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Abstract

Purpose: This study aimed to examine the association between the use of intravenous contrast and non-recovery
from dialysis-requiring acute kidney injury (AKI-D) and in-hospital mortality among patients with sepsis.

Methods: This was a retrospective observational study using the Japanese Diagnosis Procedure Combination
inpatient database between January 2011 and December 2016. We identified patients with septic AKI who began
continuous renal replacement therapy (RRT) within 2-days of admission and underwent computed tomography.

We compared patients with AKI-D with and without the use of intravenous contrast for computed tomography and
performed propensity score matching to adjust for confounders for the association between exposure to intravenous
contrast and outcomes, including a composite outcome of in-hospital mortality and RRT dependence at discharge
and RRT duration.

Results: From 3782 and 6619 patients with septic AKI-D with and without intravenous contrast exposure, respec-
tively, 3485 propensity score-matched pairs were generated. No significant differences were found in the outcomes
between the propensity score-matched groups: a composite outcome of in-hospital mortality and RRT dependence,
49.6% vs. 50.2% (odds ratio (OR) 0.98; 95% Cl (confidence interval) 0.88, 1.07); in-hospital mortality, 45.3% vs. 46.1% (OR
0.97;95% C1 0.87, 1.06); RRT dependence, 4.4% vs 4.1% (OR 1.08; 95% Cl 0.85, 1.31); and median (interquartile range) of
RRT duration, 4 [2-11] days vs. 4 [2-11] days (P=0.58).

Conclusions: This large observational study did not support an association between intravenous contrast media and
adverse in-hospital outcomes in patients with septic AKI-D. Further studies are warranted to assess the generalizability.
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Introduction

Acute kidney injury (AKI) frequently complicates critical
illness. Mortality has been reported to exceed 50% espe-
cially in patients with AKI who require dialysis (AKI-D)
[1, 2]. Moreover, 10—30% of survivors of AKI-D remain
dependent on renal replacement therapy (RRT) at hospi-
tal discharge [3]. Previous studies have shown that early
recovery from AKI, or no need for acute RRT at dis-
charge, were associated with improved long-term out-
comes [4, 5]. Some experts have suggested that targeting
optimal fluid balance and avoiding nephrotoxins may be
effective in achieving renal recovery [6].

Sepsis is a leading cause of mortality in critical care [7]
and septic AKI has been associated with the highest mor-
tality among the various etiologies of AKI [8, 9]. Impor-
tant aspects in the care of septic patients include the
prompt initiation of broad-spectrum antibiotics, removal
of the infectious source and providing respiratory and
hemodynamic support as needed. Assessment for a hid-
den infectious source (e.g., abscess) using appropriate
diagnostic imaging is critical in the initial management of
sepsis [7].

The use of contrast media to improve the diagnos-
tic accuracy of computed tomography (CT) is common
[10]. However, contrast media have potential toxicity on
the kidneys via two main mechanisms suggested in ani-
mal and in vitro experiments: (i) direct toxic effect on
tubular epithelial cells, leading to acute tubular necrosis
and apoptosis, and (ii) indirect effect related to ischemia
caused by changes of vasoactive mediators, leading to
intrarenal vasoconstriction and reduction in glomeru-
lar blood flow [11]. Reduction in glomerular blood flow
contributes to the release of reactive oxygen species and
ischemia of the outer regions of the medulla, further
worsening tubular cell injury [11, 12].

Many studies have examined the association between
the use of contrast media and development or progres-
sion of AKI [13-18]. Notably, the use of contrast media
for CT scan was not associated with increased risk of
AK]I, requirement for RRT, or death based on the recent
meta-analyses [19, 20]. Based on these results, there have
been a great deal of discussion over the risk of contrast
media use in intensive care units (ICUs) [21, 22], and
some experts have suggested that the risk of contrast-
associated AKI may be lower than previously estimated
[23].

However, all the aforementioned studies and discus-
sions focused on pre-dialysis patients without AKI or
those at an early stage of AKI. To the best of our knowl-
edge, the examination of the association of IV con-
trast and increased risk of adverse outcomes, including
mortality and delayed short-term renal recovery (e.g.,

Take-home message

Our research showed that exposure to contrast media when
performing CT was not associated with in-hospital mortality and
renal recovery from RRT in patients with septic AKI-D treated with
CRRT. Our findings suggest that it may not be necessary to avoid IV
contrast in such patients with septic AKI-D if deemed beneficial.

liberation from RRT) in patients already on acute RRT,
have not been reported in the literature. Sepsis is the
leading cause of AKI requiring RRT [8, 9], and its man-
agement often requires exploration of infectious origin.
Contrast media could assist in the identification of the
infectious origin (which could lead to more appropriate
treatment and better outcomes); however, it can poten-
tially lead to an additional damage to the kidneys (which
could lead to worse in-hospital outcomes). Continuous
RRT (CRRT) is preferentially used for patients in the
critical care setting for hemodynamic management [24].
Therefore, we examined the association between the use
of contrast media and in-hospital outcomes by focusing
on patients with septic AKI already on CRRT. This paper
was originally presented at the International Society of
Nephrology 2019 in Melbourne [25].

Methods
Data source
We performed a retrospective observational cohort
study using a Japanese inpatient database (the Diagnosis
Procedure Combination database), the details of which
are described elsewhere. Briefly, the database includes
administrative claims and abstracted discharge data. Cur-
rently the database includes patients from approximately
1000 acute care hospitals, which account for about half of
all acute admissions in Japan. The database includes the
following information: patient’s age and sex, admission
and discharge dates, discharge status, primary admission
diagnosis, comorbidities at admission, post-admission
complications coded by the International Classification
of Diseases, 10th revision (ICD-10), types of surgical
procedures coded with the original Japanese operation
codes, daily records of procedures (including CRRT,
acute intermittent RRT and maintenance dialysis), diag-
nostic examinations (including CT scan with or without
IV contrast media) and drugs used during hospitaliza-
tion. Data at the time of hospital discharge were recorded
by the attending physicians, and the quality of which is
constantly monitored. A validation study of the database
suggested high sensitivity and specificity for the proce-
dure records, while most diagnoses had high specificity,
but moderate sensitivity [26].

Study approval was obtained from the institutional
review board of the University of Tokyo. Since the data
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were anonymous, informed consent from patients was
waived.

Study participants and exposure variable

We included patients 18 years of age and older who met
the following criteria: (a) the admission diagnosis was an
infectious disease indicated by ICD-10 codes listed previ-
ously [27], (b) there was evidence of other organ dysfunc-
tion (mechanical ventilation, vasopressor use or platelet
transfusion) at the initiation of CRRT [28], (c) CRRT was
started within 2 days following admission, (d) a CT scan
was performed at admission and (e) discharge occurred
between January 1st 2011 and December 31th 2016. We
excluded patients who underwent coronary angiography
or percutaneous coronary intervention and who had end-
stage renal disease, based on the ICD-10 code of N18.0 at
admission. Patients who received a CT scan with IV con-
trast were defined as the IV contrast media user group
and those who received a CT scan without IV contrast
were defined as the IV contrast media non-user group
based on the procedure code.

Definition of outcomes

The primary outcome was a composite outcome of in-
hospital death or RRT dependence at discharge. In-hos-
pital mortality and RRT dependence were also assessed
separately. The secondary outcome was duration of RRT,
including both CRRT and intermittent RRT during hos-
pitalization, and length of hospital stay. We defined RRT
dependence at discharge as the patient being discharged
alive and receiving RRT within 2 days prior to discharge.
The definition of RRT dependence as a requirement for
RRT within 2 days before discharge was based on usual
clinical practice in Japan. Patients dependent on RRT at
discharge and requiring outpatient RRT after discharge
are scheduled to undergo RRT thrice weekly in Japan as
conventional intermittent HD [29]. Therefore, we con-
sidered that the definition of RRT dependence as the
requirement for RRT “within 2 days prior to discharge”
is plausible.

Covariates

Covariates included age, sex, Charlson comorbidity index
(CCI) [30], level of consciousness at admission accord-
ing to the Japan Coma Scale (JCS) [31], discharge year,
source of infection and an emergency operation for the
source of infection. We treated the JCS as a categorical
variable and classified the grades as grade O (alert), grades
1-3 (awake without any stimuli), grades 10-30 (arous-
able with stimulation) or grades 100—-300 (unarousable)
for analysis. The JCS is widely used in Japan and is well
correlated with the Glasgow Coma Scale [31]. We also
identified a recorded diagnosis of congestive heart failure

(ICD-10 code; 109.9,111.0, 113.0, I13.2, 125.5, 142.0, 142.5—
142.9, 143.x, 150.x, P29.0), diabetic nephropathy (ICD-10
code; E10.2X and E11.2X), chronic kidney disease (CKD)
(ICD-10 code; N18.X except for N18.0) as a complication
at admission.

We identified sites of infection for each patient using a
specified list of ICD-10 codes [27] and operation codes:
abdominal, hepatobiliary, respiratory, skin/soft tissue/
musculoskeletal, urinary tract and others. In categorizing
patients suspected of having infections at multiple sites,
we prioritized the main diagnosis, followed by comorbid-
ity at admission. Each patient was allocated to one of the
subgroups. We identified the following treatments per-
formed on the day of admission: mechanical ventilation;
transfusion including red blood cell concentrates, fresh
frozen plasma or platelet concentrates; vasoactive agents
including dopamine, dobutamine, norepinephrine, epi-
nephrine or vasopressin; nephrotoxins such as non-ste-
roidal anti-inflammatory drugs, calcineurin inhibitors,
angiotensin converting enzyme inhibitors and angio-
tensin receptor blockers and prescription of diuretics
or antibiotics. Hospital volume was defined as the mean
annual number of patients who fulfilled the inclusion and
exclusion criteria, and was categorized into three groups
based on tertiles.

Statistical analysis

One-to-one propensity score matching was performed
between the IV contrast media users and non-users
[32]. To estimate the propensity score, we fitted a logis-
tic regression model for IV contrast use as a function of
the patient and hospital factors (age, sex, CCI, conges-
tive heart failure, diabetic nephropathy, CKD, level of
consciousness using JCS, discharge year, source of infec-
tion, emergency operation for an infectious source, hos-
pital volume and treatments performed within 2 days
following admission). We selected these covariates for
the calculation of propensity score based on the clinical
importance [33], as well as previous ICU studies in our
administrative database [34]. We also adjusted for dis-
charge year because of potential changes in practice pat-
tern by year. We evaluated C-statistics as a measure of
discrimination. One-to-one matched analysis using near-
est-neighbor matching was performed based on the esti-
mated propensity score of each patient. A match occurred
when a patient in the IV contrast user group had an esti-
mated score within 0.2 standard deviations of a patient in
the non-user group. For balance assessment after match-
ing, we calculated standardized mean difference (SMD)
and considered values less than 0.1 as acceptable [35].
We also reported C-statistic after matching as a metrics
of balance [36]. Two-sided P<0.05 was considered statis-
tically significant. Categorical outcomes were compared
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using the Chi square test in an unmatched cohort and
using the McNemar test in a matched cohort [37]. RRT
duration was compared using the ¢ test in an unmatched
cohort and using the paired ¢ test for a matched cohort.
Data were analyzed using R software version 3.5.0. In our
study population, we grouped patients based on presence
or absence of each diagnosis code or procedure code, by
assuming that people without it did not have the condi-
tion, therefore no information was missing in any key
covariates.

Sensitivity analysis

Due to potential uncertainty of the data, we conducted
several sensitive analyses to test the robustness of our
findings. First, we defined RRT dependence as a require-
ment for RRT within 7 days (instead of 2 days in the main
analysis) before discharge. Second, we estimated the pro-
pensity score using generalized estimating equations with
hospitals as clusters to consider hospitals for the corre-
lation structure of individual patients within hospitals.
Third, we restricted the study population to patients who

started CRRT on the day of admission (instead of within
2 days of admission in the main analysis).

Results

We identified 11,756 patients who fulfilled the inclu-
sion criteria and subsequently excluded 1355 patients
who either who had end-stage renal disease or required
coronary angiography/percutaneous coronary interven-
tion (Fig. 1). The remaining 10,401 eligible patients were
divided into IV contrast users (n=3782) and non-users
(n=6619), from which 3485 propensity score-matched
pairs were generated. C-statistics was 0.69 in the propen-
sity score-matched model.

The baseline characteristics of the unmatched and pro-
pensity score-matched groups are noted in Tables 1 and
2. In the unmatched group, the IV contrast users tended
to have smaller CCI scores, and were more likely to have
abdominal infection, and an emergency operation for
infection source control than the non-user group. The
IV user group received more intensive treatment, includ-
ing catecholamines (except for dobutamine), transfusion,
nephrotoxic drugs, glycopeptide, and antifungal agents

with CT

Septic AKI-D patients

Inclusion : n=11,756

Exclusion : n=1,355
met at least one of the following

ESRD (n=1,235)
Performed CAG/PCI (n=140)

‘liligib]c patients : n=10,401

IV contrast media

end-stage renal disease, PCl percutaneous coronary intervention

IV contrast media

uscer non-uscer
n=3,782 n=6,619
Propensity-score
matching
n= 3,485 n=3,485

Fig. 1 Flow chart for patient selection. AKI-D dialysis-requiring acute kidney injury, CAG coronary angiography, CT computed tomography, ESRD
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Table 1 Baseline characteristics of patients in unmatched and propensity score matched groups

Subjects, N 3782 6619
Age, mean (SD) 69.9(13.8) 702(13.6)
Male (%) 60.5 613
Hospital volume for septic AKI-D per 1 year (%)
Low 24.8 386
Medium 329 347
High 423 26.7
Charlson comorbidity index (%)
0 61.3 54.7
1 9.7 12.7
2 20.7 20.8
3 32 59
>4 52 58
Congestive heart failure (%) 89 12.7
Chronic kidney disease (%) 8.6 119
Diabetic nephropathy (%) 13 2
Japan Coma Scale (%)
0 396 415
1-3 25.1 237
10-30 121 126
100-300 232 222
Year (%)
2011 1.2 12
2012 15.2 149
2013 159 153
2014 16 17
2015 209 206
2016 209 20.2
Source of infection (%)
Abdominal 395 239
Hepatobiliary 5 5.2
Respiratory 89 185
Skin/Soft/Musculoskeletal 4.7 38
Urinary tract 6.3 10.5
Others 356 382
Emergency operation for source control (%) 40.8 29

3485 3485 3490 3490
003  69.8(137) 699 (14.1) 0.01 69.7 (13.7)  70.1 (14.0) 0.02
002 609 60.1 002 610 61.1 0.00
0.37 0.01 0.02
269 266 268 26
344 347 343 352
388 38.7 388 38.7
0.18 0.03 0.03
60 60.3 60.3 59.3
10.1 10.5 10.1 10.9
21.1 20.3 209 209
34 3.2 34 35
53 55 53 53
0.12 94 9 0.01 9.3 94 0
0.1 89 96 0.02 89 9.2 0.01
0.06 13 1.3 0.01 14 1.3 0.01
0.05 0.02 0.04
398 399 394 414
24.7 243 25 24.2
11.9 126 11.9 1.3
236 232 237 232
0.04 0.01 0.02
114 1.3 1.3 12
15.2 15 153 149
15.8 16 15.8 15.8
16.1 16.5 16.1 16.2
20.7 20.5 20.7 20.6
208 20.7 208 205
042 0.02 0.03
359 356 356 36.2
53 53 54 54
9.7 94 9.7 10
47 49 4.7 43
6.9 74 6.9 6.3
376 374 377 378
025 382 38.7 0.01 38.1 38.7 0.01

“Contrast” denotes use of intravenous contrast media, while “control” denotes non-use of intravenous contrast media when receiving computed tomography

than the non-user group. After propensity score match-
ing, the baseline characteristics were similar between the
two groups. After matching, C-statistics was 0.50.

A composite outcome of in-hospital mortality and
RRT-dependence at discharge was not significantly dif-
ferent between the two groups (unmatched 49.3% vs
50.9%, P=0.10, odds ratio (OR) 0.93; 95% confidence
interval (CI) 0.86-1.01; propensity score-matched
49.6% vs 50.2%, P=0.68, OR 0.98; 95%CI 0.88-1.07)

(Fig. 2; Table 3). In-hospital mortality and RRT-depend-
ence at discharge, respectively, was not significantly dif-
ferent between the two groups both in the unmatched
and matched populations (Fig. 2; Table 3). There was
no significant difference between the two groups in
the duration of RRT (median [interquartile range] RRT
duration, 4 [2-11] vs 4 [2-11] days, P=0.58), length
of hospital stay in survivors (44 [25-73] vs 43 [26-—
71] days, P=0.47).
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Table 2 Treatment within 2 days of admission in unmatched and propensity score matched groups

Dopamine 393 425 0.06
Dobutamine 13.8 13.6 0.00
Noradrenaline 79.0 726 0.15
Adrenaline 16.3 12.3 0.12
Vasopressin 178 138 0.11
Blood transfusion (%)
Red blood cells 36.1 269 0.20
Platelets 13.1 11.3 0.05
Fresh frozen plasma 372 25.7 0.25
Mechanical ventilation (%) 517 532 0.03
Use of nephrotoxins (%) 6.3 48 0.07
Use of diuretics (%) 9.1 14.4 0.16
Initial antibiotics (%)
Penicillin 0.8 1.1 0.02
Penicillin with beta-lactamase inhibitor 17.1 184 0.03
Broad-spectrum penicillin 14 0.7 0.07
First-generation cephalosporin 4.0 25 0.08
Second-generation cephalosporin 109 6.9 0.14
Third-generation cephalosporin, good 2.1 3.1 0.06
activity against Pseudomonas
Third-generation cephalosporin, poor 56 9.7 0.15
activity against Pseudomonas
Fourth-generation cephalosporin 13 20 0.05
Carbapenem 64.6 60.0 0.10
Aminoglycoside 29 23 0.04
Fluoroquinolone 37 6.9 0.14
Tetracycline 0.6 14 0.08
Macrolide 2.1 4.2 0.12
Glycopeptide 135 11.6 0.06
Antifungal 4.1 3.1 0.05

388 398 0.02 385 409 0.05
14.1 13.7 0.01 14.0 13.8 0.01
782 780 0.00 785 779 0.01
15.6 15.1 0.02 159 15.1 0.02
16.8 16.8 0.00 17.0 16.0 0.03
339 344 0.01 342 343 0.00
13.0 12.7 0.01 13.0 13.3 0.01
34.7 35.1 0.01 347 35.1 0.01
525 521 0.01 526 516 0.02
6.0 6.1 0.00 58 6.0 0.01
94 93 0.00 %4 93 0.00
0.9 1.0 0.01 0.9 1.1 0.01
17.7 16.7 0.03 17.9 16.4 0.04
1.2 1.2 0.00 1.2 1.1 0.01
36 38 0.01 38 3.7 0.01
10.5 9.9 0.02 10.5 10.3 0.00
23 24 0.01 23 3.0 0.04
6.0 6.1 0.00 6.0 54 0.02
14 1.6 0.01 14 1.7 0.02
634 64.7 0.03 63.0 63.9 0.02
28 28 0.00 29 3.1 0.01
3.8 35 0.02 3.8 38 0.00
0.6 06 0.00 0.6 0.5 0.01
23 2.2 0.01 23 2.8 0.04
13.2 13.3 0.00 133 12.7 0.02
36 3.6 0.00 38 35 0.02

“Contrast” denotes use of intravenous contrast media, while “control” denotes non-use of intravenous contrast media when receiving computed tomography
Hospital volumes are defined as the average annual number of patients who met inclusion and exclusion criteria in each hospital, and were categorized as “low”

for <4, “mediumfor 4-8, and “high" for > 8

Nephrotoxin includes angiotensin converting enzyme inhibitors, angiotensin receptor blockers, calcineurin inhibitors and non-steroidal anti-inflammatory drugs

IV intravenous, SMD standardized mean difference

(M Estimating propensity score using logistic regression model. C-statistics was 0.69 and post-matching C-statistics was 0.50

@ Estimating propensity score using generalized estimating equations with hospitals as clusters to taking hospitals into account for the correlation structure of the
individual patients within hospitals. C-statistics was 0.69 and post-matching C-statistics was 0.50

The results were similar (supplemental table) in the
sensitivity analysis defining RRT dependence at discharge
differently (as the requirement for RRT within 7 days
before discharge). In the sensitivity analysis, consider-
ing hospitals as an additional unit of clustering, we esti-
mated the propensity score using generalized estimating
equations with hospitals as clusters, and propensity score
matching was performed. We observed similar results
(Tables 1, 2, 3). In the sensitivity analysis restricting the
study population to patients who started CRRT on the

day of admission, no association was found between IV
contrast use and outcomes in each subgroup (supple-
mental table).

Discussion

Using a national database, we compared the mortal-
ity and recovery from RRT between the IV contrast
users and the non-users in septic AKI-D. Propensity
score-matching analyses found no significant difference
between the two groups in the composite outcome of
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Composite outcome

unmatched e 0.93[0.86, 1.01]

1
:

matched ! . | 0.98[0.88, 1.07]
i

In-hospital mortality

unmatched Y 0.93[0.86, 1.01]

matched . . . 0.97 [0.87, 1.06]
RRT dependence
!
unmatched f » i 1.00[0.82, 1.22]
|
i
matched f T . i 1.08[0.85,1.31]
1
0.8 1.0 1.2

Odds ratio (95% CI)

Fig. 2 Association of intravenous contrast media and the primary outcomes. Composite outcome includes in-hospital death or RRT-dependence at
discharge. Cl confidence interval, OR odds ratio

Table 3 Study outcomes before and after propensity score matching

Composite outcome at discharge, n (%) 1863 (49.3) 3372(509) 0.10 1730(49.6) 1748 (50.2) 0.68 1738(49.8) 1744 (50.0) 0.90
In-hospital mortality, n (%) 1702 (45.0) 3091 (46.7) 0.10 1577 (45.3) 1606 (46.1) 0.50 1586 (45.4) 1598 (45.8) 0.79
RRT-dependence at discharge, n (%) 161 (4.3) 281 (4.2) 1.00 153 (4.4) 142 (4.1) 0.55 152 (4.4) 146 (4.2) 0.77

Length of hospital stay among survivors, 44 [26,73] 42[25,70] 0.13 44 [25,73] 43[26,81] 047 44 [25,73] 43[26,71] 0.90
n (%)

RRT duration (median [IQR]) 412,11] 4[2,11] 0.39 412,11] 412,11] 0.58 4102,11] 412,11] 0.63

“Contrast” denotes use of intravenous contrast media, while “control” denotes non-use of intravenous contrast media when receiving computed tomography
Composite outcome is a composite of in-hospital death and dialysis-dependency

RRT-dependence at discharge as the patient being discharged alive and receiving RRT within 2 days prior to discharge

CRRT continuous renal replacement therapy, QR interquartile range, RRT renal replacement therapy

(' Estimating propensity score using logistic regression model

@ Estimating propensity score using generalized estimating equations with hospitals as clusters to taking hospitals into account for the correlation structure of the
individual patients within hospitals
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in-hospital mortality and RRT-dependence at discharge
at discharge, length of hospital stay, and RRT duration.

Our findings support previous reports suggesting that
contrast-induced nephropathy might be clinically less
relevant than suggested [19, 20]. Several reports have
noted that the risk of contrast-induced nephropathy may
be overestimated [13, 18]. In addition, recent meta-analy-
ses showed exposure to IV contrast did not contribute to
a significant increase in AKI in critically ill patients [19,
20]. However, the studies in these meta-analyses did not
focus on septic AKI, and the prognosis of septic AKI is
worse than that of AKI due to other etiologies [9]. Our
study found minimal effects of IV contrast on recovery
from AKI-D, and those effects might be explained by
the multifactorial pathological mechanism of septic AKI
[6, 8]. It has been suggested that several factors other
than exposure to IV contrast, particularly inflammatory
reactions or renal ischemia due to hemodynamic com-
promise, might be the major contributors to the patho-
genesis of AKI [8].

The primary goal of this study was to determine mor-
tality and short-term renal non-recovery in patients with
AKI-D. Non-recovery from AKI-D is a known risk fac-
tor for death [5]. Therefore, avoiding non-recovery is one
of the important components of management. Measures
to promote recovery overlap with those to prevent renal
harm, and avoiding nephrotoxins such as IV contrast in
patients with AKI is currently recommended in guide-
lines [24, 38]. However, in our study, the use of IV con-
trast was not associated with short-term non-recovery
from RRT in patients with AKI-D, the most severe form
of AKI. Some studies have suggested that the use of IV
contrast is helpful in diagnosing the source of infec-
tion in critically ill patients with an acute abdomen [10],
although there are still paucity of evidence strongly sup-
porting the apparent clinical benefit of contrast adminis-
tration. Our findings suggest that it may not be necessary
to avoid IV contrast in such patients with AKI-D, if
deemed otherwise beneficial.

Our study has several limitations. First, the database
does not include vital signs or laboratory data. Second,
this was a retrospective observational study. Potential
unmeasured confounders between those with and with-
out IV contrast use may be present, although the com-
parability between the two groups was increased by
restricting the study population to patients with com-
munity-acquired sepsis and adjusting for differences in
baseline characteristics using propensity score matching.
Although we adjusted for congestive heart failure, CKD,
and diabetic nephropathy to minimize confounding fac-
tors, sensitivity of these diagnostic codes may be some-
what low, and it could lead to unmeasured confounder
[39]. Although our sensitivity analysis considering centers

as a unit of clustering did not significantly change the
main results, hospital-related residual confounding may
be present in the association between contrast media
and in-hospital outcomes. Furthermore, we were una-
ble to obtain data regarding medications before admis-
sion, including statin, which may have a protective effect
against AKI. Third, we were unable to assess long-term
renal outcomes following hospital discharge. Fourth, in
this study, we defined sepsis using the diagnostic code
of infectious disease and the evidence of organ support
therapy based on procedure codes, such as mechani-
cal ventilation and vasopressor use. We believe that our
definition in this research is more sensitive than using
diagnostic codes of sepsis because sepsis coding generally
demonstrates low sensitivity [40]. However, the studied
population based on our definition may still be differ-
ent from the “true” septic population. Finally, our results
are not generalized to patients other than those who ful-
filled our inclusion criteria on admission, although our
study design was oriented to the increased comparabil-
ity between the groups with and without contrast media.
Although our research has strengths in patients with
septic AKI-D on admission due to comparability, fur-
ther studies are warranted to assess the adverse effects of
contrast media, especially in other populations, wherein
researches have not been well conducted.

Conclusions

This study, using a nationwide inpatient database, sug-
gested that the diagnostic use of IV contrast media nei-
ther increases the composite outcome of in-hospital
mortality and RRT dependence at discharge nor increases
RRT duration in patients with septic AKI-D. Excessive
avoidance of the diagnostic use of IV contrast media
for patients with septic AKI-D may not be warranted
if deemed beneficial. Further studies are warranted to
assess the generalizability of the results to patient popu-
lation other than our study population.
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