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Abstract

Background: Angiography has been conducted as a hemostatic procedure for trauma patients. While several com-
plications, such as tissue necrosis after embolization, have been reported, little is known regarding subsequent acute
kidney injury (AKI) due to contrast media. To elucidate whether emergency angiography would introduce kidney
dysfunction in trauma victims, we compared the incidence of AKI between patients who underwent emergency
angiography and those who did not.

Methods: A retrospective cohort study was conducted using a nationwide trauma database (2004-2019), and adult
trauma patients were included. The indication of emergency angiography was determined by both trauma surgeons
and radiologists, and AKI was diagnosed by treating physicians based on a rise in serum creatinine and/or fall in urine
output according to any published standard criteria. Incidence of AKI was compared between patients who under-
went emergency angiography and those who did not. Propensity score matching was conducted to adjust baseline
characteristics including age, comorbidities, mechanism of injury, vital signs on admission, Injury Severity Scale

(ISS), degree of traumatic kidney injury, surgical procedures, and surgery on the kidney, such as nephrectomy and
nephrorrhaphy.

Results: Among 230,776 patients eligible for the study, 14,180 underwent emergency angiography. The abdomen/
pelvis was major site for angiography (10,624 [83.5%]). Embolization was performed in 5,541 (43.5%). Propensity score
matching selected 12,724 pairs of severely injured patients (median age, 59; median ISS, 25). While the incidence of
AKlI'was rare, it was higher among patients who underwent emergency angiography than in those who did not (140
[1.1%] vs. 67 [0.5%)]; odds ratio=2.10 [1.57-2.82]; p < 0.01). The association between emergency angiography and
subsequent AKl was observed regardless of vasopressor usage or injury severity in subgroup analyses.

Conclusions: Emergency angiography in trauma patients was probably associated with increased incidence of AKI.
The results should be validated in future studies.
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Background
Angiography has been conducted as a hemostatic or diag-
nostic procedure for trauma patients for several decades,
and indications for angiography after injury continue to
TCOVVGSpond?”Cei ryoyamamoto@gmailcom B expand [1, 2]. While surgery is the standard treatment for
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non-operative management for patients with high-grade
splenic injury has been reported to be improved to 95%
after emergency angiography with embolization [5, 6].

While several complications of angiography including
tissue necrosis, re-bleeding, and vascular injury [7, 8]
have been reported, little is known regarding subsequent
kidney injury due to contrast media that is used in angi-
ography for trauma victims. Acute kidney injury (AKI)
following intravascular administration of contrast media
is defined by several terms such as contrast-induced
nephropathy (CIN), contrast-induced AKI (CI-AKI), or
post-contrast AKI (PC-AKI) [9, 10], and nearly 10% of
patients who were given considerable amount of con-
trast media in percutaneous coronary angiography were
found to develop PC-AKI [11]. Conversely, a recent sys-
tematic review identified that a relatively small amount
of contrast media, such as the amount administered in
a contrast-enhanced CT scan, was not associated with
newly developed AKI unless baseline kidney function
was severely compromised [12]. Since the dosage of con-
trast media administered during emergency angiography
for trauma patients is often higher than the amount given
for a CT with contrast [13], risks of angiography on kid-
ney function exist, and this potential effect has not been
extensively examined among severely injured patients.
It should be also emphasized that some trauma patients
who undergo angiography are likely at higher risk for
AKI due to hemodynamic instability and direct traumatic
insult to the kidney [14, 15].

Accordingly, to eventually ascertain whether emer-
gency angiography might independently introduce
subsequent AKI among trauma patients, we used a
nationwide trauma database to compare the incidence of
AKI between patients who underwent emergency angi-
ography and those who did not. We hypothesized that
emergency angiography would be independently asso-
ciated with higher incidence of AKI in severely injured
trauma patients.

Methods

Study design and setting

We conducted a retrospective cohort study using data
from the Japan Trauma Data Bank (JTDB). The JTDB was
established as a Japanese nationwide trauma registry in
2003, representing>250 participating hospitals and ter-
tiary care centers. Before initiating the study, all collabo-
rating hospitals obtained individual local institutional
review board approval for conducting research with
human subjects [16].

Current practice in Japan recommends consideration
for emergency angiography in hemodynamically stable
trauma patients who have evidence of bleeding or severe
organ injury diagnosed with contrast-enhanced CT scan.
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The decision to perform emergency angiography is deter-
mined by discussion between trauma surgeons and radi-
ologists based on CT scan findings and patient status.
However, as trauma surgeons are not always present in
the hospital, emergency physicians sometimes indepen-
dently decide emergency angiography.

Study population

We retrospectively reviewed data from the JTDB
between January 2004 and March 2019. Trauma patients
who were aged > 18 years and were transported directly
from the scene were included. Patients who arrived with
cardiac arrest and those with missing data on the emer-
gency angiography were excluded.

Data collection and definitions

Available data included age, sex, mechanism of injury,
comorbidities, vital signs on hospital arrival, Abbrevi-
ated Injury Scale (AIS) score, Injury Severity Score (ISS),
presence of compartment syndrome in extremities,
vasopressor usage, and any surgical procedures includ-
ing laparotomy, thoracotomy, resuscitative thoracotomy
(RT), and resuscitative endovascular balloon occlusion
of the aorta (REBOA). Procedures performed related to
traumatic kidney injury such as total nephrectomy, par-
tial nephrectomy, and nephrorrhaphy were also avail-
able. The target regions for angiography and concomitant
embolization were recorded in the database, but details
regarding the indications for angiography or the hemody-
namic status during angiography were not available.

Emergency angiography was recorded when an angi-
ography was urgently performed as a hemostatic or
diagnostic procedure during the initial resuscitation,
regardless of preceding hemostatic surgery or time inter-
val between hospital arrival and initiation of the angi-
ography. Any scheduled or unscheduled angiographic
procedures which were conducted after the achievement
of initial resuscitation with hemostasis (e.g., angiography
for re-bleeding or pseudoaneurysm found later), were
not recorded as emergency angiography.

AKI was diagnosed by treating physicians based on
a rise in serum creatinine and/or fall in urine output
according to any published standard criteria depending
on the time of study inclusion. Predefined uniform crite-
ria for AKI were not used in the database. Serum creatine
values, urine output, and hemodialysis requirement were
not available in the database.

Outcome measures

The primary outcome was the incidence of AKI prior to
discharge. Secondary outcomes included hospital-free
days and intensive care unit (ICU)-free days until day 30.
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Statistical analysis

Patient data were divided between angiography and non-
angiography groups. The angiography group consisted of
patients who underwent emergency angiography, while
the non-angiography group consisted of those who were
treated without emergency angiography. Unadjusted
analysis was performed on the primary outcome with
Chi-square test.

To select a similar cohort of control patients from the
non-angiography group, propensity score matching was
performed [17]. The propensity score was developed
using a logistic regression model to estimate the prob-
ability of being assigned to the angiography group [18].
Relevant covariates were selected from known or pos-
sible indications for angiography and background risks
for kidney injury, including baseline characteristics such
as age, sex, comorbidities, mechanism of injury, vital
signs on admission, abdominal AIS, renal AIS, ISS, sur-
gical procedures, and the type of surgery on the kidney
[9, 10, 13-15, 19]. Patients with missing covariates were
excluded from propensity score calculation. The preci-
sion of discrimination of propensity score was analyzed
with the c-statistic. One-to-one propensity score match-
ing was then performed using a greedy matching algo-
rithm without replacement, where a caliper width of less
than 0.2 of the standard deviation of logit-transformed
propensity score was applied. Equality of patient charac-
teristics between both groups after matching was evalu-
ated with the standardized difference of each covariate,
in which standardized difference < 0.1 was considered as
non-biased distribution [18, 20]. The inter-group com-
parison of primary and secondary outcomes after pro-
pensity score matching was performed using Chi-square
tests or ordinal regression analysis, as appropriate.

An inverse probability weighting analysis using pro-
pensity score and a logistic regression analysis with pro-
pensity score as covariate were conducted as sensitivity
analyses on the whole population [17, 21]. Furthermore,
the primary outcome was compared between the angi-
ography and non-angiography groups in the subgroup
of patients who were divided based on the presence of
chronic kidney disease (CKD) before injury, age (>65
vs< 65 years), severity of injury (ISS>25 vs< 25), vaso-
pressor usage, and the year of injury (2004—2009 vs
2010-2019).

Descriptive statistics are presented as the median
(interquartile range) or number (percentage). Results
are shown using standardized difference and 95% confi-
dence interval (CI). Missing/ambiguous values were used
without manipulation. Testing of the hypothesis was only
performed on the primary outcome, in which a 2-sided
a threshold of 0.05 was considered statistically signifi-
cant. All statistical analyses were conducted using SPSS,
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version 26.0 (IBM, Armonk, NY), and Microsoft Excel
(Microsoft, Redmond, WA).

Results

Patient characteristics

Among 361,706 trauma patients in the database, 331,709
adult patients were transported directly from the scene,
and 230,776 patients were eligible for this study (Fig. 1).
A total of 14,180 (6.1%) patients underwent an emer-
gency angiography.

Patient characteristics are summarized in Table 1.
Patients in the angiography group were younger and had
lower Glasgow Coma Scale (GCS) and lower systolic
blood pressures (sBP) on arrival compared with those
in the non-angiography group, as well as higher ISS (25
[16-35] vs. 10 [9-18]). Furthermore, more patients in
the angiography group underwent surgical procedures
than those in the non-angiography group, including total
nephrectomy (43 [0.3%] vs. 100 [0.0%]). Vasopressors
were used more in the angiography group than in the
non-angiography group. Target regions for emergency
angiography are shown in Table 2. The abdomen/pelvis
was the major site for angiography (10,624 [83.5%]), and
embolization was performed in 5,541 (43.5%) patients.

The propensity model was validated with 0.818 of
c-statistic. Among the 14,180 patients in the angiogra-
phy group, 12,724 patients were matched with controls in
the non-angiography group. Patient characteristics after
matching are summarized in Table 1. In the matched
population, background characteristics of patients in the
two groups became comparable (standardized differences
were < 0.1 in all covariates after matching).

Incidence of AKI and secondary outcomes

Unadjusted analysis identified that the incidence of AKI
was significantly higher among patients who underwent
emergency angiography compared to those who did not
(160 [1.1%] vs. 537 [0.2%]; odds ratio [OR], 4.59; 95%
confidence interval [CI], 3.85-5.48; p< 0.001; Table 3),
and propensity score matching analysis revealed similar
results (140 [1.1%] vs. 67 [0.5%]; OR, 2.10; 95% CI, 1.57—
2.82; p< 0.001; Table 3). Hospital-free days and ICU-free
days to day 30 were also shorter in patient in the angi-
ography group than in those in the non-angiography
group (2 [0-17] vs. 10 [0-22] days; difference in median,
0 [95% CI, 0-0] days; and 16 [0-25] vs. 20 [7-27] days;
difference in median, 2 [95% CI, 1-2] days, respectively,
Table 3).

Inverse probability weighting analysis confirmed that
the emergency angiography was associated with the
higher incident of subsequent AKI (OR, 1.48; 95% CI,
1.32-1.67; Additional file 1: Table S1), and logistic regres-
sion with propensity score as a covariate identified the
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361,706 patients in the database

331,709 patients were aged >18 years

275,138 patients were transported directly
from the scene

253,625 patients met all the inclusion criteria

12,108 patients arrived with cardiac arrest

11,134 patients had missing data on
angiography

230,776 patients were eligible to the analyses

14,180 patients in the angiography group

216,596 patients in the non-angiography group

1456 unmatched

203,872 unmatched

12,724 matched pairs (25,448 patients) were selected after propensity score matching

Fig. 1 Patient flow diagram. Among 361,706 trauma patients in the database, 331,709 adult patients were transported directly from the scene, and
230,776 patients were eligible for this study. A total of 14,180 (6.1%) patients underwent an emergency angiography. Among the 14,180 patients in
the angiography group, 12,724 patients were matched with controls in the non-angiography group

similar results (OR, 2.38; 95% CI, 1.86-3.04; Additional
file 1: Table S1).

Subgroup analysis

In the subgroup analyses (Table 4), the relationship
between higher incidence of subsequent AKI and emer-
gency angiography was observed in several subgroups:
severe and mild/moderate injury, resuscitation with and
without vasopressors, and early and late period of injury
during the study period.

Conversely, patients who had CKD before injury had
comparable incidence of AKI regardless of emergency
angiography, whereas those without history of CKD
developed AKI more frequently when they underwent
emergency angiography (OR, 2.13; 95% CI, 1.58-2.86).

Furthermore, emergency angiography was associated
with increased subsequent AKI among relatively younger
patients who were aged< 65 years (OR, 2.64; 95% CI,
1.82-3.84), whereas the incidence of AKI was compa-
rable between the angiography and non-angiography
groups among those who were aged > 65 years.



Page 5 of 10

(2021) 16:56

Yamamoto et al. World J Emerg Surg

9900 (%£°6) 9¢T L (%6°£) 0001 [az40) 1000 > (%S°7) SL£S (%8°2) TOL L Awolosede
(9) U 1uawIpal]
(%) U “Aywiaiixa
Ul 9UWIOIPUAS
0200 (%50) 19 (9%90) 08 £500 1000 > (%¢°0) 005 (9%90) S8 1uswedwod
(4OI) ueipaw
€€00 (0-0)0 (0-0)0 /S0 1000 > (0-0)0 (0-0)0 “Asupny Jo S|y
(401) ueipaw
/900 (¢-0)0 (€-0)0 1680 1000 > (0-0)0 (€000  ‘uswopge ui Sy
(%0°€) 86¥9 (9%0°7) 06C e1ep BuIssIy
9500 (r€-91) ¥ (r€-91) 5T €160 1000 > (8L-6) 0L (S€-91) ST (4OI) ueIpaw ‘s
Aanas Ainfuy
(9%19) €06€ 1 (%6°€) ¥5S elep Bulssiy
(401
9¢00 Sl=LL) vl (Sl—cl) vl 68C0 1000 > (SL-¥1)SL Sl-LL) vl UeIpaW ‘SOH
(%9'1) 905€ 1°1) 291 elep buissiw
(40N
uelpawl ‘BHwWW
€000 (evl-¥6) 611 (evl-6) 8Ll LS¥0 1000 > (091-0z1) 6€1L (lyl-16)8lL1 "21|015AS - 4
JDALLID [D)IASOY UO SUBS DA
0€00 (%¥°0) S5 (%£0) €8 /900 1000 > (%¢°1) 906C (%£°0) S6 axd
£80°0 (%611) 9681 (%1'81) 90€C 8710 1000 > (9%£°€0) 60€1S %L21) LLST uoIsuaLIadAH
0L00 (%LL) 586 (9%08) 6101 /800 L1000 > (%S5°01) 099C¢C (%6'2)9CLL solageld
S35BISIP
1900 (%€7) £8¢C (%e€) Sy /800 1000 > (%0°S) ¥7801 (%€€) S9¥  JeINdSeAOIGRISD
0900 (%5°0) 59 (%0°1) Tel €00 L1000 > (%6'1L) Ol (%0°1) S 1 2INn|Iej 1lesH
Saseas|p
4900 (%L1) Sl (%£7) 6€€ 1900 L1000 > (%9°€) 788L (%97)99¢  Aiauie A1euoio)
(9) U Kupigiowo)
(9%07) 87.8 (%¥'1) T0C elep buissiyy
(%) U ‘1uniq ‘Ainfu
G800 (%6'56) 961CL (%v'L6) T6ECL G200 1000 > (%1°96) €89661 (%v'£6) ¥19€L 4O Wisiueyosy
(40I) ueipaw
0600 (09-€9) 85 (7/-8¢€) 65 8900 1000 > (8/-€¥) €9 (7/-8¢€) 65 ‘s1eak "9y
vzLTl vTLTl 96591¢ 08l1 sv)

duIRYIp duIRYIp

pazipiepuels

Aydeiboibue oN

Aydeiboibuy

pazipiepuels

anjend Aydesboibue oN

Aydeiboibuy

Buiymew 1oy

buiyolew aio09g

Aydeiboibue 1noyam 1o Yum siusied Jo soisu1deleyd L ajqel



Page 6 of 10

(2021) 16:56

Yamamoto et al. World J Emerg Surg

£110B 3y} JO UOISN|II0 UOO||Bq
1B|NJSEAOPUS DA1IRIISNSAI YOF3Y ‘AL0I0dRIOY) BAIIRIDSNS3I Y ‘Deds AInfu] paleinaiqqy Siy ‘21035 A1IaAss Ainfu] s/ ‘ajeas ewod mobse|n §H9 ‘@inssaid poojq 4g ‘@seasip Asupiy d1uoiyd gyD ‘abues ajizienbiaiul YOI

0000 (%T6) €LLL (6r6) TLLL 20€0 1000 > (%5°7) €2€S (%9'6) 95¢€1 slossa1dosep
0v00 (%87) 55¢ (%5°€) €t ¥S20 1000 > (%€£0) £69 (%0') 595 vOg3y
9200 (%9'1) 00C (%€°1) 191 L£00 1000 > (%9°0) £LEL (%€°1) ¥8L 14
£Y00 (9%€°€) 8Ly (%9°7) St 9C10 1000 > (%6°0) L¥61 (%5°7) 09€ Awojodeioy |
z100 961°0) L1 (%1°0) 1200 1000 > (%00) £C (%00) £ Aydeyuoiydan

Awoy
£000 (%0°0) L (%0°0) T 7100 010 (%0°0) £ (9600) 7 ->3iydau |ered

Awoy
€100 (%€°0) ¥ (%€°0) € 7900 ¥00°0 (%00) 001 (6E0) €7 -da1ydaN [eloL

aduIYIp aduIYIp

pazipiepuels

Aydeiboibue o

Aydeiboibuy

pazipiepuels

anjend Aydeiboibue oN

Aydeiboibuy

Buiymew 1oy

buiydlew aio0)9g

(pPanuiuod) | 3|qel



Yamamoto et al. World J Emerg Surg (2021) 16:56 Page 7 of 10
Table 2 Details of angiography
Body region*, n (%)
Head/neck 2411 (18.9%)
Chest 3126 (24.6%)
Abdomen/pelvis 10,624 (83.5%)
Others 1356 (10.7%)
Embolization 5541 (43.5%)

*Cases were double counted when angiography was conducted across more than two body regions

Discussion

In this retrospective study, emergency angiography was
associated with higher incidence of subsequent AKI. This
relationship was validated even after several background
risks for kidney injury and injury severity were adjusted.
Thus, a future prospective study using predefined criteria
for AKI is expected to be conducted for the validation of
the current study.

Several pathophysiological mechanisms could be con-
sidered for the results in this study. First, the accumu-
lated dose of contrast media is likely similar to the dosage
used for coronary angiography (about 200 to 300 ml), and
this amount of contrast is validated as a major risk fac-
tor for PC-AKI [22, 23]. During emergency angiography,
radiologists usually use low-dose contrast (100 to 150 ml)
[13] in an effort to avoid PC-AKI [22, 24]; however, most
trauma patients would have undergone CT scan prior
to angiography [25, 26] and received an additional 50
to 120 ml of contrast [13, 27]. Second, trauma victims
who needed emergency angiography are bleeding, sub-
sequently reducing intravascular volume. As decreased
blood flow in the renal arteries precipitates kidney injury
[10], the addition of contrast presents an increased risk
of nephrotoxicity. Third, systemic inflammation follow-
ing severe injury affects the tolerance for kidney insult by
contrast media. Given that increased acute inflammation
is associated with increased risk of PC-AKI [28], back-
ground risks of AKI would be high among patients in this
study.

Table 3 Angiography and clinical outcomes

In the subgroup analyses, patients with a history of
CKD did not have higher incidence of AKI after expo-
sure to the contrast media, which is different from pre-
vious studies [29, 30]. One of the possibilities would
be potential differences in procedures of angiography
between patients with and without CKD. In Japan, stand-
ard practice by radiologists in the setting of CKD is to
utilize alternative contrast agents [31, 32], and therefore
in these cases radiologists would have used less-nephro-
toxic agent such as carbon dioxide, instead of contrast
media, when baseline kidney function was severely
compromised. It should be also emphasized that the
95% CI of OR for developing AKI was wide (0.16-6.15)
and including more patients with CKD would possibly
reach a different result. Moreover, the length of hospi-
tal stay (LOS) was comparable between the angiogra-
phy and non-angiography groups, although past studies
suggested that PC-AKI was associated with prolonged
hospital stay [33]. Considering that the incidence of sub-
sequent AKI was rare in this study, the small number of
patients with AKI might not have significantly affected
LOS in all the patients. Notably, the length of ventilator
usage was longer by 1-2 days in patients treated with the
angiography.

Some potential preventions for PC-AKI can be con-
sidered if emergency angiography is validated as an
independent risk for PC-AKI by a future study. Given
that preprocedural hydration with saline or bicarbonate
has been shown to prevent PC-AKI [34-36], restora-
tion of intravascular volume should be achieved before

Angiography No angiography p value OR (95% Cl) Difference
in median
(95% Cl)
AKI
Unadjusted, n (%) 160 (1.1%) 537 (0.2%) < 0.001 4.59 (3.85-5.48)
PS matching, n (%) 140 (1.1%) 67 (0.5%) <0.001 2.10 (157-2.82)
Hospital-free days to day 30, days, median (IQR) 2(0-17) 10 (0-22) 0 (0-0)
ICU-free days to day 30, days, median (IQR) 16 (0-25) 20 (7-27) 2 (1-2)

OR odds ratio, Cl confidence interval, AKI acute kidney injury, PS propensity score, IQR interquartile range, ICU intensive care unit
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Table 4 In-hospital mortality in subgroup analyses
Angiography No angiography OR 95% Cl

Development of AKI

with CKD 3.6% (0.0%-0.7%) 8.8% (0.0%-0.8%) 0.99 0.16-6.15
without CKD 1.1% (0.9%-1.3%) 0.5% (0.4%-0.6%) 213 1.58-2.86
Severe injury (ISS > 25) 1.7% (1.4%-2.0%) 0.8% (0.6%-1.0%) 2.01 1.44-2.80
Mild/moderate injury (ISS < 25) 0.5% (0.3%-0.7%) 0.2% (0.1%-0.3%) 223 1.21-4.12
Treated with vasopressors 4.4% (3.2%—5.6%) 2.0% (1.2%-2.8%) 218 1.33-3.56
Treated without vasopressors 0.8% (0.6%—-1.0%) 0.4% (0.3%-0.5%) 2.08 1.44-2.99
Older (age > 65 years) 1.2% (0.9%-1.5%) 1.3% (0.8%-1.8%) 091 0.57-1.46
Younger (age < 65 years) 1.0% (0.8%—1.2%) 0.4% (0.39%-0.5%) 264 1.82-3.84
Early period (2004-2009) 1.7% (1.1%-2.3%) 0.4% (0.2%-0.6%) 4.25 246-7.32
Late period (2010-2018) 1.0% (0.8%-1.2%) 0.6% (0.4%-0.8%) 1.61 1.14-2.28

OR odds ratio, Cl confidence interval, AKI acute kidney injury, CKD chronic kidney disease, ISS Injury Severity Scale

emergency angiography. As anti-inflammatory medica-
tions, such as statins, have shown promising results for
the prevention of PC-AKI in clinical studies on coro-
nary angiography [37], this potential treatment should
be investigated as an adjunct in trauma patients who
require an angiography. Urine alkalization is scheduled
to be investigated in an upcoming randomized controlled
trial and may become an option for PC-AKI prevention
in the near future [38]. To define clinical benefits of such
managements, the results in the current study should be
further validated in prospective studies using uniform
criteria for the diagnosis of AKI.

The results in this study must be interpreted within
the context of the study design. We investigated data
using the JTDB, which does not record details of emer-
gency angiography, including the indication for the pro-
cedure. Thus, our results could have been different if the
decision for emergency angiography had been depend-
ent on unrecorded strong prognostic factors for AKI.
Another limitation is that serum creatinine, urine output,
and hemodialysis requirement were not available in the
database. Although AKI was diagnosed and recorded by
treating physicians according to published clinical cri-
teria, the specific criteria used for AKI definition and/
or the degree of AKI severity could not be evaluated in
this study: As this is a significant limitation, a future pro-
spective study must be conducted to validate the current
results. Moreover, we defined the primary outcome as
AKI that was subsequently developed after emergency
angiography, regardless of the timing of the diagno-
sis. As CIN, CI-AKI, and PC-AKI are usually defined as
newly developed or worsened kidney dysfunction within
2-3 days after the exposure to contrast media [9], our
results would be different if such standard definitions are
used. However, as no changes in serum creatinine and/
or urine output within a few days would not deny the

possibility of gradually deteriorating kidney dysfunction
[39], examining the incidence of AKI for longer period
would be more clinically relevant. Finally, we investi-
gated only emergency angiographies that were urgently
performed during the initial resuscitation. Therefore, the
results in this study should not be applied to scheduled
angiography, such as one performed for a pseudoaneu-
rysm found later during the hospital course.

Conclusions

Emergency angiography was associated with increased
incidence of subsequent AKI among trauma patients.
This result should be validated in a future study using
predefined criteria for the diagnosis of AKI. Prevention
measures for PC-AKI, such as preprocedural hydra-
tion, should be considered in the setting of emergency
angiography.
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