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Purpose: Acute aortic dissection (AAD) is a highly fatal disorder if not promptly diagnosed. Some international studies have
suggested that serum d-dimer levels may be used to exclude AAD, but data are limited. We sought to confirm that d-dimer levels are
elevated in American patients with AAD. Additionally, we sought to estimate the test characteristics of the d-dimer for AAD.
Patients and Methods: We performed a retrospective analysis of patients in the Hospital Corporation of America database who arrived
at the hospital between 2015 and 2019. We queried the database to find patients who had a diagnosis of AAD or (nonspecific) chest pain,
and who also had a d-dimer performed within 24 hours of arrival at the hospital. The median d-dimer was compared in those diagnosed
with AAD versus chest pain. We estimated the test characteristics of d-dimer for AAD at the standard cutoff value of 500 ng/mL.
Results: In total, 48,902 patients met the criteria for analysis, including 572 with AAD and 48,330 with chest pain. The median
d-dimers were 2455 ng/mL and 385 ng/mL for the AAD and chest pain groups, respectively (p < 0.0001). Using a cutoff of 500 ng/
mL, the sensitivity of the d-dimer was 91.1% and the specificity was 71.4%.

Conclusion: Serum d-dimer values are higher in patients with AAD than in those with nonspecific chest pain. At the standard cutoff
of 500 ng/mL, the serum d-dimer has a high sensitivity for AAD, but not high enough that d-dimer levels alone can be used in isolation
to exclude AAD.
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Plain Language Summary

Aortic dissection (a splitting of the wall of the aorta) is a rapidly fatal disease if not promptly diagnosed. Currently, aortic dissection is
primarily diagnosed with computed tomography angiography of the chest, which is expensive and carries a risk of radiation. Some
prior studies have demonstrated that blood levels of a protein fragment called d-dimer are elevated in patients with aortic dissection,
but these studies have not been definitive. The authors therefore performed a study to further assess whether blood d-dimer levels may
be useful in assessing patients for possible aortic dissection.

The authors used a database from a large hospital system to find patients who had a d-dimer performed and who were either
diagnosed with aortic dissection or nonspecific chest pain. In total, the authors analyzed 48,902 patients, including 572 with AAD and
48,330 with nonspecific chest pain. The median d-dimers were 2455 ng/mL and 385 ng/mL for the aortic dissection and chest pain
groups, respectively.

Ultimately, blood d-dimer levels were found to be elevated in the vast majority of patients (91%) with aortic dissection, but not all
of them. This indicates that a normal blood d-dimer level makes it unlikely that the patient has an aortic dissection, but it does not fully
rule out the disease.

Introduction
Acute aortic dissection (AAD) is a highly fatal disorder if not promptly diagnosed, with the rate of mortality reaching 1%
to 2% per hour without treatment.'? Aortic dissection is primarily diagnosed with computed tomography (CT)
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angiography of the chest,> which is expensive, time consuming, and carries a risk of radiation.* A universal, rapid
screening biomarker could thus be very useful to exclude the diagnosis of AAD.

To date, there are several published studies that have evaluated the use of D-dimer to rule-out the diagnosis of
AAD,> "> and there are also systematic reviews and meta-analyses that have aggregated the data.'®2° These publications
have reported higher d-dimer levels in patients with AAD as compared to controls, and they have reported that an
elevated d-dimer level has a higher sensitivity for AAD. However, some studies have reported as many 12-18% of
patients with AAD have a normal d-dimer level.””” Additionally, all published studies to date have included relatively
small numbers of patients with AAD with the largest having 241 such patients,'> and only one published study has
included patients from the United States.’

Some recent publications with European and Asian populations have suggested that the combination of a clinical
evaluation and a normal d-dimer value can rule out AAD."*'> However, as d-dimer values are known to vary by race,”'
the d-dimer may have different test characteristics for AAD in an American population. We therefore believe additional
American data are needed on this topic.

We performed a retrospective analysis of d-dimer values in a large sample of American patients with AAD and controls.
We sought to determine if the standard d-dimer cutoff (500 ng/mL) continues to have a high sensitivity for ruling out AAD,
and secondarily we attempted to find a different d-dimer cutoff value that might be more effective in ruling out AAD.

Materials and Methods
Study Design and Setting

This was a retrospective case—control study of patients in the Healthcare Corporation of America (HCA) database. At the
time the database was searched, data were available from 118 HCA hospitals, including a variety of hospital types (small,
large, community, academic, trauma centers, etc.). These hospitals are located in 19 different states: California, Colorado,
Florida, Georgia, Idaho, Indiana, Kansas, Kentucky, Louisiana, Missouri, Mississippi, New Hampshire, Nevada,
Oklahoma, South Carolina, Tennessee, Texas, Utah, and Virginia. This study was determined to be exempt from full
review by the HCA Healthcare institutional review board (#2020-274). As such, we did not require informed consent;
patient data confidentiality was maintained in accordance with the Declaration of Helsinki.

Selection of Participants

Patients who presented to the emergency department (ED) at one of the hospitals in the HCA database between January 1,
2015 and December 31, 2019 were eligible for inclusion in this study. We queried the HCA database to find patients for
whom a d-dimer test was performed within 24 hours of arrival at the ED. We then searched among these patients for those
who were ultimately diagnosed with an acute aortic dissection (the case group), and for those diagnosed with (nonspecific)
chest pain (the control group). Patients who were found to have other diagnoses that might explain their symptoms or cause
a d-dimer elevation (such as those with pulmonary embolism or myocardial infarction) were excluded. Any types of AAD
according to the DeBakey classification and the Stanford classification were regarded as AAD.*?

Data Analysis

D-dimer values were abstracted from the database. Different hospitals in the database use different d-dimer assays; some
hospitals report d-dimer values in fibrinogen equivalent units (FEU) and some report in D-dimer units (DDU). We
converted all units to FEU by multiplying all values reported in DDU by two.

The median and the following quantiles were calculated for both the AAD and chest pain groups: 1%, 5%, 10%, 25%,
50%, 75%. The d-dimer values in the AAD group were compared to those in the chest pain group using the Wilcoxon
Rank Sum Test.

Given that d-dimer values are known to increase with age,® we wanted to adjust for differences in age between the
chest pain and d-dimer groups. Thus, the greedy method of propensity score matching (a technique that can balance
covariates) was used to identify a subset of chest pain patients of the same age as the patients in the d-dimer group. After
age-matching, a t-test was performed to compare the mean d-dimer values in each group.
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The sensitivity and specificity of the standard d-dimer cutoff value (500 ng/mL) were estimated using the final hospital
diagnosis as the gold standard. Additionally, we determined the positive predictive value, negative predictive value, positive
likelihood ratio, and negative likelihood ratio of the cutoff value of 500 ng/mL for AAD. In an attempt to find a d-dimer
cutoff value that might be more useful in ruling out an aortic dissection than the standard cutoff value, we calculated the
sensitivity and specificity for cutoff values ranging from 200 to 500 ng/mL. Finally, we generated a receiver operating
characteristic curve as another means of assessing the utility of the d-dimer value in the diagnostic evaluation of AAD.

Results

Overall, we found 572 patients who met criteria for inclusion in the AAD group, and we found 48,330 patients who met
criteria for inclusion in the chest pain group. The demographic characteristics of each group are demonstrated in Table 1.
As shown, patients in the AAD group were older and more likely to be male than those in the chest pain group.

The median d-dimer in the AAD group was 2455 ng/mL (IQR 5827) as compared to 385 ng/mL (IQR 330) in the
chest pain group. The difference between the groups of 2070 ng/mL is statistically significant (p < 0.0001). Additional
quantiles of d-dimer values for each group are shown in Table 2.

Using the greedy method, we identified 572 patients in the chest pain group equal in mean age and distribution to the
572 patients in the AAD group. In comparing these groups, the mean d-dimer of AAD patients was 6338 ng/mL and the
average d-dimer of chest pain patients was 802 ng/mL (p < 0.0001).

Using a standard cutoff of 500 ng/mL, we found the sensitivity of the d-dimer to be 91.1% (95% CI 88.4-93.3%) and
the specificity to be 71.4% (95% CI 71.0-71.8%). The positive predictive value was 3.6% (95% CI 3.5-3.7), and the

Table | Demographic Characteristics of Patients in Each Group

Characteristic Acute Aortic Dissection (n = 572) Chest Pain (n = 48,330)
Median age (IQR) — yr 63.5 (22) 44.0 (24)
Male sex — no. (%) 322 (56.3) 18,123 (37.5)
Race — no. (%)
White 386 (67.5) 31,210 (64.6)
Black 109 (19.1) 11,002 (22.8)
Asian 11 (1.9) 725 (1.5)
Other 74 (12.9) 5874 (12.2)
Unknown 3 (0.5) 244 (0.5)
Hispanic — no. (%) 101 (17.7) 7491 (15.5)

Abbreviations: IQR, interquartile range; no, number; yr, year.

Table 2 A Comparison of the Quantiles for the d-Dimer Values for the AAD Group and the Chest

Pain Group
Quantile D-Dimer for AAD Patients (ng/mL) | D-Dimer for Chest Pain Patients (ng/mL)
1% 190 150
5% 380 171
10% 540 190
25% 1126 230
50% 2455 385
75% 6953 560

Abbreviation: AAD, acute aortic dissection.
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Table 3 The Test Characteristics of Various d-Dimer Values for Acute Aortic Dissection

D-Dimer Cutoff Value (ng/mL) Sensitivity (%) Specificity (%)
200 98.4 13.8
250 97.4 27.5
300 97.0 35.8
350 95.8 453
400 94.8 51.0
450 928 64.8
500 9l.1 71.4

negative predictive value was 99.9% (95% CI 99.8-99.9%). The positive likelihood ratio was 3.2 (95% CI 3.1 to 3.3),
and the negative likelihood ratio was 0.12 (95% CI 0.10-0.16).
The sensitivity and specificity of d-dimer at some other cutoff values are listed in Table 3. The area under the

receiver-operating characteristic curve was 0.91 (95% CI 0.89 to 0.92); see Figure 1.

Sensitivity

ROC Curve

1.0

0.8+

e
@
1

o2
=
1

0.04 :
00 02

T T
04 06

1 - Specificity

Figure | Receiver operating characteristic curve for d-dimer values and acute aortic dissection.
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Discussion

Limitations
When interpreting the results of this study, there are some limitations to consider. First, we compared patients with AAD
to those diagnosed with (nonspecific) chest pain. It is possible that a small percentage of these patients who were
diagnosed with nonspecific chest pain had a missed AAD as we did not require patients to have had a gold standard
imaging test. If some of those chest pain patients did not get a gold standard imaging test because they had a normal
d-dimer value, we may have overestimated the sensitivity of the d-dimer for AAD.

Second, because of the limitations of the HCA database, we did not assess the duration of symptoms of the included

+and

patients. Symptom duration is inconsistently documented. The blood d-dimer value is known to decrease with time,’
so some of the patients in the AAD group may have had a normal d-dimer value if their dissection had already been
present for several days. This may have resulted in our estimated sensitivity being lower than it would have been if we
restricted d-dimer use to a shorter duration of symptoms.

Finally, our study compared only patients who were ultimately diagnosed with nonspecific chest pain to those with
AAD, while all other patients who might have presented with chest pain (such as those with myocardial infarction,
pneumonia, and pulmonary embolism) were not included. This may have artificially increased the specificity of the

d-dimer for AAD.

Analysis with Respect to Other Studies

This is the first study to evaluate blood d-dimer levels in acute aortic dissection in an exclusively American population.
The only other study to include American patients included only a total of 87 patients with AAD, a minority of whom
were from the United States.” This study thus adds value as d-dimer levels are known to vary by race.”' Additionally, this
study is unique in that we performed an age-adjusted analysis, and confirmed that the elevations in AAD are independent
of age. In general, the data from this study support that from other countries where serum d-dimer values are elevated in
the vast majority of patients with AAD.>"*

In our study, the sensitivity of the d-dimer for AAD (91.1%) was a little lower than the 94-95% reported in previous
meta-analyses.'®'® Meanwhile, the specificity (71.4%) was a bit higher than the 60% reported in a prior meta-analysis.'®
As explained in the limitations section above, these differences are, at least in part, due to differences in methods.

As noted in Table 3, the sensitivity of the d-dimer for AAD could be increased by reducing the cutoff value. However,
in doing so, the gains in sensitivity would be small, while the reductions in specificity would be large. Reducing the
cutoff would thus minimize any potential benefit the d-dimer could have in avoiding advanced imaging tests in patients
for whom AAD was considered. At the current cutoff, the d-dimer could have utility in ruling out AAD as described
below.

In our sample, AAD was present in 1.2% of patients. Previous data also demonstrate that AAD is found in only a tiny
fraction of patients who present to the ED with chest pain.>® In a sample where AAD is only 1.2% prevalent, the post-test
probability of AAD with a d-dimer <500 ng/mL (based on our estimated sensitivity of 91.1%) is 0.1%, a value that most
clinicians would consider sufficiently low to rule out AAD. Thus, while a d-dimer is not always elevated in AAD, if
a physician can use their clinical evaluation to identify a group of patients with a pre-test probability of AAD around 1%,
a d-dimer could potentially be used to rule out AAD. One possible clinical tool to identify a very low-risk group of
patients is the aortic dissection detection risk score.”® This tool has performed well in patient populations in Europe and
Brazil.'>*"*® Pending validation of the aortic dissection risk score in an American population, the combination of the
aortic dissection detection risk score and the d-dimer value could be used to rule out AAD.

Conclusion

In conclusion, patients with acute aortic dissection have higher d-dimer values than those with nonspecific chest pain.
The vast majority of (but not all) patients with AAD have a d-dimer value >500 ng/mL. Thus, when used in isolation,
a normal d-dimer value does not rule out AAD, but when used with other clinical data, the probability of AAD could be
sufficiently low to rule out AAD.
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