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Abstract: Portable chest radiography is a fundamental and fre-
quently utilized examination in the critically ill patient population.
The chest radiograph often represents a timely investigation of new
or rapidly evolving clinical findings and an evaluation of proper
positioning of support tubes and catheters. Thoughtful consid-
eration of the use of this simple yet valuable resource is crucial as
medical cost containment becomes even more mandatory. This
review addresses the role of chest radiography in the intensive care
unit on the basis of the existing literature and as formed by a
consensus of an expert panel on thoracic imaging through the
American College of Radiology. The American College of Radi-
ology Appropriateness Criteria are evidence-based guidelines for
specific clinical conditions that are reviewed every 3 years by a
multidisciplinary expert panel. The guideline development and
review include an extensive analysis of current medical literature
from peer-reviewed journals and the application of a well-

established consensus methodology (modified Delphi) to rate the
appropriateness of imaging and treatment procedures by the panel.
In those instances in which evidence is lacking or not definitive,
expert opinion may be used to recommend imaging or treatment.
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SUMMARY OF LITERATURE REVIEW

Introduction/Background
Portable chest radiographs can be categorized as one

of the following:
(1) Daily or routine chest radiographs for patient monitoring.
(2) Chest radiographs obtained after specific procedures.
(3) Chest radiographs documenting the presence or course

of disease.
This narrative concerns daily routine chest radiographs

in the intensive care unit (ICU). The role of chest radio-
graphs after insertion of endotracheal, nasogastric (oro-
gastric), and chest tubes, placement of pulmonary artery
(Swan-Ganz) and central venous catheters (CVC), and chest
tube removal is addressed (Table 1).

Discussion of Imaging Modalities by Variant

Variants 1, 2, and 3: Routine Versus Clinically
Indicated Chest Radiographs

Long-standing controversy exists regarding the role of
routine portable chest radiographs in critically ill patients in

TABLE 1. Table Ratings

Radiologic

Procedure

Variants

X-Ray Chest

Portable

Variant 1: Admission or transfer to ICU 7
Variant 2: Stable patient. No change in
clinical status

3

Variant 3: Patient with clinical worsening 9
Variant 4: Post-insertion of tube or catheter 9
Variant 5: Post-chest tube removal 5

Rating scale: 1, 2, 3—Usually not appropriate; 4, 5, 6—May be
appropriate; 7, 8, 9—Usually appropriate.

This article is a revised version of the American College of Radiology
Appropriateness Criteria Intensive Care Unit Patients. Practitioners
are encouraged to refer to the complete version at http://www.
acr.org/ac.
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the ICU, particularly in the mechanically ventilated patient.
Traditionally, routine daily chest radiographs have been per-
formed for these patients, largely on the basis of data from the
1980s, which showed a high incidence of new or unexpected
findings.

More recent data suggest that this solidly entrenched
philosophy in ICU management of patients is of low yield
in the absence of a clear indication, such as new device
placement or clinical change. Oba and Zaza1 performed a
meta-analysis of 8 trials comprising 7078 ICU patients, half
of whom received daily chest radiographs and the other half
of whom received chest radiographs for specific clinical
indications. The study examined primary endpoints such as
hospital or ICU mortality, length of mechanical ventilation,
hospital stay, or adverse event rate. Eliminating routine
daily chest radiographs did not affect mortality, length of
stay in the hospital or ICU, or ventilator days.

Hejblum at al2 assessed the efficiency and effectiveness of
routine daily versus clinically indicated chest radiographs for
mechanically ventilated patients in the ICU. In the first
period, 11 ICUs were randomly allocated to use daily chest
radiographs and 10 ICUs to use an indication-driven strategy.
A total of 424 patients had 4607 routine chest radiographs,
and 425 patients had 3148 indication-driven chest radio-
graphs, which represents a statistically significant 32%
reduction in use of chest radiographs without sacrificing
quality of care or safety. Lakhal et al3 have likewise found
decreased resource utilization in ICUs using indication-driven
chest radiograph ordering, and Leong et al4 concluded that
the timing of portable chest radiographs in overall manage-
ment guidelines should be based on clinical evaluations.

Graat et al5 prospectively evaluated the clinical value
of 2457 routine chest radiographs in a combined surgical/
medical ICU (MICU). In their study, 5.8% of daily routine
chest radiographs showed new or unexpected findings, but
only 2.2% warranted a change in therapy. No difference
was found between the medical and surgical patients.

A prospective randomized control study of MICU
patients by Krivopal et al6 found a greater percentage of
radiographs with significant findings (requiring inter-
vention) in the indication-driven group (26.5%) than in the
routine group (13.3%). Significant interventions included
diuresis, antibiotic administration, or invasive procedures.
Patients in the indication-driven group received sig-
nificantly fewer radiographs than those in the routine group
(4.4 vs. 6.8) and experienced no significant difference in
outcomes, length of intubation, ICU stay, hospital stay, or
mortality.

Clec’h et al7 also showed increased diagnostic yield of
indication-driven versus routine chest radiographs. When
the clinical indication of a radiograph is acute hypoxia,
Walker et al8 reported a relatively high rate of actionable
findings, with 24.3% of radiographs showing major
changes and 20.3% of radiographs showing minor changes.
Hendrikse et al9 concluded that the diagnostic and ther-
apeutic value of routine chest radiograph is low, recom-
mending abandoning routine chest radiographs in the ICU.
Although reporting the lowest rate of significant abnormal
chest radiograph findings at 3% of all chest radiographs in
18% of the MICU patients, Hall et al10 still recommended
daily routine studies on all critically ill patients. Strain
et al11 found a high diagnostic yield in MICU patients with
acute cardiopulmonary disease but very low in patients
with stable cardiac disease (usually myocardial infarction)
and in ICU patients who had only extrathoracic disease.

For cardiothoracic ICU patients, 2 prospective non-
randomized studies12,13 support the recommendation to
obtain chest radiographs in cardiothoracic ICU for clinical
findings but not for routine follow-up with a low incidence
of significant findings on routine radiographs (4.5% in both
studies) and consequently a minimal impact on patient
management. The role of chest radiographs for evaluation
of intra-aortic balloon pumps and ventricular-assist devices
has not been specifically addressed in the literature.

Recommendation. Routine daily chest radiographs are
not indicated for patients admitted to the ICU. In stable
patients admitted for cardiac monitoring, or in stable patients
admitted for only extrathoracic disease, an initial ICU
admission radiograph is recommended; follow-up radio-
graphs should be obtained only for specific clinical indica-
tions, including clinical worsening and tube or line insertion.

Variant 4: Post-insertion of Tube or Catheter
Endotracheal Tubes. Nine studies appear in the literature

since 198011,13–20 that evaluate the significance of the chest
radiograph in assessing endotracheal tube placement after
insertion. Five of these studies demonstrate that between 12%
and 15% of endotracheal tubes are malpositioned, many
requiring repositioning. Two studies found 28% and 46% of
tubes malpositioned upon insertion, and the single dissenting
paper found 2% malpositioned. Two studies comparing
physical examination with radiographs14,21 found that phys-
ical examination predicted malpositioned tubes in 3% of
patients, whereas the radiographs showed malpositioning in
14% of patients in 1 study and 28% in the other, the vast
majority discovered in the first 3 days.22

Recommendation. Very few malpositioned tubes are
detected by physical examination. Radiographs immediately
after intubation are indicated to ensure proper positioning.

CVCs and Swan-Ganz Catheters. Eight studies evaluating
CVCs and Swan-Ganz catheters11,14–18,20,22,23 derived the
same conclusion: chest radiographs are useful after catheter
insertion, detecting approximately 10% malpositioned. The
majority of complications, occurring in approximately 10% of
catheter insertions, are minor; pneumothorax occurred in
approximately 2% of patients.15,23 Complications were twice
as common with subclavian compared with jugular catheters
(17% vs. 8%),14 although unsuspected complications were
infrequent.

Recommendation. A chest radiograph after insertion of
a CVC and/or Swan-Ganz catheter is recommended to
demonstrate proper placement and to detect complications.
Beyond initial insertion, follow-up chest radiographs have a
low yield for revealing complications and are only sug-
gested when complications are clinically suspected.

Nasogastric (Orogastric) Tubes. There are no large
prospective studies that consider the utility of obtaining a
chest radiograph immediately after the insertion of a
nasogastric suction tube or a small-bore feeding tube. Chest
radiographs revealed important tube malpositioning in 1%
of cases.11,15,17

On the basis of limited evidence, small-bore feeding
tubes may, in a small but significant number of patients, be
inadvertently placed in the bronchi or lungs. This error is
not always detected clinically and may lead to injection of
feeding material into the lung or tube penetration of the
pleura, with subsequent pneumothorax.

Recommendation. A chest radiograph is warranted
after initial nasogastric tube insertion and before the first
feeding. Beyond the initial chest radiograph, follow-up
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chest radiographs are not required for managing stable
tubes.

Chest Tube Insertion. Few studies evaluate the efficacy of
the initial chest radiograph after the insertion of a chest tube.
The 3 available studies show that approximately 10% of tubes
are malpositioned.11,16,20 Many of the radiographic abnormal-
ities detected are minor and do not lead to tube repositioning.

Recommendation. After insertion of a chest tube, a
chest radiograph is recommended to show the position of
the tube, any success in drainage, and possible complica-
tions from insertion. Further evaluation of tube position
and function is warranted on the basis of management of
the pleural space and clinical indications.

Variant 5: Post-chest Tube Removal
A total of 6 prospective observational and retro-

spective cohort studies and 1 meta-analysis7,24–29 found a
low rate of complications, most notably pneumothorax,
after chest tube removal, the majority of which were pre-
dicted clinically25,27 and with a low rate of tube reinsertion
of between 0.25% and 4%.24,29

Recommendation. A routine chest radiograph is not
recommended after chest tube removal, unless indicated by
clinical presentation.

SUMMARY OF RECOMMENDATIONS
� Placement of endotracheal or nasogastric (orogastric)

tubes, CVC, Swan-Ganz catheters, or any other life-
support item is an indication for a chest radiograph.

� Change in the clinical condition of the patient is an
indication for a chest radiograph.

� Routine daily chest radiographs in the ICU are not
indicated.

SUMMARY OF EVIDENCE
Of the 29 references cited in the ACR Appropriateness

Criteria Intensive Care Unit Patients document, all of them
are categorized as diagnostic references, including 5 good-
quality studies and 12 quality studies that may have design
limitations. There are 12 references that may not be useful
as primary evidence.

The 29 references cited in the ACR Appropriateness
Criteria Intensive Care Unit Patients document were pub-
lished between 1981 and 2012.

Although there are references that report on studies
with design limitations, 5 good-quality studies provide good
evidence.
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