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Abstract

Background: The study’s main aim was to determine the prevalence of elevated D-dimer levels in adult patients hospitalized for
acute medical illnesses not suspected to have venous thromboembolism (VTE). The secondary aims were to determine VTE pro-
phylaxis rates and VTE events.

Methods: This multicenter, prospective, observational study included patients who were admitted across nine US hospitals.
Patients who were >60 years of age, admitted for an acute medical illness (nonsurgical/nontraumatic), and not suspected to
have VTE (deep vein thrombosis [DVT]/pulmonary embolism [PE]) were enrolled. Current use of anticoagulation and recent
major surgery were exclusion criteria. D-dimers were measured at hospital admission, and the analysis was performed at a cen-
tral laboratory using the STA-Liatest D-Di test kit (Diagnostica Stago, Asniéres sur Seine, France). The upper limit of normal
(ULN) for D-dimer was defined as >500 ng/mL. Age-adjusted thresholds were calculated as age X 10 ng/mL. VTE events included
symptomatic DVT (distal or proximal) or PE occurring during admission.

Results: Among 995 patients (50.7% female; mean age, 70 + 8 years), 74.4% (n =740) had a D-dimer > ULN, 62.2% (n=619)
had elevated age-adjusted levels, and 48.8% (n = 486) had D-dimers at least two times the ULN. The rate of VTE prophylaxis was
66.5% (n=662); in this cohort, 1.8% (n=18) developed a VTE.

Conclusion: Most hospitalized acute medically ill patients >60 years of age had elevated D-dimer levels on admission. Although
an elevated D-dimer may be associated with VTE risk, its poor specificity indicates that it should not guide prophylaxis manage-
ment without a multifactor risk assessment.
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Background

Venous thromboembolism (VTE) comprises deep vein throm-
bosis (DVT) and pulmonary embolism (PE) and is associated
with an estimated 300,000 deaths each year in the United
States.' It is the third leading cause of cardiovascular death
in the United States."” Hospitalization for acute medical
illness increases the probability of VTE by 8-fold.
Approximately 10% to 30% of patients hospitalized for an
acute medical illness will develop VTE*; 75% of VTEs occur
in nonsurgical patients, including 70% to 80% of fatal PEs.>

Clinical signs and symptoms of VTE are nonspecific, and
patients can decompensate rapidly following a PE.’
Examining fatal outcomes of VTE, most patients were undi-
agnosed, did not receive VTE prophylaxis, and were not
anticoagulated.” The risk of VTE should always be consid-
ered when caring for acute medically ill patients. If VTE is
treated properly, the mortality rate can decrease from 30%
to 2%.”

Bleeding occurs in the majority of patients with acute critical
illness.® This is likely due to the associations with comorbidities
that provide a predisposition to bleeding (eg, chronic kidney
disease, liver disease, and cancer).8 Therefore, it is important
to consider the benefits of VTE prophylaxis against the
increased risks of bleeding.

Risk assessment models (RAMs) can be used to determine
anticoagulation needs in hospitalized patients. Several RAMs
have been derived from populations of acutely ill, hospitalized
patients. The Padua Prediction Score, the Kucher Model,
the International Medical Prevention Registry on Venous
Thromboembolism (IMPROVE), and the Geneva Risk
Score have all undergone external validation.”!' The RAMs
share classic VTE predictors and include risk factors that are
related to comorbidities, underlying conditions, and current
medications.

D-dimers are soluble fibrin degradation products that are in
the circulation as a result of the breakdown of blood clots and
have clinical utility as an indicator of recent coagulation
cascade activation.'>'> A subanalysis of the MAGELLAN
trial showed that a D-dimer level of more than two times the
upper limit of normal (ULN) can predict patients at high risk
for VTE.' It has been reported that D-dimer concentration
has a similar predictive value for VTE as found with the use
of some of the validated RAMs (eg, IMPROVE)."* In fact,
D-dimer measurement was recently added to the IMPROVE
RAM to derive a new “IMPROVEDD” score that provides
more accurate risk stratification in medically ill, hospitalized
patients who received thromboprophylaxis.'> Thus, it is a rea-
sonable consideration that D-dimer levels could be used,
alone or in combination, with clinical RAM to determine
VTE risk.

In this multicenter study, we evaluated the prevalence of ele-
vated D-dimer levels in adult patients hospitalized for acute
medical illnesses who were not suspected to have VTE.
Additionally, VTE prophylaxis rates and clinically significant
VTE events were evaluated.

Methods
Study Design

This prospective observational study enrolled participants for 6
consecutive months from February to November 2016 who
were followed until discharge. The institutional review boards
at all sites approved the study. All subjects provided written
informed consent. The study was conducted in accordance
with the Declaration of Helsinki.

Clinical Setting

Recruitment was conducted across nine hospitals in the
United States with large-volume emergency departments.
The study sites had geographically and racially diverse
patient populations.

Patients

Patients were included if they were >60 years of age, presented
to the emergency department, and were admitted for an acute
medical illness (defined as a nonsurgical/nontraumatic
illness). Admission was defined as the patient requiring >2 mid-
nights (3 days) of inpatient hospital services. Patients were
excluded if they were suspected of having a VTE on presenta-
tion, had received anticoagulation within 7 days prior to
consent, or had surgery within 30 days.

Baseline demographic information and medical, social, and
family history were recorded at enrollment, including relevant
family history related to VTE risk factors. Alcohol use was
defined as eight or more drinks per week. Tobacco use was
defined as smoking within the last year. Additionally, the
primary admitting diagnosis was recorded. Cardiac dysfunction
included congestive heart failure, ischemic cardiomyopathy, and
acute coronary syndromes. Lastly, in-hospital anticoagulation
therapy and VTE occurrences during admission were recorded.

Study Protocol

After informed consent, within 24 h of presentation, and before
any anticoagulation was given, D-dimer levels were drawn by
research personnel and sent to a central laboratory (CirQuest
Labs, Memphis, TN) for analysis. At the hospital sites, two
1.5-mL cell-free plasma samples were frozen. One sample
was for primary analysis, and the other sample served as a
backup. Each batch was shipped separately to ensure that at
least one frozen tube per patient was available for testing.
Elevated D-dimer levels were calculated as >500 ng/mL fibrino-
gen equivalent units (FEU). Immunoturbidimetry was performed
on all samples using the STA Compact instrument and
STA-Liatest D-Di test kit (Diagnostica Stago, Asnieres sur
Seine, France, Cat# 00515). Clinicians and study sites were
blinded to D-dimer results; therefore, patients received standard
of care for VTE prophylaxis based on presentation and clinical
team judgment. Medical data and VTE prophylaxis during hospi-
talization for the index visit were obtained by chart review.
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Main Outcome Measures

The primary measurement was D-dimer level stratified using
the following three cutoffs: FEU >the ULN, FEU at least
two times the ULN, and FEU >the age-adjusted level, with
the age-adjusted level defined as age x 10. Additional endpoints
included VTE prophylaxis rates and VTE events. Symptomatic
DVT (distal or proximal) was diagnosed when symptoms com-
pelled the treating physician to obtain a confirmatory test (eg,
ultrasound, venogram). PE was defined as clinical symptoms
compatible with PE, plus confirmatory imaging. Computed
tomography pulmonary angiogram (CTPA) was the preferred
imaging modality; however, other modalities, such as ventila-
tion perfusion scans, were used when patients were not candi-
dates for CTPA (eg, radiocontrast allergy, poor renal function).

Statistical Analysis

Continuous variables were described as mean + standard devia-
tion (SD), and categorical data as counts and proportions with
95% confidence intervals. Descriptive statistics were calculated
for all patients and the subgroup of patients who developed
VTE. Data were analyzed using SAS for Windows® v9.3
(Microsoft, Redmond, WA, USA). For D-dimer levels
<220 ng/mL or >20,000 ng/mL (analyzer range), values of
220 and 20,000 ng/mL, respectively, were used.

Results

Patients

1053 patients met the eligibility criteria. Of 46 (4.3%) screen
failures (Figure 1), most were due to the inability to obtain ade-
quate blood samples (n=20), with the remainder a result of
patient withdrawal from the study (n= 14) or found to be inel-
igible after consent (n=12). The mean (+ SD) age of partici-
pants was 70+8 years (range, 60-99 years), 49.3% were

male (n=491), 71.0% were White (n=707), and the mean
(+ SD) body mass index was 29.2+7.7 kg/m>. The most
common admitting diagnosis was cardiac dysfunction (22.2%;
n=221; Table 1). The prevalence of alcohol use and
smoking was 12.2% and 17.9%, respectively. Overall, 3.6%
(n=36) and 2.1% (n=21) had a family history of DVT or
PE, respectively, while 6.2% (n=62) had a personal past
medical history of prior DVT or PE.

D-dimer and VTE Prophylaxis

The mean (+ SD) D-dimer level among the 995 patients was
1989 + 3088 ng/mL (range, 220-20,000 ng/mL). The distribu-
tion of D-dimer levels is shown in Figure 2. Most (74.4%;
n=740) had D-dimer levels above the ULN, and 48.8%
(n=486) had levels higher than twice the ULN. D-dimer
levels were above the age-adjusted values in 62.2% (n=619)
of patients. During their hospital stay, 66.5% (n=662) of
patients were started on anticoagulation for VTE prophylaxis.
The overall mean length of stay was 123.8 + 198.5 h (Table 1).

Patients with VTE

Only 1.8% (n = 18) of patients developed a clinically significant
VTE during the index visit. DVT was the most common VTE
and was detected in 13 patients, followed by PE, which occurred
in five patients (Figure 3). The mean (+ SD) D-dimer level
among patients with VTE was 4366 + 5793 ng/mL (range
220-20,000 ng/mL). Sixty-one percent (n=11) of patients
who developed VTE had a D-dimer level at least two times
the ULN. Only one patient had a normal D-dimer level. The
mean (+ SD) length of stay for the VTE subgroup was
5733+ 1111 h (about 1.5 months). Of the 18 patients with
VTE, 33.3% (n=06) had a history of tobacco use and 27.8%
(n=15) had a history of prior VTE. The most common admit-
ting diagnosis for the VTE subgroup was cardiac dysfunction

Consented,
n=1053

Screen failures, n=46
¢ Unable to obtain specimen, n=20

b e Patient withdrawal, n=14

Completed,
n=1007

¢ Ineligible after consent, n=12

!

n=1007

D-dimer obtained,

—

Inadequate sample, n=12

obtained,
n=995

Quality sample

l

>ULN,
n=740

>2xULN,
n=486

>Age adjusted (agex10),
n=619

Figure |. Patient disposition. ULN, upper limit of normal. Inadequate samples were those that clotted or were insufficient to be analyzed.
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Table |. Demographics and Characteristics, All Patients and VTE Patients.

Demographics

All Patients N =995

VTE Patients N=18

Age, y
Mean (SD)
Median (IQR)
Min, max
Age, y
60-64
65-74
75+
BMI, kg/m®
Mean (SD)
Median (IQR)
Min, max
Sex, n (%)
Female
Male
Race, n (%)
White
Black or African American
Asian
Other
Hispanic ethnicity, n (%)
D-dimer, ng/mL
Mean (SD)
Median (IQR)
Min, max
D-dimer > ULN, n (% [CI])
D-dimer >2x ULN, n (% [CI])
Age-adjusted D-dimer >age X 10, n (% [CI])
Length of stay, h
Mean (SD)
Median (IQR)
Min, max
Past medical history, n (% [CI])
History of previous DVT/PE
Family and social history, n (% [CI])
History of alcohol use
History of tobacco use
Family history of DVT
Family history of PE
Family history of thrombosis
Family history of abnormal bleeding
Admitting diagnoses, n (% [CI])
Chronic obstructive pulmonary disease
Asthma
Cardiac dysfunction
Nonspecific chest pain
Liver disease
Renal disease
Electrolyte abnormality
Kidney stones
Pneumonia
Urinary tract infection
Intestinal infection
Sepsis
Skin infection
Autoimmune disorder
Musculoskeletal dysfunction
Sickle cell disease

70.0 (8.2)
68.0 (63.0-75.0)
60.0, 99.0

322 (32.4 [29.5-35.3])
415 (41.7 [38.6-44.8])
258 (25.9 [23.2-28.7])

29.2 (7.7)
27.7 (24.0-33.0)
13.3, 66.7

504 (50.7)
491 (49.4)

707 (71.1)
260 (26.1)
12 (1.2)
16 (1.6)
61 (6.1)

1989.0 (3088)
960 (490-2050)
220, 20,000
740 (74.4 [71.7-77.1])
486 (48.8 [45.7-52.0])
619 (62.2 [59.1-65.2])

123.8 (198.5)
86.0 (57.6-135.4)
1.4, 4747.3

62 (6.2 [4.7-7.7])

121 (122 [10.1-14.2])
178 (17.9 [15.5-20.3])
36 (3.6 [2.5-4.8])
21 (2.1 [1.2-3.0])

5 (0.5 [0.06-0.94])
12 (1.2 [5.3-18.8])

79 (8.0 [2.5-13.6])
29 (2.9 [1.9-4.2])
221(22.2 [19.6-24.8])
127 (12.8 [10.7-14.8])
17 (1.7 [0.9-2.5])
72 (7.2 [5.6-8.9])
43 (4.3 [3.1-5.6])
12 (1.2 [0.5-1.9])
91 (9.2 [7.4-10.9])
55 (5.5 [4.1-7.0])
10 [1.0 [0.39-1.6])
44 (4.4 [3.0-5.7])
48 (4.8 [3.5-6.2])

2 (0.2 [0.0-0.48])
20 (2.0 [1.1-2.9])

I (0.1 [ 0.0-0.3])

69.0 (7.0)
68.0 (62.0-76.0)
60.0, 82.0

4 (222 [3.0-41.4])
8 (44.4 [21.5-67.4])
6 (33.3 [11.6-55.1])

27.8 (8.0)
27.34 (21.1-32.5)
18.9, 45.7

8 (44.4)
10 (55.6)

15 (83.3)

3 (16.7)
0 (0.0)
0 (0.0)
| (5.6)

4366.0 (5793)
2680 (910-8080)
220, 20,000
17 (94.4 [83.7-100])
11 (6.1 [38.6-83.6])
15 (83.3 [66.1-100])

5733 (1111)
192.0 (120.0-480.0)
24.0, 4752.0

5 (27.8 [7.1-48.5])

| (5.6 [0.0-16.17)
6 (33.3 [11.6-55.1])

0 (0.0 [0.0-0.0])

0 (0.0 [0.0-0.0])

0 (0.0 [0.0-0.0])

| (5.6 [0.0-16.17)

| (5.6 [0.0-16.17)
0 (0.0 [0.0-0.0])

7 (389 [11.6-55.1])
I (5.6 [0.0-16.17)
I (5.6 [0.0-16.17)
I (5.6 [0.0-16.17)
| (5.6 [0.0-16.17)
0 (0.0 [0.0-0.0])

2 (11.1 [0.0-25.6])
0 (0.0 [0.0-0.0])
0 (0.0 [0.0-0.0])
| (5.6 [0.0-16.17)
0 (0.0 [0.0-0.0])
0 (0.0 [0.0-0.0])
0 (0.0 [0.0-0.0])
0 (0.0 [0.0-0.0])

(continued)
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Table |. (continued)

Demographics

All Patients N =995

VTE Patients N= 18

Anemia
Stroke
Cancer
Anticoagulant prophylaxis, n (% [CI])

70 (7.0 [5.5-8.6])
39 (3.9 [2.7-5.1])
1 (11.2 [9.2-13.17)
662 (66.5 [63.6-69.5])

0 (0.0 [0.0-0.0])
| (5.6 [0.0-16.17)

2 (11.1 [0.0-25.6])

16 (88.9 [74.4-100]

BMI, body mass index; Cl, confidence interval; DVT, deep vein thrombosis; ICU,
pulmonary embolism; SD, standard deviation; ULN, upper limit of normal; VTE,
*n=989.

intensive care unit; IQR, interquartile range; max, maximum; min, minimum; PE,
venous thromboembolism.
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Figure 2. Distribution of D-dimer levels. Thirty-three patients had D-dimer levels <220 ng/mL, and 12 patients had D-dimer levels

>20,000 ng/mL.

DVT (n=13)
D-dimers (ng/mL): 220; 590; 600;
830; 900; 910; 1360; 2300; 2680;
6390; 7420; 8740; 20,000

18)

index visit (n

PE (n=5)
D-dimers (ng/mL): 840; 1460; 2720;
3210; 17,420

Patients with VTE during

—>|

Figure 3. Patients with clinically significant VTE during the index
visit. DVT, deep vein thrombosis; PE, pulmonary embolism; VTE,
venous thromboembolism.

(38.9%; n="7). Most (88.9%; n=16) of the VTE subgroup
received VTE prophylaxis.

Discussion

This is the first large North American study to report the prev-
alence of elevated D-dimer levels, elevated age-adjusted
D-dimer levels, and markedly elevated D-dimer levels in a

large, hospitalized cohort. Our main finding was that most
acute, medically ill, hospitalized patients >60 years of age
had elevated D-dimer levels. When age-adjusted levels were
considered, approximately two-thirds (62.2%) of patients had
elevated D-dimer levels. Nearly 50% of patients had D-dimer
levels at least two times the ULN. More than half of the patients
in this study received VTE prophylaxis (66.5%; n = 662) based
on their initial risk assessment, as determined by the admitting
team, and we reported a very low VTE rate of 1.8%. Having
found a low event rate, we did not explore any relationships
between VTE rates, D-dimers, or comorbidities given the inher-
ent instability from such a small sample size. Rather, we aimed
to provide epidemiologic data regarding D-dimers in this
patient population as a foundation to frame future research
and inform future research questions.

Others have performed similar work. In one prospective
observational study designed to evaluate whether elevated base-
line D-dimer levels (>500 ng/mL) predict a VTE diagnosis,'®
Fan et al reported similar results. Among 458 medically ill, hos-
pitalized Chinese patients >60 years of age followed for 90 days
(about 3 months), elevated baseline D-dimer levels were asso-
ciated with a 3.2-fold risk of developing VTE as compared to
patients with normal baseline D-dimers. Although the rate of
elevated D-dimer level in the Fan et al study was much lower
than in our study (49.6% vs 74.4%, respectively), the patient
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population in Fan et al had lower body mass index and fewer
high-risk conditions than the typical US population.
Additionally, Asian patients have a lower frequency of heredi-
tary factors that contribute to VTE, such as factor V Leiden
(0.5% vs 5.0% in White patients).'” These differences
could contribute to the lower risk of VTE reported in Asian
patients (relative risk, 0.20; 95% confidence interval, 0—
0.5)."*'® Fan et al reported that 45 participants (9.8%) had
at least one VTE event, which was considerably higher
than our study (1.8%; n=18), likely due to a longer
follow-up time and screening for asymptomatic DVT. More
patients who developed VTE in our study had elevated base-
line D-dimer levels (94.4%) compared with the Asian popu-
lation (71.1%).

To date, the MAGELLAN trial has the largest D-dimer data
set (7581 patients) collected from acutely ill, hospitalized
patients who had risk factors for VTE at admission.'"* A
MAGELLAN subanalysis showed that the incidence of subse-
quent VTE increases with rising D-dimer concentration, and
patients with a baseline D-dimer concentration greater than
two times the ULN are at a 3.5-fold higher risk of VTE than
those with concentrations less than two times the ULN.'* A
multivariate analysis confirmed that baseline D-dimer concen-
tration was an independent predictor of VTE risk (odds ratio,
2.29) after adjustment for other known risk factors.'* Similar
conclusions were reported in the MEDENOX trial of enoxa-
parin, which found that the median D-dimer concentrations in
patients who developed VTE were significantly higher at base-
line (p=0.01) and at Day 10 (p<0.001) than in patients
without VTE.' Conversely, in a study of 197 critically ill
patients, Crowther et al*® concluded that D-dimer levels are
not a predictor of VTE and should not be used to guide diagnos-
tic testing for VTE.

The American College of Physicians strongly recommends
the use of in-hospital thromboprophylaxis for up to 10 days
(about 1.5 weeks) in acutely medically ill patients, unless the
risk of bleeding outweighs the likely benefit.*! The relative
risk reduction of VTE reached 65% in thromboprophylaxis
trials.?'~2* Before this study, the degree to which VTE prophy-
laxis was used was unclear and its relationship to D-dimer
levels was not assessed.

Historically, VTE prophylaxis rates have been low. A
2006 prospective observational study by Peterman et al**
reported a VTE prophylaxis rate of 77.1% in acutely ill
patients. Prior to this study, reported VTE prophylaxis
rates were much lower, with one group reporting that only
33% of medical inpatients at two teaching hospitals received
some form of VTE prophylaxis and another group reporting a
rate of 46.4%.252% A retrospective study of 5451 patients
with ultrasound-confirmed DVT reported that less than half
of patients (42%) received VTE prophylaxis.?’ The effect
of a clinical pharmacy educational program was associated
with significant improvement in the quality and quantity of
VTE prophylaxis in acutely ill, hospitalized patients and
increased VTE prophylaxis rates by 15%.%® More recently,
studies have reported VTE prophylaxis rates around 52%

to 53%.%7*° We reported a higher rate of VTE prophylaxis
compared with previous studies, except for Peterman et al,
that may be explained by differences in consideration for
VTE prophylaxis (eg, length of hospital stay).

There are several strengths to this study. Our patient popula-
tion is geographically distributed and includes an approxi-
mately equal number of males and females with diverse
medical backgrounds. Another strength is that patients were
given VTE prophylaxis by the treating physician based on
their presentation and comorbidities, as they were blinded to
the D-dimer level. This reflects the current standard of care
and real-world clinical practice.

There are limitations to this study. Only clinically significant
VTE events were included, which may account for the low
overall VTE event rate. Asymptomatic VTE may have occurred
and led to undiagnosed complications after discharge as there
was no designated follow-up. Further, our study was limited
to inpatient VTE events. Because of the limited number of
VTE events in the current study, further analyses pertaining
to their relationship with D-dimer levels and comorbidities
were statistically invalid and are thus not presented. It is
likely that we would have identified much higher rates of
VTE events had we followed patients for the 90-day post-
discharge period.

Conclusion

In this large, prospective, multicenter study of patients >60
years of age who were not suspected of having VTE but were
hospitalized for an acute medical illness, the majority of
patients had elevated D-dimer levels on admission. When
looking at age-adjusted D-dimer levels and D-dimer levels
more than two times the ULN, a significant percentage of
patients still had elevated levels. Regardless of the D-dimer
findings, the rate of symptomatic VTE that we recorded was
very low. This is likely a function of the rate of VTE prophy-
laxis in our overall population, which was higher than most
of the previously reported studies. Ultimately, without clinical
suspicion of VTE, D-dimer levels should not be used for the
routine evaluation of potential VTE.
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