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Abstract

Introduction: Evaluation of chest pain in the Emergency 
Department is common. Significant resources are expended looking 
for dangerous etiologies. The D-dimer is frequently utilized but can be 
positive in a variety of pathologic and non-pathologic states, including 
pneumonia. We anticipated that patients who had pneumonia on 
chest x-ray and also a positive D-dimer would have a low likelihood 
of also having pulmonary embolism. We hoped to define this patient 
population as low risk of having PE in the setting of pneumonia with the 
purpose of limiting unnecessary CT angiographies.

Methods: We performed a retrospective analysis to identify 
patients who had an elevated D-dimer, evidence of pneumonia by 
chest x-ray and who underwent subsequent CT angiography [CTA] 
or Ventilation/perfusion [V/Q] scanning. We correlated the results of 
the CTA or V/Q with patient demographics, vital signs, and laboratory 
values to evaluate our patient population.

Results: We identified 151 patients who had an infiltrate on the 
chest x-ray and elevated d-dimer that subsequently went on to have 
CTA or V/Q to rule out pulmonary embolism. Of this group of patients 
7/151 [4.6%] had a PE. We then performed statistical analysis using the 
vital signs, lab values, and patient demographics to look for differences 
between patients with pulmonary embolism and without. However, no 
statistically significant conclusions could be made. 

Conclusions: In patients with elevated D-dimer and pneumonia our 
series demonstrated a small but not uncommon rate of concurrent PE. 
A larger study group would be required to determine risk stratification 
of this group. 

Introduction
Evaluation of chest pain and difficulty breathing in the Emergency 

Department [ED] is commonly faced by Emergency Providers [EP’s]. 
Accounting for about 5% of all ED visits, significant resources are 
expended looking for dangerous causes of chest pain [1]. Although 
classically the clinical descriptions of pneumonia and pulmonary 
embolism are quite different, clinically these two important 
diagnoses have a considerable amount of overlap. During the initial 
ED evaluation of acutely-ill patients with chest pain or difficulty 
breathing vital signs, basic laboratory work up, and simple imaging 
with chest x-rays often guide further workup and management. The 
D-dimer is a common (and often controversial) lab test utilized for 
screening for pulmonary embolism when the initial diagnosis is not 
easily apparent [2]. Because the D-dimer is very non-specific, it can be 
positive at various levels in a variety of pathologic and non-pathologic 
states. As a result of considering a broad differential diagnosis during 
the initial work up it is not uncommon for a patient to have a chest 
x-ray that is concerning for a pneumonia and an elevated D-dimer. 
Although recent studies have shown that pneumonia is a common 
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cause for elevated D-dimer and that D-dimer has prognostic value in 
some but not all series of patients with pneumonia, in clinical practice 
these patients often undergo further pulmonary CT angiography 
to evaluate for PE [3-6]. We hypothesized that only a small subset 
of the population would have both pneumonia on chest x-ray and 
pulmonary embolism on CTA and could perhaps be spared further 
work-up and reducing iatrogenic events and healthcare costs for the 
patient. 

Methods
Study design

This study used a retrospective analysis using EPIC Electronic 
Health Records to identify adults presenting to the emergency 
department who had an elevated D-dimer, evidence of pneumonia 
by chest x-ray, and who underwent subsequent CTA or V/Q. The 
study was reviewed by our institutional IRB and deemed exempt 
from formal consent due to its retrospective and non-interventional 
nature.

Study setting and population

The patient encounters were extracted from March 2012 to June 
2015 presenting at two community hospitals in southwest Michigan. 
Both community hospitals are part of a single hospital system.

Study protocol

Using Microsoft SQL Server, patients with an elevated D-dimer 
>230 ng/mL, and who had undergone both initial CXR as well as PE 
protocol CTA or V/Q were identified and radiology results extracted. 
We reviewed these results and identified patients with an “infiltrate” 
or having frank diagnosis of “pneumonia” on formal radiology 
interpretation. Due to the retrospective nature of the study we did 
not attempt to determine providers’ working diagnosis prior to CTA 
or V/Q with regards to differential for an infiltrate. Chest x-rays that 
were equivocal, i.e. “infiltrate vs. atelectasis” were not included in our 
study. During the time period data was abstracted, a positive D-dimer 
was considered >230 ng/mL. From this initial group of patients, we 
then identified those who had explicit diagnosis of PE on subsequent 
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CTA or V/Q scan. We also included patients who had equivocal CTA 
or V/Q results for PE, but whose providers treated clinically for PE. 
CTA results were considered equivocal when there were mentions 
of “filling defects” without explicitly endorsing the diagnosis for PE, 
“probable embolus”, or “suggestive of embolism”. 

Data analysis

For all patients who met the inclusion requirements age, sex, 
vital signs at presentation to the ED (including heart rate, blood 
pressure, and temperature), white blood cell count (WBC), troponin, 
and D-dimer level were extracted. Chi-squared analysis and t-test 
were then calculated to determine what, if any, clinically significant 
conclusions could be made.

Results
Our retrospective chart review identified 2287 patients with 

an elevated D-dimer, an initial chest x-ray as well as a follow-up 
confirmatory study for PE. We identified a total of 151 patients who 
had an initial chest x-ray with evidence of pneumonia. Racial make-
up of the study population is Table 1.

Of these 151 patients, 7 patients were later found to have a 
pulmonary embolism while 144 had negative work ups for pulmonary 
embolism. Results of the clinical variables extracted are in Table 2.

Discussion
Elevated D-dimer testing is commonly encountered in the work-

up of ED patients with chest pain and/or difficulty breathing. We 
found that nearly 5% of patients who could easily have been diagnosed 
with pneumonia actually had a PE in the presence of an elevated 
D-dimer. Castro DJ et al. found that both pneumonia and pulmonary 
embolism (PE) produced an elevated D-dimer (though PE averaged 
higher, and significantly so in high-probability PE cases). Because of 
overlap, however, they conclude that D-dimer is not a helpful test to 
screen for PE in the setting of pneumonia.

More recent studies focusing on D-dimer in pneumonia have 

attempted to use it as a risk-stratification tool, with some success [7-
9]. However, these studies investigated patients already carrying the 
diagnosis of community-acquired pneumonia. Querol-Ribelles JM 
et al. measured D-dimer on 302 patients over age 16 with opacities 
on chest x-ray [CXR] with an infectious syndrome, excluding those 
with a high wells probability of PE [2,7]. They found that 85% of 
patients with PNA had a positive D-dimer and that non-survivors 
had, on average, a D-dimer double that of survivors (also statistically 
significant). Chalmers JD et al. measured D-dimer on 314 adults 
with a new infiltrate on CXR in patients with 3 of cough, sputum, 
breathlessness, pleurisy, hemoptysis, fever, headache, or exam findings 
consistent with pneumonia, excluding any patients with known PE 
[8]. They compared negative D-dimer to CURB-65 and Pneumonia 
Severity Index, finding that it was comparable and may identify some 
patients as low risk that the other models would identify as higher risk 
(these patients did well) [10,11]. Arslan S et al. evaluated 60 patients 
diagnosed with lobar or multi-lobar pneumonia, also finding that 
D-dimer increased with severity of illness, as well as in the presence 
of co-morbid conditions [9].

What all of the above studies have in common, however, is that 
they are evaluating D-dimer’s ability to predict pneumonia severity in 
patients already carrying the diagnosis. Zhang Z et al. looked at 139 
patients carrying the diagnosis of community-acquired pneumonia 
who had elevated D-dimers and who underwent CT angiography 
[12]. Fully 66% were diagnosed with PE in their series. They found 
troponin-I to be elevated significantly more frequently in those with PE. 
Our study found (non-significantly) the opposite. In clinical practice, 
however, D-dimer is not used widely for pneumonia scoring, and has 
not yet been validated for use in this fashion. Another reason it has 
not gained acceptance is likely clinicians’ fear of introducing diagnostic 
uncertainty given D-dimer’s more widespread use in screening for PE. 
While pneumonia should be recognized as a common cause of elevated 
D-dimer, in clinical practice patients with both positive CXR’s and 
positive D-dimers frequently undergo pulmonary CT angiography to 
look for PE. In fact, our study demonstrated a small (4.6%) but not 
uncommon rate of pulmonary embolism. This is a higher rate than 
we had hoped; the decision to forego further work-up for PE would 
require shared decision-making with the patient.

We reviewed a number of clinical variables in terms of both lab 
values and vital signs to look for trends suggesting which patients 
might have underlying PE or confirm pneumonia. Overall in our 
patient population the patients with pneumonia averaged very slightly 
(and non-significantly) worse lab results and vital signs for the most 
part. Interestingly the PE patients averaged higher WBC count and 
lower D-dimer than those who did not have PE. Our sample size was 
too small to make any statistically significant predictors of which 
patients are at high risk and need a CTA to further rule out pulmonary 
embolism in the setting of an elevated D-dimer and pneumonia 
based on CXR. Paparoupa M et al. performed a case control study on 
100 patients, approximately half with PE in addition to pneumonia 
and the other half without PE and were also unable to determine a 
prediction rule [13]. 

Limitations
This study is subject to several limitations. As a retrospective study 

our analysis was limited due to the variables that could be identified 

Table 1: Racial make-up of the study population.

Racial make-up of study population Absolute number Percentage
American Indian/Alaskan native 1 <1%

Black or African American 30 20%
White or Caucasian 114 75%

Not identifying with a racial group 6 4%

Table 2: Results of the clinical variables extracted.

Clinical characteristics Negative for PE Positive for PE
Presence of PE 144 patients 7 patients

Age 61 years 59 years
Female 70 patients 2 patients

Male 74 patients 5 patients
Triage Temperature 98.6 °F 98.5 °F
Triage Heart Rate 100 bpm 101 bpm

Triage Oxygen Saturation 94% 96%
White Blood Cell count 11.7 x10^3/mcL 12.5 x10^3/mcL

D-dimer 795 ng/mL 607 ng/mL
Troponin 0.17 ng/mL (n=109) 0.01 ng/mL (n=5)

None of the clinical characteristics proved to have statistical significance.
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using the electronic health record. As a retrospective study, we were 
reliant on radiology reads by the radiologist on-duty at the time. The 
radiology reads, including chest x-rays, were often ambiguous and 
only patients with a definitive diagnosis of pneumonia were included 
in the study. The study was also performed at a single hospital system 
from two different community hospitals and study population was 
dominated by 2 racial groups. Our study was too small to assess for 
differences in the clinical variables we reviewed. In addition, there 
were numerous CTA results that were equivocal for PE. We only 
included patients in our study that were treated as having a PE and 
had a discharge diagnosis of PE. The differences in provider care, 
whether aggressive or conservative in nature, may have lead to an 
unrecognized bias in our study as this does not account for whether 
there was a high or low likelihood of PE. 

Conclusion 
Nearly 5% of our patients with an infiltrate consistent with 

pneumonia and a positive D-dimer did in fact have a PE, likely too 
high of a rate to forego definitive testing for PE. While we did not 
demonstrate any statistically significant difference between those 
who had pulmonary embolism and those who were diagnosed with 
pneumonia we present these data as they may be useful for further 
meta-analysis. 
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