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Abstract We aimed to explore the diagnostic accuracy of
various mediastinal measurements in determining acute
nontraumatic thoracic aortic dissection with respect to posteroanterior (PA) and anteroposterior (AP) chest radiographs,
which had received little attention so far. We retrospectively
reviewed 100 patients (50 PA and 50 AP chest radiographs)
with confirmed acute thoracic aortic dissection and 120
patients (60 PA and 60 AP chest radiographs) with confirmed normal aorta. Those who had prior history of trauma
or aortic disease were excluded. The maximal mediastinal
width (MW) and maximal left mediastinal width (LMW)
were measured by two independent radiologists and the
mediastinal width ratio (MWR) was calculated. Statistical
analysis was then performed with independent sample t test.
PA projection was significantly more accurate than AP projection, achieving higher sensitivity and specificity. LMW and
MW were the most powerful parameters on PA and AP chest
radiographs, respectively. The optimal cutoff levels were
LMW04.95 cm (sensitivity, 90%; specificity, 90%) and
MW07.45 cm (sensitivity, 90%; specificity, 88.3%) for PA
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projection and LMW05.45 cm (sensitivity, 76%; specificity,
65%) and MW08.65 cm (sensitivity, 72%; specificity, 80%)
for AP projection. MWR was found less useful and less
reliable. The use of LMW alone in PA film would allow more
accurate prediction of aortic dissection. PA chest radiograph
has a higher diagnostic accuracy when compared with AP
chest radiograph, with negative PA chest radiograph showing
less probability for aortic dissection. Lower threshold for
proceeding to computed tomography aortogram is recommended however, especially in the elderly and patients with widened mediastinum on AP chest radiograph.
Keywords Acute aortic dissection . Nontraumatic .
Chest radiograph . Computed tomography

Introduction
Thoracic aortic injury is a potential lethal entity. Although it
can be accurately assessed by cross-sectional imaging such
as multidetector computed tomography (CT) or transesophageal dissection nowadays [1, 2], chest radiograph is
often the initial imaging modality performed when clinical
suspicion of aortic dissection is raised. Mediastinal width
(MW) has been the most commonly used criterion with a
quoted cutoff value ranging from 7.3 to 9.4 cm [3–7].
Despite its relatively poor diagnostic accuracy [8–10] with
significantly low specificity, it had been found to be the
most powerful radiographic tool and improved specificity
had been observed with the use of left mediastinal width
(LMW) and mediastinal width ratio (MWR) [11].
Nevertheless, results from past literatures mainly focused
on traumatic aortic rupture [12] but seldom on nontraumatic
thoracic aortic rupture or aortic dissection which is far more
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common but often less emphasized with little attention
received. In addition, the impact of posteroanterior (PA)
and anteroposterior (AP) chest radiograph on mediastinal
measurement was not well established and studied. Hence,
in our study, we aimed to explore the accuracy and diagnostic power of various mediastinal measurements in determining acute nontraumatic thoracic aortic dissection with
respect to PA and AP chest radiographs, from which to
derive the desire cutoff values.

Materials and methods
Patient selection
We retrospectively reviewed all cases of suspected or confirmed acute aortic dissection that had both chest radiograph
and CT scan of the thorax performed during the same emergency admission over a period of 6 years from 2005 to 2010.
Exclusion criteria include those who had known history of
thoracic aortic aneurysm, aortic dissection, mediastinal disease, pericardial effusion, cardiomyopathy, collapsed consolidation of the lungs, central lung disease obscuring the
mediastinum, prior thoracic surgery, and prior history of trauma. Those who did not present with acute chest pain to the
emergency department but with CT-confirmed aortic dissection were excluded to avoid inclusion of chronic aortic dissection cases which might induce interpretation error. Those
who had a chest radiograph taken at more than 1 day apart
from the CT scan or with significant rotation were also
excluded. Through our computer database system, a total of
100 patients (mean, 66.9±16.7 years; range from 24 to
91 years old) matching the above criteria were included, in
which 50 patients had a PA chest radiograph taken, while the
remaining 50 patients had an AP chest radiograph taken. From
the data bank, we also identified and recruited 120 patients
(mean, 65.8±15.3 years; range from 28 to 93 years old) with
CT-confirmed normal aorta as a control group to match the
dissection group, in which 60 patients had a PA chest radiograph taken, while the remaining 60 patients had an AP chest
radiograph taken. They were typically retrieved from the
initially suspected dissection cases which subsequently
proved to be normal by CT scan.

group, 38 were of sitting film, while the remaining 22 were
taken in the supine manner. However, no statistical significance was found between the measured values from sitting
and supine AP films in both normal and dissection groups.
All CT aortograms were performed by our multidetector CT
machine (16-head, Brillance 16, Philips). Scanning range
was from lung apex to pubic symphysis in all patients.
Imaging was performed in the noncontrast phase initially
and subsequently during the arterial phase after a bolus
(2 mL/kg of body weight; maximum dose, 80 mL) of
nonionic iodinated contrast (Omnipaque 300) administered
intravenously by mechanical injector at a rate of 4 mL/s. All
CT scans were not cardiac-gated since this was considered
not appropriate in the emergency setting. The raw images
acquired were then reconstructed for interpretation.
Imaging measurement
All chest radiographs from 220 subjects were reviewed by two
independent radiologists blinded to the clinical data and study
group. The following parameters were measured, as shown in
Fig. 1: (1) maximal MW as defined by maximal distance from
the right lateral border to the left lateral border of the superior
mediastinum at the level of the aortic knob and (2) maximal
LMW as defined by the maximal distance taken from midline
of the trachea to left lateral border of the mediastinum at the
level of the aortic knob. The MWR, defined as the ratio of
LMW and MW, was thus calculated. In order to standardize
measurement method and to minimize measurement error, no
magnification was used and each parameter was measured
three times by each individual radiologist with the mean value
obtained. Discrepancy of measurement, if any, was resolved
after subsequent consensus.

Imaging techniques
All chest radiographs were taken in a standard standing PA
manner or supine/sitting AP manner. The standard focal film
distance (FFD) employed were standing PA, 183 cm FFD;
sitting AP, 135 cm FFD; supine AP, 102 cm FFD. For the 50
AP chest radiographs in the dissection group, 23 were of
sitting film, while the remaining 27 were taken in the supine
manner. For the 60 AP chest radiographs in the normal

Fig. 1 PA chest radiograph showing mediastinal measurement: MW
(white arrow) and LMW (black arrow)
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Statistical analysis
Interobserver agreement for the measured data was evaluated and expressed with the κ statistic, which was excellent
with the kappa value (κ) >0.90 for all MW and LMW
measurements on both PA and AP chest radiographs.
Statistical analyses were then performed by SPSS 16.0 for
Windows (SPSS Inc.) separately for both PA and AP films
with the use of independent sample t test. Differences with a
p value of <0.05 were considered to be statistically significant. Receiver operating characteristic (ROC) curves were
then generated with the cutoff values of the respective

parameters determined from the coordinates along the
curves to accommodate 100% sensitivity and best diagnostic accuracy for each criterion.

Results
Radiographs from both the dissection and normal groups
were matched for age, patient positioning, and radiographic
technique with no statistically significant difference so that a
nonbiased comparison could be achieved. The distribution
of MW, LMW, and MWR for both dissection and normal

Fig. 2 Box plot showing the distribution of PA and AP chest radiographic a MW, b LMW, and c MWR between normal and dissection groups
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groups with regard to AP and PA chest radiographs were
represented by box plots in Fig. 2a–c, respectively.
For PA chest radiograph, the mean MW was 9.28 ±
1.67 cm in the dissection group and 6.45±0.95 cm in the
normal group; the mean LMW was 6.40±1.44 cm in the
dissection group and 4.30±0.59 cm in the normal group;
and the mean MWR was 0.687±0.056 in the dissection
group and 0.665± 0.045 in the normal group. MW and
LMW were statistically significantly higher in the dissection
group than in the normal group (MW and LMW: p<0.001),
while MWR between the two groups also reached a statistically significant difference (p00.022).
For the AP chest radiograph, the mean MW was 9.76±
1.72 cm in the dissection group and 7.85±1.29 cm in the
normal group; the mean LMW was 6.61±1.32 cm in the
dissection group and 5.13±0.89 cm in the normal group;
and the mean MWR was 0.678±0.078 in the dissection
group and 0.656± 0.070 in the normal group. MW and
LMW were statistically significantly higher in the dissection
group than in the normal group (p<0.001), while MWR did
not reach statistical significance however (p00.117). A representative example is shown in Fig. 3a, b.
All corresponding values did not demonstrate any statistical significance in direct comparison between PA and AP
groups. According to the ROC curve analysis (Fig. 4a),
LMW was the most powerful parameter on PA chest radiograph, with an area under the curve of 0.952. The respective
cutoff values to achieve 100% sensitivity were LMW 0
4.45 cm and MW06.15 cm but carried low specificities of
63.3 and 43.3%, respectively, only. The optimal cutoff values
in balancing high sensitivity and specificity were LMW0
4.95 cm (sensitivity, 90%; specificity, 90%; positive predictive value, 88.2%; negative predictive value, 91.5%) and
MW07.45 cm (sensitivity, 90%; specificity, 88.3%; positive
predictive value, 86.5%; negative predictive value, 91.4%).
For AP chest radiographs, MW was the most powerful
parameter, carrying an area under the curve of 0.823 as determined by the ROC curves (Fig. 4b). The respective cutoff
values to achieve 100% sensitivity were LMW04.35 cm and
MW06.40 cm but associated with extremely low specificities
of 22.7 and 6.7%, respectively. The optimal cutoff values
were LMW05.45 cm (sensitivity, 76%; specificity, 65%;
positive predictive value, 64.4%; negative predictive value,
76.4%) and MW08.65 cm (sensitivity, 72%; specificity,
80%; positive predictive value, 75.0%; negative predictive
value, 77.4%). These were summarized in Tables 1 and 2.

Discussion
Aortic dissection is not an infrequent entity, with a reported
incidence of 5–10 out of 1,000,000 per year [13]. Yet
patients often present with nonspecific clinical symptoms

Fig. 3 Acute type A aortic dissection in a 46-year-old man. a AP chest
radiograph showing marked widening of the mediastinum with MW
and LMW measuring 11.5 and 7.6 cm, respectively. b Corresponding
selected image of CT aortogram confirms type A aortic dissection

raising diagnostic difficulty. Much had been mentioned
regarding the diagnostic accuracy of various findings on
chest radiograph as indicator of thoracic aortic rupture in
blunt chest trauma. These included widening of the mediastinum, blurring of the aortic knob or aortic knob width,
tracheal shifting to the right, left apical cap, depression of
the left mainstem bronchus below 40°, widened left paraspinal line, abnormal MW–chest width ratio, hemothorax,
pneumothorax, and rib fractures [14–18]. MW >8 cm had
been a widely used screening tool for aortic rupture [19–21].
However, only little emphasis was made on acute nontraumatic aortic rupture and aortic dissection. This can be important because differences exist between the two groups with
regard to their etiology, age group, site of aortic injury, clinical
course, and progression. In addition, the accentuation effect of
AP film on MW as opposed to PA film can cause potential
measurement error [22, 23]. The use of LMW and MWR had
been proposed to minimize such accentuation effect on AP
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Fig. 4 ROC curves for different measured variables in a AP and b PA chest radiographs

film [11], but its feasibility in acute nontraumatic aortic dissection has yet to be tested.
Our results demonstrated that only minor differences
existed between PA and AP chest radiographs regarding
the cutoff values of MW (PA, 6.15 cm; AP, 6.40 cm) and
LMW (PA, 4.45 cm; AP, 4.35 cm) in achieving 100%
sensitivity, but with a tradeoff of low specificity which
became worse in AP projection. Considerable differences
were observed when the cutoff values were defined at the
optimal level with best diagnostic accuracy according to
ROC curves: MW (PA, 7.45 cm; AP, 8.65 cm) and LMW
(PA, 4.95 cm; AP, 5.45 cm). MW was found to be the most
powerful radiographic parameter on AP chest radiograph,
while LMW was the most powerful on PA chest radiograph.
In contrary, MWR was less useful and seemed unreliable,
which could be related to artificial group differences
Table 1 Comparison of optimal cutoff values of MW and LMW for
best diagnostic power between PA and AP chest radiographs

MW (cm)

LMW (cm)

PA

AP

7.45
Sn, 90%; Sp, 88.3%

8.65
Sn, 72%; Sp, 80%

PPV, 86.5%; NPV, 91.4%
4.95
Sn, 90%; Sp, 90%
PPV, 88.2%; NPV, 91.5%

PPV, 75.0%; NPV, 77.4%
5.45
Sn, 76%; Sp, 65%
PPV, 64.4%; NPV, 76.4%

MW mediastinal width, LMW left mediastinal width, Sn sensitivity, Sp
specificity, PPV positive predictive value, NPV negative predictive
value

produced from the mathematical relation. Overall, PA projection was significantly more accurate than AP projection,
achieving high sensitivity and specificity. This could be
explained by the considerable wide range or variability of
the measured parameters with significant overlapping
between normal and dissection groups in AP chest radiograph
(as shown in Fig. 2) compared with those taken from PA chest
radiograph. Therefore, the use of LMW alone in PA chest
radiograph would provide a more accurate prediction in the
assessment of acute aortic dissection, while a combination of
LMW and MW would allow improved accuracy in determining acute aortic dissection in AP chest radiograph.
A major limitation was the variability of radiographic
quality and view that might have influenced accurate
assessment and measurement of the parameters. This
would be particularly problematic with the AP chest
radiographic technique as it might be difficult to maintain the same FFD or at its desirable distance for all
subjects. Perhaps this could be the major reason behind
its overall inferior diagnostic accuracy with significantly
Table 2 Comparison of cutoff values of MW and LMW to achieve
100% sensitivity between PA and AP chest radiographs

MW (cm)
LMW (cm)

PA

AP

6.15
Sp, 43.3%
4.45
Sp, 63.3%

6.40
Sp, 6.7%
4.35
Sp, 22.7%

MW mediastinal width, LMW left mediastinal width, Sp specificity
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low specificity. In addition, the presence of aortic
unfolding or age-related variation in aortic contour in
the elderly would result in widening of the mediastinum
which would also be accentuated in AP projection,
hence leading to diagnostic dilemma with a falsepositive result that could not be accounted for even
with the use of LMW. On the contrary, results from
PA chest radiograph demonstrated consistent excellent
diagnostic accuracy with high sensitivity and specificity.
Variation in sites of aortic injury in cases with nontraumatic aortic dissection can give rise to a false-negative result
in mediastinal widening. While traumatic aortic injury classically occurs at the level of aortic isthmus, the location of
nontraumatic aortic dissection is more variable [24]. Type A
aortic dissection will readily result in mediastinal widening,
while type B aortic dissection may or may not lead to
mediastinal widening. Similarly, those presenting with acute
aortic rupture and mediastinal hemorrhage will also result in
significant mediastinal widening as opposed to those without rupture but with aortic widening only from intramural
hematoma. Indeed, due to the complexity and wide spectrum of changes in nontraumatic aortic dissection, its radiographic features are more variable and difficult to predict
compared with traumatic aortic rupture. Our preliminary
results can be used as reference to act as radiographic
screening tool in clinical practice. Further larger-sized study
will be helpful to validate our preliminary results, in particular,
to address the difference of impact between type A and type B
aortic dissection on mediastinal widening. Nevertheless, one
should remember that management should still be made
according to the American College of Radiology (ACR) criteria [25], in that the primary role of chest radiography is to
rule out other thoracic pathology since up to 20% of patients
with aortic dissection may have normal chest radiographs.
Therefore, any recognizable radiographic evidence of aortic
disorder or even normal-appearing chest radiograph in
patients with suspected nontraumatic aortic dissection should
prompt immediate evaluation to establish or exclude such
diagnosis.

Conclusion
MW measurement is a useful radiographic screening tool for
nontraumatic aortic dissection, showing higher diagnostic
accuracy with PA projection. It will be reasonable to have a
low threshold for proceeding to CT aortogram in patients
with suspected nontraumatic aortic dissection, especially in
the elderly group of patients as well as in patients with
widened mediastinum on AP chest radiograph, while a
negative PA chest radiograph may provide a higher negative
predictive value, hence suggestion of normal aorta.

Nevertheless, management should still be based on the
ACR criteria and remains on clinical ground/suspicion.
Open Access This article is distributed under the terms of the
Creative Commons Attribution License which permits any use, distribution, and reproduction in any medium, provided the original author(s)
and the source are credited.

References
1. Sanchez-Ross M, Anis A, Walia J, Randhawa P, Esrig BC, Banker
MC, Eber C, Maldjian P, Klapholz M, Saric M (2006) Aortic
rupture: comparison of three imaging modalities. Emerg Radiol
13:31–33
2. Thoongsuwan N, Stern EJ (2002) Chest CT scanning for clinical
suspected thoracic aortic dissection: beware the alternate diagnosis. Emerg Radiol 9:257–261
3. Gleeson CE, Spedding RL, Harding LA, Caplan M (2001) The
mediastinum—is it wide? Emerg Med J 18:183–185
4. Peters DR, Gamsu G (1980) Displacement of the right paraspinous
interface: a radiographic sign of acute traumatic rupture of the
thoracic aorta. Radiology 134:599–603
5. Simeone JF, Deren MM, Cagle F (1981) The value of the left
apical cap in the diagnosis of aortic rupture: a prospective and
retrospective study. Radiology 139:35–37
6. Marnocha KE, Maglinte DD (1985) Plain-film criteria for excluding
aortic rupture in blunt chest trauma. AJR Am J Roentgenol 144:19–21
7. Sturm JT, Olson FR, Cicero JJ (1983) Chest roentgenographic
findings in 26 patients with traumatic rupture of the thoracic aorta.
Ann Emerg Med 12:598–600
8. Mirvis SE, Bidwell JK, Buddemeyer EU, Diaconis JN, Pais SO,
Whitley JE, Goldstein LD (1987) Value of chest radiography in
excluding traumatic aortic rupture. Radiology 163:487–493
9. Patel NH, Stephens KE Jr, Mirvis SE, Shanmuganathan K, Mann
FA (1998) Imaging of acute thoracic aortic injury due to blunt
trauma: a review. Radiology 209:335–348
10. Ekeh AP, Peterson W, Woods RJ, Walusimbi M, Nwuneli N, Saxe
JM, McCarthy MC (2008) Is chest X-ray an adequate screening
tool for the diagnosis of blunt thoracic aortic injury? J Trauma
65:1088–1092
11. Wong YC, Ng CJ, Wang LJ, Hsu KH, Chen CJ (2004) Left
mediastinal width and mediastinal width ratio are better radiographic criteria than general mediastinal width for predicting blunt
aortic injury. J Trauma 57:88–94
12. Kirkham JR, Blackmore CC (2007) Screening for aortic injury
with chest radiography and clinical factors. Emerg Radiol
14:211–217
13. Khan IA, Nair CK (2002) Clinical, diagnostic, and management
perspectives of aortic dissection. Chest 122(1):311–328
14. Marnocha KE, Maglinte DDT, Woods J, Goodman M, Peterson P
(1984) Mediastinal-width/chest-width ratio in blunt chest trauma: a
reappraisal. AJR Am J Roentgenol 142:275–277
15. Seltzer SE, D’Orsi C, Kirchner R, DeWeese JA (1981) Traumatic
aortic rupture: plain radiographic findings. AJR Am J Roentgenol
137:1011–1014
16. Woodring JH, King JG (1989) Determination of normal transverse
mediastinal width and mediastinal-width to chest-width (M/C)
ratio in control subjects: implications for subjects with aortic or
brachiocephalic arterial injury. J Trauma 29:1268–1272
17. Woodring JH, Dillon ML (1984) Radiographic manifestations of
mediastinal hemorrhage from blunt chest trauma. Ann Thorac Surg
37:171–178

Emerg Radiol
18. Marnocha KE, Maglinte DD, Woods J et al (1985) Blunt chest
trauma and suspected aortic rupture: reliability of chest radiograph
findings. Ann Emerg Med 14:644–649
19. Burney RE, Gundry SR, Mackenzie JR, Wilton GP,
Whitehouse WM, Wu SC (1983) Comparison of mediastinal
width, mediastinal–thoracic and –cardiac ratios, and “mediastinal widening” in detection of traumatic aortic rupture. Ann
Emerg Med 12:668–671
20. Kram HB, Wohlmuth DA, Appel PL, Shoemaker WC (1987)
Clinical and radiographic indications for aortography in blunt
chest trauma. J Vasc Surg 6:168–176
21. Williams S, Burney RE, MacKenzie JR, Cho KJ (1983)
Indications for aortography. Radiography after blunt chest trauma:
a reassessment of the radiographic findings associated with traumatic rupture of the aorta. Invest Radiol 18:230–237
22. Lee FT Jr, Katzberg RW, Gutierrez OH, Burgener F, Yee WK, Morris
T, Bronson JP (1993) Reevaluation of plain radiographic findings in

the diagnosis of aortic rupture: the role of inspiration and positioning
on mediastinal width. J Emerg Med 11:289–296
23. Schwab CW, Lawson RB, Lind JF, Garland LW (1984) Aortic
injury: comparison of supine and upright portable chest films
to evaluate the widened mediastinum. Ann Emerg Med
13:896–899
24. Fultz PJ, Melville D, Ekanej A, Holzwasser G, Voci S, Wandtke
JC, Risher W, Stewart S (1998) Nontraumatic rupture of the
thoracic aorta: chest radiographic features of an often unrecognized
condition. AJR Am J Roentgenol 171:351–357
25. Mammen L, Yucel EK, Khan A, Atalay MK, Haramati LB,
Ho VB, Rozenshtein A, Rybicki FJ, Schoepf UJ, Stanford W,
Stein B, Woodard PK, Jaff M, Expert Panel on Cardiac
Imaging (2008) ACR Appropriateness Criteria® acute chest
pain—suspected aortic dissection. American College of Radiology
(ACR), Reston. Available at http://guidelines.gov/content.aspx?
id013624

