
This is a repository copy of Acute aortic syndrome.

White Rose Research Online URL for this paper:
https://eprints.whiterose.ac.uk/217398/

Version: Accepted Version

Article:

Goodacre, S. orcid.org/0000-0003-0803-8444, Lechene, V., Cooper, G. et al. (2 more 
authors) (2024) Acute aortic syndrome. British Medical Journal, 386. e080870. ISSN 0959-
8138 

https://doi.org/10.1136/bmj-2024-080870

© 2024 The Authors. Except as otherwise noted, this author-accepted version of a journal 
article published in British Medical Journal is made available via the University of Sheffield 
Research Publications and Copyright Policy under the terms of the Creative Commons 
Attribution 4.0 International License (CC-BY 4.0), which permits unrestricted use, 
distribution and reproduction in any medium, provided the original work is properly cited. 
To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/

eprints@whiterose.ac.uk
https://eprints.whiterose.ac.uk/

Reuse 

This article is distributed under the terms of the Creative Commons Attribution (CC BY) licence. This licence 
allows you to distribute, remix, tweak, and build upon the work, even commercially, as long as you credit the 
authors for the original work. More information and the full terms of the licence here: 
https://creativecommons.org/licenses/ 

Takedown 

If you consider content in White Rose Research Online to be in breach of UK law, please notify us by 
emailing eprints@whiterose.ac.uk including the URL of the record and the reason for the withdrawal request. 



Easily Missed? Acute Aortic Syndrome 1 

 2 

Steve Goodacre, Professor of Emergency Medicine1 3 

Valerie Lechene, Patient Representative2 4 

Graham Cooper, Cardiac surgeon2 5 

Sarah Wilson, Emergency Medicine Consultant3 6 

Jim Zhong, Senior Clinical Trial Fellow4 7 

 8 

1 Sheffield Centre for Health and Related Research, University of Sheffield 9 

2 The Aortic Dissection Charitable Trust 10 

3 Wexham Park Hospital Emergency Department, Frimley Health NHS Foundation Trust 11 

4 Leeds Institute of Medical Research, University of Leeds 12 

 13 

Correspondence to: 14 

Steve Goodacre 15 

Sheffield Centre for Health and Related Research, Regent Street, Sheffield, S1 4DA 16 

Email: s.goodacre@sheffield.ac.uk 17 

Phone: 0114 2220842 18 

 19 

Word count: 2094 20 

References: 32 21 

 22 

 23 

  24 



What you need to know  25 

• Consider the possibility of acute aortic syndrome in all patients presenting with chest 26 

pain that is unexplained or associated with a high-risk condition, pain feature, or 27 

examination finding in the Aortic Dissection Detection Risk Score. 28 

• Undertake immediate CT angiography if the patient is acutely unwell and has 29 

characteristic features of acute aortic syndrome. 30 

• Consider using D-dimer as an alternative to CT angiography for ruling out acute 31 

aortic syndrome in patients who have a high-risk feature, but the diagnosis is 32 

considered unlikely. 33 

  34 



Easily Missed? Acute Aortic Syndrome 35 

 36 

Case 37 

A healthy mid-50s woman experienced sudden, tearing pain, like a lightning bolt from her 38 

neck to her chest, radiating to her back, coming in waves, with severity fluctuating over the 39 

subsequent hours. At times she was able to talk and even walk, but her conscious level was 40 

mostly reduced, and she experienced difficulty in breathing. She felt dizzy and nauseous. 41 

Her mother had survived a type A aortic dissection, 3 years previously, aged 77.  42 

 43 

An ambulance was called immediately and arrived 90 minutes later. A paramedic made a 44 

tentative diagnosis of aortic dissection based on the presenting features. She was given oral 45 

morphine and transported to hospital, arriving 45 minutes later. A panic attack was initially 46 

diagnosed in the emergency department, and she was asked to breath in and out of a paper 47 

bag. Neurological examination was normal, but she was not examined for a heart murmur or 48 

blood pressure difference between her arms. Reassessment by a different clinician six hours 49 

after her arrival in the emergency department resulted in CT angiography, which showed an 50 

aortic dissection.  51 

 52 

The six-hour delay in diagnosis appeared to be due to initial misdiagnosis as a panic attack. 53 

This may reflect an ‘anchoring effect’ whereby the clinician fixed on a specific diagnosis and 54 

did not appropriately consider information that was inconsistent with their diagnosis. The 55 

patient received appropriate treatment once the correct diagnosis was made and has 56 

recovered. However, the initial misdiagnosis had a significant psychological effect, prompting 57 

concerns about what might have happened if she had been discharged without treatment, 58 

and undermined her trust in clinicians. 59 

 60 

What is acute aortic syndrome? 61 

Acute aortic syndrome (AAS) is a life-threatening emergency condition involving a tear in the 62 

thoracic aorta that can lead to rupture of the aorta and death. It encompasses three 63 

conditions: acute aortic dissection, intra-mural haematoma, and penetrating ulcer [1]. It is 64 

commonly classified into Stanford type A (involving the ascending aorta) and type B (sparing 65 

the ascending aorta) or DeBakey classification, with type 1 involving ascending and 66 

descending aorta and type 2 involving ascending aorta alone, as shown in Figure 1. Without 67 

treatment, AAS can progress to aortic rupture, with rapid deterioration and death. 68 

 69 

Figure 1: Classification of aortic dissection 70 



 71 

https://www.bmj.com/content/343/bmj.d4487  72 

 73 

How common is it?  74 

AAS is uncommon. Meta-analysis of population-based studies from North America, Europe, 75 

Asia and Australasia estimated a pooled incidence of 4.8 per 100,000 individuals/year, with 76 

3.0 per 100,000/year type A and 1.6 per 100,000/year type B aortic dissection [2]. Mean 77 

patient age in the studies varied from 58.9 to 77.3 years and the proportion of males varied 78 

from 50% to 84%. Hospital episodes statistics for England in 2022-23 reported 1542 79 

admissions with dissection of the aorta out 6 million emergency admissions [3]. Aortic 80 

dissection accounts for around three-quarters of AAS [4]. 81 

 82 

Why is it missed?  83 

AAS is easily missed because the symptoms of possible AAS are also reported by patients 84 

with other much more common diagnoses, such as acute coronary syndrome, gastro-85 

oesophageal reflux, and panic attacks. Chest pain is the most common presenting symptom 86 

of AAS [5], but was also the chief presenting complaint for 6% of emergency department 87 

https://www.bmj.com/content/343/bmj.d4487


attendances in England in 2022-23 [6]. A US retrospective cohort study of 33 emergency 88 

departments estimated that one aortic dissection was diagnosed in every 980 attendances 89 

with atraumatic chest pain [7]. Low rates of exposure to a diagnosis of AAS may mean that 90 

clinicians fail to consider it as a possible diagnosis alongside other more common causes of 91 

chest pain. Our case presentation illustrates the diagnosis of AAS being overlooked in the 92 

emergency department in favour of a more common diagnosis (panic attack). Emergency 93 

physicians see AAS infrequently and a general practitioner may never see a case, but 94 

clinicians who assess acute chest pain need to be aware of AAS and how it is investigated 95 

to avoid misdiagnosis. 96 

 97 

A systematic review of 12 studies (1663 patients) estimated that 1 in 3 patients with an 98 

eventual diagnosis of aortic dissection were initially misdiagnosed [8]. The most common 99 

misdiagnoses were acute coronary syndrome, stroke, and pulmonary embolism. A more 100 

recent estimate from a population-based retrospective cohort study of 1299 patients 101 

diagnosed with AAS in Ontario between 2003 and 2018, identified that 13% had attended an 102 

emergency department in the previous 14 days with symptoms suggesting AAS [9]. 103 

 104 

Why does this matter? 105 

Missed diagnosis can lead to delayed surgery for type A aortic dissection and missed 106 

opportunities for medical management (blood pressure control) or emergency intervention 107 

for type B aortic dissection. Missed diagnosis of type A dissection is associated with an 108 

approximate doubling of mortality (hazard ratio 2.14, 95 % confidence interval 0.89–5.13) 109 

[10] and delayed surgery is associated with increased mortality (67% at 8-12 hours versus 110 

20% at 0-4 hours after diagnosis) [11]. Blood pressure control using beta-blockers is 111 

associated with an approximate halving of mortality in type B dissection [12]. 112 

 113 

NHS Resolution (an arm’s-length body of the United Kingdom Department of Health and 114 

Social Care that provides expertise on resolving concerns and disputes)  identified aortic 115 

disease, including dissection, as a common cause of fatality-related negligence claims [13]. 116 

A study of 135 medical practice litigations across the United States involving aortic 117 

dissection cited failure to diagnoses as the reason for litigation in 64%.[14] A review by the 118 

Healthcare Safety Investigation Branch found that half of patients with acute aortic dissection 119 

die before reaching any specialist centre in the UK [15] and a systematic review of fourteen 120 

studies of out-of-hospital cardiac arrest identified that the 7% due to aortic dissection had 121 

100% mortality [16]. Data from other countries is sparse but likely to be similar. 122 

 123 

How is it diagnosed? 124 



AAS is definitively diagnosed by computed tomographic angiography (CTA) scanning of the 125 

aorta (figure 2), or other techniques, such as ECG-gated CTA or magnetic resonance 126 

angiography. CTA incurs costs and incurs small risks of radiation-induced malignancy and 127 

reaction to contrast media. Clinicians therefore use clinical assessment and biomarkers (if 128 

appropriate) to assess AAS risk and select patients for imaging. If the patient is unwell with 129 

typical features of AAS and AAS is strongly suspected, then arrange a CTA without delay. 130 

 131 

The diagnostic challenge of AAS is well recognized [17] but recent research has clarified the 132 

role of clinical assessment and biomarkers. [18-20] 133 

 134 

Figure 2: CTA showing aortic dissection with true lumen (TL) and false lumen (FL) 135 

 136 

 137 

 138 

Clinical assessment 139 

Consider risk factors, symptoms, and signs to estimate the probability of AAS. Assessment 140 

may be structured, using a clinical score or algorithm, or unstructured, using clinical gestalt. 141 

Several scores or algorithms have been developed for AAS but only the Aortic Dissection 142 

Detection Risk Score (ADD-RS) has been widely studied [18]. The ADD-RS gives a score 143 



between zero (low risk) and three (high risk) by allocating one point each if the patient has a 144 

risk factor for AAS, a symptom suggesting AAS, or a sign of AAS (see table 1). 145 

 146 

Table 1: The Aortic Dissection Detection Risk Score (ADD-RS) 147 

High-risk conditions 

• Marfan syndrome 

• Family history of aortic disease 

• Known aortic valve disease 

• Recent aortic manipulation 

• Known thoracic aortic aneurysm 

 

 

1 Point if any present 

High-risk pain features 

Chest, back, or abdominal pain described as: 

• Abrupt in onset 

• Severe in intensity 

• Ripping or tearing in quality 

 

1 Point if any present 

High-risk exam features 

• Pulse deficit or systolic BP differential 

• Focal neurologic deficit (with pain) 

• Murmur of aortic insufficiency (new, with pain) 

• Hypotension or shock state 

 

1 Point if any present 

 148 

A meta-analysis of eleven cohort studies of the ADD-RS [18] reported that ADD-RS greater 149 

than zero had 94.5% sensitivity and 38.3% specificity for AAS, while ADD-RS greater than 150 

one had 42.8% sensitivity and 90.2% specificity. The low prevalence of AAS in the clinically 151 

relevant population means that sensitivity 95% could be sufficient to rule out AAS, while 152 

specificity of 90% is required to avoid over-investigation. These findings could be interpreted 153 

as suggesting that patients with an ADD-RS of two or three should be selected for imaging 154 

while those with an ADD-RS of zero would not benefit from further testing. It is uncertain how 155 

patients with an ADD-RS of one should be managed. 156 

 157 

The patient in our case presentation had a high-risk condition (family history) and high-risk 158 

pain features, giving a score of two, and indicating the need for CTA. Use of the ADD-RS 159 

could also have prompted assessment for high-risk examination findings. 160 

 161 

Electrocardiography (ECG) 162 



ECG can diagnose acute coronary syndrome and other causes of acute chest pain but does 163 

not assist with diagnosis of AAS. 164 

 165 

Blood tests 166 

Blood tests (biomarkers) can be used to select patients with suspected AAS for imaging. D-167 

dimer is the only biomarker that has been extensively studied for diagnosing AAS. Many 168 

other biomarkers have had limited evaluation, but none are ready for clinical use [19]. A 169 

meta-analysis of 18 cohort studies of D-dimer using a threshold of 500ng/mL reported 96.5% 170 

sensitivity and 56.2% specificity for AAS [20]. This is similar to the sensitivity and specificity 171 

of D-dimer for diagnosing venous thromboembolism [21] and suggests that D-dimer could 172 

rule out AAS in patients with a low or intermediate clinical risk (as determine by the ADD-RS 173 

or unstructured assessment), but indiscriminate use in patients with a very low clinical risk of 174 

AAS could lead to over-use of CTA. D-dimer sensitivity does not appear to be time-175 

dependent. A cohort study of 273 patients diagnosed with AAS estimated that D-dimer 176 

sensitivity was 97% within one hour of symptom onset and did not vary with time from 177 

symptom onset [22]. Age-adjusted D-dimer may offer improved specificity compared to a 178 

fixed threshold but requires further evaluation. 179 

 180 

Transthoracic echocardiography 181 

A systematic review of four studies evaluating emergency physician point-of-care ultrasound 182 

for thoracic aortic dissection reported sensitivities ranging from 41% to 91% and specificities 183 

of 94% to 100% when an intimal flap was seen [23]. A more recent prospective cohort study 184 

(N=1314) of a point-of-care ultrasound protocol combining transthoracic echocardiography 185 

with scanning of the abdominal aorta reported 93.2% sensitivity and 90.9% specificity [24]. 186 

This suggests a possible role for point-of-care ultrasound in the emergency department 187 

diagnosis of AAS, but the role of operator experience needs to be determined. Point-of-care 188 

ultrasound is a core skill for emergency physicians, but additional training would be required 189 

for diagnosing AAS. 190 

 191 

ADD-RS with D-dimer 192 

The ADD-RS has been proposed to be combined with D-dimer in various ways. A recent 193 

meta-analysis combined data from six studies of ADD-RS and D-dimer to estimate 194 

sensitivities and specificities [18]. Table 2 outlines the sensitivities and specificities of using 195 

ADD-RS or D-dimer to select patients for imaging or using each test alone. These provide a 196 

range of trade-offs between sensitivity and specificity. 197 

 198 

Table 2: Sensitivity and specificity of ADD-RS and D-dimer, alone and in combination 199 



Result(s) indicating a 

positive test 

Sensitivity 

(95% credible interval) 

Specificity 

(95% credible interval) 

ADD-RS>0 94.5% 

(88.2% to 98%) 

38.3% 

(21.8% to 57.4%) 

ADD-RS>1 42.8% 

(28.1% to 59.4%) 

90.2% 

(80.3% to 95.8%) 

D-dimer>500ng/mL 96.5% 

(94.8% to 98%) 

56.2% 

(48.3% to 63.9%) 

ADD RS>0 or D-

Dimer>500ng/Ml 

99.8% 

(98.7% to 100%) 

21.8% 

(12.1% to 32.6%) 

ADD RS>1 or D-

Dimer>500ng/mL 

98.3% 

(94.9% to 99.5%) 

51.4% 

(38.7% to 64.1%) 

ADD RS>1 or 

(ADD RS=1 and D-

dimer>500ng/mL) 

93.1% 

(87.1% to 96.3%) 

67.1% 

(54.4% to 77.7%) 

 200 

 201 

When should AAS be suspected? 202 

AAS should be considered in patients with chest, back or abdominal pain, syncope or 203 

symptoms related to malperfusion. However, applying diagnostic strategies for AAS to all 204 

such patients would result in very high use of CTA. Clinicians therefore need to apply 205 

diagnostic strategies selectively to those with a non-negligible risk of AAS, such as those 206 

with an additional feature suggesting AAS (‘chest pain plus one’). A recent cohort study of 207 

5548 patients attending the emergency department with possible symptoms of AAS found 208 

that clinicians rated the likelihood of AAS as zero in 2315/4111 (56%) [25]. Applying 209 

diagnostic strategies only to those with a non-zero likelihood of AAS could result in a more 210 

deliverable rate of CTA but it is currently unclear how clinicians determine a zero likelihood 211 

of AAS and whether this judgement is accurate.  212 

  213 

How is it managed? 214 

AAS is managed according to principles set out in the NHS Acute Aortic Dissection toolkit 215 

[26], which NHS England produced to improve outcomes from AAS, and international 216 

guidelines [5,27,28]. Acute management involves analgesia and reducing systolic blood 217 

pressure to 100-120mmHg. Type A AAS is usually managed operatively in a regional aortic 218 

centre. Type B AAS is split into complicated or non-complicated by the presence of 219 

haemodynamic instability and/or malperfusion of an organ system or limb. Uncomplicated 220 



Type B AAS is usually managed medically with blood pressure control. Although patients 221 

may not require transfer to a tertiary centre, they should all be discussed to agree 222 

management. Complicated type B AAS may require tertiary transfer for endovascular stent 223 

graft placement. In-hospital mortality is 22% for type A and 13% for type B aortic dissection 224 

[29]. 225 

 226 

Future developments 227 

Research into artificial intelligence algorithms [30] and biomarkers may produce new tests to 228 

assist with AAS diagnosis, while further evaluation of the ADD-RS, D-dimer and point-of-229 

care ultrasound may clarify their role in AAS diagnosis. This could lead to reduced risk of 230 

misdiagnosis and reduced reliance on CTA to rule out AAS. 231 

 232 

  233 



Box: Guidelines for selecting patients with suspected AAS for CTA 234 

 235 

 236 

 237 

 238 

 239 

 240 

 241 

 242 

 243 

 244 

 245 

 246 

 247 

 248 

 249 

 250 

 251 

 252 

 253 

 254 

 255 

 256 

 257 

 258 

 259 

 260 

  261 

• Royal College of Emergency Medicine and Royal College of Radiologists 

guidelines [31] recommend CTA if there is no clear alternative diagnosis 

(such as myocardial infarction, pulmonary embolism, or pneumothorax) and 

the patient has a high-risk condition, pain feature, or clinical finding for AAS 

(similar to those in the ADD-RS). https://rcem.ac.uk/wp-

content/uploads/2024/01/Diagnosis_of_Thoracic_Aortic_Dissection_RCEM

_RCR_v2.pdf 

• Canadian clinical practice guidelines [32] recommend clinical probability 

assessment using risk factors, pain features, examination findings, and 

alternative diagnosis. Low-risk patients receive no further testing for AAS. 

Intermediate-risk patients receive D-dimer testing, with CTA if positive and 

no further testing if negative. High-risk patients receive CTA. 

https://www.cmaj.ca/content/192/29/E832  

• European Society for Cardiology guidelines [5] recommend stratification to 

high probably (equivalent to ADD-RS 2-3) and low probability (equivalent 

ADD-RS 0-1) High probability cases are investigated with CTA, low 

probability with D-dimer, chest x-ray and transthoracic echocardiography. 

https://www.escardio.org/Guidelines/Clinical-Practice-Guidelines/Aortic-

Diseases 

• American Heart Association and American College of Cardiology guidelines 

[27] state that integrating a low aortic dissection risk score and a low D-

dimer may be a useful strategy to exclude the diagnosis of AAS but do not 

recommend a specific structured strategy. 

https://www.ahajournals.org/doi/pdf/10.1161/CIR.0000000000001106 

https://www.escardio.org/Guidelines/Clinical-Practice-Guidelines/Aortic-Diseases
https://www.escardio.org/Guidelines/Clinical-Practice-Guidelines/Aortic-Diseases


Box: Resources for readers 262 

• Royal College of Emergency Medicine learning module on aortic dissection 263 

https://www.rcemlearning.co.uk/reference/aortic-dissection 264 

• Royal College of Emergency Medicine / Royal College of Radiologists Best Practice 265 

Guideline https://rcem.ac.uk/wp-266 

content/uploads/2024/01/Diagnosis_of_Thoracic_Aortic_Dissection_RCEM_RCR_v2267 

.pdf  268 

• NHS Acute Aortic Dissection Pathway Toolkit 269 

https://www.vascularsociety.org.uk/professionals/news/191/the_acute_aortic_dissecti270 

on_toolkit 271 

• The Aortic Dissection Charitable Trust patient and professional resources 272 

https://aorticdissectioncharitabletrust.org/resources/ 273 

 274 

Box: How this article was made 275 

This article was made using systematic reviews and meta-analysis undertaken for the ASES 276 

(Aortic Syndrome Evidence Synthesis) study (see 277 

https://fundingawards.nihr.ac.uk/award/NIHR151853), the clinical and personal experience 278 

of the authors, and insights from members of The Aortic Dissection Charitable Trust. 279 

 280 

Box: How patients were involved in the creation of this article  281 

Valerie Lechene is a patient with experience of AAS. She described her experience of AAS 282 

diagnosis (and misdiagnosis) in the case presentation and contributed to writing all elements 283 

of this article. She was also a member of the research team for the ASES study that 284 

undertook the systematic reviews for this article. The Aortic Dissection Charitable Trust 285 

(https://aorticdissectioncharitabletrust.org/) is a charity uniting patients, families, and the 286 

medical community in a shared goal of improving diagnosis, increasing survival, and 287 

reducing disability due to aortic dissection. Patients and public representatives from the 288 

Trust participated in a public involvement group for the ASES study that informed the study 289 

design, helped to interpret the findings, and assisted with dissemination of findings through 290 

webinars that informed the development of this article. 291 

 292 

Box: Education into practice 293 

• What would prompt you to consider AAS in your differential diagnosis for a patient 294 

and what factors would increase (or decrease) your suspicion for the diagnosis? 295 

• How would you decide whether to request a CTA for a patient with symptoms that 296 

could be compatible with AAS?  297 

• How would you explain the diagnosis to a patient or their family?  298 

https://www.rcemlearning.co.uk/reference/aortic-dissection
https://rcem.ac.uk/wp-content/uploads/2024/01/Diagnosis_of_Thoracic_Aortic_Dissection_RCEM_RCR_v2.pdf
https://rcem.ac.uk/wp-content/uploads/2024/01/Diagnosis_of_Thoracic_Aortic_Dissection_RCEM_RCR_v2.pdf
https://rcem.ac.uk/wp-content/uploads/2024/01/Diagnosis_of_Thoracic_Aortic_Dissection_RCEM_RCR_v2.pdf
https://www.vascularsociety.org.uk/professionals/news/191/the_acute_aortic_dissection_toolkit
https://www.vascularsociety.org.uk/professionals/news/191/the_acute_aortic_dissection_toolkit
https://aorticdissectioncharitabletrust.org/resources/
https://fundingawards.nihr.ac.uk/award/NIHR151853
https://aorticdissectioncharitabletrust.org/


 299 

Infographic 300 

Aortic Dissection Explained 301 

See: https://aorticdissectioncharitabletrust.org/ 302 
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