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Summary
Background: Strategies to ensure timely diagnostic evaluation of hematuria are needed to reduce 
delays in bladder cancer diagnosis. 
Objective: To evaluate the performance of electronic trigger algorithms to detect delays in hema-
turia follow-up. 
Methods: We developed a computerized trigger to detect delayed follow-up action on a urinalysis 
result with high-grade hematuria (>50 red blood cells/high powered field). The trigger scanned 
clinical data within a Department of Veterans Affairs (VA) national data repository to identify all pa-
tient records with hematuria, then excluded those where follow-up was unnecessary (e.g., terminal 
illness) or where typical follow-up action was detected (e.g., cystoscopy). We manually reviewed a 
randomly-selected sample of flagged records to confirm delays. We performed a similar analysis of 
records with hematuria that were marked as not delayed (non-triggered). We used review findings 
to calculate trigger performance.
Results: Of 310,331 patients seen between 1/1/2012–12/31/2014, the trigger identified 5,857 pa-
tients who experienced high-grade hematuria, of which 495 experienced a delay. On manual re-
view of 400 randomly-selected triggered records and 100 non-triggered records, the trigger achiev-
ed positive and negative predictive values of 58% and 97%, respectively. 
Conclusions: Triggers offer a promising method to detect delays in care of patients with high-
grade hematuria and warrant further evaluation in clinical practice as a means to reduce delays in 
bladder cancer diagnosis.

* The views expressed in this article are those of the authors and do not necessarily reflect the position or policy of the Depart-
ment of Veterans Affairs or the United States government.
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1. Introduction
Bladder cancer is the ninth most common cancer worldwide, contributing to over 165,000 deaths 
per year [1]. Prompt diagnosis and treatment are critical to preventing progression of disease and 
improving patient survival [2–4]. Despite this, many patients experience significant delays in diag-
nosis [5]. Recent research has shown that among patients who present with symptoms suggestive of 
bladder cancer, 18% required three or more visits before a diagnosis was made [6], and women are 
particularly likely to experience delays in care resulting in late stage at diagnosis [7–10]. Delays 
occur despite the presence of hematuria, a “red flag” suggestive of possible bladder or urinary tract 
cancer and where guidelines strongly recommend subsequent evaluation [11]. The causes of delays 
have been attributed to numerous factors [12, 13], including awareness of guidelines, variation in 
recommendations by different guidelines, low perceived yield of cystoscopy in patients with hema-
turia, time pressures, poor communication within and between clinical teams, and failures in patient 
adherence to prescribed plans [10, 14–23].

The rapidly growing use of electronic health records (EHRs) and the vast amounts of clinical data 
they collect and store may offer opportunities to detect and act on such delays in the diagnostic 
evaluation of hematuria. One method gaining traction in the study of patient safety is the use of 
triggers [24–27]. “Triggers” are algorithm-based computer programs designed to scan through vast 
amounts of electronic data to flag high-risk situations for further review. One early example of a 
trigger is an algorithm-based software program that identifies inpatient orders for naloxone to indi-
cate potential adverse drug events from excessive narcotics administration [28, 29]. Application of 
triggers for detecting delayed action after an abnormal test result is relatively new [30–32], but 
shows promise in detecting missed opportunities for follow-up that would otherwise be too expens-
ive or time-consuming to detect using consecutive or random chart reviews. Triggers have the po-
tential to improve the timeliness of diagnostic evaluation after a cancer-related alarm feature is de-
tected, and could potentially prevent extended delays that allow it to advance.

We previously evaluated triggers to identify delays in colorectal, lung, and prostate cancer and 
achieved predictive values useful in clinical practice [30, 32–34]. In this study, we expand on this 
work by developing and testing a trigger algorithm to detect delays in diagnostic evaluation of a uri-
nalysis result with hematuria. The algorithm was applied on data contained within a nationwide De-
partment of Veterans Affairs (VA) data warehouse.

2. Material and Methods

2.1 Setting and Participants
We developed and evaluated the algorithm within the VA’s national data warehouse hosted by the 
VA Informatics and Computing Infrastructure (VINCI) [35]. This database contains clinical data, 
extracted from facility-level EHRs at all of the VA’s 152 medical centers and associated outpatient 
clinics. To facilitate chart review access to verify data, we limited evaluation of the algorithm to data 
from six Midwest regional hospitals and affiliated clinics. The local institutional review board and 
VA Research Office approved this study.

2.2 Trigger Development
We aimed to develop a trigger algorithm capable of identifying patients who required follow-up ac-
tions on “red flag” findings suggestive of bladder cancer, and thus were experiencing a delay in diag-
nostic evaluation. While this study used retrospective data to identify such cases, the intent was in-
itial testing of a trigger for future, prospective application of the trigger using a ‘population health’ 
approach that could identify patients overdue for follow-up, facilitate their re-entry into the diag-
nostic care pathway, and hence reduce delays in care. We developed the algorithms by performing 
literature reviews [11, 23, 36], gathering expert input from primary care providers and specialists 
(oncologists and urologists), and evaluating existing VA clinical follow-up pathways to develop a 
basic set of trigger criteria. The draft criteria were sent to all clinical experts for review and com-
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ment. Criteria were iteratively revised based on comments, and then resent to each clinical expert. 
Comments were shared with each clinician. Once each clinical expert agreed that no further 
changes were necessary, the trigger was considered finalized. The final algorithm was designed to 
identify all patients with a red flag, and then exclude patients who did not require action because it 
was either not needed (e.g., due to terminal illness) or because appropriate action had already oc-
curred.

Because hematuria is commonly associated with delayed follow-up [10], we chose this as the red 
flag for the algorithm. We specifically limited this definition to >50 red blood cells per high-powered 
field based on work by Loo et al [36] suggesting higher risk for cancer in both men and women at or 
above these levels. Of all unique patients with hematuria, the following “clinical exclusion criteria” 
were used to enable electronic exclusion of patients not requiring follow-up action: previously-diag-
nosed bladder cancer, terminal illness or palliative care, previously performed cystoscopy, patient 
with stones or a urologic procedure during the past 3 months known to cause hematuria, active uri-
nary tract infection within 7 days, or patients <35 years old, for whom the likelihood of cancer is low 
[23]. To electronically exclude patients who received the usual, expected actions on hematuria, we 
created “expected follow-up criteria” to account for their completed follow-up. Because published 
guidelines offer variable recommendations for hematuria follow-up, “expected follow-up criteria” 
included any of several actions that could occur in response to hematuria, including a completed 
urology visit, abdominal or pelvic imaging, cystoscopy, and renal or bladder biopsy or surgery. No 
consensus for expected time to follow-up exists; thus we used lack of diagnostic evaluation within 60 
days as our definition based on discussion with clinician experts. This would allow adequate time to 
enable patients to move through usual follow-up care pathways, while limiting delays significant 
enough to impact clinical outcomes.

All criteria were operationalized by programming each of them into a structured query language-
based computer search algorithm designed to identify the presence of structured data codes in the 
EHR. These included test results, International Classification of Diseases (ICD) codes, and Current 
Procedural Terminology (CPT) codes. Each individual criterion was first individually evaluated by 
one of two reviewers who performed chart reviews to determine whether the trigger algorithm ap-
propriately extracted the intended information. Once individually validated, individual criteria were 
combined into a complete algorithm and reviewed (▶ Table 1 and supplementary online ▶ Appen-
dix).

2.3 Sample Size
We calculated the sample size necessary to identify a 95% confidence interval for positive predictive 
value (PPV) and negative predictive value (NPV) that was no wider than 10% around the point esti-
mate we obtained. Because a binomial distribution was used (delay versus non-delay), the largest 
sample size occurs at 50%, and thus we used this as a point estimate in our PPV calculations and ob-
tained a minimum sample size of 384, which we increased to 400 records to account for any incom-
plete records or ambiguous cases. Similarly, we used a conservative point estimate of 95% NPV since 
our pilot work showed a nearly 100% correlation between trigger-detected exclusion criteria or al-
ready-completed follow-up and their actual occurrence. This calculation yielded a sample size of 73, 
which we increased to 100.

2.4 Trigger Evaluation
Once the algorithm was finalized and developed into a computerized trigger, we applied the trigger 
to a new two-year data set (i.e., data not used in development or verification) within the clinical data 
warehouse in order to obtain a list of records flagged by the trigger as having a delay in diagnostic 
evaluation (i.e., “trigger positive”). Additionally, we extracted records with hematuria, but where fol-
low up was not needed (e.g., the record contained a clinical exclusion or the patient already received 
follow-up) (i.e., “trigger negatives”). Two clinician reviewers (VV and LW), each with extensive ex-
perience reviewing electronic records for patient safety research studies, performed chart reviews on 
randomly-selected trigger positive and trigger-negative records. Blinded to whether each record was 
flagged by the trigger as positive or negative for a delay, reviewers performed their own assessment 
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of whether a delay in diagnostic evaluation had occurred within 60 days using a pilot-tested chart 
review form (▶ Figure 1). Instances where a documented plan to follow up the result beyond 60 days 
existed were labeled as “needs tracking”, and the record would be re-reviewed 30 days after the date 
of planned follow-up to determine whether the subsequent follow-up truly occurred. To enable cal-
culation of interrater reliability across reviews, 20% of trigger positive and trigger negative records 
were reviewed by both reviewers. We assessed interrater agreement using Cohen’s kappa. We as-
sessed trigger performance by calculating sensitivity, specificity, positive predictive value, and 
negative predictive value.

2.5 Data Analysis
We used SPSS (v22, IBM Corp, Armonk, NY) to analyze trigger performance and time to follow-up 
using Kaplan-Meier survival analysis. Fisher’s exact test was used to make comparisons between rec-
ords with and without a delay. Reasons for lack of follow-up were analyzed and reported using de-
scriptive statistics.

3. Results
We developed draft trigger algorithm criteria based on literature reviews and expert input, and oper-
ationalized the trigger for clinical use by converting the trigger into a computerized trigger algo-
rithm. We subsequently tested and refined the algorithm on a subset of data from 
1/1/2010–12/31/2011 and performed 551 reviews, including 531 reviews of individual criteria and 
20 reviews of the completed algorithm.

To test performance, we applied the finalized trigger to the records of all 310,331 patients seen be-
tween 1/1/2012–12/31/2014. The trigger identified 5,857 patients with elevated urine red blood cells 
of >50 cells per high power field. Of these, the trigger subsequently excluded 4,840 patients due to 
clinical exclusion criteria and 522 patients where it identified evidence of completed follow-up ac-
tion (▶ Figure 1). This left 495 patients with delayed follow-up diagnostic evaluation for review. 
During manual reviews of 400 randomly-selected records (mean age (SD): 68.5 (13.6); 92% male), 
232 records were found to truly contain a delay in care (true positives; PPV of 58% [95% 
CI: 53%-63%]), while 168 contained no delay (false positives). No records were identified with a 
documented plan to specifically pursue additional work-up beyond 60 days (i.e., needs tracking 
group). Interrater agreement was high, with a kappa of 0.90.

Sixty-seven out of 232 patients (28.9%) with delayed diagnostic evaluation received subsequent 
follow-up action within two years. Using a Kaplan-Meier survival analysis on data up to 2-years after 
the red flag, the estimated proportion who received follow-up (i.e., not “surviving”) was 29% ± 3%, 
and the time at which 25% of cases received follow-up was 434 days (note: less than half received fol-
low-up, so median time to follow-up cannot be reported). Of all patients who experienced a delay, 
14 were diagnosed with bladder or renal cancer within 2 years after the abnormal urinalysis.

In most (78%) records that were found to have delays, there was lack of any documentation that 
the result was reviewed. Other contributing factors for delays that could be discerned from docu-
mentation are listed in ▶ Table 2. Reasons for false positive records included hematuria proven to be 
from another non-cancer diagnosis (e.g., UTI or chronic hematuria previously evaluated), care re-
ceived outside the facility that could only be detected in free-text progress notes, and documentation 
of patient’s declining further work-up (▶ Table 3).

Of 100 randomly selected trigger-negative records with a urine red blood cell count >50 cells per 
high powered field, 97 (NPV of 97%; 95% CI: 91%-99%) were identified by reviewers to truly have 
no delay. To calculate sensitivity and specificity of the trigger, we extrapolated the delay and no delay 
results to all 495 trigger positive and 5,362 trigger negative cases with hematuria (or 5,857 total he-
maturia cases). This resulted in 287 true positives, 208 false positives, 161 false negatives, and 5,201 
true negatives, yielding sensitivity and specificity of 64% (95% CI: 59%-68%) and 96% (95% CI: 
96%-97%), respectively.
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4. Comment
We developed a computerized algorithm to detect instances of delayed diagnostic evaluation in pa-
tients with hematuria and applied the algorithm to a large EHR data warehouse. We found a sensi-
tivity and specificity of 64% and 96%, respectively, and a positive predictive value of 58%, indicating 
that at least one of every two patients identified by the trigger had a delay in follow up of hematuria. 
This approach of identifying a small number of at-risk patients among thousands indicates that 
triggers are fairly accurate and could have potential value for clinical practice. For instance, when 
applied to an organization’s data repository, a single individual or team can receive a list of identified 
patients from multiple clinics, confirm presence/absence of delays, and ensure that follow-up can 
occur for all the patients with confirmed delays. Our trigger’s ability to reduce the number of record 
reviews necessary by 91% (495 of 5857 high-grade hematuria results) suggests that use of prospec-
tive triggers will be substantially more efficient in detection of delays compared to current non-se-
lective methods, which often rely on reviewing all positive results. Thus, such triggers enable re-
sources to focus on only those records that are truly high risk for a delay.

As with prior work on this topic [30, 32–34], we found many instances of delays where no docu-
mented plan for subsequent follow-up was detected. This suggests that providers could be missing 
urinalysis results that return with hematuria, even when the red blood cell count is at a high enough 
level to warrant additional diagnostic evaluation for cancer. These situations contribute to prevent-
able errors, poorer patient outcomes, and resultant litigation [37, 38]. In addition to other interven-
tions that help support providers in ensuring appropriate and timely follow-up, triggers-based inter-
ventions offer one method to mitigate the negative impact of preventable delays in follow-up of test 
results. Such strategies have been recommended in recent policy reports, including the 2015 “Im-
proving Diagnosis in Health Care” from the National Academy of Medicine [39, 40]. The growing 
presence of data repositories makes mining this type of data increasingly more feasible and cost-ef-
fective. Many of the false positive results related to documented follow-up are present in the free-text 
portion of the EHR, and thus not accessible to our trigger. Additional work will need to explore 
strategies to leverage all of this narrative data, such as use of natural language processing algorithms, 
to improve trigger performance. Furthermore, while the trigger had a false negative rate of 3%, this 
is likely far outweighed by the benefits of detecting the 232 records with delays in a timely manner, 
particularly given that 14 were subsequently diagnosed with bladder or renal cancer. We are un-
aware of any health care organizations using other non-trigger-based methods to identify such pa-
tients, suggesting that these methods are likely more useful than status-quo.

While our trigger was designed to serve as a “back-up system” for notifying clinicians when fol-
low-up evaluation does not proceed as expected, the trigger development process and criteria ident-
ified may provide insight into better methods for development and validation of real-time clinical 
decision support alerts or at least help identify the information that providers need while processing 
test results. For example, if the presence of a terminal illness, recent prostate biopsy, or known 
bladder cancer diagnosis is helpful in making a decision about follow-up action, this information 
could also be made visible via the EHR interface to the provider initially receiving the result. Simi-
larly, based on the expected follow-up criteria, EHRs could present order options (e.g., urology refer-
rals, imaging orders) when it detects results with high-grade hematuria, allowing providers to 
quickly place orders for appropriate diagnostic evaluation [20, 41]. By incorporating the trigger al-
gorithm’s logic into clinical decision support (e.g., providing subtle prompts at the time an abnormal 
result returns), such algorithms could further improve the timeliness of care.

Several limitations of our study require mention. First, triggers were applied to multiple institu-
tions within the same health care system. While this may impact generalizability, triggers have been 
successfully applied at other institutions [30] and the triggers presented largely rely on standardized 
structured data, like CPT codes, suggesting they may be effective at a variety of institutions or in the 
growing presence of community-wide health information exchanges. Second, depending on the in-
stitution, red blood cells on a urinalysis are sometimes reported as a range instead of a specific 
number. Thus, our triggers were not always able to extract only results with >50 cells per high 
powered field. However, this affected only a minority of cases, and we compensated by including re-
sults where the range crossed 50. Third, confirmation of action was identified via chart reviews, 
which may or may not reflect the care actually delivered, or rationale for inaction. However, prior 
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work has shown good correlation between provider awareness and documentation [42]. Fourth, 
The clinical logic developed for this trigger, based on expert clinical input, is but one example set of 
criteria that could have been selected. Future researchers are encouraged to explore use of additional 
clinical data and particularly the use of natural language processing techniques. Natural language 
processing has the potential to allow the computer algorithm to “understand” many of the con-
founding factors that we were not able to use in our algorithm. Finally, the study was not designed to 
evaluate impact on long-term clinical outcomes or personnel time necessary to implement a trigger-
based intervention. However, we were able to detect 14 instances where cancer was subsequently 
diagnosed within two years and could have received action sooner. Additionally, prior work using 
trigger-based interventions suggests only a nominal time commitment is necessary to significantly 
improve time to follow-up for patients experiencing delays, and this study serves as a basis for future 
research in this area [30].

Conclusions
We developed and tested an algorithm to identify patients at risk for delayed diagnostic evaluation 
after lab findings of high-grade hematuria and found a performance level conducive for future ap-
plication in clinical practice. Such triggers may serve as a resource for clinicians, informaticians, and 
patient safety professionals to help reduce delays in cancer care.

Key Definitions for Abbreviations
CPT – Current Procedural Terminology
EHR – electronic health record
ICD – International Classification of Diseases
NPV – negative predictive value
PPV – positive predictive value
VA – Department of Veterans Affairs
VINCI – VA Informatics and Computing Infrastructure

Clinical Relevance Statement
Computerized triggers effectively detect delays in hematuria evaluation with performance levels 
sufficient for clinical application and allow more efficient detection of delays as compared to cur-
rent non-selective methods. Such triggers may serve as a resource for clinicians, informaticians and 
patient safety professionals to help reduce delays in cancer care.

Conflicts of interest
The authors declare that they have no conflicts of interest in the research.

Protection of Human and Animal Subjects
The study was performed in compliance with the World Medical Association Declaration of Hel-
sinki on Ethical Principles for Medical Research Involving Human Subjects. The protocol was re-
viewed by the Baylor College of Medicine Institutional Review Board (Protocol H-30995) and the 
Michael E. DeBakey Veteran Affairs Medical Center Research Office. 

Acknowledgements
The authors would like to thank Jeremy Shelton for his efforts in developing the bladder cancer 
trigger.

Research Article

DR Murphy et al.: Electronic Triggers to Improve Hematuria Follow-up

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.



286

© Schattauer 2017

Fig. 1 Study Flow
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Table 1 Bladder Cancer Trigger Criteria and Algorithm

Step 1: Identify all patient records with the following Red Flag Criteria

Urinalysis with >50 Red Blood Cells per high-powered field

Step 2: Exclude all patient records with the any of the following Clinical Exclusion Criteria

Timeframe

Within 1 year prior to red flag

Within 3 months prior to red flag

Within 2 days prior to or 7 days after 
red flag

On date of red flag

Within 60 days after red flag

Step 3: Exclude all patient records with the any of the following Expected Follow-up Crite-
ria

Timeframe

Within 60 days after date of red flag

UTI = Urinary Tract Infection, CT = Computed Tomography, MRI = Magnetic Resonance Imaging

Criteria

Bladder cancer diagnosis
Terminal illness diagnosis
Hospice or palliative care enrollment
Cystoscopy performed

Diagnosis of renal or ureteral stones
Potentially hematuria-causing procedure (bladder or prostate biopsy, 
renal stone surgery, ureteral stent, bladder or renal surgery) 

Evidence of active UTI (Urinalysis or culture consistent with UTI, or 
antibiotics ordered for UTI)

Age < 35
History of total cystectomy

Deceased
Terminal illness diagnosis
Hospice or palliative care enrollment

Criteria

Urology visit completed
Abdominal or Pelvic Imaging (CT, MRI, Ultrasound)
Cystoscopy performed
Renal or Bladder Biopsy
Renal or Bladder Surgery

Table 2 Contributory Factors for Delays as Determined by Chart Documentation 

Reason

No documented justification for the delay was identified

Follow up was planned, but not completed within 60 days

Treating physician failed to follow guidelines and only repeated urinalysis

Follow up was scheduled, but the patient did not show up to the appointment

Patient sought care at an outside facility, which was not completed or documented as 
completed until after 60 days 

Follow up was ordered, but the patient canceled the follow-up appointment or patient 
later declined to follow up after 60 days

Other

Total

No.

182

14

13

8

6

4

5

232

%

78.4

6.0

5.6

3.4

2.6

1.7

2.1

100.0
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Table 3 Reasons for False Positive Trigger Results

Reason

The patient had a known non-malignant etiology for the hematuria

The patient received appropriate follow up at outside institution (including another VA 
facility) within 60 days

The patient declined follow-up, and this was documented within 60 days

The physician documented that the patient was menstruating when sample taken, and 
repeated the sample at a later time.

The patient had a terminal illness or was in hospice, making follow-up unnecessary/in-
appropriate

The patient has a known recent history of bladder cancer within the past 1 year

The patient received appropriate follow up at the VA within 60 days, but follow-up was 
not identified by the trigger due to miscoded data

Other

Total

No.

68

48

21

12

7

4

1

7

168

%

40.5

28.6

12.5

7.1

4.2

2.4

0.6

4.2

100.0
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