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T he risk of developing a blood clot in the venous circulation 
increases exponentially with age from approximately 30 cases 
per 100,000 persons aged 25 to 35 years to 300 to 500 cases 

per 100,000 persons aged 70 to 79 years.1 Rates of pulmonary embo-
lism (PE) increase from 120 per 100,000 persons aged 65 to 69 years 
to approximately 700 per 100,000 persons 85 years and older; about 
half of all deaths after venous thromboembolism (VTE) are attributed 
to PE.2,3 Venous thromboembolism most commonly includes deep vein 
thrombosis (DVT) or PE. Symptoms common to PE and DVT appear 
in various clinical conditions. Clinical diagnosis of suspected acute 
VTE is difficult. Therefore, objective testing combined with a clinical 
risk algorithm is recommended.4-7

Since the late 1980s, high-resolution venous ultrasonography has be-
come widely used to diagnose or exclude DVT in most community practices 
throughout the United States.7-9 In the early 1980s, a quantitative D-dimer 
test based on enzyme-linked immunosorbent assay (ELISA) was introduced 
as a means to exclude acute VTE. Investigators have studied the role of 
D-dimer in the diagnosis of DVT and PE.10-12 Controlled studies13-17 using 
a sensitive automated ELISA D-dimer assay have shown that D-dimer lev-
els below an established cutoff of 500 ng/mL combined with a clinical risk 
algorithm enable exclusion of acute venous thrombosis in up to 30% of 
outpatients (to convert D-dimer level to nanomoles per liter, multiply by 
5.476). However, the negative predictive value of the test worsens as pa-
tient age increases.18-21 Although the sensitivity and the negative predictive 
value of the test are about 98%, the specificity is less than 30%, and the 
overall accuracy of the test is only 35% for patients 65 years and older.22-24 
Previously, our group demonstrated that more of these tests are ordered in 
clinical practices where D-dimer testing is readily available.24 In real-world 
experience, it was found that more than 73% of all D-dimer tests among pa-
tients 65 years and older had positive results, and almost 65% of these were 
false positives that required additional radiologic evaluation. Only about 
27% of all D-dimer tests performed among the elderly had negative results; 
therefore, only these patients avoided additional radiologic procedures. In 
comparison, among patients younger than 65 years, the test had a negative 
predictive value exceeding 99%, a specificity exceeding 70%, and an overall 

accuracy exceeding 70%.
In 2007, the American Acad-

emy of Family Physicians and the 
American College of Physicians25 
jointly published a guideline on 
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Objective: To assess the effect of a targeted age-
specific computerized alert to reduce D-dimer 
testing in elderly patients.

Study Design: A single-crossover cluster random-
ized trial of computerized alerts during physician 
order entry involving 8 ambulatory care clinics in 
a group-model integrated care delivery system.

Methods: The rate of completed D-dimer tests 
per 1000 patient visits, ratio of completed venous 
ultrasonography to completed D-dimer tests, and 
rate of completed venous ultrasonography per 
1000 patient visits.

Results: The rate of completed D-dimer tests per 
1000 visits among patients 65 years and older in 
intervention clinics decreased from 5.02 to 1.52 
(95% confidence interval [CI], -4.20 to -2.80;  
P <.001), which persisted throughout the study 
period. The rate of completed D-dimer tests per 
1000 visits among patients 65 years and older in 
control clinics decreased from 3.14 to 2.11 (95% 
CI, -1.66 to -0.04; P <.001 for interaction). After 
activation of the alert in control clinics, the rate of 
completed D-dimer tests per 1000 visits among 
patients 65 years and older decreased from 2.11 
to 0.81 (95% Cl, -1.79 to -0.80; P <.001). After 
activation of the alert in each clinic group, the 
ratios of completed venous ultrasonography to 
completed D-dimer tests increased from 1.17 to 
4.05 (95% CI, 2.52-3.22) and from 2.25 to 7.29 (95% 
CI, 3.74-6.35) in intervention clinics and control 
clinics, respectively (P <.001 for both). 

Conclusion: An electronic age-specific alert 
targeted to a specific condition reduced D-dimer 
testing in this elderly population of outpatients 
and demonstrated a persistent effect.
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the diagnosis of lower extremity DVT and PE, which recom-
mended the use of clinical prediction rules to establish pretest 
probability of disease and advised using D-dimer testing to 
exclude VTE in younger patients without associated comor-
bidity or history of VTE. However, the guideline notes that 
D-dimer testing may be insufficient to rule out VTE in older 
patients.26 Other researchers also present evidence supporting 
that older patients should not receive D-dimer testing and 
recommend that an alternative strategy based on noninvasive 
examinations such as venous ultrasonography should be the 
first choice for evaluation of possible DVT.9,26-28

In 2001, Kaiser Permanente of Colorado adopted the 
quantitative D-dimer test for use in clinical practice. Since 
then, the number of D-dimer tests ordered for patients 65 
years and older has increased 5-fold, accounting for about 
one-third of all D-dimer tests ordered. The convenience of 
ordering a laboratory test and of potentially avoiding a trip 
by the patient to a diagnostic radiology center may be par-
tially fueling the increased use of the D-dimer test. However, 
because of the quantity of tests being ordered in patients 
65 years and older and owing to poor test performance in 
this age group, we have also seen a significant increase in 
the number of positive D-dimer test results, which required 
additional testing using radiologic evaluation. Most positive 
D-dimer test results in the elderly (65%) were determined to 
be false positives on further evaluation of patients’ venous 
ultrasonography results.24 Therefore, we wondered whether a 
computerized alert within the physician order entry module 
of the electronic medical record (EMR) that we use (Kai-
ser Permanente HealthConnect [KPHC]; Epic Systems, Ve-
rona, Wisconsin) could reduce the number of D-dimer tests 
ordered for elderly patients. We hypothesized that computer-
generated reminders given to primary care providers at the 
time of ordering a D-dimer test for patients 65 years and 
older for suspected VTE would decrease the rate of D-dimer 
test ordering among providers receiving the alert compared 
with providers not receiving the alert. This article reports 
our results of a randomized controlled study using this alert 

within a group-model health main-
tenance organization using an EMR 
for documentation and order entry of 
all outpatient clinical care.

METHODS
Between September 2005 and 

October 2007, we performed an in-
ternally funded cluster randomized 
trial involving 8 ambulatory care 
clinics in a group-model integrated 

care delivery system in Denver, Colorado. The institutional 
review board of Kaiser Permanente of Colorado approved the 
study before the start. This research did not require contact 
with study subjects (physicians or patients). Data used were 
retrospective and were extracted in a deidentified format be-
fore analysis began. This trial began before July 1, 2008, and 
did not require trial registration to meet guidelines of the 
International Committee of Medical Journal Editors.

Participant Selection and Randomization
We identified 8 primary care clinics, each with at least 

3000 patients 65 years and older. We performed a simple clus-
ter randomization to assign half of the clinics to a control 
group and the other half to an intervention group. A cluster 
randomized design was selected to decrease the risk of inter-
provider contamination among providers within the same 
facility. Primary care providers within the designated clinics 
were unaware that a research study was occurring in regard to 
D-dimer test ordering related to the alerts.

Intervention
All primary care providers received training and infor-

mation about the use of clinical risk algorithms for patients 
with suspected venous thrombosis and about the perfor-
mance characteristics of the D-dimer test among various age 
groups.23,24 This training took place during one of the monthly 
continuing medical education meetings for primary care pro-
viders 4 months before the intervention. Primary care pro-
viders in intervention clinics also saw the following pop-up 
alert within the physician order entry system at the time of 
placing a computerized D-dimer test order for patients 65 
years and older, advising against ordering the D-dimer test: 
“D-dimer testing is not recommended for patients 65 years 
of age and over because the accuracy is only 35% in this age 
group. Instead, order diagnostic imaging as appropriate.” Pro-
viders in control clinics did not receive this alert during the 
initial intervention. After 20 months, the alert was activated 
in control clinics; it remained active in intervention clinics. 

Take-Away Points
Physicians often find it difficult to remember to follow evidence-based clinical practice guide-
lines. Many researchers have suggested that computer-generated alerts within electronic med-
ical records may serve as reminders to improve adherence to best practices. However, too 
many alerts produce alert fatigue and may lead physicians to ignore them. Our study shows 
that an alert targeted to a specific order and for specific patients can alter a physician’s ordering 
behavior and promote improved adherence to a clinical practice guideline.

n A targeted computerized alert reduced the use of D-dimer testing in elderly patients.

n An alert targeted to a specific condition demonstrated a persistent effect.

n Computerized alerts should contain alternative diagnostic or treatment strategies to direct 
clinicians toward more appropriate diagnostic strategies rather than just provide “negative 
guidance.”
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RESULTS
The mean age of patients 65 years and older receiving D-

dimer testing was 75.6 years in intervention clinics and 75.7 
years in control clinics. The mean age of patients younger than 
65 years receiving D-dimer testing was 48.7 years in interven-
tion clinics and 49.1 years in control clinics. Among patients 
65 years and older, the baseline rates during 8 months before 
the study for completed D-dimer tests per 1000 clinic visits 
was 5.02 in intervention clinics and 3.14 in control clinics 
(rate difference, 1.88; 95% CI, 1.03-2.74; P <.001). After the 
alert was activated in intervention clinics, the rate of com-
pleted D-dimer tests per 1000 clinic visits for patients 65 years 
and older (September 2005 through April 2007) dropped 
significantly in all clinics, but the rate dropped significantly 
more in intervention clinics than in control clinics (from 5.02 
to 1.52; 95% CI, −4.20 to −2.80; P <.001 in intervention clin-
ics and from 3.14 to 2.11; 95% CI, −1.66 to −0.40; P <.001 in 
control clinics) (Table 1 and Figure 2). The rate differences 
between intervention clinics and control clinics were 1.52 
and 2.11, respectively (rate difference, −0.59; 95% CI, −0.98 
to −0.19; P = .003) (Table 1).

Activation of the alert in control clinics was followed by a 
significant decrease in the rate of completed D-dimer tests per 
1000 clinic visits for patients 65 years and older in these clin-
ics. The rate decreased from 2.11 to 0.81 (95% CI, −1.79 to 
−0.80; P < .001). During the period when the alert was ac-
tive in all 8 clinics (May through September 2007), the rate 
of completed D-dimer tests per 1000 clinic visits for patients 
65 years and older was 1.89 in intervention clinics and 0.81 
in control clinics (rate difference, 1.08; 95% CI, 0.42-1.74; 
P = .002). After the initial rate change in intervention clin-
ics, the new lower rate was maintained, indicating persistent 
effectiveness of the alert over time (Table 1 and Figure 2).

The baseline rates of completed D-dimer tests per 1000 
clinic visits for patients younger than 65 years were not sig-
nificantly different between intervention clinics and control 
clinics. The rate of completed D-dimer tests per 1000 clinic 
visits in control clinics for patients younger than 65 years 
did not significantly change over the course of the study; the 
rate for these patients in intervention clinics did not initially 
change after the alert was established but showed a slight in-
crease by the end of the study period (Table 1). As the alert 
was not active for patients in this age group, these rates in-
dicate that physician decision making for these patients was 
unaffected.

Because the alert advised against ordering a D-dimer test 
and recommended using a radiologic test (ie, venous ultraso-
nography) to evaluate patients 65 years and older for suspect-
ed DVT, we expected to see an increase in the rate of venous 

The specific metrics for each step of the project are shown in 
Figure 1.

Data on D-dimer tests and venous ultrasonography among 
patients having office visits in intervention clinics and control 
clinics were collected before and after activation of the alert. 
Data included clinic site, date of D-dimer order and result, 
and date of radiology test (Current Procedural Terminology code 
93971 [ultrasonography of extremities]) and result after a D-
dimer test. Except for patient age, other patient characteristics 
were unavailable in the data sets used for analyses.

Outcome Measurements
The primary outcome measure was the number of D-dimer 

tests ordered and completed per 1000 patient visits (includ-
ing all office visits for all patients in each age group for each 
clinic). This rate excluded D-dimer tests that occurred within 
14 days of each other for the same patient. The secondary 
outcome measure, the effect on ultrasonography ordering for 
evaluation of DVT, was assessed by determining the ratio of 
completed venous ultrasonography to completed D-dimer 
tests and the rate of completed venous ultrasonography per 
1000 patient visits for each age group.

Statistical Analysis
Outcome variables of interest were counts (eg, D-dimer 

tests estimated relative to a number of visits to account 
for differing ordering opportunities). Descriptive rates and 
Fisher exact test confidence intervals (CIs) were calculated 
for intervention groups and control groups for each period. 
Count data are often modeled using Poisson distribution re-
gression analysis, but negative binomial models were a bet-
ter fit because of the overdispersion evident among these 
data.29 Models were run using commercially available soft-
ware (GLIMMIX program in SAS; SAS Institute Inc, Cary, 
North Carolina), with the numerator of the rate as the out-
come and a logged value for the denominator used as an 
offset term. Analysts were unaware of the clinic assignments 
during the data collection steps, but were aware of the clinic 
status during the statistical analysis phase. Each clinic had 2 
periods of interest (preintervention and postintervention), 
and the test of intervention effectiveness was evaluated us-
ing the interaction term of the intervention variable with 
time. This test evaluates if the change in the outcome vari-
able over time was significantly different for intervention 
clinic versus control clinic groups. Estimates of clinic-level 
intraclass correlations were low (<0.01), and the addition 
of a random-effects term for facility clusters in the negative 
binomial models produced comparable results. The minimal 
influence on model results suggests limited clustering effects 
within the specific clinics.
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n Figure 1. Flow Diagram of the Study

8 Primary care clinics 
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4 Clinics
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97 Primary care providers

 
Prealert (Jan-Aug 2005)
Clinic visits 
103,332 Patients <65 y
40,152 Patients >65 y

D-dimer tests
397 Patients <65 y
126 Patients >65 y

Venous ultrasound tests
195 Patients <65 y
195 Patients >65 y

Prealert (Sep ‘05-April ’07) 
Clinic visits
212,062 Patients <65 y
82,477 Patients >65 y

D-dimer tests
815 Patients <65 y
174 Patients >65 y

Venous ultrasound tests
347 Patients <65 y
391 Patients >65 y

Postalert (May ‘07-Sep ’07) 
Clinic visits
52,209 Patients <65 y
20,904 Patients >65 y

D-dimer tests
227 Patients <65 y
17 Patients >65 y

Venous ultrasound tests
133 Patients <65 y
124 Patients >65 y

Activate CPOE alert advising
against D-dimer use in patients >65 y 

Postalert (Sep ‘05-April ’07) 
Clinic visits
241,979 Patients <65 y
100,338 Patients >65 y

D-dimer tests
1037 Patients <65 y
153 Patients >65 y

Venous ultrasound tests
670 Patients <65 y
619 Patients >65 y

Postalert continued (May ‘07-Sep ’07) 
Clinic visits
58,014 Patients <65 y
25,347 Patients >65 y

D-dimer tests
343 Patients <65 y
48 Patients >65 y

Venous ultrasound tests
173 Patients <65 y
185 Patients >65 y

Prealert (Jan-Aug 2005) 
Clinic visits 
102,640 Patients <65 y
44,600 Patients >65 y

D-dimer tests
428 Patients <65 y
224 Patients >65 y

Venous ultrasound tests
227 Patients <65 y
263 Patients >65 y

Activate CPOE alert advising against
D-dimer use in patients >65 y

CPOE indicates computerized physician order entry.
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ultrasonography. We evaluated the ratio of completed ve-
nous ultrasonography to completed D-dimer tests during the 
study period (Figure 3). The baseline ratios of completed 
venous ultrasonography to completed D-dimer tests for pa-
tients 65 years and older were 1.17 in intervention clinics 
and 1.55 in control clinics (ratio difference, −0.38; 95% CI, 
−0.63 to −0.11; P = .004). After alert activation, significant 
increases occurred in the ratios of completed 
venous ultrasonography to completed D-
dimer tests for patients 65 years and older. 
Although the ratios increased in both clinic 
groups, the increase in intervention clinics 
was much greater. During the period when 
the alert was activated in intervention clin-
ics and control clinics, the ratios of com-
pleted venous ultrasonography to completed 
D-dimer tests for patients 65 years and older 
were 3.85 in intervention clinics and 7.29 
in control clinics (ratio difference, −3.44; 
95% CI, −4.84 to −2.04; P <.001). We saw 
a persistent ratio in intervention clinics 
when the alert was activated in both clinic 
groups (from 4.05 to 3.85; 95% CI, −0.83 to 
0.45; P = 0.57). The ratio in control clinics 
when the alert was active showed a signifi-
cant increase (from 2.25 to 7.29; 95% CI, 
3.74-6.35; P <.001), similar to our observa-
tion when the alert was initially activated in 

intervention clinics. The increase in venous ultrasonogra-
phy per D-dimer tests may have been driven by the large 
decrease in D-dimer tests in the intervention group (the 
denominator in this comparison). However, the increase in 
the ratio of completed venous ultrasonography to completed 
D-dimer tests was more than can be accounted for by just 
the decrease in D-dimer tests.

n Table 1. Rates of Completed D-Dimer Tests per 1000 Patient Visits Within Each Age Group

n Figure 2. Rate of Completed D-Dimer Tests per 1000 Clinic Visits 
Within Each Patient Age Group 
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The ratio of completed venous ultrasonography to com-
pleted D-dimer tests for patients younger than 65 years showed 
a slight increase after the alert was activated in intervention 
clinics, but decreased over time. A slight increase in the ra-
tio was also observed after initiation of the alert in control 
clinics. No persistent trends were observed in intervention 
clinics or control clinics among either age group of patients 

for the rate of completed ultrasonography per 
1000 patient visits (Figure 4). The overall 
few patients being evaluated for VTE among 
all patients having clinic visits may account 
for why we did not see a consistent change in 
the rate of venous ultrasonography per 1000 
clinic visits.

The rate comparisons in Table 1 provide 
useful information but do not directly test 
whether changes at intervention clinics were 
significantly different from those in control 
clinics, considering the difference in baseline 
rates between the clinics. To more rigorously 
answer this question, we used negative bino-
mial models to test interactions of the inter-
vention variable with time (Table 2). These 
models focused on changes from baseline until 
alerts were operating in intervention clinics for 
patients 65 years and older. The use of D-dimer 
tests for patients 65 years and older decreased in 
intervention clinics and control clinics during 

periods when the alert was active in intervention clinics; how-
ever, the decrease was significantly lower for intervention clinics 
than for control clinics (P <.001). The results did not change 
after taking into account potential clustering of effects within 
facilities. The ratio of completed venous ultrasonography to 
completed D-dimer tests increased in intervention clinics and 
control clinics during the intervention period, but the increase 

was significantly higher for intervention clin-
ics (P = .006). The rate of completed D-dimer 
tests per 1000 visits among patients younger 
than 65 years did not change in intervention 
clinics or control clinics during the interven-
tion period. However, for patients younger 
than 65 years, there was a slight increase in 
completed venous ultrasonography (Table 1, 
Figure 3, and Figure 4).

DISCUSSION
In theory, alerts within an EMR may help 

decrease prescribing errors, increase rates of 
appropriate preventive screening and preven-
tion interventions, and improve the delivery 
of evidence-based medical practice.30-34 Com-
puterized alerts have also been effective in 
improving physician prescribing practices.35,36 

However, the use of alerts in practice has not 
always proven to work as promised. Clini-
cians can experience alert fatigue, in which 

n Figure 3. Ratio of Completed Venous Ultrasonography to Completed 
D-Dimer Tests Within Each Patient Age Group 
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receipt of too many alerts becomes frustrating, leading to ig-
noring or overriding the messages.30,37,38

Our results show that a targeted alert designed to foster 
evidence-based guidance (as recommended by the American 
Academy of Family Physicians and the American College of 
Physicians) can reduce the use of D-dimer testing among pa-
tients 65 years and older.25,26 One reason that our alert may 
have been effective is that it provided alternative diagnostic 
suggestions, rather than just discouraging the use of the D-
dimer test. In addition, the effectiveness of the alert persisted 
over time, suggesting that patient-specific alerts presented at 
an appropriate time at the point of care may foster improved 
adherence to evidence-based guidelines.

Alert messages generated in an EMR guiding the use of 
D-dimer testing may not be generalizable to other tests for 
which alternative testing is not readily available. In addition, 
the utilization of alerts within an EMR used for documenting 
care within an integrated healthcare system may not be gen-
eralizable to nonintegrated health systems in which addition-
al testing (ie, radiologic services) may not be readily available 
within the system. We were also limited in the data available 
from the EMR system database. We did not have access to 
the reasons why clinicians ordered imaging procedures. This 
precluded inclusion of chest computed tomography as an out-
come measure, as this is used for many reasons other than 
evaluation of PE. However, lower extremity ultrasonography 
is almost exclusively ordered for the evaluation of DVT.

Despite randomization, the baseline utilization of D-dimer 
testing differed between intervention clinics and control 
clinics, so there were likely unmeasured differences between 
clinics in terms of practice patterns, patient data, or clinician 
characteristics. We attempted to adjust for these differences 
with intervention variable-×-time analyses, but recognize 

that this might not fully adjust for unmeasured differences be-
tween study groups. We chose a cluster randomization model 
to limit the potential of interprovider contamination due to 
communication between providers in the same medical facil-
ity regarding the use of D-dimer testing. We wanted to limit 
the possibility of a scenario in which one provider gets the 
alert, another in close proximity does not get the alert, and 
they would talk about the alert message between themselves. 
Future studies may be designed to randomize at the provider 
level to confirm these results. In addition, Kaiser Permanente 
of Colorado has had a consistently stable Medicare popula-
tion. We would not expect differences in the characteristics 
of this patient population to manifest during the course of this 
short study. We observed a trend toward decreased D-dimer 
testing for patients 65 years and older in all clinics. This ob-
servation may be because of continuing education materials 
and programs and other communications to providers inform-
ing them about poor performance of the D-dimer test among 
patients in this age group. We also noted an increase in the 
rate of D-dimer testing for patients younger than 65 years. 
This observation may have been an unintended consequence 
of the alert itself. That is, did the message that D-dimer test-
ing may not be appropriate in the elderly lead clinicians to 
conclude that D-dimer is appropriate in the nonelderly (al-
though the alert did not appear when ordering a D-dimer test 
for patients in the younger age group). This increase in D-
dimer testing among the younger group may have been ap-
propriate or inappropriate, but seems to have occurred in both 
clinic groups after the alert was in widespread use. This ques-
tion remains for future studies and analyses.

Further studies are needed to test the best use and struc-
ture of computerized alerts. We suggest that alerts should be 
focused on high-cost, high-variation, and high-frequency 

n Table 2. Negative Binomial Model Runs to Test the Interactions of Intervention Variables With Time, Focused  
on Comparisons During Activation of Alerts in Intervention Clinics (Analysis Included the Random Effect for  
Clinic Adjustment)

Patient Age Group ≥65 y Rate Ratio (95% CI) P for Interaction

Rate of completed D-dimer tests per 1000 patient visits <.001

  Time effect in intervention clinics 0.32 (0.24-0.40)

  Time effect in control clinics 0.58 (0.44-0.77)

Ratio of completed venous ultrasonography per 1000 patient visits .006

  Time effect in intervention clinics 2.66 (2.04-3.47)

  Time effect in control clinics 1.54 (1.16-2.04)

Rate of completed venous ultrasonography per 1000 patient visits .67

  Time effect in intervention clinics 1.05 (0.86-1.26)

  Time effect in control clinics 0.98 (0.79-1.21)

CI indicates confidence interval.
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conditions to minimize the number of clinician workflow in-
terruptions. Our study was not designed to compare alerts with 
and without information about alternative diagnostic and 
treatment strategies, although we believe that alerts should 
contain this information to direct clinicians toward evidence-
based alternatives rather than simply provide “negative guid-
ance.” As EMR technology improves, it might be possible in 
the future to tailor alert messages to clinicians based on their 
practice patterns, so that each clinician receives alerts only in 
areas where their individual practice could benefit. Systems 
might also be able to remove alerts for individual clinicians 
who have demonstrated persistent improvement in ordering 
practices. These approaches should mitigate the occurrence 
of alert overload and minimize the possibility that clinicians 
disregard alert messages.
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