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Summary
Background: Nephrotoxic medication-associated acute kidney injury (NTMx-AKI) is a costly clinical 
phenomenon and more common than previously recognized. Prior efforts to use technology to 
identify AKI have focused on detection after renal injury has occurred.
Objectives: Describe an approach and provide a technical framework for the creation of risk-strat-
ifying AKI triggers and the development of an application to manage the AKI trigger data. Report 
the performance characteristics of those triggers and the refinement process and on the challenges 
of implementation.
Methods: Initial manual trigger screening guided design of an automated electronic trigger report. 
A web-based application was designed to alleviate inefficiency and serve as a user interface and 
central workspace for the project. Performance of the NTMx exposure trigger reports from Septem-
ber 2011 to September 2013 were evaluated using sensitivity (SN), specificity (SP), positive and 
negative predictive values (PPV, NPV).
Results: Automated reports were created to replace manual screening for NTMx-AKI. The initial 
performance of the NTMx exposure triggers for SN, SP, PPV, and NPV all were ≥0.78, and increased 
over the study, with all four measures reaching ≥0.95 consistently. A web-based application was 
implemented that simplifies data entry and couriering from the reports, expedites results viewing, 
and interfaces with an automated data visualization tool. Sociotechnical challenges were logged 
and reported.
Conclusion: We have built a risk-stratifying system based on electronic triggers that detects pa-
tients at-risk for NTMx-AKI before injury occurs. The performance of the NTMx-exposed reports has 
neared 100% through iterative optimization. The complexity of the trigger logic and clinical work-
flows surrounding NTMx-AKI led to a challenging implementation, but one that has been success-
ful from technical, clinical, and quality improvement standpoints. This report summarizes the con-
struction of a trigger-based application, the performance of the triggers, and the challenges un-
covered during the design, build, and implementation of the system.
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1. Background
Pediatric acute kidney injury (AKI) is a very common phenomenon amongst hospitalized children 
who are exposed to nephrotoxic medications (NTMx) [1]. Research in the last decade has demon-
strated that this form of renal insult occurs at rates far higher than previously recognized and that 
care providers are not systematically monitoring for the occurrence of AKI [2, 3]. Serum creatinine 
(SCr), one of the most common and inexpensive laboratory tests to assess kidney function, is ubi-
quitously available, yet care providers of children who receive NTMx only check SCr tests once 
every four days about 50–60% of the time [3]. Given that SCr monitoring is sporadic, the true inci-
dence of pediatric nephrotoxic medication-associated AKI (NTMx-AKI) has, until recently, been 
unknown. Retrospective analysis has shown NTMx-AKI rates to be 20–31%, but this rate may be an 
underestimation of the true rate since the calculation relies on the presence of SCr values in the 
medical record [3].

We recently reported the initial one-year results from our electronic health record (EHR) quality 
improvement project which used a prospective “trigger” from the EHR to identify children at-risk 
for NTMx-AKI [4]. A trigger is a piece of data or element from the medical record that serves as a 
potential proxy to (or signal of) an underlying event of interest. Most often, that event reflects iatro-
genic harm that has already occurred. Triggers serve as a flag to aid chart reviewers in efficient 
identification of adverse events (AEs) [5, 6]. Electronic or “automated” triggers can be used to sur-
vey entire patient populations for AEs in an efficient manner using computational techniques. In ad-
dition, automated triggers expedite AE discovery, with real or near real-time detection capabilities 
[7-10]. In comparison to manual triggers, automated triggers can occur in a timely enough fashion 
to act as input to patient safety or quality improvement teams to mitigate harm.

To date, the literature on AKI triggers has been largely limited to the retrospective evaluation of 
harm after it has occurred, or to the reactive modification of treatment regimens in response to fail-
ing renal function after an injury has occurred [11-14]. A risk-stratification model for AKI pre-in-
sult has been developed in adults. This model is not easily translated to a pediatric population be-
cause predisposing factors differ epidemiologically between adults and children [15]. A recent retro-
spective study identified that the risk of AKI doubled in pediatric patients receiving either three or 
more NTMx simultaneously or an intravenous aminoglycoside for 3 days or longer (▶ Table 1). We 
developed an automated trigger report that sent information to rounding pharmacists, who then 
recommended modifications to medication regimens and frequent screening for AKI. Our report 
found a 25.5% AKI rate in NTMx-exposed children [4].

2. Objectives
The aim of the current report is to describe the development and refinement processes associated 
with the novel electronic triggers used to drive that work. Specifically, we aim to:
1. describe our approach and provide a technical framework for the creation of predictive AKI 

triggers, as well as the development of a web-based application to efficiently manage the AKI 
trigger data,

2. report the performance characteristics of those triggers during our project and the refinement 
process and

3. describe the challenges in implementation.

3. Methods

3.1 Setting
Cincinnati Children’s Hospital Medical Center (CCHMC) is a 587 bed quaternary pediatric institu-
tion with a well-established research and patient safety agenda. The NTMx-AKI reduction project 
was initiated on June 1, 2011 as a collaborative effort between the CCHMC Center for Acute Care 
Nephrology, the James M. Anderson Center for Health Systems Excellence the Division of Phar-
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macy Services, and the CCHMC Department of Information Services (IS). The automated AKI 
electronic triggers program was launched September 17, 2011. Details and initial data from the 
manual screening process prior to the implementation of the AKI electronic triggers program have 
been previously reported [4]. The current paper focuses on the study period after the implemen-
tation of the automated electronic triggers (9/17/2011-9/31/2013). Prior to implementation of auto-
mated triggers, pharmacists manually screened for AKI by reviewing clinical patient lists and data 
from the EHR (6/1/2011-9/16/2011).

CCHMC implemented the EpicCare Inpatient Electronic Health Record (EHR) system™ (Epic 
Systems, Verona, WI) in January 2010. Almost all inpatient orders (>97%) are entered through com-
puterized prescriber order entry and documentation is electronic. CCHMC’s EHR instance includes 
a robust reporting database, which is heavily utilized in the institution. All clinical data arise from 
and/or is stored in Epic-related databases with the exception of laboratory data, which is managed 
by a Cerner Millennium™ instance (Cerner Corp, North Kansas City, MO). The CCHMC Institu-
tional Review Board approved the study with a waiver of informed consent.

3.2 Summary of the Screening Algorithm and Trigger Process
For the first 3.5 months of the project, clinical pharmacists used a priori screening criteria to identify 
inpatient, non-critically ill patients exposed to NTMx that were at risk for developing AKI. A patient 
was deemed at risk for NTMx-AKI if they met any of the evidence-based clinical criteria for an ex-
posure trigger (▶ Table 1) and as described in our previous paper [4]. Pharmacists were trained re-
garding the standardized criteria and were asked to review their assigned patients’ medication lists 
for forty-five known NTMx (▶ Table 2) [2].

If a patient met exposure criteria, the pharmacist would add the patient to a shared Microsoft-
based Excel™ file (Microsoft Corporation, Redmond, WA). At the end of the week, a senior pharma-
cist would perform a central review of the file and after validation, would send the file to a data ana-
lyst for further processing and addition to a registry. The data analyst would manually lookup serum 
creatinine (SCr) values for the exposed patients in the EHR and determine if there was evidence of 
AKI defined by both relative and absolute increase criteria (▶ Table 1, Injury Triggers).

Operationally-defined outcome measures including exposure and prevalence rates were then cal-
culated from the exposed and injury data.

3.3 Conversion of Screening from Manual to Electronic Triggers
Due to the complexity of the manual screening trigger logic, the distributive workflows of clinical 
pharmacy, and the high number of NTMx that were needed to be tracked, an electronic AKI trigger 
catalog was developed in parallel with the launch of the manual triggers (▶ Table 1). The manual 
screening process informed the design of the electronic triggers (▶ supplemental technical manual). 
Development of the exposure trigger reports required roughly 830 hours of analyst time. Once built, 
the electronic trigger reports were delivered to the pharmacists through a daily email embedded 
with URL links. The exposure trigger reports were generated in near real-time, on the previous day’s 
data. The data in the reports was generally as current as 12–36 hours by the time the pharmacists re-
viewed the reports. They used the exposure trigger report data as a starting point for the generation 
of the weekly exposed patient lists, as opposed to creating the lists from manual scanning of their 
clinical work list.

We compared the trigger tool’s performance to the gold standard of pharmacists manually re-
viewing each patient’s medication list each day to determine the test characteristics (sensitivity, spe-
cificity, negative and positive predictive values). Each daily instance of exposure trigger firing was 
validated by the pharmacists as either a true positive (TP) if correct or false positive (FP) if incorrect. 
The pharmacists would manually add patients each day if they were not detected by the triggers 
(false negatives; FN). True negatives (TN) were calculated by determining the number of non-criti-
cal care patient days and subtracting the number of TPs, FPs, and FNs. The exposure triggers were 
evaluated for performance by measures of sensitivity, specificity, positive and negative predictive 
values.
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The performance data was used to inform query logic optimization efforts and the effects of 
those changes on performance were monitored over time. Injury triggers were not formally evalu-
ated as they were found to be highly accurate (>99%) since they were based on simple calculations of 
SCr changes over time.

3.4 Web-based Application Development
Inefficient workflows were identified after the electronic triggers and reports were built including:
1. batching of data couriering and delays due to data silos,
2. redundancy of work efforts by pharmacists and the data analyst working in parallel,
3. manual lookup of patient SCr data, and
4. excess time expenditures required by the data analyst to create ad hoc run charts and graphs to 

communicate the results of the project to stakeholders.

A web-based application was designed to address these issues and serve as a user interface and cen-
tral workspace for the AKI project. Development of the web-based application and further optimiz-
ation of the trigger reports required roughly 1430 hours of analyst time.

The design of the application took into account the time constraints and definitions of our 
measures. For example, patients are followed and maintained in our AKI registry for 2–5 days after 
NTMx-exposure discontinuation. Prior to the application, the data analysts kept track of these pa-
tients manually, “closing out” the patient when they no longer met the exposure criteria. Develop-
ment of the application required methods for keeping the patients “open” and visible in the registry 
until the analyst closed them out. Similarly, we had to provide input fields for the data analyst to 
enter the external patient census data so that the application could calculate our metrics that were 
dependent on this information.

4. Results
The pharmacists initiated collection of the exposure data in a manual fashion. The electronic expo-
sure and injury triggers were then built using the logic as shown in ▶ Table 1. The report generation 
process and data flow is shown in ▶ Figure 1. Data was acquired from multiple sources. Lab (SCr) 
and demographic/ADT (Admission, Discharge, Transfer) data was retrieved from CCHMC main-
tained databases populated in real-time by HL7 interfaces, while medication administration data 
was retrieved from Epic’s Clarity™ system, populated daily by an ETL (Extract, Transform, Load) 
process. A custom snapshot was stored in the trigger database allowing validation and review. The 
trigger reports (generated in ▶ Figure 1) were incorporated as the basis and starting point of the 
user workflow as shown in ▶ Figure 2. The output of the workflow was an AKI registry, from which 
our metrics and visualizations were produced.

4.1 Performance of the Exposed Triggers
The descriptive statistics and calculated performance measures for the exposed triggers are shown 
in ▶ Table 3 and graphically in ▶ Figure 3. Specificity and negative predictive value of the exposed 
triggers were always at 96% or higher. Sensitivity and positive predictive values were initially low 
(78–92%). All four measures improved to 95% or higher following changes in the underlying query 
logic. An eight-month sample comparison (2/01/2013–9/30/2013) of the test characteristics of the 
aminoglycoside (AG) versus nephrotoxic medication (NTMx) triggers was performed. Both the AG 
trigger (sensitivity = 0.92, specificity = 0.99, PPV = 0.98, NPV = 0.99) and the NTMx trigger (sensi-
tivity = 0.98, specificity = 0.99, PPV = 0.92, NPV = 0.99) performed very well. Important trigger 
query logic changes that impacted performance are listed in ▶ Table 4.
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4.2 Web-Based Application 

The web-based application was implemented on February 1, 2013. The centralized workspace, re-
pository, and registry greatly simplified the workflow (▶ Figure 4). A separate application (the Per-
formance Measurement and Reporting System; PMRS) has been developed at CCHMC that allows 
for automated control charts to be generated from a structured data format loading process; work is 
currently underway to complete the necessary interfaces and connect the two applications. ▶ Figure 
5a, ▶ Figure 5b, and ▶ Figure 5c show a series of screenshots from the web-based trigger application 
to demonstrate the design elements of the user interface. There are three primary work screens; one 
for pharmacist (summary) validation, one for the data analyst (data) validation, and a screen for dis-
playing the metrics and inputting the census data.

5. Discussion
We describe the technical development of a catalog of novel electronic triggers (and their associated 
applications) used to identify and stratify patients at-risk for developing AKI. These tools are unique 
because they are part of a system that focuses on predicting AKI based on NTMx exposure and 
differ from prior efforts which merely reacted to an already existing insult [11-14, 16]. The underly-
ing query logic is more complex than triggers that rely on simple SCr changes only, is filtered to a 
unique population (non-critically ill children), and is time-sensitive given our surveillance method-
ology and the latent, often delayed onset of AKI in this population.

The creation of the AKI EHR-based triggers and the associated centralized workspace application 
allowed our team to work much more efficiently. While some aspects of the implementation and its 
effects on workflow were not formally evaluated, our new automated method is much more efficient 
since we have drastically reduced the amount of manual data entry and transcription processes from 
the initial manual approach. In addition, clinical pharmacists on our team have been very satisfied 
and engaged in the development process. The conversion to electronic triggers facilitated a higher 
ability to detect exposed patients, primarily due to the increased detection of patients receiving IV 
radiology contrast as one of their criteria-qualifying NTMx [4].

5.1 Challenges and Lessons Learned
There were many factors that were challenging to address throughout all stages of the conversion to 
an automated trigger detection system. One recurring theme that provided some difficulty in our 
design, implementation, and evaluation was the issue of timing.

5.2 Delayed onset of NTMx-AKI
The pathophysiologic onset of NTMx-AKI may be delayed, perhaps after a patient is no longer ex-
posed to a NTMx. Because of this, our surveillance algorithms had to account for additional 
windows of observation (2 or 5 days, depending on their exposure and injury status) around the 
time a patient was exposed to detect patients who developed AKI after no longer being exposed to 
NTMx. In addition, IV radiology contrast, cidofovir, and ambisome are known to cause AKI up to 7 
days following a single exposure. The electronic triggers needed additional logic to account for this 
effect. We believe that the electronic report was superior at detecting these scenarios specifically, 
since it is difficult for pharmacists to track patients who have received these medications, consider-
ing that clinical pharmacists work as a team and handoff patients frequently.

5.3 Near-real time reporting
We also had to accommodate for differences between the timing limitations of our reporting abil-
ities and the timing of clinical practice. Ideally our trigger reporting system would have the results 
available each morning before the pharmacists start their daily review of the patients before clinical 
rounds. Timing constraints of near-real time reporting and the need to assign the trigger report pro-
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cessing to a mid-morning slot is a technical limitation that leads to some mild inefficiency for the 
pharmacists. We hope to optimize the report availability time in the future.

5.4 “Clinical wobble”
The near-real time limitation also creates occasional exposure triggers that are deemed to be false 
positives (FPs) or false negatives (FNs), because the logic looks at data from the previous calendar 
day. If a patient has had a NTMx added or removed after midnight, the pharmacists will validate the 
trigger as a FP or FN, despite the algorithm being accurate. We accept these occasional inaccuracies 
and refer to such cases as “clinical wobble” error.

5.5 Timestamps
Today’s robust EHR systems create audit trails for almost every user or computer action that occurs 
related to clinical care. As such, selecting the correct timestamps on these processes for reporting 
purposes can be a daunting task that leads to inaccuracies. The effects of selecting the incorrect 
timestamp are shown in ▶ Table 3 and ▶ Figure 3. In late November 2011 a change in the query 
logic involving a medication administration timestamp was made that greatly increased the number 
of FPs seen in the next several weeks. Once the logic was changed to the appropriate timestamp, the 
number of monthly FPs reverted back to previous values. Subsequent changes over the following 
months greatly reduced the number of FPs. Another pitfall was selecting the wrong specific medi-
cation status (last administered date/time versus the end time of the medication order). Patients re-
ceiving infrequent doses (every 48 or 72 hours) but with end dates in the future would cause our in-
itial logic to “think” the patient had received the medication every day.

5.6 Quality Assurance and Auditing
Systems such as the triggers we have developed require constant monitoring, even after achieving 
satisfactory performance. Logic changes, upgrades, and the reliance on other applications or hard-
ware can all cause failures that are difficult to detect. Close, practical inspection of our system’s out-
put is sometimes the only way to detect an insidious change has occurred. As we have automated the 
system, we have removed many of the manual double-checks in our system (mostly performed by 
the senior clinical pharmacist), but implemented an audit strategy whereby the daily, weekly, and 
monthly output is closely scrutinized, sometimes in a sampling fashion. This will free pharmacists to 
resume other clinical, educational, or research duties.

5.7 Organizational/Social Considerations
As with all projects of this size, acquiring resources can be difficult. There are many competing pro-
jects and allocation of resources must be negotiated. Demonstration of the clinical rationale and re-
search, as well as acquiring external funding, assisted us in assignment to the application develop-
ment team and appropriate prioritization. The multidisciplinary approach also required us to get 
“buy-in” from many administrators, clinicians, operations, and patient safety stakeholders.

5.8 Limitations
There are several limitations to note. First, the NTMx-AKI detection system does not detect expo-
sure or injury in real-time. This would be ideal for immediate intervention. While we provided some 
performance evaluation, we did not evaluate the accuracy of the injury triggers, the web-based ap-
plication itself, or perform any cost/resource analysis on the automation of the triggers and the ap-
plication. These efforts are beyond the scope of this project, which was to execute the implemen-
tation of the technology and provide a detailed roadmap for others choosing to implement similar 
tools. Formal evaluation was also difficult in the face of a rapid implementation timeline, given pa-
tient safety implications. Evaluation of injury trigger accuracy was deemed not necessary once they 
were found to be highly accurate. This was most likely due to their simple logic.
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5.9 Future Work

We aim to improve our automated triggers and application in several ways. Work is currently under-
way to attach the application to an automated statistical control chart application interface, which 
will allow us to generate ad hoc control charts and visualizations with little manual effort. We also 
plan on importing census data, to alleviate one of the last manual steps in metric generation. Finally 
and most importantly, this report will aid in spreading the technology of the NTMx-AKI project to 
other pediatric institutions around the country. We have already engaged several major hospitals 
within the Prospective Pediatric Acute Kidney Injury Research Group network and have commit-
ments to proceed with implementation of very similar technology in settings external to CCHMC.

6. Conclusions
Nephrotoxic medication-associated acute kidney injury (NTMx-AKI) is a phenomenon that is 
costly and more common than previously recognized. Prior efforts to use technology to identify AKI 
have focused on detection after renal injury has occurred. We have built a risk-stratifying system 
based on electronic triggers that detects patients at-risk for NTMx-AKI before injury occurs. De-
sign, building, and implementation of a trigger-based application with high-performing triggers un-
covered unexpected challenges that were ultimately overcome.

Clinical Relevance Statement
Electronic surveillance of nephrotoxic medication exposure (NTMX) can decrease both the 
number of patients with exposure and with resulting acute kidney injuries (AKI). This report sum-
marizes the construction of automated risk-stratifying algorithms, the performance of those algo-
rithms, and the challenges uncovered during the design, build, and implementation of the system.
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Fig. 1 AKI Trigger Report Generation Process & Data Flow: Data flow diagram, starting with the EHR system 
(Epic™) and lab system (Cerner™) sources. This clinical data is then extracted, transformed, and loaded (ETL) or 
messaged via HL7 protocols to our research databases. The automated AKI triggers are then executed on the aggre-
gated data, with query results stored in a standalone trigger database. The query results can then be accessed via SQL 
reporting services or through the AKI triggers web-based application described in this paper (ADT = Admit, Discharge, 
Transfer; AKI = Acute Kidney Injury; ETL = Extract, Transform, Load; HL7 = Health Level 7; CCHMC = Cincinnati 
Children’s Hospital Medical Center).
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Fig. 3 Run Chart of Exposed Trigger Performance Measures: Performance/diagnostic ability of the triggers 
presented as a run chart. All metrics improved over the course of the study.
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Table 1 Catalog of AKI Triggers and the Associated Trigger Query Logic. Exposure and injury trigger de-
scriptions with clinical criteria and trigger logic.

Trigger Name

Exposure Triggers

≥3 NTMx

IV AG ≥3 days

Injury Triggers

pRIFLE criteria

≥0.3mg/dL
increase SCr
in 48 hrs

a IV radiology contrast, cidofovir, amphotericin B were also counted for that day if administered within the past 7 
days
b Patient’s newest SCr value that is compared to baseline must have a minimum value ≥0.5mg/dL to avoid false 
positives from normal physiologic and lab variations

Clinical Criteria

Patients received 3 or more 
nephrotoxins (NTMx) on the 
same calendar daya

Patient received intravenous 
(IV) aminoglycoside (AG) for 3 
or more days in a row

Patient’s SCr increased by 
≥50% above baselineb;
Risk, R; 50–99% above base-
line
Risk I; 100–199% above base-
line
Risk F; ≥200% above baseline
Risk L, E; not applicable, 
chronic disease-based

Patient’s SCr increased by at 
least 0.3 mg/dL within a 48 
hour window

Trigger Logic

Unique Medical Record Number (MRN) AND
located in an inpatient unit AND
at least 3 NTMx with a status of “given” on the MAR AND
same calendar daya

Unique Medical Record Number (MRN) AND
located in an inpatient unit AND
IV AG on the MAR as “given” AND
for 3 sequential days

Unique Medical Record Number (MRN) AND
has a SCr lab value on the prior day AND
current SCr value >1.5b baseline any
SCr value from prior 6 months;
If current SCr = 50–99% increase, risk strata = R OR
If current SCr = 100–199% increase, risk strata = I OR
If current SCr = ≥200 increase, risk strata = F

Unique Medical Record Number (MRN) AND
has a SCr lab value on the prior day AND
current SCr value ≥0.3 mg/dL increase SCr over any
SCr value from prior 2 days
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Table 2 List of Nephrotoxic Medications (NTMx) screened. Forty-five medications were used in the exposure 
queries. 

Acyclovir

Ambisome

Amikacin

Amphotericin B

Captopril

Carboplatin

Cefotaxime

Ceftazidime

Cefuroxime

Cidofovir

Cisplatin

Colistimethate

Cyclosporine

Dapsone

Enalapril

*radiologic contrast agents

Enalaprilat

Foscarnet

*Gadopentetate dimeglumine

*Gadoxetate disodium

Ganciclovir

Gentamicin

Ibuprofen

Ifosfamide

*Iodixanol

*Iohexol

*Iopamidol

*Ioversol

Ketorolac

Lisinopril

Lithium

Mesalamine

Methotrexate

Nafcillin

Piperacillin/tazobactam

Piperacillin

Sirolimus

Sulfasalazine

Tacrolimus

Ticarcillin/clavulanic acid

Tobramycin

Topiramate

Valacyclovir

Valganciclovir

Vancomycin

Zonisamide
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Table 4 Log of Technical Changes to AKI Triggers: Major changes to the AKI triggers and the associated ex-
pected effects of the change on trigger performance are shown below. Release dates of the changes can be cross-ref-
erenced with Figure 3 to see the realized impact of the changes.

Date – Version

Non-Versioned Database Updates

9/05/2013

7/5/2013

AKI Application Updates

5/2013 – 1.3.1

5/2013 – 1.3

4/2013 – 1.2

Technical Change Log Entry

Update existing location record in 
AKI_CriticalCareUnits table to now refer-
ence the fictitious unit ‘A5C DH’. Updated 
records for all patients who were located 
on A5C prior to the unit move so the unit 
would now be ‘A5C DH’ and thus still be 
filtered.

Ran script to link TP records in the Trigger-
Summary table with the correct Exposure-
CaseID. The records weren’t initially linked 
because of a bug in application release 
1.3

Add ability to select multiple services at 
once, and see the filtered results together 

Corrected failure to add auto-validated 
TPs to open exposure cases

Add the pRIFLE risk category to the Sur-
veillance Data Validation screen, in or 
next to the „Injured“ column 

Automatically validate ‘Injury’ results that 
fall within an exposure case and add 
these results to the exposure case 

Do not display results that have no Expo-
sure results 

Optimization of the views used by the 
surveillance screen. Performance should 
be greatly improved

Add idle warning two minutes before 
timeout (timeout is 20 min)

Default cursor to username box on login 
screen (Internet Explorer fix)

Change logic to look for multiple aminog-
lycoside(AG) orders on 3 consecutive 
days, not just a single order

Change visit identification logic to avoid 
potential FNs if there is a very old open 
visit with no service

Optimized javascript to mitigate script 
error in IE when viewing Surveillance 
Data Validation screen

Explanation of the fix (effect of the 
change)

The physical placement of patients shifted in 
the hospital to a unit that was previously an 
ICU. Patch had to be applied to appropriately 
filter data before and after the move. (de-
creased FPs)

Linkage between trigger data and exposed pa-
tient tables rerun after application bug fixed 
(increased TPs)

Pharmacists requested to be able to view 
multiple service reports simultaneously since 
they round on multiple services at the same 
time (user convenience)

Some exposure triggers weren’t auto-validating 
and being linked to exposure cases (analyst 
view accuracy)

pRIFLE category added to analyst report view 
(user convenience)

Autovalidated injury trigger results because 
they are highly accurate, automatically link 
them to NTMX-exposed patients (user conveni-
ence)

Filter injury trigger results that don’t have a link 
to an exposed patient (user convenience)

Surveilance Data Validation view was sluggish, 
new view much improved. (technical perform-
ance)

There was no warning when timeout was going 
to occur – users were losing work (user effi-
ciency)

Browser-specific issue (user efficiency)

Separate orders for the same medication were 
not considered in the AG exposure query logic 
(decrease FNs)

Patients with no current service listed in theEHR 
would be falsely listed under an old service (de-
crease FNs)

Browser-specific issue (technical performance)
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Date – Version

AKI Application Updates

4/2013 – 1.2

2/2013 – 1.1

AKI Service or Referenced DLLs Updates

11/2012 – 1.1.35.2

12/2011 – 1.1.35.0

7/2011 – 1.0.35.7

Technical Change Log Entry

Swapped % High NTMx Exposure Cases 
that Develop AKI numerator and denomi-
nator

Changes SCr min/max to only consider re-
sults for the day of the report

Auto validate (final) TPs if pharmacist in-
itially validates

When creating an NTMx false negative, 
the created result would not be retrieved, 
causing the application to report an error. 
This is because the created NTMx result 
was not meeting the criteria to be re-
turned (TriggeringResultNumeric >= 3.) 
This patch adds that condition to the re-
sult. 

When medication results are received 
from the application, fails to store the 
added patient

Removed defect that caused the IV Ami-
noglycoside trigger to incorrectly test for 
time exposed to medications, returning 
false positives. Results should now only 
be generated for patients that have expo-
sure over the number of days specified in 
the DurationThreshold parameter (cur-
rently set to 3)

Various formulations of the same drug 
should only count as one drug. Changes 
in logic made to consolidate multiple 
orders for same drug into 1 exposure

Reports changed to embedded links with 
English descriptions

Filter NTMx report to eliminate non-sys-
temic drug formulations

Amphotericin B and cidofovir to be 
treated in same manner as IV Radiology 
Contrast- 1 exposure lasts for 7 days

Added more unit exclusions to AKI_Criti-
calCareUnits table in db

Explanation of the fix (effect of the 
change)

Exposure reporting metric had numerator and 
denominator switched (increased metric accu-
racy)

Serum creatinine values were adjusted so that 
daily injury report would display only min/max 
values from that day (user effficiency)

Initial pharmacist validation of exposure 
triggers automatically finalized after audit by 
central pharmacist showed high reliability ( 
user efficiency)

Fixed logic so that FNs added by the pharmacist 
could be viewable on the trigger data vali-
dation screen (view accuracy)

Some NTMx-exposed patients were not being 
added to the exposure registry due to medi-
cation exposure results not being stored cor-
rectly (view and data accuracy)

Incorrect medication timestamp used in query 
led to many false positives (decreased FPs)

Multiple orders for the same NTMx were being 
counted as individual exposures, leading to 
false positives. (decrease FPs)

Exposure report emails had embedded link la-
bels changed to be more human-readable. (user 
convenience)

Topical and other forms of non-systemic drug 
delivery were exempt from the NTMx exposure 
reports (decreased FPs)

Additional medications added to list of NTMx 
that count for 1 week of exposure after last ad-
ministration (improved clinical accuracy of 
query logic)

Updated units excluded from the reports (de-
creased FPs)

Table 4 Continued
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