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Natural Language Processing
Performance for the Identification
of Venous Thromboembolism
in an Integrated Healthcare System

Bela Woller1, Austin Daw, BS2, Valerie Aston, MBA3, Jim Lloyd, BS4,
Greg Snow, PhD5, Scott M. Stevens, MD6, Scott C. Woller, MD6 ,
Peter Jones, MSLS7, and Joseph Bledsoe, MD8,9

Abstract
Real-time identification of venous thromboembolism (VTE), defined as deep vein thrombosis (DVT) and pulmonary embolism
(PE), can inform a healthcare organization’s understanding of these events and be used to improve care. In a former publication,
we reported the performance of an electronic medical record (EMR) interrogation tool that employs natural language processing
(NLP) of imaging studies for the diagnosis of venous thromboembolism. Because we transitioned from the legacy electronic
medical record to the Cerner product, iCentra, we now report the operating characteristics of the NLP EMR interrogation tool in
the new EMR environment. Two hundred randomly selected patient encounters for which the imaging report assessed by NLP
that revealed VTE was present were reviewed. These included one hundred imaging studies for which PE was identified. These
included computed tomography pulmonary angiography—CTPA, ventilation perfusion—V/Q scan, and CT angiography of the
chest/ abdomen/pelvis. One hundred randomly selected comprehensive ultrasound (CUS) that identified DVT were also
obtained. For comparison, one hundred patient encounters in which PE was suspected and imaging was negative for PE (CTPA or
V/Q) and 100 cases of suspected DVT with negative CUS as reported by NLP were also selected. Manual chart review of the 400
charts was performed and we report the sensitivity, specificity, positive and negative predictive values of NLP compared with
manual chart review. NLP and manual review agreed on the presence of PE in 99 of 100 cases, the presence of DVT in 96 of 100
cases, the absence of PE in 99 of 100 cases and the absence of DVT in all 100 cases. When compared with manual chart review,
NLP interrogation of CUS, CTPA, CT angiography of the chest, and V/Q scan yielded a sensitivity ¼ 93.3%, specificity ¼ 99.6%,
positive predictive value ¼ 97.1%, and negative predictive value ¼ 99%.
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Introduction

Venous thromboembolism (VTE), including deep vein throm-

bosis (DVT) and pulmonary embolism (PE) complicates surgi-

cal procedures, prolongs hospital stays, and when undiagnosed,

increases mortality.1,2 While the lifetime risk of VTE approx-

imates 1:1000, VTE disproportionately affects the elderly, hos-

pitalized medically ill and those with cancer.3-5 The risk of

VTE increases as much as 20-fold following surgery.6 The

detection of VTE among hospitalized patients informs

decision-making surrounding VTE risk and thrombosis risk

mitigation. Automated methods for the identification of VTE

outcomes among hospitalized patients may further enhance

improvements in care. Methods of electronic medical record

(EMR) interrogation using embedded computer algorithms for

the identification of outcome events have been described.1,2,7-9

In a former study we reported the operating characteristics of

an EMR-embedded algorithm that employed natural language

processing (NLP) in our legacy electronic health record.2 Nat-

ural language processing, also referred to as “text mining,”10 is

programmed to interrogate free-text reports from different

sources such as radiology reports, progress notes, and chart

documentation to identify structured language that documents

the diagnosis or findings of interest.9 Studies reporting NLP

used to identify VTE, but also to identify VTE risk factors have

been published.1,2,7,11-13 Furthermore, NLP has been adopted

more broadly to identify other outcomes, such as patient safety

indicators14 and operative complications.7 Healthcare systems

use these data to enhance patient safety, demonstrate quality in

health systems ratings and rankings,15,16 and promote cost-

conscious care.17

We formerly reported that in our legacy EMR the NLP

interrogation tool that we derived had a 92% sensitivity and

a 99% specificity when detecting DVT, and a 100% sensitiv-

ity and a 98% specificity when detecting PE.2 However, in

2017 Intermountain Healthcare discontinued the use of the

legacy EMR. In a joint initiative with Cerner LLC a new

EMR, iCentra, that would fully meet requirements of the

Affordable Care Act18 while retaining much of the function-

ality19,20 that was historically integrated in the legacy EMR,

was developed. The purpose of this study is to report the

operating characteristics of the NLP iCentra-embedded tech-

nology to assure that this method continues to reliably identify

patients with DVT and PE.

Methods

An electronic random number generator was used to select

encounters that occurred between 1 January 2018 and 31

December 2018. One hundred patient encounters for which

NLP identified PE by any imaging modality (CT pulmonary

arteriography (CTPA) n ¼ 70, CT of the chest, abdomen, and

pelvis n ¼ 8, CT of the thorax with contrast n ¼ 18, and

ventilation/perfusion (V/Q) scans n ¼ 4) were acquired. A

random sample of 50 V/Q scans and 50 CTPA for the assess-

ment of suspected PE in which no thrombosis was identified

upon NLP interrogation, was generated for comparison. Simi-

larly, 100 random patient encounters for which NLP identified

DVT on comprehensive ultrasound ((CUS) n ¼ 100) including

compression ultrasound of a unilateral, bilateral, upper, or

lower extremity, were selected. A random sample of 100 CUS

performed for the assessment of suspected DVT, with negative

result per NLP, were identified.

Manual chart review was conducted by 2 authors (AD,

IAW) to ascertain if venous thrombosis was present or absent.

If uncertainty existed, then 2 authors (JRB, SCW) indepen-

dently reviewed the charts to ascertain consensus. To calculate

the sensitivity and specificity of NLP we ascertained the pre-

valence of PE and DVT from our healthcare system among

CTPA and V/Q scans ordered for suspected PE (8.7%) and

CUS ordered for suspected DVT (14.2%).

Results

Natural language processing when compared with the gold-

standard of manual chart review for the aggregate outcome

of venous thromboembolism (DVT þ PE) yielded a sensitivity

of 93.3% (95% CI 82.9-99.1), a specificity of 99.6% (95% CI

99.2-99.9), and a positive and negative predictive value of

97.1% (95%CI 94.3-99.8) and 99.0% (95%CI 97.3-99.9);

respectively. This is represented in Figure 1, patient demo-

graphics in Table 1, and a tabular representation of NLP for

all imaging, CT, CUS, and V/Q scan is presented in Table 2.

For the outcome of PE the sensitivity of NLP was 95.9%
(95%CI 89.4-99.5) with a specificity of 99.1% (95% CI 97.6-

99.9), and a positive and negative predictive value of 98.1%
(95% CI 94.7-99.8) and 98.0% (95% CI 94.6-99.8); respec-

tively. CTPA alone for the outcome of PE yielded a sensitivity

of 96.1% (86.7-99.9), specificity of 99.1% (97.3-99.9) and a

positive and negative predictive value of 98% (94.2-99.8) and

98.1% (93.1-100); respectively. Ventilation/perfusion scans

alone demonstrated a sensitivity of 91.3% (77.9-98.8%), a spe-

cificity of 94.3% (85.1-99.8) and a positive and negative pre-

dictive value of 87% (63.7-99.5) and 96.1% (89.1-99.5);

respectively. See Figure 2A-C.

When the performance of NLP was assessed for the ascer-

tainment of DVT among patients that received comprehensive

ultrasound, NLP yielded a sensitivity of 96.1% (95% CI 87-

99.9), a specificity of 98.8% (95%CI 97.7-99.6), and a positive

and negative predictive value of 95.1% (95%CI 90.2-98.4) and

99% (95%CI 96.5-99.9); respectively (Figure 2D).

The distributions of the proportions surrounding the point

estimates are not normative and is graphically represented in

Figure 2.

Discussion

We report that our ability to reliably ascertain the outcome of

VTE using various modalities including CTPA, CT of the

chest/abdomen/pelvis, CT of the thorax, V/Q scan, and CUS

of the upper or lower extremities is generally excellent. The

detection of VTE in a reliable standardized fashion can
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enhance patient care, facilitate system-wide interventions to

improve quality, enhance a system’s reputation, and reduce

medical cost. Reliable electronic tools that can perform this

case identification should enhance patient care improvement

efforts. Our observations affirm that upon electing a new EMR

we have successfully introduced NLP technology for the out-

come of VTE. The operating characteristics that we observed in

this study are not dissimilar from the performance that we

observed by the NLP tool in the legacy EMR.

While historically the performance of NLP has been com-

pared with ICD codes representative of thrombotic outcomes

for accuracy, we elected to report the performance of NLP

comparing with manual chart review. To optimally report the

performance of our NLP tool and calculate a negative predic-

tive value, we selected random studies that were ordered for the

clinical suspicion of VTE in which VTE was refuted. When

proportions are close to 1 (or 0) the likely values are not sym-

metric around the point estimate. For this reason we provide

plots of the full posterior distributions (Figures 1 and 2) to show

the likelihood of various values in addition to the credible

(confidence) interval. We report with a good degree of cer-

tainty that we are not missing thrombotic events given our

observed NPV ¼ 99%. Additionally, while we report the con-

fidence intervals surrounding the point estimates of the oper-

ating characteristics of NLP, inspection of the posterior

distribution demonstrates a greater probability that the perfor-

mance is more favorable. This is evidenced by the asymmetric

distributions of the credible intervals skewed to the right in

Figures 1 and 2.

The NLP performance that we report is similar to those

formerly reported by others. Galvez in a review of 250 charts

for the outcome of pediatric DVT reported that their NLP pro-

gram, Reveal NLP, had a sensitivity of 97.2% and a specificity

of 92.5%.1 A university-affiliated healthcare system, not dis-

similar to ours, showed that for DVT a 94% sensitivity and a

96% specificity were achieved and for PE a 94% sensitivity and

96% specificity was reported.21 Finally, a study looking at

radiology reports to analyze for DVT and PE found similar

results, with a 96% sensitivity and a 94% specificity when

classifying for both DVT and PE. Subsequent research in this

domain may involve enhancement of NLP using machine

learning techniques which suggest that even better perfor-

mance for the detection of thromboembolic disease may be

achievable.8

One strength of this study is that we now report the false

negative rate based upon review of charts for patients that were

suspected of having VTE, however that NLP identified as VTE

being absent. This observation informs reassurance that our

EMR interrogation tool is not missing thrombosis. Likewise,

Figure 1. Natural language processing operating characteristics for all imaging in the detection of venous thromboembolism.

Table 1. Demographics of All Patients Studied.

Percentage (%)

Sex (female) 57.25
Age; mean in years (standard deviation) 60.6 (17.9)
Length of stay in days (standard deviation) 2.5 (4.8)
Cancer 18
Obesity 70
Prior venous thromboembolism 19.8
Hypercoagulability (defined as a laboratory

thrombophilia)
8

Hormone replacement therapy 3
Congestive heart failure 15.5
Diabetes 13.75
Current tobacco use 17.25
Surgery in the preceding 30 days 16.75
Infection 9.25
Peripherally inserted central catheter (PICC) line 5.5
Sepsis 8

Woller et al 3



our analysis provides insight regarding the performance of our

NLP in a “real-world” setting, that includes having identified

PE ascertained on studies for which PE may not have been the

initial diagnosis sought (e.g. CT of the thorax/chest/abdomen/

pelvis). While these studies identify PE rarely, we deliberately

created our query to be able to report the comparative fre-

quency with which PE was observed in 100 random sample

encounters of PE being found. This observation is informative

to our learning healthcare system providing additional insight

regarding PE events that occur in routine care. Yet, because we

wished to deliberately report the operating characteristics of

those studies for which VTE is most frequently assessed, CUS,

CTPA, and V/Q scan, we generated 100 CUS, 50 CTPA and 50

V/Q scans determined to be negative for thrombosis by NLP. It

is for this reason that the distribution of studies on which PE is

reported is not normal. Yet, to calculate the positive and neg-

ative predictive value, we use CTPA and V/Q scan results for

which PE was absent on NLP.

Figure 2. Natural language processing operating characteristics for the detection of pulmonary embolism by computed tomography (A),
ventilation/perfusion scan (B), comprehensive ultrasound (C), and computed tomography þ ventilation/perfusion scan (D).

Table 2. Outcome Results.

All imaging
for VTE,
mean %
(95% CI)

CT pulmonary
arteriography,

mean %
(95% CI)

Comprehensive
ultrasound,

mean %
(95% CI)

Ventilation/perfusion
lung scintigraphy,

mean %
(95% CI)

PE-specific imagining
(CTPA þ V/Q scan),

mean %
(95% CI)

Sensitivity 93.3 (82.9-99.1) 96.1 (86.7-99.9) 96.1 (87.0-99.9) 91.3 (77.9-98.8) 95.9 (89.4-99.5)
Specificity 99.6 (99.2-99.8) 99.1 (97.3-99.9) 98.80 (97.7-99.6) 94.3 (85.1-99.8) 99.1 (97.6-99.9)
Positive predictive value 97.1 (94.3-98.9) 98.0 (94.2-99.8) 95.1 (90.2-98.4) 87.0 (63.7-99.5) 98.1 (94.7-99.8)
Negative predictive value 99.0 (97.2-99.9) 98.1 (93.1-100) 99.0 (96.5-100) 96.1 (89.1-99.5) 98.0 (94.6-99.8)
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Iterative assessment and refinement of NLP is a central

tenant to using this technology and it is for this reason that

we publish the instances when we observed NLP failure

(Table 3). In fact, as a result of this study, adjustment of our

NLP code was made to improve performance.

Limitations of our study include that we manually reviewed

400 charts. It was our intent to understand the overall perfor-

mance of NLP for the outcome of VTE. However, to report the

performance of individual imaging modalities with a similar

level of confidence additional manual chart review would be

required. But we are encouraged by the results of subgroup

analyses for the individual imaging modalities most used

clinically (i.e. CTPA and CUS). It is possible that our assump-

tions of the prevalence of PE and DVT are imprecise which

would affect the operating characteristics of the NLP

reported. However these estimates are similar to our formerly

reported rates,22 and also the prevalence of VTE that we use

was assessed during the same time frame that the study was

conducted. Even with these limitations, our study confirmed

the effectiveness of NLP in detecting PE and DVT in the

iCentra health record. The implications of this work are

2-fold. First, we will use this technique to report real-time

rates of thrombosis in our system for clinical care and out-

come surveillance. Second, we will with confidence be able to

report rates of VTE identified by NLP in future studies that

report this outcome in research.

Conclusion

NLP has been a reliable method to detect VTE rates and risk

factors in the legacy Intermountain Healthcare EMR as we

formerly reported.12,13,22,23 Recent adoption of the iCentra

EMR prompted our revalidation of the NLP performance.

We report favorable performance of NLP for the identification

of VTE in iCentra. Validation of this technique permits us to

inform others’ efforts to adopt an analogous approach, and

confidently use the rates of thrombosis that we identify to

enhance patient care and conduct future research.
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