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The portable, or bedside, chest 
radiograph (PCXR) remains the 
most commonly ordered im-

aging study, particularly in intensive 
care unit patients, where valuable in-
formation can be gained at a low cost 
without the risk and expense of patient 
transport. Despite the widespread use 
of PCXR, persistent challenges arise in 
producing value-added interpretations. 
Compared to standard PA radiographs, 
exam quality and technique are much 
more variable. With the advent of pic-
ture archiving and communication sys-
tems (PACS) and hospital-wide access 
to images, “X-ray” rounds less com-
monly include direct consultation with 
a radiologist. 

To remain relevant to patient care 
and provide the best service to referring 
clinicians, the radiologist’s interpreta-
tion of studies and communication of 
findings must be timely and accurate. 
With the goal of reducing missed find-
ings, we will review sources of techni-
cal and interpretative error in PCXR 
interpretation.

Timing up for debate
Considerable debate exists regarding 

the timing of portable chest radiographs 
on intensive care (ICU) patients. The 
frequency of ordering has a significant 
impact on the prevalence of important 
findings. Studies from the 1980s and 
early 1990s reported a high frequency 
of important and often clinically silent 
abnormalities that supported the use of 
routine daily PCXR. These studies were 
limited by their observational design, 
absence of control groups and lack of 
patient outcome data.1-4 Accumulat-
ing evidence from more recent studies 
with more robust study design that in-
cludes assessment of clinical outcome 
measures such as length of intubation, 
length of ICU stay and mortality sug-

gest that a more restrictive approach or 
“on-demand” PCXR may still produce 
high-quality patient care with reduced 
cost and radiation dose.5-7 Using a rou-
tine ordering strategy, the prevalence 
of unanticipated findings is 4-6% (diag-
nostic efficacy); most commonly these 
result from a minor malposition of an 
endotracheal tube or new lung opacity. 
Only 2-3% of findings using the rou-
tine approach result in a management 
change (therapeutic efficacy). Intensiv-
ists perceive higher diagnostic efficacy 
with both the routine and restrictive 
strategies, presumably reflecting the 
clinical value of a negative study.8 The 
absolute number of missed findings 
should be higher with routine ordering 
strategies, due to the greater number of 
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overall exams and lower prevalence of 
actionable findings; the rate of missed 
findings may be higher with a restrictive 
ordering strategy due to an increased 
proportion of false-negative exams 
and fewer total studies.9 Expecting the 
frequency of actionable abnormalities 
to be considerably lower with a rou-
tine approach, an on-demand strategy 
would increase the diagnostic efficacy 
of PCXR, reduce unnecessary radiation 
exposures, and optimize resource utili-
zation. The most recent version of the 
ACR Appropriateness Criteria® no lon-
ger advocates for routine daily PCXR, 

favoring specific clinical indications, 
such as placement of a new invasive de-
vice or observed clinical decline.10 

Understanding the sources of error 
is a necessary first step in error reduc-
tion. Errors result from system fac-
tors, including technical or equipment 
limitations, environmental conditions 
(eg, suboptimal reading room design), 
workflow issues (eg, interruption, pro-
ductivity and turn-around time expec-
tations), inefficient communication 
processes and reader fatigue. 

Common technical limitations in-
clude increased noise from higher scat-

tered dose fraction and lower energy, 
grid artifacts and geometric distortion 
from short source to image distances, 
and beam angulation. Vigilant quality 
control practices can minimize diagnos-
tic errors related to suboptimal position-
ing or obscuration of important findings 
by overlying medical equipment. De-
spite the best possible effort, patient 
factors such as obesity, hypoventilation, 
and motion unsharpness can hinder di-
agnostic interpretation. Effective qual-
ity assurance programs can minimize 
errors attributable to preventable tech-
nical factors. 

FIGURE 1. Postprocessing artifact. (A) A 66-year-old woman with support devices, cardiac enlargement and retrocardiac opacity. Pleural effu-
sions are not clearly appreciated. (B) Axial CT performed the same day reveals the moderate, symmetric pleural effusions, masked on the 
radiograph by digital postprocessing.

FIGURE 2. Backscatter. (A) Larger patients require higher tube energy. Some of the photons reach the electronic components and are reflected 
into the image (backscatter). (B )Image of the detector electronics for comparison.
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Understanding the unique technical 
aspects of data acquisition and image 
processing associated with digital ra-
diography (DR) and computed radi-
ography (CR) systems is part of the 
radiologist’s added value. In general, 
diagnostic image quality is maintained 
over a wide range of exposure param-
eters requiring lower radiation doses 
compared to analog film due to higher 
detector efficiency. Underpenetration 
continues to be problematic, particu-
larly in the lower chest, where abdomi-
nal soft tissues attenuate photons with 

a proportional increase in image noise. 
Overpenetrated images are difficult to 
identify unless the applied dose exceeds 
10 times the appropriate level produc-
ing detector saturation. With this wide 
dynamic range, technologists may 
preferentially select higher exposure 
settings to avoid repeat exams, a phe-
nomenon described as exposure factor 
creep or dose drift. 

Following data acquisition, image 
post-processing generates the final 
image introducing new pitfalls. For 
each image, a histogram of the image 

density range is created; the optimal 
latitude and contrast values are chosen 
using a set of anatomy-specific refer-
ence parameters. Diffuse, symmetri-
cally attenuating abnormalities can be 
‘normalized’ as the system processes 
to the closest approximation of the ana-
tomic reference parameters.11 Similarly, 
when abnormalities are bilateral and 
asymmetric, the side that attenuates less 
may be normalized. This is a reported 
explanation for some of the decreased 
sensitivity in detection of pleural fluid 
in recumbent/supine patients (Figure 1).
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FIGURE 3. Gradual change—hemopericardium. (A) First postoperative bedside radiograph after mitral valve replacement with expected support 
devices. Comparison images from 7 days (B) and 15 days (C) later show gradual enlargement of the cardiac silhouette, which could be overlooked 
if only the most recent comparison is used. (D) Coronal CT at day 15 confirms hyperattenuating blood products in the pericardial space.
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Many artifacts unique to DR and CR 
acquisitions have been discussed in a 
recent review.12  Backscatter artifacts 
are particularly problematic for portable 
radiography where cassette shielding 
is minimized to decrease the cassette 
weight. When high exposures penetrate 
the shielding, the detector’s electronic 
components reflect radiation back into 
the image (Figure 2). 

Lighting conditions in reading rooms 
affect image contrast and lesion con-
spicuity. The dark conditions needed to 
optimize image contrast for hard-copy 
interpretation are less critical with elec-
tronic displays. Interpretation of im-
ages on LCD monitors may allow for 
brighter ambient conditions without 
loss in diagnostic accuracy and may re-
duce visual fatigue.13 Further research 

is necessary to establish standardized 
ambient conditions for modern PACS 
reading rooms. 

While the impact on diagnostic ra-
diology is not well understood, inter-
ruptions have been implicated in many 
types of medical errors by the Institute 
of Medicine report, To Err is Human.14 
Telephone and pager systems are highly 
disruptive. A recent paper addressing 
phone disruptions on call found the me-
dian time between calls in one academic 
practice ranged from 3-10 minutes, de-
pending on the time of day.15 Increased 
frequency of phone calls may nega-
tively influence accuracy of preliminary 
reports for on-call radiology residents.16 

Complex studies necessitate longer in-
terpretation times increasing the like-
lihood of disruption. One author has 
suggested that interruptions may ben-
efit the radiologist by providing a break 
from the monotony of continuously up-
dating worklists.17 For PCXR interpre-
tation, reader fatigue from repetition is 
perhaps more likely to produce errors 
than interruptions. Eye strain and visual 
fatigue have been shown to decrease 
diagnostic accuracy and reduce produc-
tivity.18 With increased demand for fast 
turn-around times, radiologists have be-
come victims of their own success. 

Comparison with immediate and 
older images requires time and larger 
workstations but may lead to fewer 

A B

FIGURE 4. Retained guide wire. (A) Intubated 45-year-old patient with bibasilar opacities. Several technical limitations include motion-related 
blurring and overlying hardware. (B) Subsequent image of better technical quality. A thin retained guidewire (black arrow) fragment is now easily 
detectable in the left descending pulmonary artery.

FIGURE 5. Esophageal Intubation. A 75-year-old man intubated for respiratory distress. The 
ETT with inflated cuff is to the left of the tracheal air column consistent with an esophageal 
intubation.
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missed abnormalities; comparison im-
ages have been reported to increase the 
detection rate of findings by up to 20% 
(Figure 3).19 Comparison images in-
crease confidence and result in greater 
diagnostic specificity. 

Despite vigilant PCXR review, in-
terpreters will “miss” relevant find-
ings. A study of general radiologists 
reports miss rates of 3-5%.20,21 Percep-
tion is purportedly the greatest con-
tributor to error and yet is the least 
well understood.22 Studies of percep-
tion in radiographic interpretation 
have suggested many true positive ab-
normalities are perceived in the first 
few seconds of image review before 
initiation of a search and is a function 
of reader experience.23,24 The second 
phase includes scanning of the image 
for abnormalities, followed by a period 
of decision-making. Focused atten-
tion on a particular area of a radiograph 
(visual dwell) is associated with both 
increased false positive and false nega-
tive findings. Observer-level errors can 
be classified as scanning or search er-
rors (don’t look at it), recognition errors 
(don’t see it), or decision-making errors 
(don’t understand it).25 The remainder 
of this article will address observer er-
rors in PCXR interpretation. 

Tubes and lines
A frequent and appropriate indica-

tion for portable chest radiography is 
the placement of a new medical device 
and associated complications. Device 
malposition may be clinically inappar-
ent; for this reason, indwelling devices 
should be systematically evaluated with 
each study. Requiring the technologist 
to reposition any overlying wires and 
tubing will facilitate this review (Figure 
4). Commonly overlooked and/or criti-
cally important abnormalities in each 
category will be described.

The ideal position of an endotracheal 
tube (ETT) is 4-6 cm above the carina. 
Mainstem bronchial intubation occurs 
in up to 10% of intubation attempts and 
is typically readily identified. The likeli-
hood of esophageal intubation increases 
with emergent situations, class III/IV air-
ways (Modified Mallampati), and level 
of training of the intubator. A recent 
review of emergency intubations per-
formed by anesthesia trainees at a large 
university found difficulty in placing 
the ETT in 10% with a 4% complication 
rate.26 Esophageal intubation is easily 
missed and emphasizes the importance 
of reviewing the entire course of each 
tube. Esophageal intubation should be 
suspected if any portion of the ETT proj-

ects outside the confines of the airways 
(Figure 5). Severe gaseous gastric disten-
sion or poorly inflated lungs may be the 
only clues to tube malposition.

Complications after central line 
placement include pneumothorax, 
hematoma and catheter malposition. 
Ideal position depends on the intended 
use of the catheter, but as a general rule 
the tip should reside in a large, central 
vein, preferably the lower half of the 
SVC, with its course parallel to the 
long axis of the vein. While complica-
tions from central line placement have 
decreased with the use of point-of-care 
ultrasound for direct venipuncture site 
visualization, catheter malposition is 
reported in up to 40% patients27 and 
occurs with higher frequency with a 
left-sided approach. In general, left-
sided catheters should cross midline 
and right-sided catheters should not 
cross midline; catheters failing this 
rule should be investigated with addi-
tional projections, review of prior im-
aging, blood gas analysis, or waveform 
transduction to exclude extravascular 
or arterial placement. In the specific 
case of pulmonary artery (PA) cath-
eters, peripheral positions may result 
in pulmonary infarct or balloon-related 
vascular injury. A PA catheter should 

FIGURE 6. PA catheter. (A) Bedside supine radiograph in a trauma patient with pulmonary artery catheter overlying the right descending pul-
monary artery. (B) Axial oblique maximum intensity projection (MIP) CT shows the PA catheter in a proximal subsegmental right middle lobe 
pulmonary artery (white arrow), which could be injured with balloon inflation or occluded by the catheter.
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terminate proximal to the interlobar 
pulmonary artery (ILA). A position 
within 2 cm of the hilum has been de-
scribed as acceptable,27 although this 
fails to account for  the proximal origin 
of small segmental right middle lobe and 
lingular pulmonary arteries (Figure 6). 

Malposition occurs in 1-1.5% of 
gastric/enteric tubes. The side port 
of a gastric tube should be below the 
level of the gastroesophageal junction; 
weighted feeding tubes should extend 
to the second portion of the duodenum. 
Both should be confirmed by radio-
graph before use. The entire course of 
the enteric tube must be verified to fol-
low the expected course of the upper 
gastrointestinal track; distal tip location 
alone is insufficient. An enteric tube in-
advertently placed into the tracheobron-
chial tree may be advanced through the 
lung parenchyma and visceral pleural. 
In this instance, a tube in the posterior 
pleural space may simulate an infradia-
phragmatic tube with catastrophic con-
sequences. 

Large thoracostomy tubes or pleural 
pigtail catheters may be used to evacu-
ate fluid or gas. Whether a straight or 
pigtail catheter, the side-ports of the 
tube should reside within the inner mar-
gin of the ribs. Tubes directed toward 
the hila may be fissural. Chest tube 
malposition must be suspected when 

pleural collections fail to drain. When 
the adjacent lung is expanded and free 
of consolidation, at least one edge of the 
chest tube should be visible if it is in-
trapleural (obscured outer edge sign).28 
As with enteric tubes, the entire course 
of the chest tube should be evaluated. If 
any portion of the tube projects outside 
the pleural space distal to the pleural 
entry site, the entire tube is extrapleu-
ral. While rarely necessary, CT may be 
helpful to confirm tube position and any 
associated injuries (Figure 7).

Airspace processes
Airspace processes can be difficult to 

characterize on portable chest radiogra-
phy, and patterns are often overlapping. 
Narrowing the differential diagnosis 
requires an understanding of the clini-
cal presentation. Aspiration, a common 
occurrence in ICU patients, and pneu-
monia, a common clinical query, will be 
addressed.

Aspiration is an under-appreciated 
and clinically important source of air-
space opacity in ICU patients. Aspira-
tion can lead to a chemical pneumonitis 
and is a known risk factor for the de-
velopment of acute respiratory distress 
syndrome (ARDS). In a prospective 
study of critically ill patients, nearly 
90% of patients had pepsin in BAL 
samples, a surrogate marker of inhaled 

gastric contents.29 The diagnosis of as-
piration can be challenging, as most 
events are un-witnessed and patients are 
sedated. At PCXR, aspiration occurs in 
a dependent distribution that varies with 
patient position; in the supine patient 
this is most often perihilar and asym-
metric in the superior segments of the 
lower lobes and posterior segments of 
the upper lobes. The B6 bronchus sign 
is useful in the detection of superior 
segment, lower lobe air space disease 
(Figure 8). Radiographic findings may 
lag clinical symptoms. 

Pneumonia in ventilated patients is 
relatively common, occurring in 9-21%. 
The reported sensitivity of new or wors-
ening opacity is reported to be 50-78% 
and air bronchograms, 58-83%, how-
ever interobserver reliability is low.30 
Specificity is also low and no particular 
finding or combination of findings is 
an accurate predictor of ventilator-as-
sociated pneumonia. Correlation with 
protected bronchial brushing cultures, 
PCXR has a positive predictive value 
of 0.35 and negative predictive value 
of 0.55.31 Detection of new parenchy-
mal abnormalities is more challenging 
in the setting of critically ill patients 
with ARDS. In ventilated patient with 
ARDS, the accuracy of PCXR is re-
duced to 30-50%.32 In patients with 
diffuse lung abnormalities associated 

FIGURE 7. Malpositioned chest tube. (A) Portable image from the ED after motor vehicle trauma. Much of the course of the chest tube including 
the side port resides outside the margin of the ribs. In the apical chest, the walls of the chest tube are not outlined by aerated lung or pleural gas 
(obscured outer edge sign). (B) Oblique CT MIP reformatted image confirms the entire chest tube course in the chest wall soft tissues.
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with ARDS, there is usually minimal 
day-to-day change; therefore, abrupt or 
gradual worsening lung opacity over  
serial exams may indicate a nosocomial 
infection.

Pleural space
Pleural effusions are common in 

ICU patients. Detection of pleural find-
ings depends highly on patient position. 
Free-flowing fluid first accumulates in 
the posterior costophrenic sulcus, a loca-
tion frequently occult in semi-recumbent 

patients. Typical findings of posteriorly 
layering pleural fluid include a subtle 
gradient of opacity in the lower chest, 
blunting of the lateral sulci, loss of a per-
ceptible diaphragm, and loss of vascular 
marking below the diaphragm. An api-
cal cap may be seen in supine patients.33 
Supine radiographs are only moderately 
sensitive (70%) and specific (67%) for 
pleural fluid, with costophrenic angle 
blunting being the most frequent and 
least specific sign.34 As much as 500 
mL of pleural fluid may be necessary for 

radiographic detection,35 and accurate 
estimation of pleural effusion size with 
supine PCXR is difficult. Atelectasis, 
consolidation, and superimposed ab-
dominal or breast tissue may all mimic 
layering pleural fluid. As previously 
mentioned and worth emphasizing, 
digital post processing can normalize 
symmetric attenuation, masking consid-
erable pleural fluid. 

As with pleural fluid, pleural air can 
be difficult or impossible to detect by 
PCXR. Occult pneumothorax (OPTX) 

FIGURE 8. B6 Bronchus. A 54-year-old intubated patient in the intensive 
care unit. The on-end airway near the left hilum (black arrow) represents 
the left lower lobe superior segment bronchus (B6), indicating segmental 
atelectasis or consolidation, often associated with aspiration.

FIGURE 9. Apical pleural tent. Immediate postoperative PCXR after lung 
volume reduction surgery and apical pleural tent. Lucency in the right lung 
apex simulates a pneumothorax, however the parietal and visceral pleura 
(black arrows) are both apparent near the tip of the thoracostomy tube. 

FIGURE 10. Benign emptying of the pleural space. (A) Immediate postoperative radiograph in a 65-year-old patient after uneventful pneumo-
nectomy. (B) Three weeks post-op, expected fluid accumulation in the pneumonectomy space. (C) Just over 7 weeks from surgery, there is a 
>10 cm drop in the fluid level raising suspicion for bronchopleural fistula. The patient was asymptomatic and had intact bronchial stump at bron-
choscopy consistent with BEPS.
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has been described in 29-72% of trauma 
patients correlating PCXR with con-
temporaneous CT.36 Sensitivity im-
proves considerably with semi-upright 
positioning.37 In supine patients, pleural 
air tends to collect in the non-dependent 
portion of the pleural space, namely 
the anteromedial and subpulmonic re-
cesses. In one study, only 22% of su-
pine and semirecumbant patients had a 
visible apicolateral pleural line, while 
38% had anteromedial and 26% sub-
pulmonic collections.38 Lower lobe 
collapse is associated with posterome-
dial PTX.39 In addition to a visible vis-
ceral pleural line, additional findings 
of a pneumothorax in a supine patient 
include a deep sulcus, increased con-
spicuity of the cardiac apex or fat pad, 
abnormally lucent medial sulcus, the 
double diaphragm sign, and depressed 
ipsilateral diaphragm. 

Mimics of pneumothorax include 
external objects that can result in fine 
lines, such as starch in sheets/gowns or 
oxygen tubing. Correlation with prior 
studies may prevent misinterpretation 
of a chest tube tract for a new pneumo-
thorax. Skin folds produce an interface 
and not a thin pleural line, however 
when the lung adjacent to a pneumo-
thorax is consolidated, this distinction 
may be difficult. Mach bands are a well-
described visual phenomenon of lat-
eral retinal inhibition that can simulate 
pneumothorax at abrupt contrast inter-
faces along a curved surface such as the 
cardiac apex.40 

Postsurgical complications
Patients who have undergone car-

diothoracic surgery present additional 
challenges in PCXR interpretation. 
Changes in the position of normal struc-
tures and surgical alterations can mimic 
pathology (Figure 9). Correlation with 
operative reports and pre-operative 
imaging is crucial. Subtle imaging 
findings may be the first clue of a post-
operative complication. 

Mediastinal hemorrhage is an im-
portant diagnosis that may be detected 
radiographically. Re-exploration for sus-
pected bleeding occurs in up to 3-5% of 

patients of after cardiac surgery.41 While 
the decision to re-explore is influenced 
largely on clinical parameters (instability 
and clinical/laboratory findings of blood 
loss), early detection may improve out-
comes. Prolonged time to re-exploration 
has been associated with increased mor-
tality.42 While post-operative patients 
typically have a wider mediastinum 
compared to their pre-operative exami-
nations, an increase in mediastinal width 
of greater than 70% suggests mediastinal 
hemorrhage that requires exploration.43 
An apical cap is another finding of large-
volume mediastinal hemorrhage.

After pneumonectomy, a rapidly 
changing air fluid level may indicate in-
trapleural hemorrhage or bronchopleural 
fistula. Gradual accumulation of fluid in 
the pneumonectomy space is expected 
and may take as long as 9 months to 
completely fill the cavity. Consistent ra-
diographic technique is required to com-
pare fluid levels. Rapid increase in fluid 
in the early post-operative period is often 
due to hemorrhage, usually from a bron-
chial artery. There may be associated 
mass effect/mediastinal shift. The fluid 
level may drop by up to 1.5 cm between 
exams without raising concern, however 
when the gas component has enlarged, 
one must suspect bronchopleural fistula 
(BPF).44 When this occurs more than a 
week after surgery, a concurrent empy-
ema must be suspected. Rarely (< 1%), 
an increase in the gas component is ob-
served in asymptomatic patients, termed 
benign emptying of the pneumonectomy 
space (BEPS, Figure 10).45 The etiology 
of BEPS is not well understood; how-
ever, self-limited BPF and patient hydra-
tion status are proposed explanations.46 

Conclusion
Portable chest radiographs are a com-

monly ordered examination that can 
be challenging to interpret. While rou-
tine morning chest radiographs were 
once thought to be best for patient care, 
more restricted use is recommended 
in the ACR Appropriateness Criteria 
and may provide equivalent patient 
outcomes with increased diagnostic ef-
ficacy and cost savings. Understanding 

the technical nuances of digital imag-
ing acquisition and post-processing 
prevents potential misinterpretations, 
such as “normalization” of layering 
pleural effusions. Careful assessment 
of the course and termination of support 
devices will reduce recognition errors. 
Aspiration particularly in the superior 
segments of the lower lobes is an under-
recognized cause of airspace opacities 
in ICU patients and may lead to noso-
comial pneumonia. Although PCXR is 
relatively insensitive for pleural abnor-
malities, attention to patient positioning 
may improve detection. Finally, inter-
pretation of postsurgical images adds 
challenges related to altered anatomy, 
changing surgical techniques, and rec-
ognizing the spectrum and time course 
of complications. Strict attention to the 
principles outlined in this article should 
decrease technical and observer errors 
associated with PCXR interpretation.
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