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ABSTRACT
Objectives: The aim of the present study was to
assess whether angiography after contrast-enhanced
CT (CECT) as per the policy of non-operative
management would add to the risk of acute kidney
injury in patients with blunt splenic injuries (BSIs).
Design: Cross-sectional study.
Setting: Taiwan.
Participants: Patients with BSI aged >16 years,
admitted to a level I trauma centre during the period of
January 2004 to December 2014, were retrospectively
reviewed. A total of 326 patients with BSI with CECT
were included in the study, of whom 100 underwent
subsequent angiography and 226 did not.
Main outcome measures: Incidence of contrast-
induced nephropathy (CIN) and renal function as
measured by the 48-hour serum creatinine (SCr) levels.
Results: No significant difference between the patients
who underwent angiography and those who did not in
terms of the initial haemoglobin (Hb), SCr or estimated
glomerular filtration rate (eGFR) level on arrival at the
emergency department, 48 hours later, or at discharge.
No significant difference in the incidence of CIN was
found between these two groups of patients regardless
of the criteria for identifying CIN. In the group of
patients aged ≥55 years, those who underwent
angiography had a significantly worse 48-hour SCr level
than those who did not undergo the treatment. In
addition, there was no significant difference in the 48-
hour SCr level between the two groups of patients when
subgrouping the patients according to sex, large
haemoperitoneum revealed on CT, systolic blood
pressure, initial Hb, initial SCr and initial eGFR levels.
Conclusions: This study demonstrated that
angiography does not increase the incidence of CIN,
and was not a risk factor to renal function impairment in
patients with BSI who had undergone CECT.

BACKGROUND
With the advances in radiological diagnostics
and therapeutic procedures, including
contrast-enhanced CT (CECT)1 and

angiographic intervention2–4 non-operative
management (NOM) has become common
at the emergency department (ED) for early
diagnosis and management of visceral injury.
However, the issue of potential contrast-
induced nephropathy (CIN) has raised
serious concerns.3 5 CIN is commonly
defined as an increase in serum creatinine
(SCr) of 0.5 mg/dL or a 25% increase from
the baseline value assessed at 48 hours
following contrast administration.6 Some
authors suggest that the association of renal
function impairment with the contrast
medium may be overemphasised,7–11 as
reported that the intravenous contrast did
not cause an increased risk of acute kidney
injury even in patients with comorbidities
predisposing them to nephrotoxicity.12–14 In
addition, a significant subset of patients with
<50% left of functional nephrons did not
exhibit, or only have marginal, clinical
changes in SCr.15 There are still some con-
cerns, however, regarding patients with trauma
who are usually hypovolaemic and cannot
undergo detailed assessment of renal function

Strengths and limitations of this study

▪ This retrospective study had its inherent bias;
however, the patients with blunt splenic injury
were treated with adherence to protocol-based
strategy, including with non-operative manage-
ment policy so as to mitigate the retrospective
bias as much as possible.

▪ Serum creatinine as the main measurement of
outcome reflects a less accurate renal function
than creatinine clearance and may lead to a bias.

▪ A lack of detailed data on administrated fluid
volume, contrast dosage and long-term renal
function may cause some bias in the outcome
measurement.
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and often have to undergo more than one contrast-
enhanced imaging study. Currently, the reported inci-
dence of CIN is widely varied (ie, 1.9–24%) in studies
where patients with trauma are concerned.3 8–10 16–19

With the growing popularity of NOM for patients with
blunt splenic injury (BSI)2 4 serial infusions of contrast
within a short period are needed but the issue of
whether extensive contrast medium causes a detrimental
impact on renal function in this patient population is
less discussed. Therefore, the aim of this study is to
assess whether angiography after CECT under the policy
of NOM would add to the risk of renal injury in patients
with BSI.

METHODS
Study population
The data were extracted and retrospectively reviewed
from the institutional trauma registry with medical
records of all patients with BSI admitted to a level I
trauma centre (Kaohsiung Chang Gung Memorial
Hospital) from January 2004 to December 2014. Patients
with trauma who underwent CECT of the abdomen
under the diagnosis of BSI were managed according to
our management algorithm for BSI4 where patients
would initially undergo NOM. The indications for
angioembolisation included grade 4/5 splenic injury, con-
trast extravasation or significant haemoperitoneum as
seen on CT. If haemodynamics was unstable or peritonitis
was suspected, NOM was converted to a laparotomy. A
NOM failure was defined as a patient who returned to
the operation room subsequently after conservative treat-
ment. The patients receiving either NOM or laparotomy
were observed in the intensive care unit (ICU), where
laboratory data were acquired daily. All patients who
underwent initial diagnostic intravenous abdominal
CECT with or without angiography for splenic angioem-
bolisation were included in this study, while patients with
a known history of end-stage renal disease, age <16 years,
incomplete data, initial CECT performed at another facil-
ity, angioembolisation not performed within 48 hours
after CECT, and those who expired within 48 hours were
excluded. The dose of intravenous contrast medium
Iohexol (OMNIPAQUE) for abdominal CECT and
intra-arterial angiography was 60–120 cc and 100–150 cc,
respectively, depending on the weight of the patient in
accordance with the protocol of the radiological depart-
ment. The upper limit of overall contrast dose was
1.5 mL/kg for abdominal CECT and 3 mL/kg for angiog-
raphy. Other than fluid resuscitation, no prophylactic
measures against CIN were used routinely. An informed
consent was waived according to the regulation of
Institutional Review Board (IRB).

Collection of injury severity and measurement data
The Injury Severity Score (ISS) and Splenic Injury Scale
(SIS) were calculated according to the American
Association for the Surgery of Trauma grading of

injury.20 The estimated glomerular filtration rate (eGFR)
was calculated using the Modification of Diet in Renal
Disease (MDRD) study equation.21 Significant haemo-
peritoneum on CT was defined as the presentation of
fluid accumulation over the perisplenic, paracolic and
pelvic regions.4 CIN was defined at 48 hours after con-
trast administration using the Barrett and Parfery cri-
teria,6 22 Acute Kidney Injury Network (AKIN),23 or Risk
of renal dysfunction, Injury to the kidney, Failure of
kidney function, Loss of kidney function and End-stage
renal disease classification (RIFLE).24 Kidney trauma was
defined as direct trauma to the kidney noted using CT.
Data obtained included demographics, body mass

index (BMI), comorbidities including diabetes, hyper-
tension, liver cirrhosis, history of habitual smoking and
alcohol consumption, mechanism of injury, ISS, SIS,
initial vital signs including systolic blood pressure (SBP)
and heart rate on arrival at the ED, haemoglobin (Hb)
level on arrival at the ED and 24 hours later at the ICU,
renal function data acquired throughout the course of
hospitalisation including initial SCr level with eGFR at
ED on initial arrival, repeated SCr level with eGFR
48 hours later and a follow-up of the SCr level with
eGFR at discharge, blood transfusion units at ED and
during hospitalisation, length of stay in ICU and hos-
pital, CT presentation including contrast blush, signifi-
cant haemoperitoneum and kidney trauma, and
outcomes including the incidence of CIN and mortality.

Analysis of the grouped participants
The clinical presentation and outcomes were compared
between patients with and without angiography. To
evaluate the possible association between the risk factor
and CIN, all patients were further divided into sub-
groups according to different clinical conditions or
comorbidities for comparison between patients with and
without angiography. These factors include comorbid-
ities (diabetes, hypertension, cirrhosis), old age (≥55
years),3 16 17 sex, obesity (BMI≥30),25 habitual smoking
or alcohol consumption, pre-existing renal insufficiency
(initial SCr>1.5 mg/dL or initial eGFR<60 mL/
min),8 10 18 shock on arrival (SBP<90 mm Hg),8 10 14 17

anaemia with massive bleeding (initial Hb<11 g/dL),26

need for transfusion (24-hour Hb<10 g/dL),27 signifi-
cant haemoperitoneum on CT4 severe injury (ISS≥16,
SIS 4, 5).4, 10, 20, 27 The Hb level of 11 g/dL or 24-hour
Hb of 10 g/dL was adopted in this study according to
reported evidence that these have been deemed as a
cut-off point for initiating the massive blood transfusion
protocol, and guiding the need for blood transfusions to
prevent trauma-induced coagulopathy, respectively.26 27

The occurrence of CIN was used as the primary meas-
urement of outcome, whereas the change of 48-hour
SCr against those initial SCr on arrival at ED, the blood
transfusion units, the length of stay in ED or hospital,25

and the mortality were used as the secondary measure-
ment of outcome.
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Statistical analysis
Interval data were reported as mean±SD. The
Mann-Whitney U test and Wilcoxon rank-sum test were
used to analyse continuous variables that were not nor-
mally distributed to compute for differences between
the groups. Categorical data were analysed by Fisher’s
exact test and χ2 test. Two comparable populations of
patients with and without angiography were created by
the 1:1 Greedy method using NCSS software (NCSS
V.10; NCSS Statistical software, Kaysville, Utah) accord-
ing to the propensity-matched scores, which were calcu-
lated using a logistic regression model with age, gender,
ISS, SIS and 24-hour Hb as covariates for adjustment.
Comparison between these two propensity score-
matching populations regarding the 0-hour and 48-hour
SCr levels was performed. Significance was set at p<0.05.

RESULTS
Patient characteristics
A total of 405 patients with BSI were enrolled at our hos-
pital during the 11-year period of the study (figure 1).
After the exclusion of 79 patients, 326 patients were
included in the study, of whom 100 had undergone angi-
ography and 226 had not. Among the 100 patients who
had undergone angiography, 86 received initial angiog-
raphy, and 14 received an angiography after the failure
of clinical observation. Among the 226 patients who did
not have angiography, 150 received only clinical observa-
tion, 63 had initial laparotomy due to unstable haemo-
dynamics or suspicion of peritonitis, and 13 had the
conversion to laparotomy because of failure in clinical
observation (NOM failure). The mean age of the
studied population was 36.3±17.3 years, and majority
were men (n=236, 72.4%; table 1). No significant differ-
ence was seen between the patients with and without
angiography in regard to the BMI, comorbidities (hyper-
tension, liver cirrhosis and diabetes mellitus) and

personal history (smoking, alcohol consumption). The
injury severity (SIS and ISS) and the presented initial
vital signs were similar between these two groups of
patients, except that there were less patients categorised
as SIS I who had undergone angiography. CT examin-
ation revealed that there was a higher incidence of con-
trast blush and large haemoperitoneum but a lower
incidence of kidney trauma in patients who underwent
angiography than in those who did not.

Renal function and outcome during the hospitalisation
No significant difference was found between the two
study groups in terms of the initial Hb, SCr or eGFR
level on arrival at ED, 48 hours later or at discharge
(table 2). However, at 24 hours, the Hb level of those
who underwent angiography was significantly lower than
that of those who had not undergone angiography (10.1
±1.6 vs 10.8±2.3, p=0.002), which could imply that angi-
ography may be correlated to patients with an observed
or expected increase in blood loss. This phenomenon
could also be reflected with an increased number of
units of blood transfusions at the ED for those who
underwent angiography compared with that for those
who did not (2.3±2.5 vs 1.6±3.0, p<0.001). Furthermore,
an initial acute renal insufficiency was noted in the total.
In either group, the renal function, measured by SCr
and eGFR levels, gradually improved at 48 hours when
compared with the measurements taken on arrival at the
ED. Likewise, renal function also gradually improved at
discharge when compared with the measurement taken
48 hours after arrival.

Incidence of CIN and outcome
Thirty-six patients, who met at least one of the three cri-
teria and survived for at least 48 hours after abdominal
CECT, were investigated. No significant difference in the
incidence of CIN was found between these two groups
of patients regardless of the criteria for identifying CIN.

Figure 1 Flow chart of the

studied patients with BSI.

*Definition of CIN according to

Barrett and Parfrey criteria;

§definition of CIN according to

AKIN criteria; †definition of CIN

according to RIFLE criteria. AKIN,

Acute Kidney Injury Network; BSI,

blunt splenic injury; CECT,

contrast-enhanced CT; CIN,

contrast-induced nephropathy;

RIFLE, Risk of renal dysfunction,

Injury to the kidney, Failure of

kidney function, Loss of kidney

function and End-stage renal

disease classification.
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Those patients with BSI who had undergone angiog-
raphy stayed longer in the hospital (18.2 vs 14.0 days,
p=0.002) and ICU (6.0 vs 4.7 days, p=0.002) than those
who had not undergone angiography. The overall mor-
tality of the BSI patient population was 6.1% (20/326)
and no significant difference in mortality rate was found
between these two groups of patients.

Analysis of the grouped participants
Comparisons of the initial and 48-hour SCr levels of the
grouped participants according to various conditions are
summarised in table 3. In the group of patients aged
≥55 years, those who underwent angiography had a sig-
nificantly worse 48-hour SCr level than those who had
not. In contrast, the groups of patients with an ISS≥16,
an SIS of 4/5, and a 24-hour Hb<10g/dL who under-
went angiography had a significantly better 48-hour SCr
level than those who did not. However, the differences
in the SCr level may not be large and generally <0.1. In
addition, there was no significant difference in the
48-hour SCr level between these two groups of patients
when they were classified according to sex, large
haemoperitoneum revealed on CT, SBP<90 mm Hg,
initial Hb<11 g/dL, initial SCr>1.5 mg/dL, initial
eGFR<60 mL/min or kidney trauma. In addition, 91

well-balanced pairs of patients were assessed for
outcome assessment after propensity score matching of
age, gender, ISS, SIS and 24-hour Hb (table 4). In these
propensity score-matched patients, who present no sig-
nificant difference in co-variables of age, gender, ISS,
SIS and 24-hour Hb, patients with angiography present
no significant outcomes including 0-hour SCr (1.1±0.4
vs 1.0±0.3, p=0.338) and 48-hour SCr (0.9±0.5 vs 0.9±0.5,
p=0.873) levels than those who had not received
angiography.

DISCUSSION
In this study, a 10% incidence of CIN was seen under
different criteria. However, there was no significant dif-
ference regarding the occurrence of CIN in terms of
measuring the 48-hour SCr or eGFR between patients
undergoing abdominal CECT with and without angiog-
raphy was 11–13% and 8.8–9.2%, respectively. The
results indicate that a second dose of contrast for angiog-
raphy does not increase the incidence of CIN or injure
the kidney despite prior CECT. In addition, in these pro-
pensity score-matched 91 well-balanced patients, who
present no significant difference in co-variables of age,
gender, ISS, SIS and 24-hour Hb, there was no signifi-
cant difference in 0-hour and 48-hour SCr levels

Table 1 Patient characteristics and injury severity of the study population

All patients
n=326

Angiography (−)
n=226

Angiography (+)
n=100 p Value

Age (years) 36.3±17.3 36.5±17.7 36.0±16.5 0.82

Male, n (%) 236 (72.4) 170 (75.2) 66 (66.0) 0.09

BMI, mean (kg/m2) 24.3±4.4 24.1±4.2 24.7±4.8 0.46

Comorbidities

Hypertension, n (%) 32 (9.8) 22 (9.7) 10 (10.0) 0.94

Liver cirrhosis, n (%) 30 (9.2) 21 (9.3) 9 (9.0) 0.93

Diabetes mellitus, n (%) 16 (4.9) 13 (5.8) 3 (3.0) 0.29

Personal history

Smoking, n (%) 125 (38.3) 87 (38.5) 38 (38.0) 0.93

Alcohol, n (%) 109 (33.4) 77 (34.1) 32 (32.0) 0.71

Injury severity

Splenic Injury Scale

I 36 (11.0) 31 (13.7) 5 (5.0) <0.001

II 84 (25.8) 76 (33.6) 8 (8.0)

III 109 (33.4) 56 (24.8) 53 (53.0)

IV 60 (18.4) 39 (17.3) 21 (21.0)

V 87 (11.4) 24 (10.6) 13 (13.0)

ISS 18.6±10.7 18.13±10.9 19.7±10.1 0.23

Initial vital signs

SBP (mm Hg) 108.6±25.9 110.2±26.9 104.8±23.0 0.07

HR (bpm) 105.1±27.5 105.7±27.4 103.7±27.9 0.60

CT presentation

Contrast blush, n (%) 94 (28.8) 40 (17.7) 54 (54.0) <0.001

Large haemoperitoneum, n (%) 106 (32.5) 61 (27.0) 45 (45.0) <0.001

Kidney trauma, n (%) 58 (17.8) 47 (20.8) 11 (11.0) <0.001

Data are presented as mean±SD or number (%).
Angiography (−): patients receiving enhancement CT alone.
Angiography (+): patients undergoing serial enhancement CT and angiography.
BMI, body mass index; H, heart rate; ISS, Injury Severity Score; SBP, systolic blood pressure.
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between the patients with and without angiography. The
results of this study are consistent with the report that
intravenous contrast administration is not associated
with excess risk of acute kidney injury among patients
with comorbidities reported to predispose them to
nephrotoxicity.12 The results are also supported by some
studies in trauma populations that failed to identify con-
trast dosage as a predisposing factor for
CIN.8 10 13 14 16 17 19 25 Accordingly, it appears that the
risk of intravenous contrast-induced nephrotoxicity may
not really be as great as we have come to believe.11

Although some authors have found that there was no
association between increasing age (>55 years) and risk
for CIN,3 16 this study revealed that age ≥55 years was a
risk factor for renal function impairment after second
contrast exposure. This observation is in consistent with
the study of Colling et al17 and Plurad et al;28 both
studies found a significantly increased risk of renal
impairment in patients with trauma older than 55 years.
It is not surprising to find that older populations are
prone to developing renal injury when critically ill and
undergoing invasive procedures.28 However, in contrast
to most medical literature that demonstrates anaemia

and hypotension as being risk factors for CIN, we did
not identify the association of anaemia and hypotension
with the occurrence of CIN. Since the initial low Hb and
hypotension in patients with trauma may be transient
and could be reversed after adequate resuscitation,
anaemia and hypotension as risk factors may not be
entirely applicable in the trauma population.10 14 17 In
the study by Plurad et al,28 analysis of 2574 trauma
admissions demonstrated that initial presentation of
hypotension is not an independent risk factor for post-
traumatic acute renal dysfunction. It appears that the
effects of hypotension on subsequent renal function
are variable, depending on its duration and the patient
population. Accordingly, it seems reasonable that an
initial SBP<90 mm Hg was also not identified as a risk
factor for renal dysfunction following contrast exposure
in our study.10 14 17 Likewise, since the initial Hb level
at the acute stage cannot represent the amount of actual
blood loss, an additional 24-hour Hb level of <10 g/dL
was adopted as a variable in this study. However, we did
not find an adverse impact on renal function in
patients with anaemia with initial Hb<11 g/dL or
24-hour Hb<10 g/dL. Moreover, in the groups of

Table 2 Laboratory data and hospitalisation course of the study population

All patients
n=326

Angiography (−)
n=226

Angiography (+)
n=100 p Value

Hb (g/dL)

Initial Hb 11.9±2.4 12.0±2.4 11.7±2.4 0.12

24-hour Hb 11.6±2.1 10.8±2.3 10.1±1.6 0.002

SCr (mg/dL)

Initial SCr 1.03±0.33 1.03±0.32 1.05±0.39 0.63

48-hour SCr 0.94±0.47 0.94±0.42 0.95±0.58 0.28

Discharge SCr 0.84±0.56 0.85±0.52 0.83±0.60 0.08

eGFR (mL/min/1.73 m2)

Initial eGFR 84.8±28.0 85.2±27.9 83.7±28.6 0.84

48-hour eGFR 99.9±36.2 99.0±35.2 102.1±38.9 0.28

Discharge eGFR 113.8±3.9 111.9±38.2 118.1±41.4 0.12

Blood transfusion (units)

At ED 1.8±2.9 1.6±3.0 2.3±2.5 <0.001

During hospitalisation 4.7±8.6 4.7±9.1 4.7±7.3 0.40

Outcome

CIN,* n (%) 33 (10.1) 21 (9.2) 12 (12.0) 0.46

CIN,§ n (%) 31 (9.5) 20 (8.8) 11 (11.0) 0.55

CIN,† n (%) 34 (10.4) 21 (9.2) 13 (13.0) 0.31

Course in hospital

Hospital stay (days) 15.2±11.2 14.0±10.0 18.2±13.2 0.002

ICU stay (days) 5.1±5.6 4.7±5.2 6.0±6.5 0.002

Mortality, n (%) 20 (6.1) 15 (6.6) 5 (5.0) 0.56

The p value indicates angiography (−) vs angiography (+).
Data are presented as mean±SD or number (%).
Angiography (−): patients receiving enhancement CT alone.
Angiography (+): patients undergoing serial enhancement CT and angiography.
*CIN: based on Barrett and Parfrey criteria.
§CIN: based on AKIN criteria.
†CIN: based on RIFLE criteria.
AKIN, Acute Kidney Injury Network; CIN, contrast-induced nephropathy; ED, emergency department; eGFR, estimated glomerular filtration
rate; Hb, haemoglobin; ICU, intensive care unit; RIFLE, Risk of renal dysfunction, Injury to the kidney, Failure of kidney function, Loss of
kidney function and End-stage renal disease classification; SCr, serum creatinine.
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patients with a 24-hour Hb<10g/dL, the patients
who underwent angiography had a significant improve-
ment, but with a very mild difference, in their 48-hour
SCr level.
Although an ISS of ≥16, as an indicator of major

trauma,8 17 25 has been reported to be independently
associated with post-traumatic acute renal dysfunction,28

we did not identify an adverse impact on the renal func-
tion of those patients who had an ISS of ≥16 or an SIS
of 4/5 and underwent angiography. This finding is in
accordance with some reports describing that an ele-
vated severity of injury does not predispose patients with
trauma to an increased risk to kidney injury even after
receiving contrast-enhanced imaging studies.10 13 14 In
patients who had an ISS of ≥16 or an SIS of 4/5, those

who underwent angiography even had a significantly
better 48-hour SCr level than those who did not. We
believe that this result is most likely attributed to vigor-
ous fluid resuscitation after the angiography. Therefore,
it seems that CIN is unlikely, even after increased con-
trast exposure in patients with severe trauma, provided
that adequate hydration is given.
While elevated SCr levels have been found to be asso-

ciated with an increased risk for CIN in some studies of
the trauma populations,3 9 18 other studies reported that
the initial SCr level (≥1.5 mg/dL) is not a risk factor for
CIN.8 10 17 In addition, another study reported that an
SCr level of ≥1.3 was not associated with CIN in patients
with trauma, and suggested that the benefits may out-
weigh the risks for contrast administration in patients

Table 3 Comparisons of the 0-hour and 48-hour SCr levels between different subgroups

Angiography (−)
n=226 (%)

Angiography (+)
n=100 (%)

Age ≥55 years

0-hour SCr 39 (17) 1.18±0.43 13 (13) 1.25±0.59

48-hour SCr 1.07±0.57 1.49±0.79*

Gender (male)

0-hour SCr 170 (75) 1.10±0.31 66 (66) 1.16±0.35

48-hour SCr 1.02±0.43 1.01±0.58

Gender (female)

0-hour SCr 56 (25) 0.82±0.23 34 (34) 0.82±0.36

48-hour SCr 0.70±0.20 0.83±0.56

ISS≥16
0-hour SCr 126 (56) 1.07±0.31 64 (64) 1.07±0.40

48-hour SCr 1.02±0.50 0.99±0.69*

SIS 4/5

0-hour SCr 63 (28) 1.12±0.36 34 (34) 1.09±0.48

48-hour SCr 1.05±0.42 0.97±0.60*

Large haemoperitoneum

0-hour SCr 61 (37) 1.08±0.33 45 (45) 1.11±0.44

48-hour SCr 1.01±0.41 0.96±0.52

SBP<90 mm Hg

0-hour SCr 51 (23) 1.14±0.30 28 (28) 1.15±0.49

48-hour SCr 1.06±0.51 0.98±0.63

Initial Hb<11 g/dL

0-hour SCr 70 (31) 1.04±0.38 35 (35) 1.07±0.43

48-hour SCr 0.96±0.46 1.0±0.74

24-hour Hb<10 g/dL

0-hour SCr 77 (37) 1.12±0.41 45 (45) 1.01±0.39

48-hour SCr 1.11±0.62 1.02±0.79*

Initial SCr>1.5 mg/dL

0-hour SCr 23 (10) 1.82±0.33 8 (8) 1.84±0.30

48-hour SCr 1.55±0.65 1.54±0.74

Initial eGFR<60 mL/min

0-hour SCr 38 (17) 1.50±0.38 18 (18) 1.66±0.36

48-hour SCr 1.29±0.55 1.41±0.67

Kidney trauma

0-hour SCr 47 (21) 1.14±0.27 11 (11) 1.18±0.52

48-hour SCr 1.12±0.59 1.35±1.2

Data are presented as mean±SD or number (%).
Angiography (−): patients receiving enhancement CT alone.
Angiography (+): patients undergoing serial enhancement CT and angiography.
*p<0.05 versus angiography (−) patients at 48-hour SCr.
0-hour SCr, initial serum creatinine level; 48-hour SCr, 48-hour serum creatinine level; ISS, Injury Severity Score; SIS, Splenic Injury Scale.
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with trauma with an elevated SCr level.19 In this study,
there was no significant difference in the 48-hour SCr
level between these two groups of patients when subdi-
vided by the initial SCr level >1.5 mg/dL or initial eGFR
level <60 mL/min. Interpretation of the results may be
more complex in the trauma population because of the
probable initial hypovolaemic status which is reflected in
the improvement of SCr level on arrival at ED, at
48 hours, and to the time at discharge in this study. It is
rational to suspect that the trauma may have caused the
initial elevation in SCr level and the subsequent reduc-
tion in SCr level is most likely to be the result of restor-
ation of fluid status rather than that of contrast
administration or the procedure itself. Taken together,
although controversies still exist regarding the adverse
effect of pre-existing renal insufficiency on the vulner-
ability to CIN, it appears that extensive contrast exposure
may not be contra-indicated in patients with initial eleva-
tions in the SCr level (ie, SCr>1.5 mg/dL). Accordingly,
the results of this study support the viewpoint of previ-
ous studies that mild or moderate renal insufficiency
should not preclude patients from receiving contrast-
enhanced imaging studies or therapeutic procedures,
because the benefits outweigh the risk of missing a
possible injury or delaying appropriate manage-
ment.8 10 17 19 In addition, we are also in agreement
with the study of Katzberg et al,11 which reported that
thresholds of SCr above which contrast medium were
withheld for enhancement image studies should be
increased to improve the accuracy of enhancement
imaging studies.

This study has its limitations. First is the retrospective
design with its inherent bias and relatively small
numbers of patients included in this study. In addition,
there was a majority of young population with relative
few old patients in our study. A prospective larger rando-
mised controlled trial would provide more validated
information regarding the findings in this study. Second,
instead of creatinine clearance, which is able to reflect a
more accurate renal function, SCr level was used for
comparison under the condition that 24-hour urine col-
lection was not possible in the ED. Finally, the lack of
detailed data on administrated fluid volume, contrast
dosage and long-term renal function after discharge
may cause some bias; however, we expect that these
biases were randomly existent in both groups of patients.

CONCLUSIONS
This study demonstrated that angiography did not
increase the incidence of CIN and did not have an
adverse effect on renal function in patients with BSI
who had undergone CECT. These findings support the
NOM of patients with BSI provided that close monitor-
ing is done to ensure that further contrast exposure
from angiography does not impair renal function, even
under the setting of anaemia, hypotension or severe
trauma.
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Table 4 Propensity score-matched patients in Greedy 1:1 matching

Before matching

OR
(95% CI) p Value

After matching

OR
(95% CI) p Value

Angiography
(−)
n=226

Angiography
(+)
n=100

Angiography
(−)
n=91

Angiography
(+)
n=91

Age 36.5±17.7 36.0±16.5 – 0.824 35.5±15.7 35.8±15.8 – 0.903

Gender 0.086 1.000

Male 170 (75.2%) 66 (66.0%) 0.6 (0.38

to 1.07)

65 (71.4%) 65 (71.4%) 1.0 (0.53

to 1.90)

Female 56 (24.8%) 34 (34.0%) 1.0 (0.94

to 2.61)

26 (28.6%) 26 (28.6%) 1.0 (0.53

to 1.90)

ISS 18.1±10.9 19.7±10.1 – 0.226 20.1±10.2 19.6±10.2 – 0.733

SIS <0.001 1.000

I 31 (13.7%) 5 (5.0%) 4 (4.4%) 4 (4.4%)

II 76 (33.6%) 8 (8.0%) 8 (8.8%) 8 (8.8%)
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24-hour

Hb
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0-hour

SCr

1.0±0.3 1.0±0.4 – 0.786 1.0±0.3 1.1±0.4 – 0.338

48-hour

SCr

0.9±0.4 1.0±0.6 – 0.859 0.9±0.5 0.9±0.5 – 0.873

Data are presented as mean±SD or number (%).
0-hour SCr, initial serum creatinine level; 48-hour SCr, 48-hour serum creatinine level; ISS, Injury Severity Score; SIS, Splenic Injury Scale.
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