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Abstract

Introduction D-dimer is a marker of coagulation and fibrinolysis widely used in clinical practice for assessing
thrombotic activity. While it is commonly ordered in the Emergency Department (ED) for suspected venous
thromboembolism (VTE), elevated D-dimer levels can occur due to various other disorders. The aim of this study
was to find out the causes of elevated D-dimer in patients presenting to a large ED in Saudi Arabia and evaluate the
accuracy of D-dimer in diagnosing these conditions.

Methods Data was collected from an electronic hospital information system of patients who visited the ED from
January 2016 to December 2022. Demographic information, comorbidities, D-dimer levels, and diagnoses were
analyzed. Statistical analysis was performed using the SPSS software. The different diagnoses associated with D-dimer
levels were analyzed by plotting the median D-dimer levels for each diagnosis category and their interquartile ranges
(IQR). The receiver operating characteristic (ROC) curves were calculated and their area under the curve (AUC) values
were demonstrated. The optimal cut-off points for specific diseases were determined based on the ROC analysis,
along with their corresponding sensitivities and specificities.

Results A total of 19,258 patients with D-dimer results were included in the study. The mean age of the participants
was 50 years with a standard deviation of + 18. Of the patients, 66% were female and 21.2% were aged 65 or above.
Additionally, 21% had diabetes mellitus, 20.4% were hypertensive, and 15.1% had been diagnosed with dyslipidemia.
The median D-dimer levels varied across different diagnoses, with the highest level observed in aortic aneurysm
546 g/L. Pulmonary embolism (PE) and deep vein thrombosis (DVT) were found in 729 patients (3.8%) of our study
population and their median D-dimer levels 3.07 g/L (IQR: 1.35-7.05 g/L) and 3.36 g/L (IQR: 1.06-8.38 g/L) respectively.
On the other hand, 1767 patients (9.2%) were diagnosed with respiratory infections and 936 patients (4.9%) were
diagnosed with shortness of breath (not specified) with median D-dimer levels of 0.76 g/L (IQR: 0.40-1.47 g/L)

and 0.51 g/L (IQR: 0.29-1.06 g/L), respectively. D-dimer levels showed superior or excellent discrimination for PE
(AUC=0.844), leukemia (AUC=0.848), and aortic aneurysm (AUC=0.963). DVT and aortic dissection demonstrated
acceptable discrimination, with AUC values of 0.795 and 0.737, respectively. D-dimer levels in respiratory infections
and shortness of breath (not specified) exhibited poor to discriminatory performance.

*Correspondence:
Mohammed Alshalhoub
Alshalhoubmed@gmail.com

Full list of author information is available at the end of the article

©The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use,
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this

article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. The
Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available
in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12245-024-00620-6&domain=pdf&date_stamp=2024-4-1

Alshalhoub et al. International Journal of Emergency Medicine

(2024) 17:47

Page 2 of 7

Conclusion This is the first paper to identify multiple causes of elevated D-dimer levels in Saudi Arabia population
within the ED and it clearly highlights their accurate and diagnostic values. These findings draw attention to the
importance of considering the specific clinical context and utilizing additional diagnostic tools when evaluating

patients with elevated D-dimer levels.

Introduction

D-dimer is a marker of coagulation and fibrinolysis, pro-
viding a rapid assessment of thrombotic activity. It has
multiple uses in clinical practice and has been adopted
by Wells’ criteria for deep vein thrombosis (DVT) and
pulmonary embolism (PE) [1]. In the Emergency Depart-
ment (ED), it is commonly ordered when there is a sus-
picion of venous thromboembolism (VTE). However, it
can be high due to other disorders like infections, VTE,
heart failure, trauma, and diseases like coronavirus dis-
ease of 2019 (COVID-19) [2, 3]. It can also be an indica-
tor of recurrent VTE, as was studied by Halaby et al. [4]
A meta-analysis published in 2022 found that D-dimer
has prognostic value in pneumonia [5]. In addition, it has
been tested as a marker of recurrent myocardial infarc-
tion [6]. Specifically, COVID-19 infection is often associ-
ated with elevated D-dimer levels due to the virus’s ability
to trigger a hypercoagulable state, increasing the risk of
blood clots. This makes D-dimer testing a valuable tool
in identifying and managing potential complications in
COVID-19 patients. Moreover, D-dimer can be useful in
ruling out life threatening diagnoses such as VTE, espe-
cially in patients with low risk for VTE, as recommended
by multiple international guidelines [7]. However, mul-
tiple studies have shown that D-dimer levels increase
with age [8, 9]. Therefore, D-dimer levels should be inter-
preted with caution in older adults. The use of D-dimer
levels can go beyond VTEs, as it can be helpful in ruling
out aortic dissection in low-risk patients, as proven by
recent studies [10]. However, the diagnostic value and the
prognostic value of D-dimer can differ in different types
of aortic dissection [11]. Due to the numerous diseases
that increase D-dimer levels, they can be interpreted as
false-positive results, which can result in unnecessary
testing and treatment. Proper identification of all of these
conditions that increase D-dimer would lead to better
clinical practice. Therefore, the aim of this study was to
find out the causes of elevated D-dimer in patients pre-
senting to a large ED in Saudi Arabia and evaluate the
accuracy of D-dimer in these conditions.

Methods

This was a single-center retrospective cohort study based
on data extracted from an electronic hospital informa-
tion system (BESTCare) of patients presenting to the
ED of King Abdulaziz Medical City-Riyadh (KAMC-
R) in Saudi Arabia. The hospital has a bed capacity of
1501 with more than 100 emergency beds. The inclusion

criteria included Saudi and non-Saudi patients who were
over 18 years old and had a D-dimer test ordered during
their ED visit. Pregnant patients were excluded from the
study as the physiological changes in pregnancy affects
the D-dimer level. The following data were collected:
age, gender, comorbidities, D-dimer level, and diagno-
sis. D-dimer analysis in our institution is performed via
a laboratory-based INNOVANCE® D-Dimer assay, not
through a point-of-care test. While specific instrumenta-
tion may vary across different laboratories, the employed
assay adheres to our established cut-off value of 0.5 pg/
mL. Consequently, values below this threshold are con-
sidered within the reference range, whereas elevated
levels (>0.5 pg/mL) warrant further evaluation in the
context of the patient’s clinical presentation and addi-
tional relevant diagnostic tests.

Data were analyzed with the Statistical Package for the
Social Sciences (IBM Corp. Released 2013. IBM SPSS
Statistics for Windows, Version 22.0. Armonk, NY). The
demographic information and baseline characteristics
were summarized and are reported in frequency, and
the numerical variables as mean and standard deviation
(SD) and interquartile ranges (IQR). The different diag-
noses associated with D-dimer levels were analyzed by
plotting the median D-dimer levels for each diagnosis
category and their interquartile ranges were calculated.
The receiver operating characteristic (ROC) curves were
calculated by logistic regression to assess the discrimina-
tory abilities of D-dimer levels for different diseases and
their interpretations were according to Mandrekar et al.
[12] The optimal cut-off points for specific diseases were
determined based on the ROC analysis, along with their
corresponding sensitivities and specificities.

The study protocol was approved by the institutional
review board of KAMC-R. Patient confidentiality and
privacy were strictly maintained during data collection
and analysis. As this was a retrospective study using ano-
nymized data, the need for informed consent was waived
by the ethics committee.

Results

Data was collected from January 1, 2016 to December
31, 2022. After excluding patients who did not meet the
inclusion criteria, a total of 19,258 patients with D-dimer
results were included in the study. The baseline charac-
teristics and comorbidities of the patients is shown in
Table 1. The mean age of the participants was 50 years
with a standard deviation of +18. Of the patients, 66%
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Table 1 Baseline characteristics of the participants

Variable N (%)

Age (mean+SD) 50+18
Gender, Female 12,719 (66)
Age more than 65 4076 (21.2)
Comorbidities:

Asthma 2539 (13.2)
Atrial fibrillation 1043 (5.4)
Cancer 1670 (8.7)
Congestive heart failure 2379 (124)
Chronic obstructive pulmonary disease 443 (2.3)
Diabetes mellitus 4056 (21.1)
Dyslipidemia 2902 (15.1)
Hypertension 3920 (20.4)
Hyperthyroidism 166 (0.9)
Hypothyroidism 931 (4.8)
Ischemic heart disease 3145 (16.3)
Liver disease 25(0.1)
Multiple sclerosis 53(0.3)
Myocardial infarction 1020 (5.3)
Portal vein thrombosis 67 (0.3)
Pulmonary embolism 1437 (7.5)
Renal disease 1352 [7]
Stenosis 43(0.2)
Transient ischemic attack 372(1.9)
Unstable angina 499 (2.6)

were female and 21.2% were aged 65 or above. Addition-
ally, 21% had diabetes mellitus, 20.4% were hypertensive,
and 15.1% had been diagnosed with dyslipidemia.

Table 2 identifies multiple diseases entities with
elevated D-dimer. A total of 446 patients (2.3%) were
diagnosed with PE and had a median D-dimer level
of 3.07 g/L (IQR: 1.35-7.05 g/L). This was like the 283
patients (1.5%) who were DVT, with a median D-dimer
level of 3.36 g/L (IQR: 1.06-8.38 g/L). Leukemia which
was found in 21 patients (0.1%) gave similar results with
a median D-dimer level of 3.33 g/L (IQR: 2.14-8.94 g/L).
Aortic dissection was diagnosed in 66 patients (0.3%),
with a median D-dimer level of 1.04 g/L (IQR: 0.49-
4.05 g/L). A total of 552 patients (2.9%) were diagnosed
with acute coronary syndrome (ACS) and had a median
D-dimer level of 0.57 g/L (IQR: 0.32—1.21 g/L). This was
similar to the 18 patients (0.1%) who were diagnosed
with systemic lupus erythematosus (SLE), with a median
D-dimer level of 0.67 g/L (IQR: 0.33-1.21 g/L). Stroke
was found in 75 patients (0.4%) with a median D-dimer
level of 0.82 g/L (IQR: 0.45-2.07 g/L). Finally, 1767
patients (9.2%) were diagnosed with respiratory infec-
tions and 936 patients (4.9%) were diagnosed with short-
ness of breath, not specified, with median D-dimer levels
0f 0.76 g/L (IQR: 0.40-1.47 g/L) and 0.51 g/L (IQR: 0.29—
1.06 g/L), respectively.
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The discriminatory abilities of D-dimer levels were
assessed for 11 different diseases using ROC analysis.
Figure 1 displays the ROC curves and the correspond-
ing AUC values. D-dimer levels showed superior or
excellent discrimination for PE (AUC=0.844), leukemia
(AUC=0.848), and aortic aneurysm (AUC=0.963). Opti-
mal cut-off points for these diseases were determined,
with corresponding sensitivities and specificities. DVT
and aortic dissection demonstrated acceptable discrimi-
nation, with AUC values of 0.795 and 0.737, respectively.
On the other hand, D-dimer levels in thrombosis other
than PE or DVT, stroke, respiratory infections, SLE, and
acute ACS exhibited poor discriminatory performance,
while shortness of breath (not specified) showed no
discrimination.

Discussion

This is the first paper to identify multiple causes of ele-
vated D-dimer in Saudi Arabia population within the
Emergency department and it clearly highlights their
accuracy and diagnostic values. In this study, we aimed
to investigate the causes of elevated D-dimer levels in
patients presenting to a large emergency department in
Saudi Arabia.

The results of this study revealed that majority of
patients with D-dimer levels were labeled as “others”
(78.3%). This group likely includes patients with D-dimer
elevations due to non-thrombotic causes, such as infec-
tions, inflammation, or chronic diseases. These findings
are consistent with previous studies demonstrating that
D-dimer can be increased in various conditions, includ-
ing infections and trauma [3, 13, 14]. Nevertheless, this
study showed that D-dimer in respiratory infections had
poor discriminatory value with AUC value of 0.6. Among
the specific disease categories examined in this study, PE
and DVT demonstrated acceptable discriminatory per-
formance, with area under the curve (AUC) values of
0.844 and 0.795, respectively. The optimal cut-off points
for PE and DVT were determined to be 1.17 g/L and
1.05 g/L, respectively. These findings align with a mul-
ticenter study done in the US emergency departments
regarding D-dimer use in the diagnosis and exclusion
of VTE in low-risk patients [15]. Interestingly, the find-
ing in this study also assessed the discriminatory abilities
of D-dimer levels for other diseases, such as aortic dis-
section, ACS, systemic lupus erythematosus (SLE) and
stroke. Aortic dissection demonstrated acceptable dis-
crimination (AUC=0.737), suggesting a potential role
for D-dimer in ruling out this life-threatening condition
in low-risk patients which is in line with a meta-analysis
conducted to assess D-dimer in acute aortic dissection
[16]. However, it is worth noting that only 0.3% of our
population were eventually diagnosed with aortic dis-
section. ACS showed poor discriminatory performance
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Fig 1 The discriminatory abilities of D-dimer levels for 11 different diseases using receiver operating characteristic (ROC) analysis and its optimal cut-off
with their corresponding sensitivities (Sen) and specificities (Spec)
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Table 2 Different diagnoses and D-dimer levels
Variable D-dimer
N % Median 25th Percentile 75th Percentile

Diagnosis Others 15,085 78.3% 045 0.26 1.03

Pulmonary embolism (PE) 446 2.3% 3.07 135 7.05

Deep venous thrombosis (DVT) 283 1.5% 3.36 1.06 838

Thrombosis, other than PE or DVT 6 0.0% 493 0.36 36.00

Aortic Dissection 66 0.3% 1.04 049 4.05

Acute coronary syndrome 552 2.9% 0.57 0.32 122

Aortic aneurysm 3 0.0% 546 537 36.00

Systemic lupus erythematosus 18 0.1% 0.67 033 1.21

Leukemia 21 0.1% 333 214 8.94

Stroke 75 0.4% 0.82 045 2.07

Respiratory Infections 1767 9.2% 0.76 040 147

Shortness of Breath, 936 4.9% 0.51 0.29 1.06

Not Specified

in our study (AUC=0.52), indicating limited useful-
ness of D-dimer in this context, which contradicts pre-
vious study that assessed the diagnostic and prognostic
value of D-dimer in ACS in which their findings pro-
posed high D-dimer values of acceptable discrimination
(AUC=0.729) [6]. D-dimer was found to be of poor dis-
criminatory value in our SLE patient which contrain-
dicates the current literature that says D-dimer levels
correlate with the disease severity [17]. Our results show
that D-dimer levels in stroke patient has no discrimina-
tory value (AUC=0.614). Moreover, a study done in 2019
aimed to assess the usefulness of D-dimer in the work-
up of stroke found that it may be of beneficial use in
the stroke risk evaluation in cancer patients [18]. These
results suggest that the utility of D-dimer in diagnosing
or ruling out these specific diseases may be limited.

Our results highlight the variation in D-dimer levels
across different diseases. Consistent with previous stud-
ies, we observed higher median D-dimer levels in patients
with PE and DVT than most diseases [3]. Furthermore,
our study revealed that D-dimer levels were significantly
elevated in patients with aortic aneurysm and leukemia,
with AUC values of 0.963 and 0.848, respectively. These
findings are in line with previous research indicating the
potential utility of D-dimer as a diagnostic marker in
these conditions, however, it’s worth mentioning that in
our study population only 3 patients were diagnosed to
have aortic aneurysm [19, 20]. This study’s findings might
be influenced by the ongoing COVID-19 pandemic,
which has demonstrably impacted D-dimer ordering and
interpretation in Saudi Arabia. Studies like Al-Qahtani et
al. 2021 [21] suggest an increase in D-dimer tests due to
COVID’s link to hypercoagulability, potentially influenc-
ing the number of measurements. Furthermore, Alqa-
htani et al. 2022 [22] highlight elevated D-dimer levels
as a consequence of COVID infection itself, potentially
skewing interpretations in this study. The overlapping

clinical features between COVID-19 and other ill-
nesses further complicate interpretations, as D-dimer
levels might not definitively distinguish between them
(Al-Qahtani et al., 2021). Therefore, acknowledging the
potential impact of COVID-19 on both D-dimer ordering
and interpretation is crucial for a nuanced understanding
of the study’s findings.

It is important to acknowledge the limitations to this
study. First, our findings are based on data collected from
a single emergency department in Saudi Arabia, which
may limit the generalizability of the results to other pop-
ulations. Additionally, the retrospective nature of the
study design may introduce selection bias and confound-
ing factors. Future prospective studies involving larger
and diverse patient populations are warranted to validate
our findings and provide more robust evidence. Further-
more, While this study provides valuable insights into
D-dimer levels, it is crucial to acknowledge that 78.3%
of the analyzed patients had other diagnosis or no clear
diagnosis. This absence of information hinders our ability
to confidently draw conclusions about the specific asso-
ciation between D-dimer levels and various clinical con-
ditions across the entire population.

Conclusion

This study provides valuable insights into the diverse
causes of elevated D-dimer levels in emergency depart-
ment patients. Notably, we found excellent discrimina-
tory power of D-dimer for specific diagnoses, including
PE, leukemia, and aortic aneurysm. However, it demon-
strated poor or no discriminatory power for other con-
ditions. These findings have potential implications for
practices within our department and others by sharing
D-dimer results and clinical context which can optimize
the selection of appropriate further testing, facilitating a
more efficient and patient-centered diagnostic journey.
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