most studies say daily radiographs are
not needed. In a large prospective study pub-
lished in 2006, Graat et al* evaluated the clini-
cal value of 2,457 routine chest radiographs in
754 patients in a combined surgical and medi-
cal ICU. Daily chest radiographs revealed new
or unexpected findings in 5.8% of cases, but
only 2.2% warranted a change in therapy. No
differences were found between the medical
and surgical patients. The authors concluded
that daily routine radiographs in ICU patients
seldom reveal unexpected, clinically relevant
abnormalities, and those findings rarely re-
quire urgent intervention.

A 2010 meta-analysis of 8 studies (7,078 pa-
tients) by Oba and Zaza’ compared on-demand
and daily routine strategies of performing chest
radiographs. They estimated that eliminating
daily routine chest radiographs would not af-
fect death rates in the hospital (odds ratio [OR]
1.02, 95% CI 0.89-1.17, P = .78) or the ICU
(OR 092, 95% CI 0.76-1.11, P = .4). They
also found no significant differences in length
of stay or duration of mechanical ventilation.
This meta-analysis suggests that routine radio-
graphs can be eliminated without adversely af-
fecting outcomes in ICU patients.

A larger meta-analysis (9 trials, 39,358 ra-
diographs, 9,611 patients) published in 2012
by Ganapathy et al® also found no harm asso-
ciated with restrictive radiography protocols.
These investigators compared a daily chest
radiography protocol against a protocol based
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on clinical indications. The primary outcome
was the mortality rate in the ICU; secondary
outcomes were the mortality rate in the hos-
pital, the length of stay in the ICU, and du-
ration of mechanical ventilation. They found
no differences between routine and restrictive
strategies in terms of [CU mortality (risk ratio
[RR] 1.04, 95% CI 0.84-1.28, P = .72), hospi-
tal mortality (RR 0.98,95% CI 0.68-1.41, P =
.91), or other secondary outcomes.

Clinically indicated testing is better

The conclusion from these studies is that rou-
tine chest radiographs in patients undergoing
mechanical ventilation does not improve pa-
tient outcomes, and thus, a clinically indicat-
ed protocol is preferred.

Furthermore, routine daily radiographs
have adverse effects such as more cumulative
radiation exposure to the patient’ and greater
risk of accidental removal of devices (eg, cath-
eters, tubes).® Another concern is a higher risk
of hospital-associated infections from bacte-
rial spread from caregivers’ hands.’

Finally, daily radiographs increase the use
of healthcare resources and expenditures. In a
2011 study, Gershengorn et al' estimated that
adopting a clinically indicated radiography
strategy could save more than $144 million
annually in the United States.

The ACR agrees. Appropriateness criteria
published by the American College of Radi-
ology (ACR) in 2015 recommend against
routine daily chest radiographs in the ICU, in
keeping with the findings of the critical care
community. The ACR recommends an initial
radiograph at admission to the ICU. Howev-
er, follow-up radiographs should be obtained
only for specific clinical indications, including
a change in the patient’s clinical condition or
to check for proper placement of endotracheal
or nasogastric or orogastric tubes, pulmonary
arterial catheters, central venous catheters,
chest tubes, and other life-support devices.

Ultrasonography as an alternative
Ultrasonography is widely available and pro-
vides an alternative to chest radiography for
detecting significant abnormalities in patients
on mechanical ventilation without exposing
them to radiation and using relatively fewer
resources.
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A 2012 meta-analysis (8 studies, 1,048
patients) found that bedside ultrasonography
reliably detects pneumothorax.!! It can also
provide a rapid diagnosis of the cause of acute
respiratory failure such as pneumonia or pul-
monary edema.!? Ultrasonography, with the
appropriate expertise, can also confirm the
position of an endotracheal tube® or central
venous catheter.!

Il ARTERIAL BLOOD GAS TESTING:
DAILY VS CLINICALLY INDICATED

Arterial blood gas testing has value for manag-
ing patients undergoing mechanical ventila-
tion, and it is one of the most commonly per-
formed diagnostic tests in the ICU. It provides
reliable information about the patient’s oxy-
genation and acid-base status. It is commonly
requested when changing ventilator settings.

Downsides. Arterial blood gas measure-
ments account for 10% to 20% of the cost
incurred during ICU stay.”® In addition, they
require an arterial puncture—an invasive
procedure associated with potentially serious
complications such as occlusion of the artery,
digital embolization leading to digital isch-
emia, local infection, pseudoaneurysm, hema-
toma, bleeding, and skin necrosis.

Is daily testing needed?

Guidelines say no. The 2013 American As-
sociation for Respiratory Care!® guidelines
suggest that arterial blood gas testing should
be based on the clinical assessment of the
patient. They recommend blood gas analysis
to evaluate the patient’s ventilatory status
(reflected by the partial pressure of arterial
carbon dioxide [Paco,], acid-base status (re-
flected by pH), arterial oxygenation (partial
pressure of arterial oxygen [Pao,] and oxyhe-
moglobin saturation), oxygen-carrying capac-
ity, and whether the patient likely has an in-
trapulmonary shunt. They state that testing is
useful to quantify the response to therapeutic
or diagnostic interventions such as cardiopul-
monary exercise testing, to monitor severity
and progression of documented disease, and
to assess the adequacy of circulatory response.

Studies agree
The ACR recommendation to test “as clini-
cally indicated” is supported by studies showing
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that patient outcomes are not inferior for arte-
rial blood gas testing when clinically indicated
instead of daily, and that this practice is asso-
ciated with fewer complications, less resource
use, and reduced overall patient care costs.

A 2015 study compared the efficacy and
safety of obtaining arterial blood gases based
on clinical assessment vs daily in 300 critically
ill patients.'” Overall, fewer samples were ob-
tained per patient in the clinical assessment
group than in the daily group (all patients 3.7
vs 5.5; ventilated patients 2.03 vs 6.12; P <
.001 for both). In ventilated patients, there
was a 60% decrease in arterial blood gas orders
without affecting patient outcomes and safety,
including a lower risk of complications and
overall cost of care.

In another study, Martinez-Balzano et al'®
evaluated the effect of guidelines they devel-
oped to optimize the use of arterial blood gas
testing in their ICUs. These guidelines en-
couraged testing of arterial blood gases after
an acute respiratory event or for a rational
clinical concern, and discouraged testing for
routine surveillance, after planned changes of
positive end-expiratory pressure or inspired
oxygen fraction on mechanical ventilation,
for spontaneous breathing trials, or when a
disorder was not suspected.

Compared with data collected before im-
plementation, these guidelines reduced the
number of arterial blood gas tests by 821.5
per month (41.5%), or approximately 1 test
per patient per mechanical-ventilation day
for each month (43.1%; P < .001). Appropri-
ately indicated testing rose to 83.4% from a
baseline of 67.5% (P = .002). Additionally,
this approach was associated with saving 49
liters of blood, reducing ICU costs by $39,432,
and freeing up 1,643 staff work hours for other
tasks. There were no significant differences in
days on mechanical ventilation, severity of ill-
ness, or mortality between the 2 periods.®

Extubation effects. Routine arterial blood
gas testing has not been shown to affect ex-
tubation decisions in patients on mechani-
cal ventilation. In a study of 83 patients who
completed a spontaneous breathing trial (to-
tal of 100 trials), Salam et al'® found arterial
blood gas values obtained during the trial did
not change the extubation decision in 93% of
the cases.
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In a study of 54 extubations in 52 pa-
tients,”® 65% of the extubations were per-
formed without obtaining an arterial blood
gas test after the patient completed a trial of
spontaneous breathing. The extubation suc-
cess rate was 94% for the entire group, and it

was the same regardless of whether testing was
done (94.7% vs 94.3%, respectively).

Alternatives to arterial blood gases

There are less-invasive means to obtain the
information that comes from an arterial blood
gas test.

Pulse oximetry is a rapid noninvasive
tool that provides continuous assessment
of peripheral arterial oxygen saturation as a
surrogate marker for tissue arterial oxygen-
ation. However, it cannot measure Pao, or
Paco,.”!

Transcutaneous carbon dioxide (Prco,)
monitoring is another continuous noninva-
sive alternative. The newer Prco, devices
are useful in patients with acute respira-
tory failure and in critically ill patients on
vasopressors or vasodilators. Studies have
shown good correlation between Prco, and
Paco,.?*?

End-tidal carbon dioxide (Petco,) is
another alternative to estimate Paco,. It
can also be used to confirm endotracheal
tube placement, during transportation, dur-
ing procedures in which the patient is un-
der conscious sedation, and to monitor the
effectiveness of cardiopulmonary resuscita-
tion and return of circulation after cardiac
arrest. PeTco, measurements are not as ac-
curate as arterial blood gas testing owing to
a difference of approximately 2 to 5 mm Hg
between Paco, and Petco, in normal lungs
due to alveolar dead space. This difference
may be much higher depending on the clini-
cal condition and the degree of alveolar dead
space.2L25

Venous blood gases, which can be ob-
tained from a peripheral or central venous
catheter, are adequate to assess pH and par-
tial pressure of carbon dioxide (Pco,) in he-
modynamically stable patients. Walkey et al*
found that the accuracy of venous blood gas
measurement to predict arterial blood gases
was 90%. They recommended adjusting the
venous pH up by 0.05 and the Pco, down by 5
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mm Hg to account for the positive bias of ve-
nous blood gases. A limitation of this method
is that the values are not reliable in patients
who are in shock.

These alternatives can be used as a substi-
tute for daily arterial blood gases. However, in
certain clinical scenarios, arterial blood gas
measurement remains a necessary and useful
clinical tool.

B TAKE-HOME MESSAGE

Most scientific evidence suggests that chest ra-
diographs and arterial blood gas measurement in
patients undergoing mechanical ventilation—
and critically ill, in general—are best done
when clinically indicated rather than routinely
on a daily basis. This will reduce cost and harm
to patients that may result from these unneces-
sary tests and not adversely affect outcomes.
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