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Abstract

Background/Aims: This study aimed to investigate the incidence and risk factors for
acute kidney injury (AKI) and chronic kidney disease (CKD) in patients with renal infarction.
Methods: A single-center retrospective study was conducted from January 2005 to December
2013. Baseline and clinical characteristics of the enrolled patients with renal infarction were
evaluated and analyzed according to the presence of AKI and CKD. In particular, predictors for
AKI and CKD were determined using logistic regression analysis. Results: Of the 105 patients
included in present study, 41 (39.0%) patients had AKIL A total of 80 patients were followed
up for 2 years after hospital discharge. Among these patients, 27 (33.8%) patients had CKD.
In the multivariate analysis, the predictors were mean blood pressure (odds ratio [OR] 1.062,
95% confidence interval [CI] 1.015-1.112, p = 0.009) and bilateral involvement (OR 4.396, 95%
CI1.096-17.632, p = 0.037) for AKI, and AKI (OR 14.799, 95% CI 4.173-52.490, p < 0.001) and
old age (OR 1.065, 95% CI 1.016-1.116, p = 0.009) for CKD. Conclusions: Physicians should
pay attention to the development of AKI and CKD after renal infarction and follow patients
over a long term.
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Introduction

The diagnosis of renal infarction is frequently missed and requires high suspicion. Many
other diseases (e.g.,, ureteric stone, acute pyelonephritis, aortic dissection, and renal cancer)
mimic the abdominal or flank pain of renal infarction [1]. Hence, the practical incidence
of renal infarction may be more than previously known incidence of 0.004-0.007% in the
emergency department due to this underestimation [2-4]. However, research on patients
with renal infarction has been scarce. Especially, only a few studies have evaluated the renal
complications of acute kidney injury (AKI) and chronic kidney disease (CKD) in patients with
renal infarction, and the results of these studies have been heterogeneous (AKI incidence of
8-64% and CKD incidence of 6-32.5%) [5-8]. A comprehensive evaluation of risk factors for
AKI and CKD has not been performed. This study aimed to investigate the incidence and risk
factors for AKI and CKD in patients with renal infarction.

Participants and Methods

Study design and patient selection

This study design was approved by the Institutional Review Board of the author’s institution. Owing to
the purely observational, retrospective, and non-interventional nature of this study, informed consent was
deemed unnecessary and was not obtained. Patients with renal infarction confirmed by enhanced computed
tomography (CT) from January 2005 to December 2013 were enrolled. Typical parenchymal finding of renal
infarction appears as a single or multiple wedge shaped perfusion defect that involves both the cortex and
medulla and extends to the capsular surface in the kidney (Figure 1). Patients with underlying CKD or those
younger than 20 years were excluded. Figure 2 presets the flow chart of inclusion and exclusion of patients.

Fig. 1. Contrast-enhan-
ced CT showing typical
parenchymal finding of
renal infarction. CT re-
vealed a multiple wed-
ge shaped perfusion
defects in upper polar
and posterior segments
of the right kidney.
Abbr.: CT, computed to-
mography.

Enroliment (N=114)
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Fig' 2. Flow chart Follow-up loss; 16 Injury 7
Failure 8

of inclusion and

exclusion. Abb-
L. Follow-up loss; 9
reviations:  AKI, CKD (N=7)

acute kidney in-
jury; CKD, chronic
kidney disease.
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Data collection

Electronic medical records (EMR) of enrolled patients were reviewed. Baseline characteristics (sex,
age, body mass index (BMI), smoking, Charlson comorbidity index [CCI], underlying disease, causes), clinical
characteristics (initial vital signs, symptoms, signs, length of stay, intensive care unit [ICU] admission,
treatment), CT findings and laboratory data, and data regarding renal complications (AKI and CKD) were
obtained and evaluated retrospectively.

Definitions of AKI and CKD

AKI was defined by the KIDGO guidelines [9]. Increase in serum creatinine (SCr) level by = 0.3 mg/
dL within 48 hours; or increase in SCr level to 21.5 times baseline, which is known or presumed to have
occurred within the prior 7 days; or Urine volume < 0.5 mL/kg/h for 6 hours. When the baseline SCr
level was unknown, an estimated SCr value was obtained from the Modification of Diet in Renal Disease
formula by using four variables (serum creatinine, age, sex, and trace). Given that it was not possible to
obtain accurate records of urine output from patients admitted to the general ward, we could not use urine
output as a criterion for classification. CKD was defined as an eGFR < 60 mL/min/1.73 m? that was noted
for 3 or more months within 24 months after hospital discharge [10]. Hypertension was defined as systolic
blood pressure 2 140 mmHg and/or diastolic blood pressure = 90 mmHg. Mean blood pressure (MBP) was
estimated as the sum of the diastolic blood pressure and one-third of the pulse pressure.

Statistical Analyses

The normality of data distributions was evaluated using the Kolmogorov-Smirnov test to select
appropriate parametric and nonparametric statistical methods. For the comparison of the AKI and non-
AKI groups and the CKD and non-CKD groups, collected data were analyzed. Categorical variables were
analyzed using the Chi-square or Fisher’s exact tests. Continuous variables were expressed as the median
(25-75th percentile) and analyzed using the Mann-Whitney U test. To examine the risk factors associated
with AKI or CKD, a logistic regression model was used to test each variable. Thereafter, multivariate logistic
regression using backward stepwise variable elimination was applied after adjustment for confounding
factors, defined as all factors found to be significant in the univariate analysis based on a type I error of
0.1. For all comparisons, tests were 2-tailed and group differences were regarded as statistically significant
when p values were less than 0.05. SPSS version 18.0.0 statistical software for Windows (SPSS, Inc., Chicago,
IL) was used for all analyses.

Results

Comparison of the AKI and non-AKI groups

Ofthe 105 patients included in the present study, 41 (39.0%) patients had AKI. Between
the AKI and non-AKI groups, there was no significant difference in sex, age, BMI, smoking
status, CCl, and underlying disease. Although the most common cause of renal infarction
was embolism in both groups, idiopathic renal infarction was more common in the non-AKI
group, whereas sepsis was more common in the AKI group (Table 1). With respect to clinical
characteristics and treatment, the AKI group showed significantly greater MBP, longer length
of stay, more frequent ICU admission, and hemodialysis treatment than the non-AKI group
(Table 2). With respect to the CT and laboratory findings, AKI was more common in bilateral
involvement than unilateral involvement. AKI group had higher C-reactive protein (CRP)
levels, lactate dehydrogenase (LDH) levels, urine red blood cell (RBC) positivity, and urine
albumin positivity than the non-AKI group (Table 3).

Comparison of the CKD and non-CKD groups

A total of 80 patients were followed up for 2 years after hospital discharge. Among
these patients, 27 (33.8%) patients had CKD. Comparison of the CKD and non-CKD groups
revealed that the CKD group patients were older and had higher CCI scores. Although the
most common cause of renal infarction was embolism in both groups, idiopathic renal
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Table 1. Baseline characteristics of patients with renal infarction

Characteristics Non-AKI AKI Pvalue Non-CKD CKD P value
N=64 N=41 N=53 N =27
Sex (male) 40(62.5) 24 (58.5) 0.685 35 (66.0) 14 (51.9) 0.218
Age (years) 59.0 (42.5-68.5) 59.0 (53.0-70.0) 0.144 55.0 (38.0-64.0) 66.0 (57.0-73.0) 0.001
BMI (Kg/m2) 24.0 (20.6-26.0) 24.2 (22.3-26.3) 0.119 24.7 (23.1-27.3) 23.8 (21.0-26.2) 0.156
Smoking 29(45.3) 20 (48.8) 0.728 24 (45.3) 12 (44.4) 0.943
cCl 3.0 (1.0-4.0) 3.0 (2.0-4.0) 0.719 2.0 (1.0-4.0) 3.0 (2.5-4.0) 0.041
Underlying disease
Hypertension 18(28.1) 16 (39.0) 0.244 14 (26.4) 12 (44.4) 0.104
Diabetes mellitus 11(17.2) 5(12.2) 0.487 6(11.3) 5(18.5) 0.494
Atrial fibrillation 28 (43.8) 22 (53.7) 0.321 24 (434) 15 (55.6) 0.303
Liver cirrhosis 2(3.1) 1(2.4) 1.000 1(1.9) 0(0.0) 1.000
Cancer 8(12.5) 4(9.8) 0.761 5(9.4) 2(74) 1.000
ACS 6(9.4) 7(17.1) 0.243 5(9.4) 6(22.2) 0.169
Cerebral infarction 5(7.8) 5(12.2) 0.507 4(7.5) 3(11.1) 0.683
Cause
Embolism 33(51.6) 25 (61.0) 0.344 27 (50.9) 17 (63.0) 0.307
Renal artery injury 5(7.8) 4(9.8) 0.734 4(7.5) 2(74) 1.000
Hypercoagulation 3(4.7) 3(7.3) 0.676 3(5.7) 2(74) 1.000
Sepsis 0(0.0) 3(7.3) 0.057 0(0.0) 3(11.1) 0.036
Cancer 3(4.7) 1(2.4) 1.000 2(3.8) 0(0.0) 0.547
Idiopathic 20 (31.3) 5(12.2) 0.025 17 (32.1) 3(11.1) 0.041

Results are presented as the total number (percentage) or the median (25-75th percentile). Abbreviations: ACS, acute coronary syndrome; AKI, acute
kidney injury; BMI, body mass index; CCI, Charlson comorbidity index, CKD, chronic kidney disease.

Table 2. Clinical characteristics and treatment of patients with renal infarction

Characteristics Non-AKI AKI Pvalue Non-CKD CKD P value
N =64 N=41 N=53 N =27
Initial vital sign
MBP (mmHg) 97.3(89.0-110.2) 106.7 (93.3-1180)  0.012  96.3(89.7-1133)  110.0 (97.7-118.3) 0.023
Heart rate (rate/min) 83.5 (68.0-98.0) 75.0 (65.0-90.0) 0.290 84.0 (67.0-96.0) 75.0 (66.0-87.5) 0.413
Respiratory rate (rate/min) 20.0 (18.0-20.0) 20.0 (18.0-20.0) 0.559 20.0 (18.0-20.0) 20.0 (20.0-20.0) 0.557
Fever (= 37.3°C) 9 (14.1) 4(9.8) 0513 5(9.4) 4 (14.8) 0.477
Symptom
Pain severity (NRS) 6.5 (5.0-7.0) 7.0 (5.0-8.0) 0.182 7.0 (5.0-8.0) 7.0 (5.5-8.0) 0.767
Interval time (z 1 day) 53 (82.8) 34 (82.9) 0.988 45 (84.9) 22 (81.5) 0.753
Flank pain 39 (60.9) 27 (65.9) 0.611 36(67.9) 17 (63.0) 0.657
Abdominal pain 44 (68.8) 25 (61.0) 0.413 37 (69.8) 19 (70.4) 0.959
Nausea 26 (40.6) 18 (43.9) 0.740 23 (43.4) 10 (37.0) 0.585
Sign
CVAT 34 (53.1) 26 (63.4) 0.299 30 (56.6) 17 (63.0) 0.585
Abdominal tenderness 27 (42.2) 15 (36.6) 0.568 25 (47.2) 10 (37.0) 0.388
Hospital, length of stay (days) 7.0 (5.0-11.0) 10.0 (7.0-20.0) 0.008 8.0 (5.0-12.0) 10.0 (6.0-18.0) 0.053
ICU admission (days) 3(4.7) 9(22.0) 0.010 3(5.7) 5(18.5) 0.112
Treatment
Antiplatelet 1(1.6) 1(2.4) 1.000 0 (0.0) 1(37) 0337
Anticoagulation 53 (82.8) 37(90.2) 0.288 46 (86.8) 25(92.6) 0.710
Thrombolysis 1(1.6) 0(0.0) 1.000 0(0.0) 0(0.0) 1.000
Endovascular procedure 0(0.0) 1(24) 0.390 1(1.9) 0(0.0) 1.000
Surgical intervention 3(4.7) 1(2.4) 1.000 2(3.8) 1(3.7) 1.000
Hemodialysis 0 (0.0) 6 (14.6) 0.003 1(1.9) 4 (14.8) 0.042

Results are presented as the total number (percentage) or the median (25-75th percentile). Abbreviations: AKI, acute kidney injury; CKD, chronic
kidney disease; CVAT, costovertebral angle tenderness; ICU, intensive care unitt MBP, mean blood pressure.

infarction was more common in the non-CKD group, whereas sepsis was more common in
the CKD group (Table 1). With respect to the clinical characteristics and treatment, the CKD
group had significantly greater MBP and received hemodialysis treatment more frequently
than the non-CKD group (Table 2). With respect to CT and laboratory findings, CKD was
more common in bilateral involvement than unilateral involvement. CKD group had higher
albumin levels and urine albumin positivity than the non-CKD group. There was no statistical
significance between AKI stage and development of CKD (Table 3).

Risk factors for AKI and CKD

In the univariate logistic regression analysis, MBP, bilateral involvement, idiopathic
and sepsis as the cause, CRP and LDH level, urine RBC, and urine albumin positivity all
showed statistical significance. However, in the multivariate analysis, only MBP (odds ratio
[OR] 1.062, 95% confidence interval [CI] 1.015-1.112, p = 0.009) and bilateral involvement
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Table 3. CT finding, laboratory data and AKI stage of patients with renal infarction

Kwon et al.: Renal Infarction With Renal Complication

Variables Non-AKI AKI Pvalue Non-CKD CKD P value
N =64 N=41 N =53 N =27
CT finding
Involvement 0.001 0.001
Bilateral 9(33.3) 18 (66.7) 8(38.1) 13 (61.9)
Unilateral 55 (70.5) 23(29.5) 45 (76.3) 14 (23.7)
Extra-renal involvement 10 (15.6) 7(17.1) 0.844 4(7.5) 4 (14.8) 0.432
Laboratory data at admission
WBC (103/ul) 10.1 (8.3-13.4) 12.1(9.1-145) 0.191 11.6 (8.9-14.2) 10.3 (8.4-13.5) 0.843
CRP (mg/dL) 0.7 (0.2-5.0) 2.9(0.9-18.0) 0.013 0.9 (0.2-5.0) 2.3 (0.4-16.6) 0.296
LDH (IU/L) 441.0 (349.0-564.0) 602.0 (369.0-1164.0) 0.027 474.0 (347.0-558.0)  427.5(283.5-1252.5)  0.102
Albumin (mg/dL) 3.8(3.3-4.1) 3.4 (3.0-3.9) 0.182 3.9(3.4-4.1) 3.5(3.1-3.9) 0.078
Total bilirubin (mg/dL) 1.1 (0.8-1.3) 1.1 (0.8-1.3) 0.148 1.1 (0.8-1.3) 1.0 (0.8-1.4) 0.774
AST (IU/L) 37.0 (27.0-59.0) 52.0 (34.0-89.0) 0.215 44.0 (29.0-62.0) 38.0 (25.5-72.0) 0534
ALT (1U/L) 34.0 (21.5-52.0) 46.0 (26.0-68.0) 0.200 40.0 (26.0-58.0) 39.0 (15.0-65.5) 0.617
Total cholesterol (mg/dL) 167.5 (137.5-186.5) 146.0 (133.0-181.0) 0.230 175.0 (145.0-187.0) 150.0 (140.0-200.5) 0.601
Creatinine (mg/dL) 0.9 (0.8-0.9) 1.2 (1.0-1.9) <0.001 0.9 (0.8-1.0) 1.1 (0.8-1.9) 0.025
BUN (mg/dL) 14.0 (9.0-17.0) 18.0 (14.0-30.0) <0.001 14.0 (10.0-17.0) 16.0 (13.5-28.5) 0.013
GFR (mL/min/1.73 m2) 85.0 (73.5-90.0) 53.0(37.0-67.0) <0.001 84.0 (69.0-90.0) 54.0 (37.5-76.5) < 0.001
Urine RBC (Positive) 30 (48.4) 28 (70.0) 0.031 27 (51.9) 18 (69.2) 0.145
Urine WBC (Positive) 8(129) 9 (22.5) 0.204 6(11.5) 7 (26.9) 0111
Urine Albumin (Positive) 15 (24.2) 19 (47.5) 0.015 14 (26.9) 12 (46.2) 0.089
AKI stage 0.791
Stage 1 26 7 10
Stage 2 7 3 4
Stage 3 8 2 6

Results are presented as the total number (percentage) or the median (25-75th percentile). Abbreviations: AKI, acute kidney injury; ALT, alanine
aminotransferase; AST, aspartate aminotransferase; CKD, chronic kidney disease; BUN, blood urea nitrogen; CRP, C-reactive protein; GFR, glomerular
filtration rate; LDH, lactate dehydrogenase; MBP, mean blood pressure; RBC, red blood cell; WBC, white blood cell .

(OR 4.396, 95% CI 1.096-
17.632, p = 0.037) had
sufficient statistical power to
discriminate between the two
groups after adjustment for all
variables (Table 4).

In the univariate logistic
regression analysis, AKI,
age, hemodialysis treatment,
MBP, CCI, albumin and urine
albumin levels, and urine WBC
positivity, except idiopathy
and sepsis as the cause, were
all statistically higher in the
CKD group than in the non-

Table 4. Multivariate analysis of predicting factors for AKI and

CKD

Variables Odds ratio 95% Confidence P value
Interval

AKI
MBP (mmHg) 1.062 1.015-1.112 0.009
Bilateral involvement 4.396 1.096-17.632 0.037
CRP (mg/dL) 1.059 0.996-1.126 0.067
LDH (mg/dL) 1.001 1.000-1.003 0.064

CKD
AKI 14.799 4173 - 52.490 <0.001
Age (years) 1.065 1.016-1.116 0.009

Abbreviations: AKI, acute kidney injury; CKD, chronic kidney disease;
CRP, C-reactive protein; LDH, lactate dehydrogenase; MBP, mean blood

pressure.

CKD group. In the subsequent multivariate analysis, only AKI (OR 14.799, 95% CI 4.173-
52.490,p < 0.001) and old age (OR 1.065,95% CI 1.016-1.116, p = 0.009) showed statistical
significance for discriminating between the two groups after adjustment for all variables

(Table 4).

Discussion

The present study demonstrated that the incidence of AKI of 39.0% and that of CKD of
33.8% in patients with renal infarction. Independent risk factors for AKI were high MBP and
bilateral involvement and whereas those for CKD were old age and AKI.

Incidence of AKI and CKD after renal infarction
Our incidence of AKI (39.0%) was reasonable compared with previous study results in
Table 5. However, in CKD defined variously according to each study, the incidence rates were
heterogeneous and our result (33.8%) was relatively higher than that reported by other
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studies. Even considering Table 5. Literature review of AKI and chronic renal failure after acute
these results, this present ~ renal infarction
study included patients

References Number of  Acute kidney Chronic kidney
with relatively severe Year patients injury disease
renal infarction due to Lessman etal. [11] 1978 17 64.7% 11.8%
its retrospective design Korzets et al. [12] 2002 11 27.3% 9.1%

. ' Hananov et al. [13] 2004 44 39.5% 7.9%
Urine output could not  rsajetal[14] 2007 18 11.1% 5.6%
be used as a criterion Antopolsky et al. [15] 2011 38 7.9% NA
for AKI. Hence, a StUdy Rheeetal. [5] 2012 67 40.7% 1.5%

. ) Bourgault etal. [2] 2013 94 40.4% NA
estimating the actual ;o5 (6 2014 40 NA 32.5%
incidence of AKl and CKD  Baeetal.[7] 2014 100 30.0% 7.0%
after renal infarction is Oh et al. [8] 2015 422 20.9% 10.9%

Ha etal. [present study|] 2016 105 39.9% 33.8%

needed in the future.
In particular, clinicians
pay attention to patients with flank pain and increased LDH level or atrial fibrillation, and
consider a CT scan with enhancement when renal infarction is suspected. In the present
study, only eight patients (7.6%) had LDH level in the normal range and 50 patients (47.6%)
had atrial fibrillation.

High blood pressure and bilateral involvement in patients with AKI

In the present study, high blood pressure was a risk factor for AKI. Bourgault et al.
demonstrated thatan increase in blood pressure was frequently observed at the time of renal
infarction diagnosis (48% of cases) [2]. In an animal model, activation of renin-angiotensin
system plays a role in the onset of partial renal infarct hypertension [16]. Clinically, Paris
reported that the ischemia induced activation of renin-angiotensin system resulted in
hypertension in patients with renal infarction [17]. Subsequently, the elevated blood pressure
leads to high intra-glomerular pressure and glomerular filtration impairment [18]. This
pathophysiology may have contributed to our results. In the present study, optimal cutoff
value of MBP was 105 mmHg (area under the curve 0.642, sensitivity 53.7%, and specificity
68.8%) for discriminating between the AKI and non-AKI groups in the receiver operating
characteristic curve (data not shown). Furthermore, we suggest that bilateral involvement
and large infarction size, which results in greater renin-angiotensin secretion than small
involvement, may be associated with higher blood pressure. This suggestion was supported
by the results of Bae et al., who showed that the renal infarct size was positively correlated
with the occurrence of AKI [7]. In conclusion, we suggested that AKI was developed due
to more extent of involvement itself and high blood pressure effect. Although there was no
statistical significance, another considerable laboratory finding related with ischemia was
CRP. CRP is a marker of systemic inflammation and promotes ischemia reperfusion kidney
injury [19, 20].

AKI and old age for patients with CKD

Consistent with the findings of Goldstein and Coca [21, 22], we found that AKI was a
major risk factor for CKD progression. Although the reasons why AKI would increase the
risk of CKD remain unknown, Yang et al. suggested that inappropriate vascular, interstitial,
and tubular regeneration after AKI may lead to renal fibrosis and progressive kidney failure
[23]. Heung et al. and Bucaloiu et al. emphasized that acute kidney injury, even when mild or
followed by full recovery, is associated with an increased risk for future development of CKD
[24, 25]. In the present study, CKD occurred in 50% of patients with AKI. It is reasonable to
pay attention and recommend long term follow up to the patients with an initial AKI episode.

Nephron compensatory adaptation initially allows maintaining normal GFR after renal
infarction. However, relative small reservoir in old age may be a potential risk for CKD.
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Goldstein et al. and Macedo et al. suggested that advanced age is the most significant risk
factor for non-recovery of renal function [22, 26]. Lin et al. and Rhee et al. also showed that,
using multivariate analysis, old age was found to be an independent risk factor for CKD and
long-term mortality. In the present study, optimal cutoff value of age was 65 years (area
under the curve 0.691, sensitivity 52.0%, and specificity 83.0%) for discriminating between
the CKD and non-CKD groups in the receiver operating characteristic curve (data not shown).

There were several limitations to the present study. First, there could have been selection
bias due to the study’s retrospective design. Moreover, there was a possibility of not including
patients with silent renal infarction without remarkable symptoms and signs. Second,
although we evaluated the risk factors for AKI and CKD by using the multivariate analysis
after adjusting the cause to be sepsis, there remained a doubt regarding the cause for AKI and
CKD because of the small sample number. The dehydrated condition and the contrast media-
induced AKI cannot be evaluated. Third, previous presence of CKD was uncertain when there
was no objective record in the EMR; we relied on only the history taken. Fourth, too small a
number of patients were included due to the rarity of renal infarction incidence. Fifth, this
was a single center study; our results may not be generalizable. A more comprehensive and
well-designed prospective study focused on this issue should be performed.

Conclusions

In conclusion, high mean blood pressure and bilateral involvement were independent
risk factors for AKI, and old age and AKI for CKD. Physicians should pay attention to the
development of AKI and CKD after renal infarction and follow patients over a long term.
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