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INNOVATIONS

Acute kidney injury is a low-volume, high clinical im-
pact adverse event leading to dramatic increases in 

trauma patient mortality (Levey & James, 2017; Santos 
& Monteiro, 2015). For trauma programs, acute kidney 
injury is defined by the National Trauma Data Standard 
(NTDS) (Kidney Disease: Improving Global Outcomes 
Grade 3) using changes in serum creatinine levels, glo-
merular filtration rate, or the need for renal replace-
ment therapy (NTDS, n.d.). Applying this definition, 
the incidence of acute kidney injury in trauma patients 
ranges from 1.5% to 12% (Emigh et  al., 2020; Fuji-
naga et al., 2017; Santos & Monteiro, 2015). Although 
the annual number of acute kidney injury events in a 

trauma program may be small, the devastating effect on 
clinical outcomes makes comprehensive review of each 
event important for trauma quality and performance 
improvement programs.

The development and implementation of perfor-
mance improvement processes pose unique challenges 
for trauma performance improvement nurses. Little data 
exist to assist trauma performance improvement nurses 
with the standardization of reviews of the complex fac-
tors contributing to trauma patient morbidity and mor-
tality (Chua et al., 2009; O’Mara et al., 2014; Santana 
& Stelfox, 2012). There are no standardized guides for 
performance improvement nurses to review adverse pa-
tient events. In addition, there is no standard method for 
translating patient reviews into changes in clinical care.

To address the need for a standardized process to 
evaluate adverse patient events, the performance im-
provement nurses created and worked through a process 
to comprehensively evaluate acute kidney injury in ad-
mitted trauma patients. The authors hypothesized that 
a performance improvement process of collaborative 
discussion between clinical providers and performance 
improvement nurses would standardize a method for 
identifying common factors that led to acute kidney 
injury events. Furthermore, we hypothesized that iden-
tifying these commonalities would lead to opportunities 
for changes in patient care.
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pital length of stay and increased mortality. Yet, no audit tools exist to evaluate acute kidney injury in trauma patients.

OBJECTIVE: This study aimed to describe the iterative development of an audit tool to evaluate acute kidney injury following 
trauma.

METHODS: Our performance improvement nurses developed an audit tool to evaluate acute kidney injury in trauma patients 
using an iterative, multiphase process conducted from 2017 to 2021, which included a review of our Trauma 
Quality Improvement Program data, trauma registry data, literature review, multidisciplinary consensus approach, 
retrospective and concurrent review, and continuous audit and feedback for piloted and finalized versions of the tool.

RESULTS: The final acute kidney injury audit tool can be completed within 30 min using data obtained from the electronic medical 
record and consists of six sections, including identification criteria, source potential causes, source treatment, acute 
kidney injury treatment, dialysis indications, and outcome status.

CONCLUSION: The iterative development and testing of an acute kidney injury audit tool improved the uniform data collection, 
documentation, audit, and feedback of best practices to positively impact patient outcomes.
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OBJECTIVE

This study aims were to describe the iterative 
development of an audit tool to evaluate acute kidney 
injury following trauma.

METHODS

Setting
The performance improvement project was per-

formed at a tertiary referral, American College of Sur-
geons-verified Level II trauma center that admits nearly 
3,000 injured patients annually. The institution is a part 
of a trauma system consisting of five hospitals serving 
an area of approximately 28,000 square miles, encom-
passing an urban city in the American South and the 
southern portion of a neighboring state. The 298-bed 
hospital is a part of a national private network of pa-
tient care facilities.

Original Audit Tool
During the fourth quarter of 2019, our institu-

tion’s Trauma Quality Improvement Program (TQIP) 
2019 Fall Report revealed an unexpectedly high ob-
served to expected (O:E) ratio of acute kidney injury 
incidence (O:E ratio >2). This cohort consisted of all 
patients admitted to the institution from October 2018 
until September 2019. The trauma medical director met 
with the performance improvement nurses to discuss 
ways to identify commonalities among the patients who 
developed acute kidney injury. The performance im-
provement nurses retrospectively reviewed all patients 
who developed acute kidney injury for a 6-month pe-
riod, from June 2019 to November 2019. To organize 
and categorize the data collected from the review, the 
performance improvement nurses reviewed acute kidney 
injury and performance improvement literature. The lit-
erature search was conducted through PubMed.gov us-
ing the key words “acute kidney injury,” “kidney injury,” 
“trauma,” “traumatic,” “process improvement,” and 
“performance improvement” alone and in combination.

Quickly, the performance improvement nurses 
realized that there were no standardized processes for 
reviewing or meaningfully organizing collected patient 

data. To address these gaps, the performance improve-
ment nurses created an audit tool with factors con-
sidered important for developing acute kidney injury 
(Santana & Stelfox, 2012; Tolwani et  al., 2008). The 
trauma medical director was the primary representative 
of the clinical team. In discussion with him, the perfor-
mance improvement nurses focused on hypotension as 
the major clinical sign associated with the development 
of acute kidney injury. The initial audit tool focused 
on how hypotension was treated—crystalloid, blood 
component therapy, vasopressors, or antibiotics—with 
the understanding that these therapies could be used in 
combination.

Next, the performance improvement nurses fo-
cused on identifying the etiology or combination of 
etiologies responsible for the development of acute kid-
ney injury: prerenal (related to hypovolemia remote of 
initial trauma resuscitation), trauma (prerenal related 
to hypovolemia associated with the traumatic event), 
nephrotoxic substances, septic shock, and a history of 
chronic renal disease (acute on chronic renal injury). The 
performance improvement nurses were also interested 
in how the acute kidney injury was treated (crystalloid, 
blood component therapy, vasopressors, minimization 
of nephrotoxic substances, medical management of 
hyperkalemia, furosemide, change in antibiotic therapy, 
or renal replacement therapy).

The audit tool also ascertained whether the treat-
ing physician was notified of any preacute kidney injury 
events—low urine output for 4 hr or more, episode of 
hypotension lasting longer than 10 min. If the patient 
required renal replacement therapy, the tool identi-
fied the indication. The audit tool also evaluated the 
outcome and concomitant events associated with the 
acute kidney injury—cardiopulmonary arrest, nephrol-
ogy consult, normalization of renal function, continued 
renal replacement therapy, intubation, or other events. 
The audit tool was also used as a mechanism for sec-
ondary review, where judgments were made on the care 
provided. Opportunities for improvement were taken 
through a loop closure process.

Iteration 1
During chart review, the performance improve-

ment nurses found inconsistencies in clinical provider 
definitions and documentation of acute kidney injury. 
Clinicians documented acute kidney injury for a va-
riety of reasons: decreased urine output over 24 hr, 
any serum creatinine above the institutional normal 
range, doubling of patients’ admission creatinine, and 
estimated glomerular filtration rate (eGFR) less than the 
institutional normal range. Given the differences in clin-
ical and NTDS nomenclature, the first task in data col-
lection was to ensure that patients truly met the NTDS 
definition of acute kidney injury. For trauma patients, 

KEY POINTS

• Acute kidney injury dramatically increases trauma 
patient mortality.

• Collaborative discussion and data review led to the 
creation of an acute kidney injury audit tool.

• The acute kidney injury audit tool identified opportunities 
for clinical care interventions.

• Nurse-driven audit tool improved the care of trauma 
patients with acute kidney injury.
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acute kidney injury is defined as one of the following 
(NTDS, n.d.):

1. Serum creatinine 3.0 times the baseline;
2. Increase in serum creatinine to 4.0 mg/dl or more;
3. Initiation of renal replacement therapy; and
4. In patients younger than 18 years, decrease in eGFR to 

less than 35 ml per/1.73 m2 or urine output less than 
0.3 ml∙kg−1∙hr−1 for 24 hr or anuria for 12 hr or more.

The first modification of the acute kidney injury 
audit tool was applying the NTDS definition to patients 
clinically identified as developing acute kidney injury. 
Only patients meeting the NTDS definition of acute kid-
ney injury were reviewed. Applying the NTDS definition 
to data review from trauma patients admitted from June 
2019 to November 2019 yielded four patients. The per-
formance improvement nurses did not think this was an 
adequate sample for data collection to determine salient 
patient and patient care factors contributing to the devel-
opment of acute kidney injury. The retrospective review 
was expanded to include all the trauma patients meeting 
the NTDS definition of acute kidney injury from Janu-
ary 2017 until April 2020, yielding 28 patients. These pa-
tients had an average patient age of 62.5 years, an injury 
severity score of 18.9, a mortality rate of 42.9%, and an 
incidence of chronic kidney disease of 32.1%.

Iteration 2
The retrospective review of these 28 patients 

prompted an ongoing discussion between the clinical 
team and the performance improvement nurses, leading 
to a focus on clinical management of admitted trauma 
patients, including the adequacy of resuscitation using 
lactate reduction as an endpoint (Aslar et al., 2004; Qi 
et al., 2021; Sammour et al., 2009). This second iteration 
also provided volume details for crystalloid and blood 
component administration as an additional mechanism 
to evaluate the patient’s initial resuscitation.

Iteration 3
The expanded retrospective review showed that 

40% of the acute kidney injuries likely had a prerenal 
etiology associated with the traumatic event. One third 
of the acute kidney injury cases occurred past the pa-
tient’s initial resuscitation, more than 96 hr after admis-
sion. Half of the patients had pretrauma kidney disease. 
The product of the collective review led to a focus on 
two groups of patients: (1) patients with early acute kid-
ney injury, with acute kidney injury developing within 
the first 4 days of admission; and (2) patients with late 
acute kidney injury who developed acute kidney injury 
beyond Hospital Day 4 (Harrois et al., 2018; You et al., 
2022). Most patients with early acute kidney injury 
were patients of all ages who had extended periods of 
peritrauma hypotension. Most patients with late acute 

kidney injury were geriatric trauma patients undergo-
ing operative procedures. These findings led to the third 
iteration of the acute kidney audit tool to include early 
and late designations for acute kidney injury. Other 
common factors associated with acute kidney injury, 
including low fluid intake, timing of antibiotics, fluid 
administration for septic patients, and timing for treat-
ment of other organ dysfunctions, were also added to 
the third iteration of the audit tool (Figure 1).

Data reviewed using the third iteration of the au-
dit tool led to the first review-based change in patient 
care: The standard intravenous (IV) fluid utilized for 
resuscitation was changed from normal saline to lactat-
ed Ringer’s except for patients admitted with traumatic 
brain injuries. At the time, the performance improve-
ment nurses also performed concurrent reviews of all 
patients with traumatic brain injuries to ensure lactat-
ed Ringer’s was only administered to the appropriate 
patient population. Any deviations from appropriate 
clinical protocol regarding type of crystalloid adminis-
tration were immediately reported to the clinical team 
to mitigate any harm to patients. All deviations were 
elevated to a secondary review process and presented 
via a clinical dashboard during trauma performance 
improvement and patient safety meetings.

The institution heavily relied on the TQIP O:E 
ratio for acute kidney injury to serve as signposts for 
the overall direction of patient care regarding acute kid-
ney injury. While the performance improvement nurses 
worked through iterations of the audit tool, the next 
TQIP report (spring 2020) revealed that the acute kid-
ney injury O:E ratio had worsened to 3.73. The perfor-
mance improvement nurses realized that there was sub-
stantial patient overlap between the two TQIP reports 
and that the O:E ratio may have increased because of 
performance improvement process-related focused at-
tention on acute kidney injury influencing data collec-
tion. Given that TQIP reports are a retrospective analy-
sis of patients and events, the performance improvement 
nurses moved to perform concurrent reviews of patients 
identified as having an acute kidney injury, excluding 
patients younger than 18 years and patients undergoing 
renal replacement therapy before traumatic events.

Concurrent evaluation started with screening all 
admitted trauma patients at morning multidisciplinary 
rounds, with specific questions about extended peri-
ods of hypotension, lactate clearance, low urine output, 
fluid imbibement, and serum creatinine. Performance 
improvement nurses discovered significant inconsistencies 
in the documentation of urine output and fluid imbibe-
ment in the patients with late acute kidney injury, mainly 
geriatric trauma undergoing operative intervention.

Two changes in clinical care were implemented 
to address these concerns. Maintenance IV fluids were 
maintained on geriatric patients with an emphasis on 
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documentation of the percentage of meals eaten and the 
amount of fluid imbibed. Maintenance IV fluids were 
continued until patients ate at least 50% of their meals 

and imbibed at least 1 L of fluid. This change did not 
lead to increased complications, for example, congestive 
heart failure, atrial fibrillation. The second intervention 
was to maintain the perioperative Foley catheters until 
Postoperative Day 1. The institution has a policy of re-
moving all Foley catheters in the postanesthesia recov-
ery unit unless specified by the admitting clinical team. 
The performance improvement and clinical teams found 
significant inconsistencies in the documentation of urine 
output in postoperative patients. Maintaining Foley cath-
eters until Postoperative Day 1 allowed the clinical team 
to have accurate measurements of urine output to iden-
tify patients at risk for acute kidney injury who needed 
fluid resuscitation or an increase in maintenance IV fluid 
rates. Perioperatively placed Foley catheters were contin-
ued in patients at significant risk for the development of 
acute kidney injury, defined by a creatinine 2 times base-
line and a documented urine output of less than 30 ml/hr. 
The necessity of a Foley catheter was assessed daily. All 
Foley catheters were removed when clinically appropri-
ate. This change in clinical care did not lead to increased 
catheter-associated urinary tract infections.

Use of Audit Tool
It took performance improvement nurses two to 

four uses to develop alacrity in completing the third it-
eration of the acute kidney injury audit tool. After these 
initial uses, performance improvement nurses could ac-
curately produce a comprehensive overview of a patient 
with or at risk for acute kidney injury in less than 30 
min. By intention, the performance improvement nurses 
choose data fields for which documentation in the elec-
tronic medical record was consistently available. This 
forethought led to 100% completion of all data fields 
for all iterations. Once the audit tool was completed, it 
was reviewed by a clinical provider to identify opportu-
nities for changes in patient care.

Using daily screening and the third iteration of the 
audit tool, 45 concurrently reviewed patients developed 
NTDS defined acute kidney injury of the approximately 
3,900 patients admitted from April 2020 to October 
2021. These patients had an average age of 61.5 years, an 
injury severity score of 14.3, a mortality rate of 51.1%, 
and an incidence of chronic kidney disease of 21.9%. 
The reviews showed that 28 patients developed acute 
kidney injury within 4 days of arrival to the hospital. 
Eight of those patients required the administration 
of blood products. Ongoing physiological instability, 
defined as persistent tachycardia (heart rate >100), 
multiple episodes of systolic blood pressure less than 
90 mmHg, need for vasopressors, and failure to clear 
serum lactate, played the largest role in early acute 
kidney injury development (Emigh et al., 2020; Harrois 
et al., 2018; Santos & Monteiro, 2015). The O:E ratios 
for acute kidney injuries progressively decreased over 
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the next four TQIP reports but never reached a ratio 
of 1. The performance improvement nurses and clinical 
providers continue to discuss and implement modifica-
tions in patient care to ameliorate the development of 
acute kidney injury in admitted trauma patients.

RESULTS

Retrospective and concurrent review of and daily 
discussions about trauma patients at risk for or who 
developed acute kidney injury led to the creation of 
an audit tool capable of identifying institution-specific 
patient and patient care factors related to this adverse 
event. A total of 73 acute kidney injury events were re-
viewed from January 2017 to October 2021.

Since the development and implementation of the 
acute kidney injury audit tool, two important findings 
have been observed. First, a standardized acute kidney 
injury audit with defined data fields created consistency 
in the data collected and presented for review, which 
was important for a high-volume center with a high acu-
ity patient population. Second, the acute kidney injury 
audit tool was a common point of reference for the per-
formance improvement nurses and clinical providers to 
review data. Joint data review revealed two populations 
of trauma patients who developed acute kidney injury: 
(1) late—mostly geriatric patients undergoing operative 
intervention; and (2) early—patients of all ages with 
traumatic event-related physiological instability.

Through the joint review of the data, the follow-
ing changes were made in patient care: (1) Except for 
patients with traumatic brain injury, resuscitation crys-
talloid was changed to lactated Ringer’s; (2) geriatric 
trauma patients were kept on maintenance IV fluids 
until they could demonstrate intake of at least 1.0 L of 
fluid; (3) perioperatively placed Foley catheters were 
continued in patients at risk for development of acute 
kidney injury as defined by a creatinine 2 times baseline 
and a documented urine output of less than 30 ml/hr 
until Postoperative Day 2 to ensure accurate urine out-
put in geriatric trauma patients and removed when 
medically appropriate. Complications related to these 
changes were closely monitored with no identified com-
plications, including catheter-associated urinary tract 
infections. These clinical care interventions contribut-
ed to a decrease in the O:E acute kidney injury ratio 
in admitted trauma patients over the next 18 months, 
from a peak of 3.73 to a low of 1.51 (Figure 2).

DISCUSSION

There is a significant dearth of information on the 
performance improvement processes in the care of trau-
ma patients. Several trauma programs have applied the 
Lean Six Sigma methodology, originally designed to de-
tect and prevent error while reducing waste and process 
variation (Kaswan & Rathi, 2019; Rathi et  al., 2022; 
Yeh et al., 2011). The Lean Six Sigma’s Define, Measure, 
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Analyze, Design, and Verify methodology was used for 
diverse trauma performance improvement projects, from 
increasing the use of depression screening protocols to 
increasing the screening of head computed tomogra-
phy in patients with intracranial hemorrhage (Moran 
et al., 2020; Niemeijer et al., 2010; Parks et al., 2008). 
Other projects focused on process efficiency in the care 
of trauma patients when resuscitative endovascular bal-
loon occlusion of the aorta was deployed but did not use 
the Lean Six Sigma methodology (Burkard et al., 2020). 
Although these projects successfully improved process 
efficiency, there is scant guidance on identifying and 
categorizing institution-specific patient and patient care 
factors contributing to adverse patient events.

Audit tools have also been developed to re-
view pediatric trauma cases flagged for adverse events 
and to measure best practice compliance for geriatric 
patients with fragility hip fractures (Curtis et al., 2017; 
MacDonald et al., 2018). Like our adverse event audit 
tool, the first iterations of these audit tools were cre-
ated using a literature review, but the iterative matura-
tion of each tool was different. The pediatric audit tool 
was refined using the consensus opinion of a multidis-
ciplinary team of trauma professionals with the intent 
of widespread dissemination, whereas the hip fracture 
audit tool utilized an international cohort of ortho-
pedic nurses to revise and establish a global standard 
of care and clinical practice evaluation (Curtis et  al., 
2017; MacDonald et al., 2018). We remained focused 
on institution-specific patient factors and medical 
decision-making to highlight the process by which other 
institutions may develop a mature audit tool.

Figure 3 displays the key steps of the iterative 
quality improvement process. Using this process, the 
acute kidney injury audit tool proved invaluable to the  

trauma program. Presentation and review of audit tool 
data become a routine part of trauma care, including 
daily multidisciplinary rounds and monthly perfor-
mance improvement meetings. Furthermore, the audit 
tool helped bridge the gap between the performance 
improvement nurses and clinical providers, creating 
a collaborative environment in which new ideas were 
encouraged and prior solutions reimagined. Given the 
significant success of the acute kidney injury audit tool, 
the performance improvement team has created similar 
audit tools to review other medical issues (i.e., severe 
traumatic brain injury, shock, etc.). The audit tool had 
an unintended benefit that the authors had not antici-
pated—a change in culture. As the quality of acute kid-
ney injury reviews increased and more members of the 
trauma program became involved, the team’s expecta-
tions changed. The clinical providers demanded longi-
tudinal data collection and review to assist with their 
clinical decisions. Moreover, longitudinal data review 
became a focus for all trauma leadership meetings. This 
surprise benefit strengthened the entire program and 
improved the teams’ collaboration and communication.

The authors acknowledge that the O:E ratio of 
acute kidney injury incidence is not the most robust 
measure of improvement in patient care and outcomes. 
This article is focused on the description of a perfor-
mance improvement process. The biannual TQIP O:E 
ratios served as signposts of the overall direction of 
patient care and were not meant to substitute for a 
powered quantitative analysis.

CONCLUSION

Standardized performance improvement pro-
cesses are necessary for consistently evaluating adverse 
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events in trauma patients. An iterative process of col-
laborative discussion and data review led to the imple-
mentation of an audit tool that impacted clinical care. 
This process can be adopted by trauma performance 
improvement programs seeking to positively impact 
patient outcomes.
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