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Summary
Background: With increasing numbers of hospitals adopting electronic medical records, electronic 
search algorithms for identifying postoperative complications can be invaluable tools to expedite 
data abstraction and clinical research to improve patient outcomes.
Objectives: To derive and validate an electronic search algorithm to identify postoperative throm-
boembolic and cardiovascular complications such as deep venous thrombosis, pulmonary embol-
ism, or myocardial infarction within 30 days of total hip or knee arthroplasty.
Methods: A total of 34 517 patients undergoing total hip or knee arthroplasty between January 1, 
1996 and December 31, 2013 were identified. Using a derivation cohort of 418 patients, several it-
erations of a free-text electronic search were developed and refined for each complication. Subse-
quently, the automated search algorithm was validated on an independent cohort of 2 857 pa-
tients, and the sensitivity and specificities were compared to the results of manual chart review. 
Results:  In the final derivation subset, the automated search algorithm achieved a sensitivity of 
91% and specificity of 85% for deep vein thrombosis, a sensitivity of 96% and specificity of 100% 
for pulmonary embolism, and a sensitivity of 100% and specificity of 95% for myocardial infarc-
tion. When applied to the validation cohort, the search algorithm achieved a sensitivity of 97% and 
specificity of 99% for deep vein thrombosis, a sensitivity of 97% and specificity of 100% for pul-
monary embolism, and a sensitivity of 100% and specificity of 99% for myocardial infarction.
Conclusions: The derivation and validation of an electronic search strategy can accelerate the data 
abstraction process for research, quality improvement, and enhancement of patient care, while 
maintaining superb reliability compared to manual review.
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1. Introduction
Over the course of the last decade, there has been an increase in the use of electronic medical 
 records (EMRs), and the amount of medical information available for epidemiologic and clinical 
 research has rapidly expanded [1]. This poses new obstacles in contemporary research methodolo-
gy, such as the inability to manually review sufficient amounts of data in a reasonable time period, 
the use of inadequate search strategies to review the EMR, and the reliance on the accuracy of ICD-9 
(International Classification of Diseases, Ninth Revision) billing codes [2, 3].

Recently, there has been an increase in the use of automated electronic search strategies to facili-
tate data collection. For instance, search algorithms have been successfully developed for extracting 
information on Charlson comorbidities [2], initiation of emergent intubations in the intensive care 
unit (ICU) [4], extubation time in the ICU [5], risk factors for acute lung injury [6], and chronic 
 co-morbidity phenotypes from the EMR and Genomics studies [7]. These studies have all demon-
strated that electronic searches can achieve sensitivities and specificities greater than 90% when 
compared to manual search efforts. Additionally, a previous study demonstrated portability of such 
electronic search tools, potentially allowing for application of search algorithms at external institu-
tions [8]. However, there is limited available literature on the derivation and validation of an elec-
tronic search technique for identifying complications in the postoperative setting and the effective-
ness of such methodology in this realm, specifically when compared to manual chart review of a 
prospectively-collected electronic database.

It is well known that critical complications following elective surgeries include thromboembolic 
and cardiovascular complications such as deep venous thrombosis, pulmonary embolism, and 
 myocardial infarction. Total hip and knee arthroplasties are among the most commonly performed 
elective surgical procedures [9], and these patients are inherently at a higher risk of these compli-
cations because of their demographics, the nature of the operation, and the preexisting 
 comorbidities commonly found in these patients [10–12]. Despite the frequency of deep venous 
thrombosis, pulmonary embolism, and myocardial infarction following lower extremity arthro-
plasty, there is no established gold standard available for efficient identification of these important 
and clinically-relevant events from patient EMRs. This patient population is ideally suited for the 
derivation and validation of an electronic search algorithm for postoperative thromboembolic and 
cardiovascular complications.

2. Objectives
The primary objective of this study was to derive and validate an automated electronic search algo-
rithm for identifying the occurrence of postoperative deep venous thrombosis, pulmonary embol-
ism, or myocardial infarction within 30 days of total hip or knee arthroplasty. The secondary objec-
tive was to calculate the sensitivity and specificity values of our electronic search algorithm when 
compared with manual comprehensive review of the patient records (the reference standard) for 
identifying these thromboembolic and cardiovascular complications within 30 days of surgery. 
 Positive or negative predictive values were not calculated because of their dependence on the inci-
dence rate within the cohort. The automated electronic search algorithm was designed with the goal 
of expediting clinical research and quality improvement endeavors within an institution, and was 
not intended for surveillance purposes.

3. Methods

3.1 Identification of Study Population
Mayo Clinic Institutional Review Board approval was obtained for retrospective analysis of patients 
undergoing total hip or knee arthroplasty surgeries between January 1, 1996 and December 31, 
2013. These patient records were available via the Total Joint Registry (TJR) database at Mayo Clinic 
in Rochester, Minnesota, which is a prospectively collected electronic database containing compre-
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hensive information for all joint arthroplasty procedures performed at this institution dating back to 
1969 [13]. This database was used to identify a heterogeneous group of patients who underwent 
total hip or knee arthroplasty during the study period. In patients who may have undergone 
multiple surgeries during the period of study, review was restricted to the first surgery, and thus only 
one operative and perioperative course was analyzed for each patient. In accordance with the 
 Minnesota Health Records Act (Minnesota Statue 144.291–144.298), only patients who gave 
 research consent were included in the study. After identification of all patients undergoing their first 
total hip or knee arthroplasty in the study period and applying exclusion criteria (no research auth-
orization, patients younger than 18 years old, and patients not included in specific Mayo Clinic elec-
tronic databases discussed below), two independent subsets of patients were randomly selected to 
comprise the derivation cohort and the validation cohort (▶Figure 1).

3.2 Manual Data Extraction Strategy
Manual review of patient records is the traditional method used for data extraction, as there is no 
 established gold standard available for identification of thromboembolic and cardiovascular compli-
cations from the EMR. In this study, two study authors independently reviewed the EMR for 
 patients in the derivation and validation subsets to look for the complications of interest occurring 
within 30 days of the orthopedic operation. These authors were not involved in the development or 
utilization of the automated electronic search strategy and were not aware of the results from the 
automated electronic note search strategy.

Using previously defined criteria for establishing a diagnosis of deep venous thrombosis, 
 pulmonary embolism, and myocardial infarction, the reviewers manually categorized each compli-
cation into the highest level of diagnostic certainty (definite, probable, possible, or no event) [10]. 
Following previously established categorization schemes, patients experiencing complications classi-
fied as either definite or probable were combined to represent patients experiencing the compli-
cation of interest [10]. For  patients experiencing multiple complications of interest or multiple oc-
currences of complications of interest within the 30-day postoperative period, each manifestation 
was classified into the highest level of diagnostic confidence. Additionally, it was assumed that pa-
tients experiencing pulmonary embolism also had a probable deep venous thrombosis.

3.3 Automated Electronic Data Extraction Strategy
In addition to the TJR database used to identify patients eligible for participation in this study, data 
was extracted from the Mayo Clinic Intensive Care Unit/Operating Room DataMart, the Mayo 
Clinic Life Sciences System (MCLSS), and the Anesthesia Quality Database, all of which are compre-
hensive clinical data warehouses that store information regarding patient demographics and charac-
teristics, operative course, and perioperative management and complication details [14, 15]. A 
 commercially available, web-based query-building tool called Data Discovery and Query Builder 
(DDQB) was utilized for interrogation of data files contained within the databases listed above 
 (International Business Machines, Corp). The DDQB tool allows clinicians and researchers without 
extensive programming knowledge to build complex queries based on Boolean logic and free-text 
searches [4, 6]. These tools were used to search through patient records in the EMR to identify deep 
venous thrombosis, pulmonary embolism, or myocardial infarction within 30 days of the lower 
 extremity orthopedic procedure.

 To develop the electronic search query, all synonyms, abbreviations, medical acronyms, and most 
common symptoms associated with each complication were entered. Furthermore, a comprehensive 
list of terms to exclude was developed to make the electronic search algorithm more specific. For 
 instance, words and phrases such as “prior,” “rule out,” or “negative for” were excluded (complete list 
of inclusion and exclusion terms in ▶Appendices 1–3). To establish a more uniform methodology 
and minimize the number of false positive results, the application of the automated algorithm to 
note searches was restricted to the Chief Complaint, Diagnosis, and Impression/Report/Plan sec-
tions and laboratory results in the patient records. The results from other imaging or diagnostic mo-
dalities such as electrocardiography, ventilation-perfusion scans, or computed tomography scans 
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were only available for abstraction from documentation in note sections in the medical record, as an 
electronic search was not developed for these modalities.

 The automated electronic search algorithm was continuously refined through an iterative process 
consisting of review of mismatches between the automated electronic search and the manual chart 
review. Every time any discordant results were identified between the electronic search and the man-
ual search, the search algorithm inclusion and exclusion terms and criteria were updated and 
 re-tested on the derivation cohort. Through various improvements of search and exclusion terms, 
the sensitivity and specificity for each complication improved to greater than 85%. After several iter-
ations of this process, the last search terms and algorithm used to construct the automated electronic 
search query were finalized and applied to the validation cohort (▶Figure 1). To achieve this vali-
dation step, sensitivity and specificity values were calculated through comparison of the applied 
automated electronic search algorithm to the validation subset versus a comprehensive manual 
 review of the same subset serving as the reference standard. The two study authors who designed 
and implemented the electronic search algorithm using DDQB did not participate in the extraction 
of data via manual chart review.

3.4 Statistical Analyses 
In this study, point estimates for sensitivity and specificity of the automated electronic search strat-
egy were calculated by comparing the results of the electronic data abstraction method to the results 
of manual data abstraction method (reference standard) for both the derivation and validation 
 cohorts using JMP version 9.0 (Statistical Analysis System Institute, Inc.). Because the electronic 
search algorithm was derived over the course of several iterations, the sensitivity and specificity of 
the search as applied to the derivation cohort was represented by the final iteration of the electronic 
search algorithm refinement process.

4. Results
After all exclusions were applied, the total final retrospective patient pool included 34 517 first lower 
extremity orthopedic surgeries between January 1, 1996 and December 31, 2013 at Mayo Clinic. 
Both primary and revision knee and hip arthroplasties were included, as well as both unilateral and 
bilateral procedures. A subset of 418 random patients was selected as the derivation cohort and 
 another independent subset of 2 857 random patients was selected as the validation cohort. Both of 
these cohorts consisted of patients who experienced deep venous thrombosis, pulmonary embolism, 
or myocardial infarction, and also patients who did not experience any of these complications with-
in 30 days of total hip or knee arthroplasty.

Initially, the automated electronic search strategy achieved a sensitivity of 70% and specificity of 
68% for deep venous thrombosis, a sensitivity of 93% and specificity of 76% for pulmonary embol-
ism, and a sensitivity of 92% and specificity of 68% for myocardial infarction in the derivation 
 cohort when analyzed against a manual review of these patient records. After several revisions were 
made to the search algorithm, the final iteration of the electronic search algorithm yielded a sensitiv-
ity of 91% and specificity of 85% for deep venous thrombosis, sensitivity of 96% and specificity of 
100% for pulmonary embolism, and sensitivity of 100% and specificity of 95% for myocardial infarc-
tion when applied to the derivation subset. The finalized algorithm and search inclusion and exclu-
sion terms for each complication of interest are provided as Appendices 1–3.

When the finalized automated search algorithm was applied to the validation cohort of 2 857 
 patients, the electronic strategy achieved 97% sensitivity and 99% specificity for deep venous throm-
bosis, 97% sensitivity and 100% specificity for pulmonary embolism, and 100% sensitivity and 99% 
specificity for myocardial infarction. These results are summarized in ▶Table 1. Additionally, 
▶Tables 2–4 provide the initial sensitivity and specificity values for the electronic search of each 
complication of interest, followed by the final sensitivity and specificity values of the derivation 
 cohort after several iterations of updates, and the sensitivity and specificity values when applied to 
the validation cohort.

Research Article

M.Tien et al.: A Search Algorithm to Identify Postoperative  Thromboembolic and 
 Cardiovascular Complications

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



569

© Schattauer 2015

5. Discussion
The present study compared two independent methodologies for extraction of data pertaining to 
the occurrence of thromboembolic and cardiovascular complications within 30 days following lower 
extremity orthopedic procedures. The results reported in this study support the notion that the 
 development and validation of an automated electronic search algorithm to interrogate the EMR for 
identifying certain elements pertaining to patient care is a reliable alternative to the reference stan-
dard of manual review. Comparison of the two methodologies demonstrated that the sensitivity and 
specificity of the automated search algorithm could approach 100% in many instances. These find-
ings further corroborate previously published studies demonstrating that the use of automated 
search strategies produced very accurate results that were agreeable with those produced by manual 
review and data extraction methods [2, 4, 6, 7]. Additionally, this study demonstrates that this meth-
odology can be a reliable alternative to manual chart review for research pertaining to postoperative 
complications.

It is important to note that a previous study by Murff et al. [16] compared the use of electronic 
free-text search algorithms applied to EMRs versus administrative ICD-9 data codes to identify 
postoperative complications. Searching EMRs to identify postoperative complications performed 
with higher sensitivity values but lower specificity values when compared with equivalent safety 
 indicators found in administrative discharge codes. These investigators reported sensitivity and spe-
cificity values in identifying deep venous thrombosis or pulmonary embolism (59% and 91%, 
 respectively for both thromboembolic complications) and myocardial infarction (91% and 95%, 
 respectively) in the postoperative period using natural language processing [16]. The free-text 
search algorithm developed in the present study found sensitivity and specificity values between 
97–100% for cardiopulmonary and thromboembolic complications within 30 days of total hip or 
knee arthroplasty surgery. Taken together, these studies solidify the advantage of electronically 
searching EMRs (compared to other electronic search strategies such as ICD-9 data codes), and 
demonstrate that this method can approximate the accuracy of manual chart review by experts in 
prospectively-collected electronic databases across institutions.

There are numerous advantages to utilizing the approach detailed in this current study for appli-
cation to clinical and translational research in the current era of bioinformatics. For instance, the 
automated electronic search approach allows for an unprecedented reduction in time spent review-
ing patient records compared with manual review for such research studies. The electronic algorith-
mic search strategy is also able to provide uniform and consistent results that are just as reliable and 
accurate as those extracted by manual review, and is not prone to mental errors made when 
 researchers get fatigued performing exhaustive manual data extraction. Moreover, because the 
DDQB is a commercial web-based query-building tool, the current approach is applicable to any 
EMR database system. The search algorithm was developed using free text and natural language 
strategies that broadly reflect clinical practice (▶Appendices 1–3) and do not rely on the availability 
of additional codified, electronic information for specialized imaging tests or diagnostic modalities. 
With the recent trend of transitioning from paper medical records to EMR seen in the United States, 
the strategy employed in this paper can be widely applicable and used in conjunction with any type 
of standard or customized software for statistical analysis.

Taking potential differences in data structures, semantics, and documentation language across 
various institutions and departments into consideration, this search strategy incorporates a broad 
spectrum of inclusion and exclusion terms (▶Appendices 1–3) to minimize the chance of type I 
 errors and maximize the chance of capturing close to 100% of events. At our institution, the search 
strategy performed with high levels of sensitivity and specificity; however, the point estimates can-
not be expected to express the true limits for these values in other settings. In this sense, it is impor-
tant to note that although the derivation and validation strategy could potentially be enhanced by 
specifically tailoring the algorithm to better suit other institutions, the portability of free-text search 
algorithms was previously demonstrated across different institutions and EMRs with minimal need 
for institution-specific algorithm optimization [8]. The efficiency with which clinical and trans-
lational research can now be performed is not only of tremendous value to researchers but can also 
indirectly enhance the quality of patient care by providing information about risk factors for adverse 
outcomes of interest. For instance, information regarding perioperative thromboembolic and 
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 cardiovascular complications may permit investigation of the impact of changes in medical practice. 
In the case of this current derivation and validation of a search algorithm to identify patients experi-
encing thromboembolic and cardiovascular complications following lower extremity orthopedic 
surgery, for instance, this search strategy can accelerate any clinical research that may involve 
 analyzing postoperative complications, thromboembolic or cardiovascular disease, or studying new 
anticoagulants.

There are a few important limitations of this study that should be acknowledged. The quality of 
the data obtained from automated electronic note search is reliant upon the accuracy of the clinical 
record and integrity of the database from which it is derived. Any incompleteness or unreliable data 
points in the database or inconsistencies with the text search phrases can lead to inaccurate results 
and therefore limit the applicability of this data extraction methodology. Data entry into the data-
base may have been incorrect or the information within the database could potentially become 
 corrupted, but this limitation likely accounts for a very small number of patients in the database 
[17]. Additionally, it is possible for complications to occur following patient discharge. Thus, the 
completeness of the EMR will depend on the addition of this information if the patient experiences 
the complication outside of the institution. While the Mayo Clinic TJR database prospectively ascer-
tains the occurrences of these complications with routine follow-up of patients, it is not known 
whether or not this conclusion can be generalized to databases used at other institutions [13]. While 
this study did not determine generalizability to other institutions, appropriate measures were taken 
to include broad free-text, natural language search criteria that are expected to accommodate for 
variations in medical terminology across institutions. Furthermore, there is prior evidence to the 
portability of similar electronic search tools in the literature [8].

The current study only searched through the notes classified under Chief Complaint, Diagnosis, 
Impression/Report/Plan note sections and laboratory results of the patient records. While this is a 
thorough and comprehensive search of the most relevant sections, it is by no means all-inclusive, 
and the occurrence of a complication of interest not documented in these notes would have been 
missed. However, it is anticipated that this comprises a very small proportion of the study cohort, as 
the electronic search performed with sensitivities and specificities close to 100% when compared to 
manual review. Of note, the sensitivity and specificity in the validation cohort were higher than in 
the derivation cohort, perhaps due to differences in the prevalence of the conditions of interest. In 
this regard, prevalence of deep venous thrombosis was 8–11%, pulmonary embolism was 5–15%, 
and myocardial infarction was 20–30% in the two cohorts. Lastly, the acquisition of the data from 
the database via any electronic search strategy is limited by the timing of when the procedure notes 
are uploaded or when the databases are updated. Therefore, this methodology is not applicable for 
real-time use of data collection and analytics.

6. Conclusions
This present study details the derivation and validation of an automated electronic search query 
 algorithm for identifying the occurrence of major thromboembolic and cardiovascular compli-
cations in the postoperative period. Complications including deep venous thrombosis, pulmonary 
embolism, and myocardial infarction occurring within 30 days of lower extremity arthroplasty can 
be identified with great accuracy using an automated electronic search algorithm. The achieved sen-
sitivity and specificity can approach 100% through continuous improvements in the electronic note 
search via the iterative process described above. Additionally, the development of this electronic 
search strategy can be widely applicable to help improve the efficiency and accuracy of clinical 
 research, aid in institutional assessment of surgical and perioperative outcomes, direct quality 
 improvement projects, and ultimately guide physician decision-making to enhance patient recovery.

Clinical Relevance Statement
With the movement towards universal implementation of electronic medical records, automated 
electronic note search algorithms can serve as effective tools in clinical research for helping investi-
gators accurately and reliably extract data from patient records. This study demonstrates that a free-
text search algorithm devised for identifying deep venous thrombosis, pulmonary embolism, or 
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myocardial infarction within 30 days of total hip or knee arthroplasty was able to successfully per-
form the search with high degree of sensitivity and specificity. This search strategy can be broadly 
used with various types of software, may be generalized to other postoperative complications and 
procedure types, and serves as a highly reliable substitute for manual data extraction. It has the 
 potential to help expedite clinical research and quality improvement projects, thus facilitating the 
delivery of higher quality patient care.
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Fig. 1 Selection of patients to the derivation cohort and the validation cohort.
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Table 1 Derivation cohort vs. validation cohort sensitivity and specificity values

Deep venous thrombosis

Pulmonary embolism

Myocardial infarction

Derivation Cohort

Sensitivity

91%

96%

100%

Specificity

85%

100%

95%

Validation Cohort

Sensitivity

97%

97%

100%

Specificity

99%

100%

99%

Table 2 Derivation and validation of electronic search algorithm for deep venous thrombosis

Initial Derivation

Final Derivation

Validation 

Search Algorithm

Manual review vs. identification of initial 
search terms in “diagnosis” section

Manual review vs. identification of final search 
terms in “chief complaint” section

Manual review vs. identification of final search 
terms in “chief complaint” section

Sensitivity

70%

91%

97%

Specificity

68%

85%

99%

Table 3 Derivation and validation of electronic search algorithm for pulmonary embolism

Initial Derivation

Final Derivation

Validation 

Search Algorithm

Manual review vs. identification of initial search terms 
in “diagnosis” section

Manual review vs. (identification of final search terms 
in “chief complaint” section OR “diagnosis” section) 
AND documented imaging changes

Manual review vs. (identification of final search terms 
in “chief complaint” section OR “diagnosis” section) 
AND documented imaging changes

Sensitivity

93%

96%

97 %

Specificity

76%

100%

100%

Table 4 Derivation and validation of electronic search algorithm for myocardial infarction

Initial Derivation

Final Derivation

Validation

Search Algorithm

Manual review vs. documented biomarker 
changes

Manual review vs. identification of final search 
terms in any note AND documented biomarker 
changes AND  (documented ECG changes OR 
documented echocardiography changes) 

Manual review vs. identification of final search 
terms in any note AND documented biomarker 
changes AND  (documented ECG changes OR 
documented echocardiography changes)

Sensitivity

92%

100%

100 %

Specificity

68%

95%

99%
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Appendix 1

Search terms for deep venous thrombosis
Inclusion terms for deep venous thrombosis:

”DVT“ (Match Case), ”Deep Vein Thrombosis“, ”Deep Vein Thromboses“, ”Venous thromboem-
bolic disease“, ”Vein Thrombosis“, (”lower extremity“ Same sentence as ”thrombus in”), (”lower ex-
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tremity“ Same sentence as ”thrombus within”), (”thrombus“ Same sentence as ”lower extremity“), 
(”positive for thromb“ Same sentence as ”abdomen“), (”pos for thromb“ Same sentence as ”ab-
domen”), (”positive for DVT“ Same sentence as ”abdomen“), (”pos for DVT“ Same sentence as ”ab-
domen“), (”positive for deep vein thromb“ Same sentence as ”abdomen“), (”pos for deep vein 
thromb“ Same sentence as ”abdomen“), (”positive for thromb“ Same sentence as ”pelvis“), (”pos for 
thromb“ Same sentence as ”pelvis“), (”positive for DVT“ Same sentence as”pelvis“), (”pos for DVT“ 
Same sentence as ”pelvis“), (”positive for deep vein thromb“ Same sentence as ”pelvis“), (”pos for 
deep vein thromb“ Same sentence as ”pelvis“), (”positive for thromb“ Same sentence as ”lower-extre-
mit“), (”pos for thromb“ Same sentence as ”lower-extremit“), (”positive for DVT“ Same sentence as 
”lower-extremit“), (”pos for DVT“ Same sentence as ”lower-extremit“), (”positive for deep vein 
thromb“ Same sentence as ”lower-extremit“), (”pos for deep vein thromb“ Same sentence as ”lower-
extremit“), (”positive for deep vein thromb“ Same sentence as ”lower extremit“), (”pos for deep vein 
thromb“ Same sentence as ”lower extremit“), (”pos for DVT“ Same sentence as ”lower extremit“), 
(”positive for DVT“ Same sentence as ”lower extremit“), (”pos for thromb“ Same sentence as ”lower 
extremit“), (”positive for thromb“ Same sentence as ”lower extremit“), ”Deep Venous Thrombosis“, 
”vein DVT“, ”lower extremity DVT“
Exclusion terms for deep venous thrombosis:

(”Deep Venous“ Same sentence as ”prior“), (”Deep Venous“ Same sentence as ”negative“), (”Deep 
Venous“ Same sentence as ”prophylaxis“), (”Deep Venous“ Same sentence as ”risk“), (”Deep Venous“ 
Same sentence as ”history“), (”Deep Venous“ Same sentence as ”rule out“), (”Deep Venous“ Same 
sentence as ”rule-out“), (”Deep Vein“ Same sentence as ”prior“), (”Deep Vein“ Same sentence as 
”negative“), (”Deep Vein“ Same sentence as ”prophylaxis“), (”Deep Vein“ Same sentence as ”risk“), 
(”Deep Vein“ Same sentence as ”history“), (”Deep Vein“ Same sentence as ”rule out“), (”Deep Vein“ 
Same sentence as ”rule-out“), (”DVT“ (Match Case) Same sentence as ”prior“), (”DVT“ (Match 
Case) Same sentence as ”negative“), (”DVT“ (Match Case) Same sentence as ”prophylaxis“), (”DVT“ 
(Match Case) Same sentence as ”risk“), (”DVT“ (Match Case) Same sentence as ”history“), (”DVT“ 
(Match Case) Same sentence as ”rule out“), (”DVT“ (Match Case) Same sentence as ”rule-out“), 
”rule-out DVT“, ”rule-out Deep venous“, ”rule-out Deep vein“, ”rule out DVT“, ”rule out Deep ve-
nous“, ”rule out Deep vein“, ”history of DVT“, ”history of Deep vein“, ”Increased risk for DVT“, ”In-
creased risk for Deep venous“, ”Increased risk for Deep vein“, ”Increased risk of DVT“, ”Increased 
risk of Deep venous“, ”Increased risk of Deep vein“, ”negative for DVT“, ”negative for Deep venous“, 
”negative for Deep vein“, ”no DVT“, ”no Deep venous“, ”no Deep vein“

Appendix 2

Search terms for pulmonary embolism
Inclusion terms for pulmonary embolism:

”PE“, ”pulmonary embolism“, ”Pulmonary Embolus“
Exclusion terms for pulmonary embolism:

(”PE“ (Match Case) Same sentence as ”rule-out“), (”PE“ (Match Case) Same sentence as ”rule 
out“), (”PE“ (Match Case) Same sentence as ”risk“), (”PE“ (Match Case) Same sentence as ”prophy-
laxis“), (”PE“ (Match Case) Same sentence as ”negative“), (”PE“ (Match Case) Same sentence as 
”history“), (”prior“ Same sentence as ”PE“ (Match Case) ), (”pulmonary embolism“ Same sentence 
as ”prior“), (”pulmonary embolism“ Same sentence as ”negative“), (”pulmonary embolism“ Same 
sentence as ”prophylaxis“), (”pulmonary embolism“ Same sentence as ”risk“), (”pulmonary embol-
ism“ Same sentence as ”history“), (”pulmonary embolism“ Same sentence as ”rule out“), (”pulmon-
ary embolism“ Same sentence as ”rule-out“), ”PE prophylaxis“, ”pulmonary embolism prophylaxis“, 
”Increased risk for PE“, ”Increased risk of PE“, ”history of PE“, ”history of Pulmonary embolism“, 
”rule out PE“, ”rule out Pulmonary embolism“, ”rule-out PE“, ”rule-out Pulmonary embolism“, ”no 
PE“, ”no pulmonary embolism“, ”negative for PE“, ”negative for Pulmonary embolism“, ”Increased 
risk of Pulmonary embolism“, ”Increased risk for Pulmonary embolism“
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Appendix 3

Search terms for myocardial infarction
Inclusion terms for myocardial infarction:

”MI“ (Match Case), ”myocardial infarc“, ”heart attac“, ”myocardial ischem“, ”NSTEMI“ (Match 
Case), ”STEMI“ (Match Case), ”Non-ST elevation infarc“, ”Non ST elevation infar“, ”ST elevation 
infarc“, ”Non-Q-Wave MI“, ”Non-Q-Wave Myocardial Infarc“, ”Non Q Wave MI“, ”Non Q Wave 
Myocardial Infarc“
Exclusion terms for myocardial infarction:

None
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