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Abstract

Background—There are limitations to using administrative data to identify postoperative 

venous thromboembolism (VTE). We used a novel approach to quantify postoperative VTE events 

among Department of Veterans Affairs (VA) surgical patients during 2005–2010.

Methods—We used VA administrative data to exclude patients with VTE during 12 months 

prior to surgery. We identified probable postoperative VTE events within 30 and 90 days post-

surgery in three settings: 1) pre-discharge inpatient, using a VTE diagnosis code and a pharmacy 

record for anticoagulation; 2) post-discharge inpatient, using a VTE diagnosis code followed by a 

pharmacy record for anticoagulation within 7 days; and 3) outpatient, using a VTE diagnosis code 

and either anticoagulation or a therapeutic procedure code with natural language processing (NLP) 

to confirm acute VTE in clinical notes.

Results—Among 468,515 surgeries without prior VTE, probable VTEs were documented within 

30 and 90 days in 3,931 (0.8%) and 5,904 (1.3%), respectively. Of probable VTEs within 30 or 90 

days post-surgery, 47.8% and 62.9%, respectively, were diagnosed post-discharge. Among post-
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discharge VTE diagnoses, 86% resulted in a VA hospital readmission. Fewer than 25% of 

outpatient records with both VTE diagnoses and anticoagulation prescriptions were confirmed by 

NLP as acute VTE events.

Conclusion—More than half of postoperative VTE events were diagnosed post-discharge; 

analyses of surgical discharge records are inadequate to identify postoperative VTE. The NLP 

results demonstrate that the combination of VTE diagnoses and anticoagulation prescriptions in 

outpatient administrative records cannot be used to validly identify postoperative VTE events.
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Introduction

Venous thromboembolism (VTE), which includes deep vein thrombosis (DVT) and 

pulmonary embolism (PE), may lead to 100,000 deaths annually in the US [1]. After 

myocardial infarction and stroke, VTE is the third most common cardiovascular disease [2]. 

VTE is often cited as one of the most preventable hospital-associated complications [3]. 

Approximately one-half of incident VTE events are associated with recent (within 90 days) 

acute care hospitalizations or surgeries [4,5]. Although a British study reported that VTE 

rates remained elevated above baseline population levels for 12 months postoperatively, 

most occur within 90 days of surgery [6].

Surveillance is needed to assess the preventable burden of hospital-associated VTE. 

Currently no reliable, nationwide surveillance system for VTE exists in the United States 

[1]. Key challenges to such a system include identifying probable or confirmed cases of 

VTE; distinguishing new from recurrent VTE; and identifying data from multiple healthcare 

settings where VTE is diagnosed and treated. In particular, since a large percentage of 

hospital-associated VTE, including post-surgical VTE, are diagnosed after discharge, data 

systems that are restricted to inpatient records are likely to significantly undercount VTE 

events [4,5,7].

Administrative healthcare data have advantages for VTE surveillance, including routine 

availability and large numbers of observations [8]. However, limited variables and coding 

on these datasets restrict definitive confirmation of diagnoses, and the International 

Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) diagnosis 

codes contained in them are often not reliable [9–12]. In particular, the frequency of ICD-9 

codes for DVT and PE in outpatient adult claims greatly exceeds validated rates of VTE 

[13]; in addition many patients with such claims have no record of treatment with 

anticoagulation or a relevant procedure [13,14].

In addition, because accurate assessment of the timing of VTE onset is often not possible, it 

can be difficult to distinguish between VTEs in hospital discharge records that were present 

on admission from those acquired after admission [15,16]. The Agency for Healthcare 

Research and Quality (AHRQ) Patient Safety Indicator 12 uses information on ICD-9-CM 

codes for DVT or PE in secondary diagnosis fields in patient records together with a 
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“present-on-admission” (POA) indicator coded as N for not present on admission to identify 

presumed cases of pre-discharge postoperative VTE [9,10]. A recent validation study using 

reviews of medical charts in surgical admissions found a positive predictive value for the 

PSI 12 of 99% in one sample of hospitals and 81% in another sample [17].

Electronic health records (EHRs) can be superior to administrative data through extending 

access to narrative text detailing events surrounding diagnosis, information on prescribing 

and administering medications, and information on performance of medical procedures; 

abstracting such information manually, however, is resource intensive and difficult to 

sustain outside of a research setting. Natural language processing (NLP) covers a set of 

methods that can efficiently extract unstructured EHR data [18], including identification of 

VTEs [8,19].

The purpose of this study was to use a novel approach combining administrative data and 

NLP analysis of unstructured EHR data to describe the frequency of post-surgical VTE 

events among surgical inpatients treated in the Department of Veterans Affairs (VA) system, 

the largest integrated health care system in the United States [20]. Previous studies using VA 

data to document VTE events have been limited either to a small number of hospitals 

[8,19,21] or used data that are more than a decade old at this point [22]. We use both 

administrative and EHR data from 111 VA facilities throughout the United States to provide 

comprehensive estimates of the frequency of post-surgical VTE in a nationwide patient 

population of veterans. In particular, we include analysis of outpatient records to capture 

patients who are diagnosed and treated for VTE but who do not have a subsequent 

readmission to a VA medical center.

Methods

Datasets and patient selection

We conducted a retrospective cohort study of patients who underwent surgery as inpatients 

in VA hospitals between January 1, 2005 and December 31, 2010. The unit of analysis in 

our study was a surgery, with patients potentially contributing more than one surgery to the 

analysis. Surgical procedures were excluded from the analysis if the veteran: (1) did not 

have at least 365 days of observation in the VA data prior to surgery, (2) had a chronic or 

acute VTE recorded during the 365 days prior to inpatient admission for surgery or on the 

day of admission (Supplemental Table 1), (3) had a subsequent surgery within 90 days of 

the index surgery, or (4) the surgical hospital stay lasted longer than 90 days. In our analysis, 

we identified VTE events that occurred within both 30- and 90-day time periods after the 

surgery.

For each VTE, we distinguished whether it was diagnosed (1) post-surgery but pre-

discharge, (2) post-discharge in a VA inpatient setting, or (3) post-discharge in a VA 

outpatient setting. If VTE events were found in more than 1 of these 3 settings following the 

same surgery, the event was counted only once and the setting in which it was identified was 

based on the order listed above. Additionally, if a patient had both DVT and PE diagnoses 

recorded within the same postoperative period, each event was reported separately for DVTs 

and PEs but only once when reporting VTEs.
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We used ICD-9 procedure codes (Supplemental Table 2) to classify identified surgeries into 

1 of 3 mutually exclusive types of surgery: (1) major orthopedic (total knee or hip 

replacement or hip fracture surgery), (2) abdominal-pelvic, and (3) all other. We identified 

inpatient surgeries and VTE events using VA Medical SAS datasets extracted from the VA 

National Patient Care Database, and clinical text extracted from the VA EHR. Approval was 

obtained through the University of Utah’s Institutional Review Board and the Salt Lake City 

VA’s Office of Research and Development.

Identification of acute VTE

We identified inpatient DVT and PE events using a variety of data elements available in the 

VA EHR which were combined sequentially. We present the events identified in each step 

in this sequential process as “levels” to indicate that as the data elements are combined, the 

level of confidence that the event identified is a true event increases. The ICD-9-CM 

diagnosis codes were used to identify inpatient Level 1 acute DVT or PE events 

(Supplemental Table 1) [6]. For inpatient Level 2 acute DVT or PE events, we required 

confirmation with a pharmacy record for anticoagulant therapy (Supplemental Table 3) 

either prior to discharge in the case of a pre-discharge event or within 7 days of a 

readmission in the case of a post-discharge event.

For outpatient events, we developed a pilot NLP system to identify clinical notes with 

mentions of PE, DVT, or VTE [23–25]. Each mention was associated with the date the 

clinic note was created. The date of the earliest mention was used as the date of a VTE 

event. The VTE event detection NLP system was built using the Unstructured Information 

Management Architecture Asynchronous Scaleout architecture [26] as a document 

processing pipeline, a common NLP approach that is characterized by several steps that are 

performed sequentially such that each step builds on the previous steps and overlays 

structured annotations on the text. The system performed three core steps: 1) VTE term 

identification, 2) VTE event disambiguation, and 3) context classification.

The VTE term identification step detected terms possibly used for PE, DVT, and VTE using 

contextual patterns and keywords initially determined by the project’s clinical team 

members and iteratively added through manual chart exploration and during the 

development of the NLP module. The sentence containing each mention of a possible term 

in a document was then reviewed using the Apache OpenNLP Sentence Detector using 

MaxEnt models trained on clinical data [27]. Many of the terms for VTE events are 

ambiguous and could actually refer to an unrelated concept (e.g., the acronym PE may mean 

pulmonary embolism, physical exam, pulmonary edema, peripheral edema, or pleural 

effusion depending on the context). The VTE event disambiguation step used word markers 

in the same sentence as the VTE term that assisted in making an accurate semantic 

interpretation of the way the term was used. In most cases, surrounding text provided clues 

to the correct meaning of the term. The context classification step was performed in two 

stages: (a) identifying mentions of PE, DVT, and VTE in the absence of specific language 

ruling out acute occurrence such as negation (e.g., “negative for PE”), historical aspect (e.g., 

“history of PE”), or family history (e.g., “mother had VTE”) using the ConText algorithm 

[28], and (b) identifying mentions of PE, DVT, and VTE with explicit language or 
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additional rules that reflect expressions and templates commonly used by the VA clinicians 

(e.g., “PE protocol was positive” and “significant DVT”) to confirm an acute occurrence.

To identify an outpatient Level 1 acute DVT or PE event, we required an ICD-9-CM code in 

addition to either a pharmacy record for anticoagulant therapy or a Current Procedural 

Terminology (CPT) code for thrombectomy, embolectomy, vena cava filter placement, or 

thrombolysis. To confirm an outpatient acute DVT or PE event as Level 2, we required a 

mention of DVT, PE, or VTE in the patient’s narrative clinic notes identified using NLP 

without specific language ruling out acute occurrence such as negation, historical aspect, or 

family history (NLP context classification stage a). Finally, for Level 3, we required explicit 

confirmation in the clinic notes of diagnosis of acute DVT, PE, or VTE (NLP context 

classification stage b).

Possible VTE events were classified as Level 1 inpatient and Level 2 outpatient 

classifications. Probable VTE events were classified as Level 2 inpatient and Level 3 

outpatient classifications. In the remainder of the paper, when we refer to estimates of VTE 

rates without qualification it is probable VTE that is meant.

Statistical methods

Kaplan-Meier curves were used to demonstrate the frequency of postoperative VTE events 

over time. In addition, we calculated the frequency of VTEs diagnosed in each setting (pre-

discharge, post-discharge outpatient, or post-discharge inpatient) as well as overall during 

both a 30-day and 90-day time window. All data management and analyses were conducted 

using SAS 9.3 (SAS Institute, Cary, North Carolina) and Stata 12 (StataCorp LP, College 

Station, Texas).

To validate the NLP system, human annotators manually reviewed 6,000 randomly selected 

instances of PE, DVT, and VTE from 24,549 records from 7,673 individual patients with 

suspected VTE. This validation exercise was done prior to our decision to restrict suspected 

cases to those with pharmacy records for anticoagulant therapy or CPT codes and hence 

cannot be directly compared to the numbers of VTE cases in the present analysis. For each 

instance, the annotators compared their classification to that of the NLP system output. The 

performance of the NLP system was evaluated using positive predictive value (PPV), which 

was calculated using the annotators’ classification of acute VTE as the ‘gold standard’.

Results

Surgeries

A total of 3,493,378 inpatient admissions occurred at one of 111 VA facilities during our 

study period. Of these, 648,865 admissions included a surgical procedure and 468,515 (from 

383,551 unique patients) met the inclusion criteria for our study (Fig. 1).

Baseline demographic characteristics are summarized in Table 1. The majority of surgical 

procedures (n = 362,539, 77.3%) were classified as something other than orthopedic or 

abdominal.
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NLP classification validation

The positive predictive value (PPV) of the NLP context classification relative to manual 

chart abstraction was 0.78 for the review of 6,000 instances for individuals with suspected 

VTE after context classification stage b. In other words, 78% of records for individuals 

classified as having suspected VTE after stage b were confirmed as being records for VTE 

cases by manual chart review. Supplemental Table 4 contains examples of text that were 

identified as positive mentions of PE and DVT through each context classification stage.

VTE Events

Kaplan-Meier curves showed that postoperative DVT (Fig. 2) and PE (Fig. 2b) events were 

more common in orthopedic surgery patients than in patients having abdominal-pelvic or 

other surgeries for most of the post-surgery period. In both cases, the greatest incidence of 

events was in the first 20 days following surgery.

Overall, 6,509 (1.4%) and 9,720 (2.1%) surgical admissions were followed by a possible 

postoperative VTE within 30 and 90 days following surgery, respectively (Table 2). 

Confirmation with anticoagulant prescriptions for inpatient events (Level 2) and clinic note 

evidence consistent with outpatient events (Level 3) resulted in 3,931 (0.8%) probable VTEs 

within the 30-day window and 5,904 (1.3%) within the 90-day window. Postoperative VTEs 

occurred before discharge within 30 days following 2,052 (0.44%) surgeries.

Within the 30-day window, 49.4% of possible VTEs and 47.8% of probable VTEs were 

diagnosed post-discharge; within the 90-day window, 63.1% of possible VTEs and 62.9% of 

probable VTEs were diagnosed post-discharge (Table 2). Of the 3,716 probable VTEs 

diagnosed following discharge using a 90-day window, 522 (14.1%) were managed solely in 

an outpatient VA encounter and 3,194 (86.0%) resulted in a VTE-related VA readmission. 

The 3,194 VTE-related readmissions accounted for 3.4% of the 96,732 total 90-day 

readmissions. Using a 30-day window, there were 1,879 probable post-discharge VTEs 

(47.8% of 30-day postoperative VTEs). Of those, 1,608 (85.6% of post-discharge VTEs) 

resulted in a VTE-related VA readmission within 30 days, accounting for 3.3% of 57,064 

30-day readmissions.

As shown in Table 3, probable postoperative VTEs were most common in orthopedic 

surgery (1.3% within 30 days, 1.7% within 90 days), followed by abdominal-pelvic (1.0% 

within 30 days, 1.4% within 90 days), and other procedures (0.8% within 30 days, 1.3% 

within 90 days).

Discussion

Surveillance of potentially avoidable patient safety events such as HA-VTE is needed 

[29,30]. This paper presents estimates of the frequency of VTE events in a large sample of 

surgical inpatient admissions in the VA over a 6-year time period from 2005–2010 using 

data from 111 hospitals.

Our study improves on the postoperative VTE surveillance literature in at least three ways. 

First, by looking back 12 months prior to a surgical admission, we were able to exclude 

Nelson et al. Page 6

Thromb Res. Author manuscript; available in PMC 2016 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



VTEs that were present on admission and thereby avoid false-positives. Although recently 

published data suggest that use of the POA indicator in hospital databases together with 

exclusion of VTE as a primary diagnosis can exclude almost all preexisting VTE diagnoses 

in surgical admissions [17], the VA National Patient Care Database does not include the 

POA indicator. Second, our longitudinal data allowed us to capture post-discharge VTEs up 

to 90 days after surgery. Third, we harnessed the valuable information in unstructured 

narrative text using NLP to verify an outpatient acute DVT or PE diagnosis that did not 

result in an inpatient admission at a VA medical center.

Using our algorithms, probable VTE occurred in 1.3% of surgical admissions for VA 

patients in the 90 days after surgery. More than one-half (63%) of VTE events within 90 

days of a surgery occurred post-discharge, and 14% of those diagnoses were found only in 

outpatient VA records. The implication is that attempts to monitor postoperative VTE based 

on inpatient records alone will underestimate its occurrence, as has also been demonstrated 

by analysis of data from the National Surgical Quality Improvement Program (NSQIP) 

operated by the American College of Surgeons (ACS-NSQIP). According to one analysis of 

ACS-NSQIP data, 40% of postoperative VTE events are only recognized post-discharge [7]. 

That is slightly lower than the 48% figure found in our study with a 30-day window. 

However, our sample was restricted to inpatient admissions with surgical procedures 

whereas the ACS-NSQIP analysis included both inpatient and outpatient procedures. Also, 

as is explained below, the ACS-NSQIP data require validation by chart review.

Our estimates of 1.3% VTE within 90 days of surgery overall and 1.7% for major orthopedic 

surgery are lower compared with published estimates based on analyses of administrative 

data. For example, Amin et al. reported that the rate of symptomatic VTE within 180 days of 

inpatient surgeries in a sample of privately insured US adults was 1.9% among abdominal 

surgery patients and 3.2% among orthopedic surgery patients, roughly 80% of which were 

recorded within the first 90 days [31]. The investigators used outpatient claims accompanied 

by a prescription of an anticoagulant, a relevant procedure or an ED visit or inpatient 

admission within 2 days to identify symptomatic VTE. However, our NLP analysis found 

that the presence in outpatient administrative records of an ICD-9 code for DVT or PE 

together with a prescription of an anticoagulant does not reliably indicate acute VTE. 

Specifically, just 21–23% of possible VTEs in outpatient records were confirmed by NLP to 

be probable VTE events. An older study that conducted medical record reviews to validate 

outpatient diagnoses of DVT among pregnant women reported that 42% were true cases and 

that even after requiring the presence of a prescription for an anticoagulant just 65% of 

apparent DVT cases were confirmed [14].

To assess the accuracy of our estimates of postoperative VTE requires comparison with 

estimates based on the ‘gold standard’ of objective confirmation with imaging tests. Two US 

surveillance systems currently abstract samples of medical charts for recently hospitalized 

patients and record cases of DVT and PE. In hospitals participating in the ACS-NSQIP and 

a similar system operated by the VA (VASQIP), trained nurse abstractors abstract samples 

of patient charts, including from ambulatory surgical units and outpatient physician offices, 

using standardized case definitions, in order to identify events occurring up to 30 days post-

surgery. For both systems, the diagnosis of DVT or PE requires positive results of imaging 

Nelson et al. Page 7

Thromb Res. Author manuscript; available in PMC 2016 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



tests. In addition, DVT confirmation requires either anticoagulation therapy or a relevant 

procedure. However, coding errors still occur sometimes; a study using a NLP tool to audit 

VASQIP records from six VA hospitals identified cases of arterial thrombosis and 

hematoma incorrectly classified as DVT by the nurse chart abstractors [19].

Analyses of VASQIP data provide conflicting estimates of the sum of rates of postoperative 

DVT and PE within 30 days of surgery. Two analyses reported DVT or PE within 30 days in 

roughly 0.7% of major surgical patients [22,32]. One other study reported DVT or PE in 

roughly 2.0% of patients on the basis of VASQIP data, with almost no overlap between 

DVT and PE [8].

ACS-NSQIP analyses have reported rates separately for DVT and PE, with a total of 1.1–

1.5% depending on which types of surgical patients were included. First, Bilimoria et al., 

using ACS-NSQIP data from 2006– 2007 on 329,951 inpatient or outpatient surgeries, 

report DVT and PE as having occurred within 30 days in 0.75% and 0.30%, respectively [7]. 

Second, an analysis by Gajdos et al. of ACS-NSQIP data for 165,600 nonemergent general 

major surgical inpatients (with procedures generally requiring more than an overnight stay) 

during 2005–2008 found a combined VTE rate of 1.5% [33]. The case definition in this 

latter study is closer to that used in the present study.

Our finding of 1.3% VTE diagnosed within 30 days following orthopedic surgery can be 

compared with ACS-NSQIP estimates of postoperative PE and DVT, but not for VTE as a 

group. One study, using ACS-NSQIP data from 2006–2010 on 21,434 patients who 

underwent primary total knee or hip arthroplasty, reported 30-day rates of PE and DVT of 

0.62% and 1.06%, respectively [34]. Another study, using ACS-NSQIP data from 2005–

2009 for 8950 patients undergoing primary total or partial knee arthroplasty, reported 30-day 

rates of PE and DVT requiring treatment of 0.76% and 1.46%, respectively [35].

Two previous studies from the same time period (2005–2007) that used chart reviews to 

validate presumed VTE diagnoses based on ICD-9 codes in inpatient records confirmed 

approximately 80% of presumed cases from administrative data [9,12]. In comparison, just 

61–63% of possible pre-discharge diagnoses were classified in the present study as probable 

by the presence of a prescription for anticoagulation or an appropriate procedure in case 

anticoagulation might have been contraindicated. It is possible that charts may confirm 

diagnosis of DVT or PE but that clinicians had decided that the clots were asymptomatic and 

did not require treatment; our definition of probable VTE presumes treatment was ordered.

NLP offers the promise of accessing information previously only available through manual 

chart abstraction. The challenge is to develop NLP tools that perform as well as human 

experts. A previous study using NLP identified 59% of postoperative VTE events that were 

recognized by VASQIP-reviewed surgical patient charts from six VA medical centers during 

1999–2006 [8]. A subsequent analysis indicated that the PPV for DVT was just 15% [19]. 

Our goal was not to use NLP on its own to identify postoperative VTE events but rather as a 

means to verify or reject suspected cases present only in outpatient records. Also, our NLP 

tool is limited in that it only applies to clinic notes, whereas the NLP tool in the VASQIP 

study was applied to all parts of the EHR, including imaging test results. Because we did not 
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have a ‘gold standard’ review of imaging test results, we were not able to assess the 

sensitivity of the NLP tool; it is likely that some cases of treated VTE were not classified as 

“probable” as a result of missing information in the clinical notes. An implication is that our 

algorithm might have led us to understate the frequency of VTEs diagnosed and treated on 

an exclusively outpatient basis.

The current analysis has two other major limitations. First, many (28–47%) veterans receive 

at least some healthcare in non-VA facilities [36–38]. In our study, 14% and 10% of records 

with a probable post-discharge diagnosis of DVT and PE, respectively, within 90 days of an 

inpatient surgery lacked a VA record of a subsequent inpatient readmission. It is likely that 

many of these cases may have resulted in a readmission to a non-VA hospital, particularly 

among veterans dually enrolled in Medicare. Just over half (50.8%) of the probable post-

discharge diagnoses of VTE occurred in patients over 65. Access to healthcare records at 

non-VA facilities would allow more complete assessment of hospital readmission and the 

number of post-discharge events. Some pre-admission VTE events might not be documented 

in VA data, which would also exclude post-discharge VTE events for which only non-VA 

care was received.

A second limitation is the lack of objective confirmation of VTE diagnoses through 

radiology records. First, certain ICD-9 codes used to ascertain DVT prior to October 2009 

were not specific to DVT and included superficial thrombophlebitis [17], thus inflating our 

estimates to some extent. Second, the presence of an ICD-9 code for VTE in an outpatient 

record may be a rule-out diagnosis. To minimize that problem, we first required the presence 

of either a pharmacy record for anticoagulant therapy or a relevant CPT code. These items 

were not found in 58% of patients with at least one outpatient VTE diagnosis code (results 

available upon request), similar to the 71% reduction previously reported for outpatient VTE 

private insurance claims [13]. More work is needed to refine the preliminary NLP algorithm 

and apply it to radiology records and to records without prophylaxis prescriptions. We 

expect that an improved NLP algorithm will provide greater value. Without examining the 

results of imaging tests, we are not able to assess the sensitivity or specificity of our 

algorithms.

Among other limitations, the VA patient population is considerably older than the general 

adult male population. However, this limitation is not unique to our study. For example, 

studies that use insurance claims data to identify VTE may also suffer from this problem as 

people with employer-sponsored health insurance are also not representative of the general 

population. Finally, the date of the clinic note was used as the date of the VTE mention 

extracted by the NLP algorithm. However, clinic notes are not always entered on the date of 

the patient encounter. This may have resulted in misspecification of the event date.

In conclusion, VTE is an important, potentially preventable postoperative complication. 

Reliable monitoring of postoperative VTE events should incorporate two aspects. First, it 

should use data sources that allow for extraction of information from unstructured medical 

records. Second, it should use data sources that have the ability to follow patients after 

discharge from the hospital. Both data elements are essential for accurate surveillance of 

postoperative VTE.
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Fig. 1. 
Cohort attrition summary.
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Fig. 2. 
a: Kaplan-Meier curve for postoperative DVT events. b: Kaplan-Meier curve for 

postoperative PE events.
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