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Resistant hypertension is diagnosed in patients whose blood pressure target is 
unmet despite the use of three or more antihypertensive medications. Systemic 
sympathetic hyperactivation is associated with the development of resistant hyper- 
tension. As the kidney is largely pervasive of the sympathetic nervous system renal 
denervation procedure was developed to control blood pressure by attenuating 
the renal and systemic sympathetic hyperactivity. Renal denervation is a minimally 
invasive procedure that uses radiofrequency or ultrasound energy waves to 
reduce the activity of the renal artery nerves. Previous clinical trials have shown 
conflicting results regarding the efficacy of the procedure. Symplicity HTN-1 and 
-2 trials showed effective blood pressure lowering results in the renal denervation 
group with a good safety profile. However, the Symplicity HTN-3 trial showed 
no difference in blood pressure lowering effect between the renal denervation 
and control Sham procedure groups. Notwithstanding, some recent clinical trials 
with Sham control and meta-analysis showed clinical benefits of renal denervation. 
Other clinical benefits of renal denervation include glucose control, cardiovascular 
protective effect, reduction of obstructive sleep apnea, and neuralgia control. A 
subset of patients with satisfactory blood pressure control response to the 
procedure may experience improved glucose control due to the overall reduced 
sympathetic activity and insulin resistance. Sympathetic activity control after renal 
denervation has cardioprotective effects, especially for those with arrhythmia and 
left ventricular hypertrophy. Also, renal denervation could be helpful in renal- 
origin pain control. Renal denervation is an effective, safe, non-invasive procedure 
with many clinical benefits beyond blood pressure control. Further development 
in the procedure technique and selection of target patients are needed for wider 
clinical use of renal denervation in resistant hypertension.
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INTRODUCTION

Resistant hypertension is a condition in which the pa-
tient's blood pressure target is unmet despite the use of 
three or more antihypertensive medications including diuretics. 
It is estimated to affect approximately 8% of hypertensive 
patients. The prevalence of resistant hypertension has near-

ly doubled between 2005 and 2008 compared to 1998 and 
20041). In the case of resistant hypertension, it is necessary 
to check the patient's antihypertensive medication compliance. 
According to a clinical study that measured the urine anti-
hypertensive drug concentration level to objectively check 
the patient’s medication compliance, 28.8% of the patients 
had poor compliance with antihypertensive medication. 
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Also, 23.5% of patients who were considered for renal de-
nervation due to uncontrolled hypertension had poor com-
pliance with antihypertensive medications2). In situations 
where it is difficult to accurately assess medication com-
pliance the prevalence of resistant hypertension can in-
crease up to 30%. Therefore, even though the options for 
antihypertensive medication have increased resistant hy-
pertension remains a serious challenge for nephrologists.

The first surgery to remove the autonomic nerve from 
the human blood vessel was performed by Jaboulay in the 
late 19th century and surgery to remove the sympathetic 
nerve from the kidney for treatment of severe pain due 
to hydronephrosis has been attempted since the 1920s3). 
Since the 1930s, renal denervation surgery has been per-
formed on young females with malignant hypertension 
which was uncontrolled with medication and a decrease 
in blood pressure has been confirmed4). However, surgical 
nerve block has not been widely performed due to the 
side effects of autonomic nerve ablation which include irre-
versible impotence, urinary incontinence, and orthostatic 
hypertension.

The association between systemic sympathetic activation 
to the progression of resistant hypertension is the theoret-
ical background of renal denervation5,6). The kidney is an 
organ largely pervasive of the sympathetic nervous system 
and is connected to the central nervous system, which acti-
vates the systemic sympathetic nervous system when the 
effective circulating plasma volume is insufficient. In cases 
of hypotensive bleeding, hypoxia, hypercapnia, cardiac tam-
ponade, and carotid baroreceptor unloading the kidneys 
suppress natriuresis by various stimuli without affecting the 
glomerular filtration rate. Conversely, in situations of atrial 
stretching, vascular volume overload, and stellate ganglion 
stimulation situations natriuresis is increased. All of these 
sympathetic responses can be blunted or eliminated by 
neural denervation5).

The use of renal denervation procedures in clinical prac-
tice began in the late 2000s when catheter procedures were 
developed7). It mainly uses radiofrequency energy or ultra-
sound waves, but neurotoxin injection is also performed. 
A catheter is usually injected through the femoral artery 
to the renal artery, placed in the area with a diameter 
of 3 to 8 mm, and radiofrequency energy is given targeting 

to reach the adventitia. This procedure is commonly re-
peated 4 to 6 times by an experienced physician for effec-
tive renal denervation8).

Clinical results of renal denervation for resistant 
hypertension

Symplicity HTN-1, 2, 3 studies

The ‘Renal Denervation in Patients with Uncontrolled 
Hypertension (Symplicity HTN)’ study is a multicenter, random-
ized trial that evaluated the efficacy of renal denervation 
in patients with resistant hypertension. In the ‘Symplicity 
HTN-1’ trial, 153 patients with systolic blood pressure ≥ 

160 mmHg and resistant to three or more antihypertensive 
drugs including diuretics received renal denervation. After 
24 months reduction in 32 mmHg of systolic blood pressure 
and 14 mmHg of diastolic blood pressure was observed9). 
Additional reductions in systolic blood pressure of 32.0 
mmHg and diastolic blood pressure of 14.4 mmHg were ob-
served after 3 years of follow-up10). Although this study 
showed that renal denervation effectively reduced both sys-
tolic and diastolic blood pressures and had few complica-
tions, the limitation of the study was that there was no 
control group. Therefore, researchers from Austria, Europe, 
and the United States conducted a similar study titled the 
‘Symplicity HTN-2’ trial which included a control group11). 
A total of 106 resistant hypertension patients were random-
ized into a 1:1 ratio and 52 patients underwent renal de-
nervation while 54 patients in the control group were treat-
ed with medication. After 6 months, the renal denervation 
group showed a 33 mmHg decrease in systolic blood pres-
sure while that in the control group was 11 mmHg. The 
renal denervation procedure had almost no complications. 
In 2014 the ‘Symplicity HTN-3’ trial, centered in the United 
States, included 535 patients and compared the efficacy 
of the renal denervation procedure to the Sham proce-
dure12). Unlike previous trials there was no difference in the 
reduction of both office systolic blood pressure (-14 mmHg 
in the renal denervation group vs. -12 mmHg in the control 
group, p=0.26) and ambulatory blood pressure monitoring 
(-6.75 mmHg in the renal denervation group vs. -4.79 mmHg 
in the control group, p=0.98) between the two treatment 
groups. This study was more reliable than previous studies 
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due to the larger number of enrolled patients, random-
ization of patients into procedure and control groups, and 
inclusion of 24-hour blood pressure measurements.

Other studies

A meta-analysis of 15 randomized controlled trials found 
no significant clinical benefits of renal denervation on re-
sistant hypertension. There was no significant difference in 
both systolic blood pressure and ambulatory blood pressure 
monitoring between the renal denervation and control 
groups13). However, Ahmad et al. analyzed 7 larger trials 
totaling 1,328 patients including the Symplicity HTN-3 trial, 
and found that the renal denervation group showed sig-
nificantly higher blood pressure lowering effect including 
office systolic blood pressure of -5.86 mmHg, diastolic blood 
pressure of -3.63 mmHg and ambulatory blood pressure 
monitoring of -1.85 mmHg, respectively (p<0.001)14).

A Japanese study that compared 67 patients in the renal 
denervation group and 65 patients in the Sham treatment 
control group showed no significant difference in systolic 
blood pressure between the two groups after 3 months 
(-8.7 mmHg vs. -6.9 mmHg, p=0.488)15). However, the Global 
Symplicity Registry, which included a total of 102 resistant 
hypertensive patients including Korean patients, showed 
that the renal denervation group had a reduction in systolic 
blood pressure of 32.5 mmHg without significant difference 
between the diabetic and non-diabetic patients16). Also, 
Mahfoud et al. analyzed 80 patients with resistant hyper-
tension over 36 months of which 38 patients in the treat-
ment group received radiofrequency renal denervation and 
42 patients in the control group received Sham treatment. 
After 36 months even though the number of antihypertensive 
medications in use was the same between the two groups, 
there was a significant reduction in the systolic blood pres-
sure confirmed by ambulatory blood pressure monitoring
(-18.7 mmHg vs. -8.6 mmHg, p=0.0039). In particular, sig-
nificant reductions in both morning systolic (-11.0 mmHg) 
and diastolic (-11.8 mmHg) blood pressures were found. 
The authors suspect this would be an important factor in 
reducing cardiovascular complications17). Although this study 
enrolled only a small number of patients and had a short 
observation period, it provides evidence that renal denerva-
tion may be effective in resistant hypertension.

Benefits of renal denervation beyond refractory 
hypertension

Diabetes mellitus control effect of renal denervation

It is generally known that sympathetic nerve activity is 
increased in diabetes mellitus (DM) and hypertensive DM 
patients have significantly higher sympathetic nerve activ-
ity18). Inflammatory changes, oxidative stress, and inhibition 
of vascular smooth muscle cell apoptosis due to sympathetic 
hyperactivity are associated with insulin resistance and car-
diovascular complications in diabetic patients. Therefore, in-
hibition of sympathetic nerve activation by renal denerva-
tion can reduce insulin resistance, prevent DM, and have 
a cardiovascular protective effect. According to the study 
by Mahfoud et al., in patients who received renal denerva-
tion, there was a significant decrease in both insulin (20.8 
to 9.3 IU/mL, p=0.006) and C-peptide (5.3 to 3.0ng/mL, p=0.002) 
levels respectively. After 3 months, homeostasis model as-
sessment–insulin resistance decreased from 6.00.9 to 2.40.8 
(p=0.001). Also, the post-prandial 2-hour glucose level was 
significantly reduced by 27 mg/dL (p=0.012)19). Another study 
by Witkowski et al. showed a reduction in glycated hemo-
globin A1C level from 6.1% to 5.6% (p<0.05) in renal denerva-
tion patients20). However, as the degree of sympathetic hy-
peractivity or insulin resistance varies from patient to pa-
tient renal denervation may not be effective in blood sugar 
control in all patients. It may be helpful in a subset of 
patients who show good results in blood pressure control 
after renal denervation.

Reduction in obstructive sleep apnea after renal denervation

Obstructive sleep apnea (OSA) is associated with hyper-
tension and is also known to cause resistant hypertension 
due to sympathetic hyperactivity. Therefore, it is recom-
mended to check for the presence of OSA before treatment 
of resistant hypertension21). OSA is a risk factor for many 
cardiovascular diseases such as arrhythmia and left ven-
tricular hypertrophy, which can cause vascular endothelial 
dysfunction and progression of arteriosclerosis due to in-
flammatory reactions. Witkowski et al. performed renal de-
nervation in 10 patients with OSA and at 6 months both 
systolic and diastolic blood pressure significantly decreased 
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by 34 mmHg and 13 mmHg (p<0.01)20). The apnea-hypopnea 
index decreased significantly from 16.3 to 4.5 (p=0.059) and 
although there was no statistical significance sleep apnea 
symptoms improved along with the blood pressure reduc-
tion effect. As OSA causes excessive sympathetic hyper-
activation during the day resulting in hypoactivation of sym-
pathetic nervous response during the night even when 
there is hypoxia, renal denervation may be effective in im-
proving OSA and cardiovascular complications associated 
with OSA.

Cardiovascular effects of renal denervation

When blood pressure and heart rate increase due to sym-
pathetic activation left ventricular hypertrophy commonly 
occurs and is closely related to cardiovascular mortality. 
If hypertension persists, left ventricular hypertrophy occurs 
and left ventricular hypertrophy aggravates hypertension in 
a vicious cycle resulting in resistant hypertension22). Therefore, 
treatment of resistant hypertension is important to prevent 
cardiovascular complications.

A few studies analyzed the effect of blood pressure con-
trol with renal denervation on left ventricular hypertrophy 
suppression in resistant hypertension patients. Pisano et 
al. reviewed 15 studies and found that there was low-cer-
tainty evidence that renal denervation had little or no effect 
on the risk of myocardial infarction, ischemic stroke, un-
stable angina, or hospitalization. However, there was mod-
erate-certain evidence that renal denervation may improve 
24-hour ambulatory blood pressure monitoring and office 
diastolic blood pressure23). A study by Brandt et al. com-
pared 46 bilateral renal denervation patients with 18 con-
trol patients and found that the renal denervation group 
had a reduction in both systolic and diastolic blood pres-
sures by 27.8 mmHg and 8.8 mmHg after 6 months, respec 
-tively. Also, there was a significant decrease in the left ven-
tricle mass from 47.0 m2 to 44.7 m2 (p<0.001)24). Another 
study by Tsioufis et al. evaluated left ventricle mass after 
renal denervation in 11 patients with resistant hypertension 
and the study results show that 70.6% of patients had a 
decrease in left ventricular size by at least one stage after 
24 months25). Also, in the animal model of resistant hyper-
tension there was more significant suppression in the ven-
tricular fibrosis after sympathectomy compared to the con-

trol group where antihypertensive agents were used for 
blood pressure control26).

Studies evaluating the cardiac function of congestive heart 
failure patients after renal denervation are rare, but Hopper 
et al. performed renal denervation on 39 patients with left 
ventricular ejection fraction <40% and followed up on car-
diac function for 12 months. After 12 months, the N-terminal 
prohormone of brain natriuretic peptide (NT-pro BNP) sig-
nificantly decreased from 1,530ng/mL to 1,428ng/mL (p=0.006), 
and the 120-minute glucose tolerance test also decreased 
from 201.6 mg/dL to 178.2 mg/dL (p=0.026). However, there 
was no difference in glomerular filtration rate and left ven-
tricular contractility measured using the ejection fraction 
(28 vs. 29%, p=0.536)27). There is a possibility that heart failure 
may worsen after 12 months, so maintenance of heart func-
tion itself may confirm the effect of renal denervation on 
heart function preservation. Yet, observational studies with 
longer follow-up duration are necessary.

Effects on kidney function and blood pressure control 
in advanced CKD

It is difficult to find evidence that renal denervation pre-
serves or improves the glomerular filtration rate. However, 
many studies show that there is no worsening of renal func-
tion and increased risk of chronic kidney disease after the 
procedure28-30).

Although there is a lack of data on large patient pop-
ulations there are studies that confirmed a decrease in 
blood pressure after renal denervation in moderate to se-
vere chronic kidney disease patients. According to the study 
by Hering et al., when renal denervation was performed 
on 15 patients with an average estimated glomerular filtra-
tion rate of 31.2 mL/min the systolic blood pressure de-
creased by 25 mmHg and 32 mmHg after 3 and 6 months 
(p<0.01). Also, there was no impairment in kidney auto-reg-
ulation and electrolyte levels. However, hemoglobin levels 
tended to gradually increase (p=0.08)29). Ott et al. confirmed 
the effectiveness of renal denervation in treating hyper-
tension in 6 hemodialysis patients. After 6 months, the sys-
tolic blood pressure decreased by 20 mmHg (p=0.043) and 
diastolic blood pressure decreased by 11 mmHg (p=0.043)30). 
Therefore, renal denervation can be considered in cases 
of refractory hypertension unresponsive to medications, 
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even in moderate to severe chronic kidney disease patients.

Renal denervation for neuralgia

Attempts to reduce pain through removal of sympathetic 
nerves have been made since the early 1920s. Recently 
renal denervation has been performed in an attempt to 
reduce pain in patients with hematuria-loin pain syndrome 
and polycystic kidney disease and has shown satisfactory 
results31-33). Currently, renal denervation is not recommended 
as the first line for pain control, however may be attempted 
to control renal-origin pain such as polycystic kidney dis-
ease by reducing the sympathetic nerve activity of the 
kidney.

Future perspectives of renal denervation

Renal denervation has shown some satisfactory clinical 
outcomes, but data regarding its long-term effects are still 
insufficient for clinical application. In 2022, the Thailand 
Society of Nephrology established a guideline for renal de-
nervation for the treatment of hypertension34). The guide-
line recommends considering renal denervation in cases of 
refractory hypertension unresponsive to conventional anti-
hypertensive treatments and may be beneficial for a subset 
of resistant hypertension patients with cardiovascular com- 
plications. However, based on the results of previous clinical 
trials including Symplicity HTN-3, the 2022 Korean Society 
of Hypertension guideline suggests that although renal de-
nervation is a relatively safe procedure there is still a lack 
of evidence for the clinical benefits in blood pressure con-
trol and therefore is not currently recommended in clinical 
practice35).

According to the results of Symplicity HTN-3, blood pres-
sure was significantly reduced even in patients who re-
ceived Sham procedure. Therefore, the overall sympathetic 
nerve activity of the patient as well as that of renal arteries 
have an important role in controlling resistant hypervasculari- 
zation. Sardar et al. conducted a meta-analysis of 6 clinical 
studies with the Sham procedure control group. Blood pres-
sure was statistically significantly reduced in the renal de-
nervation group and the effect was greater in second-gen-
eration studies compared to the first-generation studies36). 
Additionally, in resistant hypertension, blood pressure is 

effectively decreased after sympathetic nerve blockade, but 
rebounds over time. This is believed to be due to incomplete 
blockade or the subsequent increase in the activity of the 
remaining sympathetic nerves leading to the overall in-
crease in blood pressure. If the sympathetic nerves around 
the tunica adventitia are blocked with higher radiofrequency 
or ultrasound energy to increase the effectiveness of sym-
pathetic nerve blockade a more sustained antihypertensive 
effect may be expected. However, there may be an increase 
in the side effect rates. In addition, as suggested by Hart 
et al., if a more specific standard for measuring human 
sympathetic nerve activity is established, the safety of renal 
denervation is expected to be highly improved37).

The next thing to consider is how to predict which pa-
tients will have an effective response to renal nerve de- 
nervation. The degree of sympathetic nerve activity varies 
among patients with resistant hypertension and the re-
sponse to renal nerve denervation may vary depending on 
previous beta-blocker or renin-angiotensin blockade use38). 
A previous study by Zuern et al. showed that cardiac baror-
eceptor sensitivity was highly associated with response to 
renal denervation39). Therefore, it is predicted that patients 
who have higher sympathetic activity and sensitivity will 
respond better to renal denervation.

CONCLUSIONS

Although renal denervation is not yet the current stand-
ard treatment for resistant hypertension the benefits of 
the procedure including effective blood pressure control 
and cardioprotective effects via sympathetic blockade are 
warranted with relatively good safety profile. With further 
development of technical devices and treatment protocols 
we can expect promising results of renal denervation with 
increased use in the real world clinical practice. Furthermore, 
by selecting patients who are expected to have effective 
responses to the procedure and establishing optimal treat-
ment program renal denervation may become one of the 
standard treatments for resistant hypertension in the future.
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Background: Hyperkalemia is a frequent and potentially lethal complication of chronic 
kidney disease (CKD). We retrospectively examined the potassium-lowering effect 
of oral fludrocortisone and its adverse effects in hyperkalemic CKD patients not 
yet on dialysis.
Methods: Thirty-three patients (23 men and 10 women, ages 69±14 years) were 
included. To control hyperkalemia at the outpatient clinic, twenty-one patients 
(Group 1) received fludrocortisone (0.05–0.1 mg/day) without changes in angiotensin 
II receptor blockers (ARBs) and calcium polystyrene sulfonate (CPS), while twelve 
patients (Group 2) were treated with fludrocortisone in addition to stopping ARBs 
and/or adding low-dose CPS.
Results: Fludrocortisone was administered for a median of 169 days (interquartile 
range, 47–445). At the first follow-up after fludrocortisone administration, serum 
potassium dropped from 6.14±0.32 mEq/L to 4.52±1.06 mEq/L (p<0.001) in Group 
1 and from 6.37±0.35 mEq/L to 4.08±0.74 mEq/L (p<0.01) in Group 2. Ten patients 
in Group 1 and five patients in Group 2 measured serum potassium levels at four 
outpatient visits before and after fludrocortisone administration, respectively. The 
frequency of serum potassium ≥6.0 mEq/L decreased from 19/40 (48%) to 2/40 
(5%) (p<0.001) in Group 1 and from 11/20 (55%) to 0/20 (0%) (p<0.001) in Group 
2. Eleven patients experienced sodium retention-related problems after fludrocortisone 
administration: 7 with worsening leg edema, 2 with pleural effusions, and 2 with 
pulmonary edema.
Conclusion: In pre-dialysis CKD patients, fludrocortisone at low doses effectively 
reduced serum potassium levels; however, sodium retention was a common adverse 
effect.

Key Words: Calcium polystyrene sulfonate, Chronic kidney disease, Fludrocortisone, 
Hyperkalemia
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INTRODUCTION

Hyperkalemia is a common complication of chronic kid-
ney disease (CKD), since potassium is primarily eliminated 
through the kidneys1). Angiotensin-converting enzyme in-
hibitors (ACEI) and angiotensin II receptor blockers (ARB) 
that are used to reduce proteinuria also contribute to de-
creased potassium excretion. Clinically, hyperkalemia may 

cause life-threatening arrhythmias, especially when the se-
rum potassium exceeds 6.5 mEq/L2). As a result, hyper-
kalemia is a potentially serious issue for CKD patients.

Cation-exchange resins, such as sodium polystyrene sul-
fonate (SPS) and calcium polystyrene sulfonate (CPS), have 
been extensively used to control hyperkalemia in CKD out-
patients3,4). In the gastrointestinal tract, SPS and CPS take 
potassium in exchange for sodium or calcium ions, respectively, 
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and promote potassium excretion. However, many patients 
find the drugs intolerable because of their adverse effects, 
which are most commonly nausea and constipation4). Loop 
diuretics may lower serum potassium by increasing renal 
potassium excretion, but their use may be inappropriate 
in the absence of volume overload since they could ex-
acerbate renal dysfunction5). Sodium bicarbonate may de-
crease serum potassium by transferring potassium into the 
cells, but its effectiveness is limited6). Most recently, sodium 
zirconium cyclosilicate and patiromer have been introduced7). 
Like SPS and CPS, these drugs take up potassium in ex-
change for sodium or calcium ions in the gastrointestinal 
tract. These new agents have been shown to effectively 
reduce serum potassium and have fewer side effects. However, 
they are not yet available in many countries, including Korea.

Despite dietary education for potassium restriction and 
administration of a potassium-binding agent, hyperkalemia 
is frequent in CKD outpatients, and it is a tough problem 
to control. If hyperkalemia is severe, referral to the emer-
gency room is required for rapid correction of it with intra-
venous insulin/glucose infusions, repeated enemas with a 
potassium-binding agent, or even hemodialysis.

Fludrocortisone is a synthetic mineralocorticoid receptor 
agonist that lowers potassium levels by increasing potas-
sium and hydrogen excretion instead of sodium reabsorption8). 
Due to sodium retention, however, fludrocortisone may 
have adverse effects such as peripheral edema, congestive 
heart failure, and hypertension. In addition, activation of 
mineralocorticoid receptors may contribute to interstitial 
inflammation, fibrosis, and proteinuria in CKD patients9,10). 
Mineralocorticoid receptor antagonists, on the other hand, 
have been shown in animal models of diabetic kidney dis-
ease to reduce mesangial expansion, interstitial fibrosis, 
and proteinuria9,10). Thus, sodium retention and the poten-
tial adverse mineralocorticoid effects on the kidney make 
fludrocortisone unattractive for chronic therapy, and flu-
drocortisone has not traditionally been used for hyper-
kalemia in CKD patients.

However, fludrocortisone may be used if there are no 
other effective ways to prevent fatal, severe hyperkalemia. 
The use of fludrocortisone as a potassium-lowering agent 
has been reported in hemodialysis patients11-14) and organ 
transplant recipients receiving calcineurin inhibitors15-19), 

but there has been little data regarding the use of flu-
drocortisone for hyperkalemia control in patients with CKD 
who are not yet on dialysis.

In this study, we retrospectively examined the potas-
sium-lowering effect of oral fludrocortisone and its adverse 
effects in hyperkalemic pre-dialysis CKD patients who did 
not tolerate adding CPS or increasing the dose of CPS.

Materials and Methods

1. Patients

We reviewed the medical records of patients registered 
at Asan Medical Center, a tertiary hospital in Seoul, Korea, 
and included adult CKD patients (≥18 years) who received 
oral fludrocortisone at the outpatient clinic to control hy-
perkalemia (K+ >5.1 mEq/L) between January 1, 2011, and 
December 31, 2022. Patients with CKD who have hyperkalemia 
have been treated with CPS. The included patients were 
given oral fludrocortisone, mostly because they were un-
able to tolerate adding CPS or increasing the CPS dosage.

Patients with normal renal function or patients with 
end-stage renal disease on hemodialysis or peritoneal dialy-
sis were excluded. Patients who received fludrocortisone 
to manage orthostatic hypotension but not hyperkalemia 
were also excluded.

In cases of severe hyperkalemia (K+ ≥6.0 mEq/L), some 
patients received 10 g of CPS three times per day for the 
first five days. ACEI/ARBs were prescribed at the divisions 
of nephrology, cardiology, and endocrinology and the de-
partment of neurology. ACEI/ARBs were stopped or re-
duced in some patients but not in others, especially in those 
who received them from departments other than nephrology.

This study was approved by the Institutional Review 
Board (IRB) of Asan Medical Center (IRB No. S2022-1461- 
0001).

2. Clinical and laboratory parameters

We collected data from the medical records, such as age, 
gender, underlying renal disease, medication use (including 
CPS and antihypertensive drugs), weight, blood pressure, 
and laboratory data, including creatinine, potassium, and 
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Table 1. Clinical and laboratory data of the study population at the time of initiating fludrocortisone

Group 1# (n=21) Group 2## (n=12)
Age (years)
Male/female

70±15
14/7

67±12
9/3

Creatinine (mg/dL)
eGFR (mL/min/1.73m2)

2.84 (1.77-4.68)
24±13

3.04 (2.45-4.48)
21±10

Potassium (mEq/L)
Total CO2 (mEq/L)

6.14±0.32
19.3±3.1

6.37±0.35
18.7±3.7

Underlying Kidney Diseases
 Diabetes nephropathy
 IgA nephropathy
 Membranous nephropathy
 Polycystic kidney disease
 Reflux nephropathy
 Myeloma kidney
 Chronic kidney disease of unknown etiology

5
2
1
1
1
1

10

4
-
-
-
-
-
8

Comorbidities
 Hypertension
 Diabetes mellitus

16
9

8
6

Medications at the time of fludrocortisone administration
 ARB
 ACEI
 CCB
 Beta blocker 

8
1

15
8

10
-
9
2

 CPS dose (g/day) 15 (10-17.5) 7.5 (0-15)
 Furosemide
 Thiazide
 K-sparing diuretic

2
1
-

1
1
-

 Sodium bicarbonate 13 7
#Patients in Group 1 received fludrocortisone with no changes in ARB or CPS.
##Patients in Group 2 were given fludrocortisone as well as the discontinuation of ARBs and/or the addition of low-dose CPS.
ARB; angiotensin II receptor blocker, ACEI; angiotensin-converting enzyme inhibitor, CCB; calcium channel blocker, CPS; calcium

polystyrene sulfonate

estimated glomerular filtration rate (eGFR). The CKD-EPI 2021 
equation was used to calculate eGFR using sex, age, and 
serum creatinine20). The normal range of serum potassium 
was 3.5-5.1 mEq/L.

3. Statistical analyses

Results are expressed as mean±SD or median (interquartile 
range), depending on the data type. Serum potassium lev-
els, body weights, and blood pressure before and after flu-
drocortisone administration were compared using Wilcoxon 
signed rank test. The frequency of serum potassium ≥6.0 
mEq/L was compared before and after fludrocortisone ad-
ministration using the chi-squared test. Statistical analyses 
were performed using SPSS version 21 (IBM Co., Armonk, 
NY, USA). P values less than 0.05 were considered statisti-

cally significant.

Results

1. Patient characteristics

Thirty-three patients (23 men and 10 women) with a mean 
age (±SD) of 69±14 years were included. Serum creatinine 
was 2.84 (2.01-4.49) mg/dl and estimated GFR was 23±12 
ml/min/1.73m2. Fludrocortisone was administered at doses 
of 0.05-0.1 mg/day for a median of 169 (47-445) days.

Baseline demographic and clinical characteristics are pre-
sented in Table 1. One patient had liver transplantation, 
and another had lung transplantation, receiving tacrolimus 
as an immunosuppressant.

To control hyperkalemia, twenty-one patients received 
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Fig. 1. Serum potassium levels (A) and the frequency of serum potassium ≥6.0 mEq/L (B) in patients who
received fludrocortisone without changes in ARB and CPS, and measured serum potassium at four 
outpatient visits before and after fludrocortisone administration (n=10, **p<0.01 compared with #4 before
fludrocortisone).

fludrocortisone without changes in ARB and CPS (Group 1), 
while the remaining twelve patients received fludrocortisone 
as well as discontinuation of ARBs and/or addition of low- 
dose CPS (Group 2).

At the time of fludrocortisone initiation, furosemide was 
maintained at the current dose in 2 patients in Group 1, 
increased in 1 patient in Group 2, and not prescribed in 
the other patients.

2. Changes in serum potassium after fludrocortisone 
administration

The serum potassium in Group 1 dropped from 6.14± 
0.32 mEq/L to 4.52±1.06 mEq/L (p<0.001) at the first fol-
low-up after a median of 35 (18-60) days. Similarly, in Group 
2, it dropped from 6.37±0.35 mEq/L to 4.08±0.74 mEq/L at 
the first follow-up after a median of 30 (19-42) days (p<0.01).

To evaluate whether the potassium-lowering effect is 
sustained while fludrocortisone is taken, we analyzed 15 
patients (10 patients in Group 1 and 5 patients in Group 2) 

in whom serum potassium levels were measured at four out- 
patient visits before and after fludrocortisone administration. 
The intervals between the measurements are shown in Figs. 
1 and 2.

In Group 1, the four consecutive serum potassium levels 
were 5.63±1.06 mEq/L, 5.56±0.79 mEq/L, 6.02±0.93 mEq/L, 
and 6.18±0.37 mEq/L before fludrocortisone administration, 
and 4.60±0.91 mEq/L, 4.79±0.96 mEq/L, 4.55±0.60 mEq/L, 
and 4.56±0.72 mEq/L after fludrocortisone administration, 
respectively (Fig. 1A). The frequency of serum potassium 
≥6.0 mEq/L was 4/10, 2/10, 5/10, and 8/10 before flu-
drocortisone administration and 0/10, 1/10, 1/10, and 0/10 
after fludrocortisone administration (Fig. 1B); thus, it decreased 
from 19/40 measurements (48%) to 2/40 measurements (5%) 
after fludrocortisone administration (p<0.001).

In Group 2, the four consecutive serum potassium levels 
were 5.74±0.63 mEq/L, 5.66±0.55 mEq/L, 5.84±0.36 mEq/L, 
and 6.48±0.48 mEq/L before fludrocortisone administration, 
and 4.20±0.88 mEq/L, 4.66±0.51 mEq/L, 5.32±0.58 mEq/L,
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Fig. 2. Serum potassium levels (A) and the frequency of serum potassium ≥6.0 mEq/L (B) in patients
who received fludrocortisone as well as discontinuation of ARBs and/or the addition of low-dose CPS
to control hyperkalemia, and measured serum potassium at four outpatient visits before and after 
fludrocortisone administration (n=5, *p<0.05 compared with #4 before fludrocortisone).

Fig. 3. Body weight changes in patients who were measured
at four outpatient visits before and after fludrocortisone admini-
stration (n=15, *p<0.05 and **p<0.01 compared with #4 before
fludrocortisone)

and 4.36±1.01 mEq/L after fludrocortisone administration, 
respectively (Fig. 2A). The frequency of serum potassium 
≥6.0 mEq/L was 2/5, 2/5, 2/5, 5/5 before fludrocortisone 
administration and 0/5, 0/5, 0/5, 0/5 after fludrocortisone 
administration (Fig. 2B); thus, it decreased from 11/20 meas-
urements (55%) to 0/20 measurements (0%) after fludrocortisone 
administration (p<0.001).

3. Changes in body weight and blood pressure after 
fludrocortisone administration

In 15 patients, blood pressure and body weight were 
measured at four outpatient visits before and after fludro- 
cortisone administration.

Body weight was 67.5±10.8 kg, 67.2±10.3 kg, 67.1±10.4 
kg, and 67.3±10.3 kg before fludrocortisone administration, 
and 68.6±10.3 kg, 68.2±10.9 kg, 68.6±11.1 kg, and 68.1±10.1 
kg after fludrocortisone administration, with small but signi- 
ficant increases after fludrocortisone administration (Fig. 3).

Systolic blood pressure was 129±18 mmHg, 130±20 mmHg, 
131±17 mmHg, and 133±15 mmHg prior to the administration 
of fludrocortisone and 134±15 mmHg, 134±16 mmHg, 141± 
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16 mmHg, and 136±19 mmHg after fludrocortisone administ- 
ration. Diastolic blood pressure was 72±10 mmHg, 74±12 
mmHg, 72±7 mmHg, and 74±10 mmHg before fludrocorti- 
sone administration, and 74±9 mmHg, 76±11 mmHg, 76±10 
mmHg, and 74±10 mmHg after fludrocortisone administration. 
There were no differences in systolic and diastolic blood 
pressures before and after fludrocortisone administration. 
During this time, antihypertensive medications were not 
changed in 13 patients, the dose of a calcium channel blocker 
was reduced in one patient, and an ARB was added in an-
other patient.

4. Other adverse effects of fludrocortisone administration

Eleven patients experienced problems related to sodium 
retention following a median of 71 (51-435) days of flu-
drocortisone administration. Seven patients had worsening 
leg edema. Two patients suffered pleural effusions, while 
the other two developed pulmonary edemas. Diuretics 
were used to treat pleural effusion and pulmonary edema, 
and fludrocortisone was discontinued.

Three of the 21 patients in Group 1 and three of the 
12 patients in Group 2 experienced hypokalemia (K+ <3.5 
mEq/L) at the first follow-up.

Discussion

In pre-dialysis CKD patients who are unable to tolerate 
adding CPS/SPS or increasing the dose of CPS/SPS, hyper-
kalemia detected in the outpatient clinic is a difficult prob-
lem to manage. The present study suggests that oral flu-
drocortisone may be an option in this situation.

So far, there has been little data on the use of flu-
drocortisone to control hyperkalemia in pre-dialysis CKD 
patients except a case report21) in which fludrocortisone 
was safe and effective in preventing hyperkalemia and 
maintaining renal function in a woman with type 2 diabetes 
and CKD stage 3. Despite the lack of data, it has been 
suggested that CKD patients may require high doses of flu-
drocortisone (up to 0.4 mg daily) to reduce serum potas-
sium due to aldosterone resistance in damaged renal tu-
bules22). In the present study, however, low-dose fludrocor- 
tisone (0.05-0.1 mg daily) effectively decreased serum po-
tassium level at 1st follow-up and significantly decreased 

the frequency of serum potassium ≥6.0 mmol/L from 30/ 
60 (50%) to 2/60 (3%) (p<0.001) in 15 patients who meas-
ured serum potassium levels at four outpatient visits before 
and after fludrocortisone administration, respectively, re-
ducing the risk of developing fatal arrhythmia.

Fludrocortisone has previously been studied to prevent 
hyperkalemia in hemodialysis patients. In a study of 19 he-
modialysis patients11), fludrocortisone (0.1-0.3 mg/day) de-
creased serum potassium from 5.6±0.1 mEq/L to 4.9±0.1 
mEq/L. In another study of 15 patients12) on hemodialysis 
receiving fludrocortisone with its dosage gradually increased 
from 0 to 0.2 mg/day, serum potassium was observed for 
five successive 4-week periods. The serum potassium con-
centration decreased from 5.57±0.05 mEq/L to 4.89±0.11 
mEq/L at 0.15 mg administration. Such a decrease in serum 
potassium concentration was more significant in patients 
with low plasma aldosterone concentrations. In another 
study13), 13 hemodialysis patients were treated with flu-
drocortisone (0.1 mg/day), and fludrocortisone lowered se-
rum potassium levels from 6.1 (5.3-6.8) mEq/L to 5.2 (4.4- 
6.0) mEq/L at 10 months of treatment. In the other study 
of 37 hemodialysis patients14), however, oral fludrocortisone 
(0.1 mg/day for 3 months) did not significantly reduce se-
rum potassium levels. Thus, fludrocortisone demonstrated 
modest potassium-lowering effects in hemodialysis patients.

Because the primary sites of action for fludrocortisone 
are the collecting ducts of the kidneys, the potassium-low-
ering effect of fludrocortisone may vary depending on the 
presence of renal function. The majority of the hemodialysis 
patients included in the previous studies were oliguric or 
anuric, and thus fludrocortisone could not increase urinary 
potassium loss, and the decrease in serum potassium values 
was considered to occur via extrarenal losses, including gas-
trointestinal potassium excretion23). Fludrocortisone con-
sequently had a limited effect on potassium elimination 
in HD patients and was well tolerated with no significant 
adverse effects, such as hypertension and volume overload. 
In contrast, the current study shows that fludrocortisone 
significantly lowers serum potassium levels in pre-dialysis 
CKD patients and, in some cases, even results in hypokalemia. 
On the other hand, the adverse effects seem to be more 
common in patients with CKD who are not yet on dialysis. 
Although the blood pressure was not significantly raised, 
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fludrocortisone caused pleural effusion and pulmonary ede-
ma in some patients. Thus, it may be necessary to co-ad-
minister a loop diuretic to prevent sodium retention.

Calcineurin inhibitors are one of the major components 
of immunosuppressants in patients with a kidney or liver 
transplant. Calcineurin inhibitors can result in type 4 renal 
tubular acidosis and hyperkalemia. Fludrocortisone, on the 
other hand, increases sodium resorption and facilitates po-
tassium excretion in the distal convoluted renal tubule. As 
a result, fludrocortisone has been used to treat calcineurin 
inhibitor-induced hyperkalemia. A study15) of 9 liver trans-
plantation patients receiving tacrolimus has shown that flu-
drocortisone (0.14±0.08 mg/day) decreased serum potas-
sium from 5.7±1 to 4.3±0.5 mEq/L within 48 h. In another 
study16) of 10 renal transplant patients with hyperkalemic 
metabolic acidosis who were taking calcineurin inhibitors, 
such as tacrolimus, fludrocortisone decreased potassium 
from 6.1±0.4 to 5.3±0.3 mEq/L. However, fludrocortisone 
had no significant effects on blood pressure or serum sodium. 
Consistent with the previous reports, serum potassium was 
well controlled in two of our patients, one of whom had 
liver transplantation and another had lung transplantation, 
receiving tacrolimus as an immunosuppressant.

After oral administration, fludrocortisone is promptly ab-
sorbed and exhibits a two- to three-hour half-life. In normal 
subjects, fludrocortisone (0.2 mg) was shown to increase 
the transtubular potassium gradient (TTKG) within 3 h after 
oral administration24). Fludrocortisone may thus be useful 
for acutely lowering serum potassium. It is unknown, how-
ever, how quickly it reduces serum potassium levels in CKD 
patients. The findings in this study warrant further research 
into the acute effect of fludrocortisone on serum potassium 
in pre-dialysis CKD.

The traditionally used potassium-lowering agents, CPS 
and SPS, are unpalatable and cause constipation. Sodium 
zirconium cyclosilicate and patiromer, two newly introduced 
potassium-lowering agents, are known to be effective and 
have fewer adverse reactions7). These agents, however, should 
also be avoided in patients with severe constipation25), are 
significantly more expensive than CPS and SPS5,26), and are 
not available in many countries. In this study, low-dose flu-
drocortisone caused sodium retention-related problems in 
some patients but effectively lowered serum potassium. 

Our findings suggest that fludrocortisone may be used se-
lectively in pre-dialysis hyperkalemic CKD patients if no oth-
er appropriate option to lower serum potassium levels is 
available. In CKD patients, renin-angiotensin system (RAS) 
inhibitors, including ARBs, are often discontinued due to 
hyperkalemia, but withdrawing RAS inhibitors is associated 
with a higher risk of mortality27). Our data suggest that 
fludrocortisone may also lower serum potassium levels in 
ARB-treated patients.

However, because of the retrospective study design, this 
study has a number of limitations. First, because fludrocortisone 
has not traditionally been utilized for hyperkalemia in CKD 
patients, the sample size was limited. Second, evidence of 
increases in urine potassium or TTKG following fludrocortisone 
administration is useful in supporting the potassium-low-
ering effect of the drug, but the data on urinary potassium 
levels are lacking. Third, the absence of a control group 
made it impossible to assess the impact of fludrocortisone 
on cardiovascular events and renal function.

In conclusion, low-dose oral fludrocortisone may be a 
useful short-term option for lowering high potassium levels 
in hyperkalemic pre-dialysis CKD patients if CPS/SPS is not 
tolerated and other potassium-binding agents are not 
available. However, it should be used with caution due to 
the potential for adverse effects such as pulmonary edema.
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Although renal infarction (RI) is not a rare disease, its outcomes have not been 
well-documented. Furthermore, transient resolution and recurrence of RI have 
not been captured through imaging. We report a case of idiopathic RI that recurred 
within a short period following transient resolution, as demonstrated by serial 
computed tomography (CT). A 53-year-old man diagnosed with RI was transferred 
to the emergency room. An abdominal CT scan at the local hospital revealed a 
segmental wedge-shaped perfusion defect in the left kidney and a focal thrombotic 
filling defect in the anterior segmental branch of the left renal artery. Since his 
left flank pain improved, another CT scan was performed again 6 hours after 
the initial CT scan. A repeat CT scan showed that the thrombus in the renal artery 
remained, but the perfusion defect had spontaneously resolved. We initiated 
anticoagulant therapy using unfractionated heparin. On the sixth day of hospitalization, 
the left flank pain recurred, prompting another CT scan. The follow-up CT scan 
confirmed that RI had recurred in the same area as before. We continued 
anticoagulant therapy and switched to warfarin. After treatment, his symptoms 
improved, and he was discharged. RI can recur at any time, even after it has 
spontaneously resolved, as evidenced by our case. Therefore, it is crucial to 
closely monitor patients who experience resolution of RI for any recurrence of 
symptoms, and repeat radiological evaluation should be performed even within 
a short period.

Key Words: Renal infarction, Transient resolution, Recurrence, Computed tomography
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INTRODUCTION

Renal infarction (RI) is an uncommon condition that can 
result from acute occlusion of blood flow in the renal ar-
teries or their segmental branches1-6). Many risk factors are 
known to cause RI, including cardiogenic factors, such as 
atrial fibrillation, valvular heart disease, and endocarditis, 
as well as renal artery injury, hypercoagulation disorders, 
and hematologic diseases1,2). However, in some cases, the 
cause is unknown1,2).

The outcomes of RI can include acute kidney injury, pro-

gression to chronic kidney disease or end-stage renal dis-
ease, and death1) Moreover, thromboembolic events are 
likely to recur in other organs, including the kidneys3,7). 
However, to our knowledge, there have been no published 
large-scale retrospective studies investigating the outcomes 
of RI, so these have not been well reported1). Furthermore, 
there have been no reports demonstrating the recurrence 
of RI after transient resolution through imaging. We report 
a case of idiopathic RI that recurred within a short period 
after transient resolution, as demonstrated by serial com-
puted tomography (CT).
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Fig. 1. Serial transverse views of abdominal CT scans of the patient with renal infarction. (A) An abdominal CT scan at the
local hospital revealed a perfusion defect in the left kidney (arrowhead); (B) The perfusion defect spontaneously resolved 
(arrowhead) in our emergency room; (C) The perfusion defect recurred (arrowhead) on the sixth day of hospitalization. A
thrombus in the anterior segmental branch of the left renal artery (arrow) persisted on all serial abdominal CT scans.

CASE REPORT

A 53-year-old man suspected of having RI based on an 
abdominal CT scan was transferred to our emergency room 
(ER) from a local hospital. He complained of Lt flank pain 
about five hours ago, and the symptom persisted until he 
was at the local hospital, but gradually improved after arriv-
ing at our hospital. He was taking 80 mg of valsartan, 5 
mg of amlodipine, and 0.2 mg of tamsulosin per day for 
hypertension and benign prostatic hyperplasia diagnosed 
10 years ago and was not taking any other medications 
such as antiplatelet agents or anticoagulants. He was a cur-
rent smoker for about 15 pack-years and a social alcohol 
drinker. His blood pressure was 150/80 mmHg, his pulse 
rate was 82 beats/min, and his body temperature was 36.
6℃. Laboratory studies showed a white blood cell count 
of 12.9 × 103/µL and an elevated lactate dehydrogenase 
(LDH) level (640 IU/L), while his C-reactive protein level (0.15 
mg/dL) was normal. Additionally, he had a normal crea-
tinine level (0.95 mg/dL) and a normal eGFR (91.02 mL/ 
min/1.73 m2). No hematuria or pyuria was observed; how-
ever, mild proteinuria (1+) was detected in the urinalysis. 
An abdominal CT scan at the local hospital revealed a seg-
mental wedge-shaped perfusion defect in the left kidney 
and a focal thrombotic filling defect in the anterior segmen-
tal branch of the left renal artery (Fig.1A, 2A). Since his 
flank pain improved after admission to our ER, another ab-
dominal CT scan was performed 6 hours after the initial 

CT scan at the local hospital. The thrombus in the anterior 
segmental branch of the left renal artery remained, but 
the segmental wedge-shaped perfusion defect in the left 
kidney had spontaneously resolved in the repeated CT scan 
(Fig. 1B, 2B). We initiated anticoagulant therapy with intra-
venous unfractionated heparin and adjusted the dose to 
target activated partial thromboplastin time of 60-90 seconds. 
We tested his blood for hypercoagulability and autoimmune 
diseases and performed electrocardiography and echo-
cardiography to investigate the cause of the RI. The blood 
tests for hypercoagulability such as protein C, protein S, anti- 
thrombin and homocysteine, and tests for antiphospholipid 
syndrome did not reveal any abnormal findings. Electrocardio- 
graphy did not detect any arrhythmias during his hospital-
ization, and there was no evidence of thromboembolic sour-
ces such as thrombi or vegetations on the echocardiogram. 
We, therefore, diagnosed him with idiopathic RI. On the 
sixth day of hospitalization, he again complained of left 
flank pain similar to his previous pain. He did not have 
a fever, and there was no evidence of a urinary tract in-
fection, so another abdominal CT scan was performed to 
ascertain the possibility of recurrent RI. The follow-up ab-
dominal CT scan showed that the segmental wedge-shaped 
perfusion defect had recurred in the same area as pre-
viously observed, and the thrombus in the anterior segmen-
tal branch remained (Fig. 1C, 2C). We continued anticoagulant 
therapy with unfractionated heparin for a week and transi-
tioned to warfarin 6-7 mg/day for the goal of prothrombin 
time 2-3 INR, with a period of overlap between the two 
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Fig. 2. Serial coronal views of abdominal CT scans of the patient with renal infarction. (A) An abdominal CT scan at the
local hospital showed a perfusion defect in the left kidney (arrowhead); (B) The perfusion defect spontaneously resolved
(arrowhead) in our emergency room; (C) The perfusion defect recurred (arrowhead) on the sixth day of hospitalization.

anticoagulants. After treatment, his symptoms improved, 
and he was discharged on the eighth day of hospitalization 
with ongoing anticoagulant therapy. Six months after dis-
charge, low-dose aspirin was prescribed instead of warfarin, 
and it was planned to be maintained lifelong to prevent 
recurrence of RI. One year after the event, he had not 
experienced any symptoms associated with RI such as flank 
pain, and his renal function remained within the normal 
range of eGFR 96 mL/min/1.73 m2.

DISCUSSION

The incidence of RI is not yet clearly known8). Domanovits 
et al. and Huang et al. reported that 0.007% (17 of 248,842) 
and 0.004% (20 of the 481,540), respectively, of patients 
who visited the ER were diagnosed with RI3,8). Korzets et 
al. also found that 11 of 151,914 patients (0.007%) admit-
ted to their hospital were diagnosed with RI9). However, 
the actual prevalence is thought to be higher because RI 
is often misdiagnosed owing to its non-specific symptoms9). 
Additionally, as the use of contrast-enhanced CT increases 
as a diagnostic tool for abdominal problems of unknown 
origins, the number of patients diagnosed with RI is also 
increasing9). The symptoms and signs of RI include abdomi-
nal or flank pain, nausea, vomiting, fever, and hypertension 
1,2,4,9,10). However, because of these non-specific features, 
RI is often misdiagnosed as other more common diseases, 
such as urolithiasis, acute pyelonephritis, and back pain of 

musculoskeletal origin, leading to delayed diagnosis8,9). In- 
creased serum LDH is the most sensitive laboratory finding, 
and inflammation markers, such as white blood cells and 
C-reactive protein, are sometimes elevated1-3,10). Hematuria 
and proteinuria are also sometimes present3,10). However, 
these same laboratory findings and urinalysis results can 
be associated with other diseases3,10). Therefore, imaging 
tools, such as CT, magnetic resonance imaging, renal an-
giography, and/or scintigraphy, are required to confirm 
RI1,3). Since contrast-enhanced CT is non-invasive and can 
be performed within 24 hours, it is currently the gold stand-
ard for diagnosing RI3).

Treatment options for RI include radiologic or surgical 
percutaneous endovascular therapy, anticoagulant therapy, 
and antiplatelet therapy1,2). However, there are currently 
no prospective randomized clinical trials to determine which 
treatment is superior2,3). Thus, there is still no established 
definitive treatment for RI2,3). Treatment for RI should be 
chosen considering various factors such as the time taken 
to diagnose the infarction, the underlying cause of the in-
farction, and the severity of the infarction2,3,7,8). If revascula-
rization is deemed to be more beneficial, radiologic or surgi-
cal percutaneous endovascular therapy may be considered 
as the initial intervention2,3,7,8). If revascularization is not 
deemed beneficial, antiplatelet therapy or anticoagulant ther-
apy may be selected based on the underlying cause of the 
RI2,3,7,8). In cases diagnosed as idiopathic renal infarction, 
like our case, anticoagulant therapy is typically initiated.
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If the diagnosis of RI is delayed, appropriate treatment 
cannot be administered, which may result in deterioration 
of renal function and even death6,8). Therefore, early diag-
nosis is important for improving outcomes3). Domanovits 
et al. suggest that contrast-enhanced CT should be performed 
early for all patients exhibiting the triad of high risk for 
thromboembolic events: persistent back pain, elevated se-
rum LDH, and/or hematuria within 24 hours of the onset 
of pain3). However, this triad has limitations: many patients 
diagnosed with RI have a low risk of thromboembolism and 
often do not have hematuria5,8). Huang et al. also proposed 
a flow chart for the diagnosis and treatment of RI8). Due 
to the current lack of established guidelines for the early 
diagnosis of RI, further studies are needed. It is also im-
portant for physicians to be aware that RI is not a rare 
disease8). 

The outcomes of RI are not yet clearly known1). Specifi- 
cally, there are few studies that have reported the fre-
quency and timing of recurrent thromboembolic events in 
RI1,5). Oh et al. found that 2.8% (12 of 438) of patients diag-
nosed with RI experienced recurrence, and the median time 
to recurrence was 11.5 months (range, 1-108 months)1). 
García-García et al. reported that 11.9% (7 of 59) of patients 
diagnosed with RI had recurrent arterial thrombosis (three 
with RI, two with cerebrovascular disease, and three with 
ischemic heart disease) and 3.4% (2 of the 59 patients) had 
recurrent venous thromboembolism5). While Oh et al. found 
that there was no significant difference in the recurrence 
rate based on the cause of RI, García-García et al. determined 
that the recurrence rate of arterial thrombosis was higher 
in the group with clear underlying pathogenetic mecha-
nisms compared with the idiopathic group1,5). Additional 
studies are needed to understand the frequency, timing, 
and risk factors associated with recurrent RI.

There is a lack of established guidelines for monitoring 
patients following the initiation of treatment for RI. Our 
case demonstrated that thromboembolic events can recur 
during treatment, and the recurrence interval can be re-
markably short. As early diagnosis and appropriate treat-
ment are important for the prognosis of RI3,4,6-8), it is also 
crucial to detect the recurrence of thromboembolic events 
early. To achieve this, proper monitoring of the patient’s 
status following treatment is required. This entails ongoing 

assessment of their clinical condition, laboratory findings, 
and urinalysis. Physicians’ alertness to the possibility of re-
current RI is also crucial for early detection. If there is suspi-
cion of recurrence of RI during monitoring, it is necessary 
to actively perform radiologic examinations (especially con-
trast-enhanced CT) to confirm recurrence.

The first is the presence of undetected arrhythmias such 
as paroxysmal atrial fibrillation (Af). Af is one of the main 
causes of RI, and it is important to suspect the presence of 
paroxysmal Af even if arrhythmia is not found when RI 
occurs (cereus paper). Although we were monitoring the 
patient very closely and maintaining anticoagulation, this 
possibility cannot be completely ruled out. Second, the pa-
tient's thrombotic risk may have been higher than we ex- 
pected. The patient was a long-term current smoker. Smoking 
is known to be one of the risk factors for RI. Huang et 
al. reported that current smoking had a significant adverse 
impact on thromboembolic complications after RI11). Therefore, 
continuous monitoring of the expression of Af will be very 
important in determining the treatment policy for patients 
with renal infarction, and educating current smokers such 
as our patient to quit smoking will likely improve the pa-
tient's prognosis.

As we experienced during the management of this pa-
tient, the recurrence of RI may be observed during the 
administration of anticoagulation therapy despite the prior 
spontaneous resolution of the RI. Furthermore, RI recurrence 
can occur within a short period following spontaneous reso- 
lution. Radiologically documented cases of spontaneous reso-
lution and recurrence of RI during initial anticoagulation 
are rare. Therefore, physicians’ awareness of the potential 
for recurrent thromboembolic events is essential. Also, if re-
currence is suspected, it is important to actively perform 
radiologic examinations for early diagnosis.
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