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Background: In patients with severe trauma, the diagnosis of acute kidney injury (AKI) is import-
ant because it is a predictive factor for poor prognosis and can affect patient care. The diagnosis
and staging of AKI are based on change in serum creatinine (SCr) levels from baseline. However,
baseline creatinine levels in patients with traumatic injuries are often unknown, making the diag-
nosis of AKl in trauma patients difficult. This study aimed to enhance the accuracy of AKI diagno-
sis in trauma patients by presenting an appropriate reference creatinine estimate (RCE).
Methods: We reviewed adult patients with severe trauma requiring intensive care unit admission
between 2015 and 2019 (n=3,228) at a single regional trauma center in South Korea. AKI was di-
agnosed based on the current guideline published by the Kidney Disease: Improving Global Out-
comes organization. AKI was determined using the following RCEs: estimated SCr75-modification
of diet in renal disease (MDRD), trauma MDRD (TMDRD), admission creatinine level, and first-day
creatinine nadir. We assessed inclusivity, prognostic ability, and incrementality using the different
RCEs.

Results: The incidence of AKI varied from 15% to 46% according to the RCE used. The receiver
operating characteristic curve of TMDRD used to predict mortality and the need for renal replace-
ment therapy (RRT) had the highest value and was statistically significant (0.797, P<0.001; 0.890,
P=0.002, respectively). In addition, the use of TMDRD resulted in a mortality prognostic ability
and the need for RRT was incremental with AKI stage.

Conclusions: In this study, TMDRD was feasible as a RCE, resulting in optimal post-traumatic AKI
diagnosis and prognosis.
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INTRODUCTION

Acute kidney injury (AKI) is defined as a sudden decline in kidney function. AKI is an inde-
pendent risk factor for increased mortality in patients with severe trauma admitted to the
intensive care unit (ICU) [1-5]. In trauma patients, the incidence of AKI ranges widely from 1%
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to 50%, seemingly due to inconsistent diagnostic criteria and
unclear estimates of reference creatinine estimates [6].

Accurate diagnosis and management of AKI can help im-
prove survival in severely injured patients [7]. The diagnostic
criteria for AKI have been developed over the past few de-
cades. Recently, the Kidney Disease: Improving Global Out-
comes (KDIGO) group proposed AKI diagnostic criteria based
on urine output (UO) and serum creatinine (SCr) levels [8].
These criteria are used to diagnose and stage AKI according to
the degree of increase in creatinine levels from baseline SCr or
according to UO. However, baseline SCr is often unknown in
trauma patients, making AKI diagnosis difficult.

There are no clear guidelines on how to estimate the refer-
ence creatinine in trauma patients; however, several methods
have been proposed to estimate baseline SCr for AKI diagnosis
in patients with severe trauma. This study aimed to determine
an appropriate reference creatinine estimate for post-traumat-
ic AKI diagnosis. We hypothesized that a more appropriate
reference creatinine estimate is more strongly related to the
diagnosis of AKI and its clinical outcomes, such as mortality.
We assessed the ability of reference creatinine estimates to di-
agnose AKI based on incidence, prognosis, and incrementality
by AKI stage and existing verified reports.

MATERIALS AND METHODS

This study was reviewed and approved by the Institutional Re-
view Board of Pusan National University Hospital (No. H-2004-
020-090). Owing to its retrospective design, informed consent
was waived.

Study Population

In this retrospective cohort study, we reviewed adult patients
with severe trauma from the Korea Trauma Database (KTDB)
between January 1, 2015, and December 31, 2019 at Pusan
National University Hospital, a high-volume regional trauma
center in Busan, South Korea. A total of 4,293 patients had
severe trauma (Injury Severity Score [ISS] >16). The exclusion
criteria were age <16 years, ICU admission time <12 hours,
known chronic kidney disease, and unclear laboratory results
or medical records. Accordingly, 3,228 patients were enrolled
in the study (Figure 1). Data on demographic characteristics,
initial vital signs, medical history, injury type, length of ICU
admission, and mortality were obtained from the KTDB. In
addition, laboratory results for seven days were extracted from
the medical records.
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KEY MESSAGES

= Acute kidney injury (AKI) in patients with severe trauma is
an important prognostic factor; however, diagnosing AKI
is challenging because the baseline creatinine level for a
definitive diagnosis is not known.

= Currently, there is no clear consensus on the estimated
baseline creatinine level that is diagnostic of AKI in pa-
tients with severe trauma.

= In this study, we compared the diagnostic ability of several
reference creatinine estimates (RCEs) and found trauma
modification of diet in renal disease to be the most suit-
able RCE for AKI diagnosis.

Definition and Outcome Measures

AKI was defined and staged based on the current KDIGO
guidelines (Table 1) [8]. Initiation of renal replacement therapy
(RRT) corresponds to stage 3 AKI in the KDIGO guidelines [8].
However, this study did not include RRT as a diagnostic crite-
rion. RRT was included as an outcome variable rather than a
diagnostic criterion in our study. In addition, the KDIGO 2012
guidelines include the UO criterion; however, this study did
not apply it because the accuracy of the available data could
not be verified.

4,293 Severe traumatic injury
(ISS>16)

Age 216 yr
ICU admission (time >12 hr)
No CKD and/or dialysis history

No Yes

717 Excluded 3,576 Included

.

3,228 Included

Unclear laboratory results
and/or medical record

\ 4

Figure 1. Flowchart of the study. ISS: Injury Severity Score; ICU:
intensive care unit; CKD: chronic kidney disease.

Acute and Critical Care 2023 February 38(1):95-103



LeeK etal. Diagnosis of AKl in severe trauma patients

Table 1. KDIGO acute kidney injury definition and stage

KDIGO acute kidney injury
Definition  « Increase in SCr by >0.3 mg/dl within 48 hr or

« Increase in SCr to >1.5 times baseline, which is known or
presumed to have occurred within the prior 7 days or

« Urine volume <0.5 mi/kg/hr for 6 hr

Stage
1 Ser
- 1.5-1.9 Times baseline or >0.3 mg/d| increase
Urine output
- <0.5 ml/kg/hr for 6-12 hr
2 Ser
« 2.0-2.9 Times baseline
Urine output
- <0.5 mlfkg/hr for 212 hr
3 Ser
« 3.0 Times baseline or
« Increase in serum creatinine to >4.0 mg/dl or
« Initiation of renal replacement therapy or
« In patients <18 yr, decrease in eGFR <35 ml/min/1.73 m’
Urine output
« <0.3 ml/kg/hr for =24 hr or
« Anuria for 212 hr

KDIGO: kidney disease: improving global outcomes; SCr: serum creatinine;
eGFR: estimated glomerular filtration rate.

We identified some reference creatinine estimates that
were used when the patient's baseline creatinine level was
unknown in the trauma literature. The modification of diet in
renal disease (MDRD) equation used for back-calculation was
developed for estimating the glomerular filtration rate (GFR)
and is widely accepted [9]. The equation is as follows:

GFR =175 x SCr™"** x age™*** x 0.742 (if female) x 1.212 (if
black).

The estimated serum creatinine 75 (eSCr75)-MDRD back-
calculates the MDRD equation to estimate unidentified SCr,
assuming a lower normal GFR (75 ml/min/1.73 m?), according
to international recommendations [8]. The trauma MDRD
(TMDRD) was also designed to estimate creatinine in the
young and generally healthy trauma population; however, it
uses the highest median GFR (121 ml/min/1.73 m®) demon-
strated by trauma patients during the first week of admission
[10]. The admission creatinine level was defined as the first SCr
measurement after arrival at the hospital [11], and the first-day
nadir was defined as the lowest SCr measured within 24 hours
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of arrival [12].

This study assessed four reference creatinine estimates
(eScr75-MDRD, TMDRD, admission creatinine, and first-
day nadir) with the following primary outcomes: inclusivity,
prognostic ability, and incrementality. Inclusivity was assessed
based on AKI incidence. Prognostic ability was assessed using
the estimated odds ratio (OR) of mortality, initiation of RRT,
and area under the curve (AUC). Incrementality was assessed
by evaluating whether mortality and RRT also increased as the
AKI stage increased.

Statistical Analysis
Continuous variables were presented as median and inter-

quartile ranges (IQRs), and categorical variables were pre-
sented as numbers and percentages. The categorical variables
were compared using the chi-square test when appropriate;
otherwise, Fisher’s exact test was used. Continuous variables
were compared using the Wilcoxon rank-sum test based on
the distribution. Modified Poisson regression analysis was per-
formed to estimate the OR. This method has been proposed
as an alternative to log binomial models when convergence is
a problem (as was the case in this study). We used the receiver
operating characteristic (ROC) curve and AUC to evaluate the
prognostic factors predicting mortality. Statistical significance
was defined as P<0.05. All statistical analyses were performed
using IBM SPSS ver. 20.0. (IBM Corp.) and Stata ver. 14.2
(StataCorp.).

RESULT

Patient Demographics
In total, 3,228 patients were included in the analysis. The pro-

portion of men was higher (77%), and the median age was 57
years (IQR, 44-68 years). Most of the damage mechanisms
were blunt injuries (97%), and the median ISS was 25 (IQR,
19-29). The reference creatinine estimate ranged widely from
0.67 mg/dl (when TMDRD was used) to 1.00 mg/dl (when
eScr75-MDRD was used). The participant characteristics are
presented in Table 2.

Inclusivity

In univariate analysis, patients with AKI diagnosed using
any of the reference creatinine estimates were more severely
injured, older, and had a larger arrival base deficit, higher
mortality rate, and higher rate of RRT requirement compared
with those without AKI. This trend was the same regardless of
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Table 2. Characteristics of study participants

Variable Value (n=3,228)
Age (yr) 57 (44 to 68)
Year

2015 363 (11)

2016 707 (22)

2017 679 (21)

2018 771 (24)

2019 708 (22)
Male 2,479 (77)
Blunt mechanism of injury 3,142 (97)
Injury Severity Score 25 (19 to 29)
ﬁrr)ival systolic blood pressure (mm 110 (90 to 140)

g

Arrival base deficit (mmol/L) 1.5 (-09 to 5.1)
Base creatinine (mg/dl)

eSCr75-MDRD 1.00 (0.96 to 1.05)

TMDRD 0.67 (0.64 to 0.70)

Admission creatinine 0.86 (0.72 to 1.05)

First-day nadir 0.75 (0.63 to 0.91)
30-Day ICU-free day 25 (16 to 28)
30-Day hospital-free day 6(0to17)
Length of stay 24 (13 to 44)
Length of ICU 5(2to 14)
In-hospital mortality 459 (14)

Values are presented as median (interquartile range) or number (%).
eSCr75: estimated serum creatinine 75; MDRD: modification of diet in renal
disease; TMDRD: trauma MDRD; ICU: intensive care unit.

the reference creatinine estimate used. Patients with AKI di-
agnosed using admission creatinine levels had no statistically
significant difference in arrival systolic blood pressure (SBP).
The incidence of AKI varied among the reference creatinine
estimates, from 15% (when the admission creatinine level was
used) to 46% (when the TMDRD was used) (Table 3).

Prognostic Ability
The estimated OR of increased mortality and RRT showed

associations with AKI diagnosed using all reference creatinine
estimates after adjusting for age, arrival SBP, ISS, and arrival
base deficit (Table 4). This result is similar to the significant
increase in mortality and RRT according to AKI diagnosis pre-
viously identified in the univariate analysis (P<0.001). A ROC
curve analysis according to each reference creatinine estimate
was performed to determine the sensitivity, specificity, and
positive and negative predictive values of mortality and RRT
by AKI stage. The results are presented in Table 5. The AUCs of
TMDRD in predicting the mortality and initiation of RRT were
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Table 3. Characteristics of patients with and without acute kidney injury, by reference creatinine estimate

First-day nadir

Admission creatinine

No AKI
2,746, 85%) (n

56 (42-67)

Trauma MDRD

eSCr75-MDRD

AKI
968, 3000) | Velue
58 (46-70)

2,260, 70%) (n

No AKI
57 (43-67)
1729 (77)

AKI
482, 1500) TValUE
62 (51-74)

' 460/0) P-value (n=

AKI

1,488
61 (49-73)
1151 (77)

1,740, 54%) (n

No AKI
54 (40-64)
1328 (76)

210/0) P-value (n

AKI
678,
64 (51-75)

2,550, 79%) (n

No AKI
56 (42-66)
1,963 (77)

(n=

Variable

0.004

0.548

<0.001

<0.001

<0.001

Age (yr)

Male

750 (77)

2,096 (76) 383 (80) 0.133

0.489

0.632

516 (76.1)
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higher than those of the other estimates, and this difference Incrementality
was statistically significant (AUC: 0.797, P<0.001; AUC: 0.890, The estimated OR of mortality and RRT by AKI stage showed
P=0.002) (Figure 2). that it increased with each increase in AKI stage, and all were

statistically significant after adjusting for age, arrival SBP, ISS,
and arrival base deficit (Table 6). The mortality rate and re-

_ _ _ quirement of RRT according to AKI stage was calculated for
Table 4. Estimated odds ratio of mortality and renal replacement

therapy by acute kidney injury diagnosis, adjusted for age, arrival each reference creatinine estimate (Figure 3). The association

systolic blood pressure, Injury Severity Score, and arrival base deficit of the increase in mortality and RRT with the increasing stage
. Mortality Renal replacement therapy only occurred with TMDRD, and not in the other reference
Variable OR(95%C|) P-value OR(95%C)  P-value creatinine estimates.
eSCr75-MDRD 5.4 (4.2-6.8) <0.001 145 (8.5-24.7) <0.001
TMDRD 46(3.5-6.1) <0001 13.8(59-32.2) <0.001 DISCUSSION
Admiss_io_n 9.0(7.1-11.5)  <0.001  13.1(8.3-20.6) <0.001
creatinine

First-day nadir 43 (34-54) <0001  95(55-163) <0.001 In this study, there were variations in the strength of associ-

OR: odds ratio; Cl: confidence interval; eSCr75: estimated serum creatinine o _
75; MDRD: modification of diet in renal disease; TMDRD: trauma MDRD. erence creatinine estimate used. The TMDRD reference cre-

ation between AKI diagnosis and mortality based on the ref-

Table 5. Sensitivity, specificity, PPV, and NPV value of mortality and renal replacement therapy by acute kidney injury stage

Variable Mortality Renal replacement therapy

Sensitivity Specificity PPV NPV Sensitivity Specificity PPV NPV
eSCr75-MDRD  25.3 (21.4-29.5) 98.1 (97.5-98.6) 69.0 (61.5-75.9) 88.8 (87.6-89.9) 64.5 (54.9-73.4) 96.9 (96.2-97.5) 42.3 (34.7-50.1) 98.7 (98.3-99.1)
TMDRD 41.6(37.1-46.3) 95.2 (94.3-96.0) 59.0 (53.4-64.4) 90.8 (89.7-91.8) 75.5(66.3-83.2) 92.3 (91.3-93.2) 25.6 (21.0-30.7) 99.1 (98.7-99.4)

Admission 22.9(19.1-27.0) 98.5(98.0-98.9) 71.9 (63.9-79.0) 88.5(87.3-89.6) 57.3 (47.5-66.7) 97.3 (96.7-97.9) 43.2 (35.0-51.6) 98.5(98.0-98.9)
creatinine

First-day nadir 27.9 (23.8-32.2) 98.3 (97.7-98.7) 72.7 (65.5-79.2) 89.2 (88.0-90.2) 65.5 (55.8-74.3) 96.7 (96.0-97.3) 40.9 (33.6-48.6) 98.8 (98.3-99.1)
Values are presented as percent (95% confidence interval).

PPV: positive predictive value; NPV: negative predictive value; eSCr75: estimated serum creatinine 75; MDRD: modification of diet in renal disease; TMDRD:
trauma MDRD.

A

1.00- 1.00
P<0.001

0.75+ 0.75
=z Fny
= =
= 0.50 = 0.50-
< o
v v
(V2] wv

0.254 0.25 4

O- T T T T T 0 ) T T T T T
0 0.25 0.50 0.75 1.00 0 0.25 0.50 0.75 1.00
1-Specificity 1-Specificity
--. eScr75-MDRD (0.746 [0.721-0.770]) ——¢—— TMDRD (0.797 [0.774-0.820]) -==-A---. eScr75-MDRD (0.863 [0.822-0.905]) ———— TMDRD (0.890 [0.859-0.922])
— - Admission creatinine (0.736 [0.712-0.760]) ~—— @ — First-day nadir (0.755 [0.730-0.780]) — - — - Admission creatinine (0.818 [0.771-0.864]) —— @ — First-day nadir (0.864 [0.822-0.906])

— Reference Reference

Figure 2. Comparison of estimated serum creatinine 75 (eSCr75) modification of diet in renal disease (MDRD), trauma MDRD (TMDRD), admission
creatinine, and first-day nadir creatinine area under the curve (AUC) for predicting mortality (A) and the need for renal replacement therapy (B).
Values are presented as AUC (95% confidence interval).
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Table 6. Estimated odds ratio of mortality and renal replacement therapy by acute kidney injury stage, adjusted for age, arrival systolic blood

pressure, Injury Severity Score, and arrival base deficit

Variable Mortality Renal replacement therapy
OR (95% Cl) P-value OR (95% Cl) P-value
eSCr75-MDRD
Stage 1 2.6 (1.9-3.6) <0.001 3.5(1.7-7.4) 0.001
Stage 2 7.1(4.8-10.4) <0.001 4.1(1.5-11.0) 0.005
Stage 3 17.3 (11.8-25.4) <0.001 81.1 (44.4-150.0) <0.001
TMDRD
Stage 1 23(1.6-3.2) <0.001 3.0(1.1-8.6) 0.037
Stage 2 4.6 (3.2-6.6) <0.001 8.2 (3.0-22.8) <0.001
Stage 3 18.5(13.0-26.2) <0.001 93.8 (38.3-229.4) <0.001
Admission creatinine
Stage 1 4.1(29-5.7) <0.001 2.4(1.1-53) 0.027
Stage 2 15.5(9.7-24.6) <0.001 4.0(1.5-10.2) 0.004
Stage 3 23.2 (15.4-35.0) <0.001 56.3 (33.4-94.8) <0.001
First-day nadir
Stage 1 1.8 (1.3-2.4) <0.001 2.0(1.0-4.3) 0.053
Stage 2 8.7 (59-12.9) <0.001 44(1.7-11.3) 0.002
Stage 3 25.1(16.9-37.2) <0.001 719 (39.3-131.6) <0.001

OR: odds ratio; Cl: confidence interval; eSCr75: estimated serum creatinine 75; MDRD: modification of diet in renal disease; TMDRD: trauma MDRD.

A

80 ~
70 +
60
50
40
30

Mortality (%)

20
10

0

eSCr75-
MDRD

Trauma
MDRD

Admission First-day
creatinine Nadir
Il No AKI

M Stage 1 M Stage2 M Stage 3

@

Renal replacement therapy (%)

eSCr75- Trauma Admission First-day
MDRD MDRD creatinine Nadir
Il No AKI | Stage 1 M Stage2 M Stage 3

Figure 3. Mortality (A) and the need for renal replacement therapy (B) by acute kidney injury (AKI) stage. eSCr75: estimated serum creatinine 75;

MDRD: modification of diet in renal disease.

atinine estimate was the most relevant in terms of incidence,
prognosis, and incrementality, and it was the most appropriate
for AKI diagnosis according to our hypothesis. AKI in patients
with severe trauma admitted to the ICU is a common compli-
cation with considerable mortality. Moreover, severe injury is a
strong risk factor for AKI [1-5]. Indeed, trauma patients experi-
ence single or multiple exposures to AKI risk factors, including

100  https://www.accjournal.org

severe trauma, hypovolemic shock, rhabdomyolysis, and ab-
dominal compartment syndrome [2,13-16].

According to several guidelines, a diagnosis of AKI should
be made based on an increase in SCr from the reference val-
ue. However, the choice of reference creatinine estimate for
post-traumatic AKI diagnosis remains controversial. Various
approaches have been used to define reference creatinine

Acute and Critical Care 2023 February 38(1):95-103
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estimates [17,18]. Common approaches include the use of
admission creatinine, the lowest inpatient creatinine, or
other surrogates, such as MDRD. Without reliable baseline
SCr, the KDIGO 2012 guideline recommends that SCr be esti-
mated using the back-calculated MDRD equation assuming
a lower normal GFR of 75 mL/min/1.73 m’ [8]. Although a
recent study questioned the reliability of estimated creatinine
clearance, several studies have reported that eSCr75-MDRD
appears applicable in critical care [17,19,20]. In contrast, TM-
DRD may be more appropriate than eScr75-MDRD for the di-
agnosis and prognosis of AKI in the trauma population [10,18].
In our study, TMDRD appeared to be more useful than other
estimates (eScr75-MDRD, admission creatinine, and first-day
nadir) as a reference creatinine estimate for the diagnosis of
AKI in patients with severe trauma.

The incidence of AKI in trauma patients is reportedly in the
range of 1%-76% because of the different AKI criteria, refer-
ence creatinine estimates, levels of trauma severity, and length
of follow-up used [6,21-23]. In our study, there was a wide
range in AKI incidence, from 15% (when admission creatinine
was used) to 46% (when TMDRD was used). This result is
comparable to that previously reported. In a recent systematic
review and meta-analysis of trauma patients admitted to criti-
cal care, the overall incidence of AKI was 20.4% without a clear
reference creatinine estimate. The incidence of AKI increased
by 31.9% in studies that focused mainly on blunt injuries [21].
In another systematic review and meta-analysis of trauma pa-
tients in the ICU, the overall mean incidence of post-traumatic
AKI was 24% (95% confidence interval [CI], 20%- 29%), with
considerable heterogeneity in significant outcomes [22].

According to a large cohort study, the in-hospital mortality
of patients with AKI was 27% after adjusting for the KDIGO
stage and differences in age, sex, and severity of illness (OR,
1.13-2.20; P<0.001) in various patients admitted to the ICU
[24]. A meta-analysis of trauma patients found that the mor-
tality rate in patients with AKI was 27% (95% CI, 20%-35%)
[22]. Haines et al. [21] reported that the pooled relative risk
of death from AKI was 3.6 (95% CI, 2.4-5.3). In our study, the
estimated OR of mortality ranged from 4.3 (when the first-day
creatinine nadir was used) to 9.0 (when admission creatinine
was used). The estimated OR of mortality of TMDRD was 4.6
(95% CI, 3.5-6.1). In particular, the AUC value of TMDRD was
higher than that of the other estimates, and this difference was
statistically significant (Figure 2A). The TMDRD reference cre-
atinine estimate resulted in a diagnosis that was prognostic of
both mortality and incrementality for each AKI stage (Figure

Acute and Critical Care 2023 February 38(1):95-103
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3A). Although there were some differences in patient char-
acteristics and diagnostic criteria between our study and the
others, the mortality rate of TMDRD (25.7%) was comparable
to that in the other observations [21,22,24].

RRT is the only supportive measure in patients with severe
AKI. The KDIGO guidelines recommend immediate initiation
of RRT if an absolute indication exists [8]. The initiation of
RRT before the onset of major complications has conceivable
advantages for patients with severe AKI [25]. In our study, the
AUC value of TMDRD used to predict the requirement of RRT
was higher than that of the other estimates, and this difference
was statistically significant (Figure 2B). The association of the
increase in RRT with the increasing stage only occurred with
TMDRD and not in the other reference creatinine estimates
(Figure 3B).

There are three main differences between our study and
other studies that have suggested methods of approximating
reference creatinine estimates to diagnose AKI in patients with
trauma. First, our study was based on a relatively large number
of patients and compared the adequacy of previously known
reference creatinine estimates in patients with severe trauma.
Saour et al. [10] assessed MDRD performance in predicting
SCr in a severe trauma population of 775 patients. In contrast,
3,228 patients were included in our study. Second, the severity
of trauma in patients included in the present study was more
than that in patients included in the other studies. Saour et
al. [10] reported a mean ISS of 19. Hatton et al. [23] reported
a median ISS of 20. In contrast, the median ISS in this study
was 25. We believe that the difference in results between our
study and others may have been influenced by the severity of
trauma. Third, in contrast to the diversity in population com-
position and trauma mechanisms in other studies, all patients
in our study were Asian (100%), and 97% had suffered blunt in-
juries. In the study by Hatton et al. [23], most participants were
Caucasian (52%) or Hispanic (22%), while African Americans
comprised only 17% of the population and Asians only 2%. In
addition, participants with a blunt injury accounted for 85%
of the cohort [23]. Those authors reported that eSCr75-MDRD
may be more useful than TMDRD for the diagnosis and prog-
nosis of AKI [23]. In contrast, TMDRD appeared to be a more
appropriate reference creatinine estimate than eSCr75-MDRD
in our study. This is thought to be on account of the differ-
ences in race composition and injury mechanism. Although
the role of race adjustment in estimating kidney function is
controversial [26,27], we believe that racial differences must be
considered when selecting an appropriate reference value for
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creatinine.

This study had several limitations. First, UO could not be
applied as a diagnostic criterion because of our inability to ac-
curately verify UO. UO records before admission to the ICU (via
the emergency, operating, or angiography room) were miss-
ing. In studies where both SCr and UO were used as diagnostic
criteria, the incidence of AKI increased from 24% based on SCr
alone to 52% when UO was added as a diagnostic criterion.
Moreover, the risk of death was greatest when patients met
both SCr levels and UO criteria for AKI [28,29]. Thus, our study
may have underestimated the incidence and mortality of AKI.
Second, mortality or initiation of RRT is one of the strongest in-
dicators of prognosis in patients with AKI. However, there are
several other indicators of prognosis, such as complications,
duration of RRT, and renal disease progression to chronic kid-
ney disease. However, investigation of this aspect was limited
by model structure. Finally, this was a single-center retrospec-
tive study, and the results were insufficient for drawing conclu-
sions. Additional multicenter, prospective, randomized con-
trolled trials are necessary to confirm the validity of TMDRD as
areference creatinine estimate.

In the current study, TMDRD was the most appropriate
reference creatinine estimate (in terms of inclusivity, prog-
nostic ability, and incrementality) for diagnosing and staging
post-traumatic AKI. When using TMDRD as a diagnostic crite-
rion, the incidence of AKI in patients with severe trauma was
approximately 46%. If complementary prospective random-
ized controlled, multicenter comparative studies are conduct-
ed in the future, we believe a more definitive conclusion can
be reached.
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