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Background: Intradialytic hypotension (IDH) is a critical complication related to worse outcomes in patients undergoing maintenance 
hemodialysis. Herein, we addressed the impact of IDH on mortality and other outcomes in patients with severe acute kidney injury 
(AKI) requiring intermittent hemodialysis. 
Methods: We retrospectively reviewed 1,009 patients who underwent intermittent hemodialysis due to severe AKI. IDH was defined 
as either dialysis discontinuation due to hemodynamic instability or a decrease in systolic blood pressure (BP) of ≥30 mmHg, with or 
without a nadir systolic BP of <90 mmHg during the first session. The primary outcome was all-cause mortality, and transfer to the in-
tensive care unit (ICU) due to unstable status was additionally analyzed. Hazard ratios (HRs) of outcomes were calculated using a Cox 
regression model after adjusting for multiple variables. Risk factors for IDH were evaluated using a logistic regression model. 
Results: IDH occurred in 449 patients (44.5%) during the first hemodialysis session. Patients with IDH had a higher mortality rate 
than those without IDH (40.3% vs. 23.0%; HR, 1.30; 95% confidence interval [CI], 1.02–1.65). The rate of ICU transfer was higher in 
patients experiencing IDH than in those without IDH (17.5% vs. 11.5%; HR, 1.43; 95% CI, 1.02–2.02). Factors such as old age, high 
BP and pulse rate, active malignancy, cirrhosis, and hypoalbuminemia were associated with an increased risk of IDH episodes. 
Conclusion: The occurrence of IDH is associated with worse outcomes in patients with AKI requiring intermittent hemodialysis. There-
fore, careful monitoring and early intervention of IDH may be necessary in this patient subset. 
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Introduction 

Acute kidney injury (AKI) frequently occurs in critically ill 

patients and is associated with significant mortality and 

morbidity [1]. In patients with severe AKI requiring renal 

replacement therapy, the rate of in-hospital mortality has 

been reported to be 50% to 60% over the past two decades 

[2,3]. For those who survive, the AKI episode confers a risk 

of several complications, including progression to chronic 

kidney disease and subsequent events such as myocardial 

infarction and congestive heart failure [4–8]. 

Either intermittent hemodialysis or continuous kidney 

replacement therapy (CKRT) may be provided to patients 

who have severe AKI. CKRT is often the initial option in 

critically ill patients with AKI due to its superior hemo-

dynamic stability and continuous removal of water and 

uremic solutes [9]. Despite the merit of CKRT, the survival 

benefit has not been conclusively documented in com-

parison to intermittent hemodialysis [10–13]. Given the 

high costs, prolonged immobilization, and requirement of 

admission to the intensive care unit (ICU) for CKRT, inter-

mittent hemodialysis may become a viable therapeutic al-

ternative for both hemodynamically stable and sometimes 

unstable patients [13,14]. 

Intradialytic hypotension (IDH) is a prevalent complica-

tion of hemodialysis. The pathophysiological mechanisms 

underlying IDH include decreased organ perfusion, par-

ticularly in the heart and brain, leading to ischemic injury 

and further exacerbation of cardiovascular disease [15]. 

Maintenance hemodialysis with IDH has been linked to se-

vere adverse events, including major cardiac events, stroke, 

loss of residual kidney function, and mortality [16–19]. 

However, studies investigating the association between 

IDH and adverse outcomes in AKI are scarce. Herein, we 

addressed this issue using a cohort of AKI patients receiv-

ing intermittent hemodialysis as their initial modality and 

further identified risk factors related to IDH occurrence. 

Methods 

The study protocol was approved by the Institutional Re-

view Board (IRB) of the Seoul National University Hospital 

(No. H-2110-085-1262) and was conducted in accordance 

with the ethical standard outlined in the Declaration of 

Helsinki. The IRB waived the need for informed consent 

because of the retrospective design. 

Patient and data collection 

This study is a retrospective analysis involving a cohort of 

1,460 patients who were diagnosed with severe AKI and 

received intermittent hemodialysis as their initial modality 

at Seoul National University Hospital between November 

2004 and June 2022. The hemodialysis modality was deter-

mined based on the patient’s status, such as vital instabili-

ty. The study patients did not require care from the ICU at 

the time of initiating hemodialysis. Criteria for exclusion 

included patients under the age of 18 (n = 121), those who 

were initially admitted to the ICU (n = 270), those who had 

end-stage kidney disease (ESKD) (n = 24), and those with 

missing data (n = 36). Accordingly, a total of 1,009 patients 

were included in the final analysis. 

Baseline data at the first session of hemodialysis were ob-

tained, such as age, sex, weight, initial vital signs (e.g., sys-

tolic [SBP] and diastolic blood pressures [DBP] and pulse 

rate), hemodialysis duration, blood flow rate, ultrafiltration 

volume, diagnosis of septic AKI, and comorbidities (e.g., di-

abetes mellitus, hypertension, coronary heart disease, liver 

cirrhosis, chronic kidney disease, and active malignancy). 

Blood findings included blood urea nitrogen, creatinine, 

sodium, potassium, chloride, bicarbonate, bilirubin, al-

bumin, and C-reactive protein. During each hemodialysis 

session, blood pressure (BP) was regularly monitored, es-

sentially every hour, and was measured more often in cases 

of hemodynamic instability. Subsequently, IDH of the first 

session of hemodialysis was incorporated into the analysis. 

Because there is no consensus on defining IDH when pa-

tients have AKI rather than maintenance hemodialysis, we 

referred to the methods used in previous studies, as follows 

[20]: discontinuation of dialysis as a result of hemodynam-

ic instability plus a nadir SBP less than 90 mmHg and/or a 

decrease in SBP of ≥30 mmHg.  

Outcomes  

The primary outcome was all-cause mortality following the 

initiation of hemodialysis, up to the point of either hospital 

discharge or death. Additionally, we assessed the rate of 

transfer to the ICU due to hemodynamic instability subse-

quent to the initial hemodialysis session. 
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Statistical analysis 

Categorical and continuous variables are presented as pro-

portions and means ± standard deviations when exhibiting 

a normal distribution and as medians with interquartile 

ranges (IQRs) when lacking a normal distribution. The 

Kolmogorov-Smirnov test was employed to analyze the dis-

tribution’s normality. Categorical variables were compared 

using the chi-square test or Fisher exact test, while contin-

uous variables with or without normal distribution were 

compared using the Student t test or the Mann-Whitney U 

test, respectively. 

Survival curves were generated using the Kaplan-Meier 

method and compared between groups through a log-rank 

test. Hazard ratios (HRs) and 95% confidence intervals of 

outcomes were determined using the Cox proportional 

hazard regression model. IDH events at multiple time 

points, adhering to the stated definition, were incorporat-

ed as a time-dependent variable to examine the impact of 

IDH on outcomes. To pinpoint risk factors for IDH, logistic 

regression with backward stepwise selection was utilized. 

All statistical analyses were conducted using IBM SPSS ver-

sion 27 (IBM Corp.) and R version 4.1.1 (R Foundation for 

Statistical Computing). A p-value below 0.05 was deemed 

Table 1. Baseline characteristics of the patients
Characteristic Total No IDH group IDH group p-value
No. of patients 1,009 560 449
Age (yr) 60.9 ± 16.0 58.9 ± 16.4 63.4 ± 15.1 <0.001
Male sex (%) 61.4 63.7 58.5 0.09
Body weight (kg) 64.3 ± 13.5 65.1 ± 13.6 63.4 ± 13.2 0.04
Initial SBP (mmHg) 135.0 ± 26.6 133.4 ± 23.1 137.1 ± 30.4 0.03
Initial DBP (mmHg) 75.4 ± 15.3 75.0 ± 14.1 75.9 ± 16.6 0.34
Initial pulse rate (beats/min) 89.9 ± 19.6 86.7 ± 18.2 94.0 ± 20.6 <0.001
Dialysis duration (hr) 2.2 ± 0.3 2.1 ± 0.3 2.2 ± 0.3 0.01
Blood flow rate (mL/hr) 137.4 ± 21.6 138.8 ± 22.6 135.7 ± 20.3 0.02
Ultrafiltration volume (L) 1.2 ± 0.9 1.2 ± 0.9 1.2 ± 0.9 0.41
Diagnosis of sepsis (%) 47.8 44.1 52.2 0.009
Use of vasopressor (%) 28.0 26.7 29.6 0.32
Comorbidities (%)
  Diabetes mellitus 23.7 21.8 26.0 0.11
  Hypertension 3.9 3.0 4.8 0.13
  Coronary artery disease 12.5 12.6 12.2 0.84
  Atrial fibrillation 7.3 7.8 6.7 0.48
  Liver cirrhosis 16.0 13.3 19.3 0.009
  Chronic kidney disease 30.0 33.4 25.8 0.009
  Active malignancy 51.3 46.3 57.7 <0.001
Blood findings
  BUN (mg/dL) 74 (48–101) 73 (46–100) 75 (50–104) 0.05
  Creatinine (mg/dL) 4.3 (2.8–5.9) 4.5 (2.9–6.2) 4.0 (2.6–5.7) 0.02
  Sodium (mmol/L) 134.0 ± 7.4 133.8 ± 6.5 134.4 ± 8.4 0.20
  Potassium (mmol/L) 4.6 ± 1.2 4.5 ± 1.0 4.7 ± 1.3 0.009
  Chloride (mmol/L) 100.8 ± 8.8 100.3 ± 8.0 101.5 ± 9.6 0.04
  Bicarbonate (mmol/L) 18.3 ± 5.7 18.7 ± 5.6 17.7 ± 5.7 0.003
  Total bilirubin (mg/dL) 0.9 (0.5–3.8) 0.9 (0.5–3.2) 1.1 (0.5–5.4) 0.03
  Albumin (g/dL) 2.9 ± 0.7 3.0 ± 0.6 2.8 ± 0.7 <0.001
  CRP (mg/dL) 5.3 (1.9–11.8) 5.1 (1.8–10.9) 5.4 (2.0–12.8) 0.19

Data are expressed as number only, mean ± standard deviation, percentage only, or median (interquartile range).)
BUN, blood urea nitrogen; CRP, C-reactive protein; DBP, diastolic blood pressure; IDH, intradialytic hypotension; SBP, systolic blood pressure.
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statistically significant. 

Results 

Patient characteristics 

The mean patient age was 60.9 ± 16.0 years, and 61.4% of 

the patients were male. The proportion of patients with 

septic AKI was 47.8%. Median value of sessions was 4 (IQR, 

2–9), and this value did not differ between the IDH and no 

IDH subgroups. Based on the first session, IDH occurred 

in 449 patients (44.5%). The IDH group was more likely to 

have a high initial BP and pulse rate and more comorbid-

ities, such as liver cirrhosis and active malignancy. Other 

baseline characteristics are shown in Table 1. 

Relationship between intradialytic hypotension and mor-
tality 

During a median follow-up period of 17 days (IQR, 9–33 

days), 310 patients (30.7%) died. The incidence rate of mor-

tality was 10.0 deaths per 1,000 person-days. Kaplan-Mei-

er survival curves indicate the disparity in survival rates 

between patients who experienced IDH and those who 

did not (Fig. 1). Notably, the survival rate was lower in the 

group with IDH (p < 0.001). After adjustment for multiple 

variables, IDH was found to be an independent risk factor 

for all-cause mortality (Table 2). 

Relationship between intradialytic hypotension and in-
tensive care unit transfer 

The study further examined the risk of transfer to the ICU 

due to hemodynamic instability after hemodialysis appli-

cation. Of the patients, 144 (14.3%) were transferred to the 

ICU. Fig. 2 presents Kaplan-Meier curves illustrating the 

cumulative rates of ICU transfer in groups with and with-

out IDH. Patients experiencing IDH were more likely to be 

transferred to the ICU than the counterpart group, and this 

finding remained consistent after adjustment for multiple 

variables (Table 3).  

Factors related to intradialytic hypotension  

Upon application of a multivariable logistic regression 

model with backward stepwise selection, several factors, 

including old age, elevated BP and pulse rate, hypoalbu-

minemia, and comorbidities, such as liver cirrhosis and 

active malignancy, were associated with the occurrence of 

IDH (Table 4). 

Discussion 

IDH occurrence is associated with adverse outcomes in 

Figure 1. Kaplan-Meier survival curves according to the pres-
ence of intradialytic hypotension (IDH).

Figure 2. Kaplan-Meier curves of the risk of transfer to the 
intensive care unit (ICU) according to the presence of intradia-
lytic hypotension (IDH).
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Table 2. Variables related to the risk of all-cause mortality
Variable Unadjusted HR (95% CI) p-value Adjusted HRa (95% CI) p-value
Age (per 10 yr) 1.00 (0.94–1.08) 0.90 1.08 (1.00–1.17) 0.049
Male (vs. female) 1.29 (1.03–1.63) 0.03 1.30 (1.03–1.66) 0.03
Weight (per 1 kg) 1.00 (1.00–1.01) 0.33
Initial SBP (per 10 mmHg) 0.93 (0.89–0.97) 0.001
Initial DBP (per 10 mmHg) 0.98 (0.98–1.05) 0.51
Pulse rate (per 10 beats/min) 1.20 (1.14–1.27) <0.001 1.17 (0.10–1.25) <0.001
Dialysis duration (per 1 hr) 1.07 (0.73–1.57) 0.70
Blood flow rate (per 1 mL/hr) 0.99 (0.98–0.99) <0.001
Ultrafiltration volume (per 1 L) 0.92 (0.82–1.04) 0.20
Diagnosis of sepsis (vs. none) 1.60 (1.28–2.01) <0.001 1.26 (1.00–1.60) 0.05
Use of vasopressor (vs. none) 1.39 (1.10–1.75) 0.005
Diabetes mellitus (vs. none) 0.96 (0.73–1.26) 0.77
Hypertension (vs. none) 1.17 (0.67–2.04) 0.58
Coronary artery disease (vs. none) 0.93 (0.64–1.35) 0.71 1.43 (0.97–2.12) 0.07
Atrial fibrillation (vs. none) 0.84 (0.55–1.29) 0.40
Liver cirrhosis (vs. none) 1.75 (1.34–2.29) <0.001
Chronic kidney disease (vs. none) 0.67 (0.51–0.87) 0.003
Active malignancy (vs. none) 2.99 (2.33–3.85) <0.001 2.32 (1.78–3.02) <0.001
BUN (per 1 mg/dL) 1.00 (1.00–1.01) <0.001 1.00 (1.00–1.01) 0.02
Creatinine (per 1 mg/dL) 0.92 (0.88–0.96) <0.001 0.85 (0.80–0.91) <0.001
Sodium (per 1 mmol/L) 1.00 (0.98–1.01) 0.70 1.06 (1.04–1.09) <0.001
Potassium (per 1 mmol/L) 0.94 (0.84–1.05) 0.30
Chloride (per 1 mmol/L) 0.98 (0.96–0.99) <0.001 0.92 (0.90–0.95) <0.001
Bicarbonate (per 1 mmol/L) 0.97 (0.95–0.99) <0.001 0.93 (0.91–0.95) <0.001
Total bilirubin (per 1 mg/dL) 1.04 (1.03–1.05) <0.001 1.03 (1.02–1.04) <0.001
Albumin (per 1 g/dL) 0.71 (0.61–0.84) <0.001 0.78 (0.66–0.93) 0.005
CRP (per 1 mg/dL) 1.02 (1.01–1.03) <0.001
IDH (vs. none) 1.88 (1.50–2.36) <0.001 1.30 (1.02–1.65) 0.04

BUN, blood urea nitrogen; CI, confidence interval; CRP, C-reactive protein; DBP, diastolic blood pressure; HR, hazard ratio; IDH, intradialytic hypotension; 
SBP, systolic blood pressure.
aAdjusted for all variables with backward stepwise selection.

patients on chronic or maintenance dialysis. However, this 

relationship has never been established in AKI patients re-

quiring intermittent hemodialysis. According to our cohort 

analysis, IDH occurrence was associated with subsequent 

high risks of mortality and transfer to the ICU. Several fac-

tors were identified to be associated with IDH occurrence. 

These findings will help clinicians cope with AKI patients 

at risk of IDH to prevent worse outcomes. 

IDH in patients with severe AKI requiring intermittent 

hemodialysis has been reported to occur in 30% to 90% of 

cases depending on the timing and protocol of hemodialy-

sis as well as the definition of IDH [21,22]. We reported that 

approximately 45% of patients suffered IDH in the initial 

hemodialysis session, which ranges within the previous 

report and is a relatively high proportion in comparison 

to maintenance hemodialysis. Several mechanisms may 

further increase the risk of IDH in patients with AKI, such 

as fluid overload due to resuscitation in hemodynamic 

instability, insufficient support of nutrition, and use of 

nephrotoxic antibiotics [23]. Furthermore, IDH can occur 

because of an impaired response to physiological stress 

during hemodialysis, such as increased vascular resistance 

or decreased cardiac reserve due to critical illness [24,25]. 

A previous cohort study involving patients with AKI 

who underwent hemodialysis at outpatient units for 3 to 6 

months after discharge showed that frequent occurrence of 

Park, et al. Intradialytic hypotension in AKI
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IDH led to a higher incidence of ESKD [26]. Another obser-

vational study involving patients on CKRT found that IDH 

occurring within the first hour of treatment initiation, de-

fined by a drop in BP from the baseline, significantly elevat-

ed the mortality risk [27]. Similar but unlike the above two 

studies, our study compared the outcomes of patients with 

acute illness who had intermittent hemodialysis initiated 

in the ward, which might have an advantage in selecting 

vulnerable patients in the ward setting. 

There is still no clear consensus on whether to choose 

intermittent hemodialysis or CKRT in critically ill patients 

with AKI, except in some situations such as cerebral ede-

ma [28]. We also found that the incidence of ICU transfer 

was closely related to IDH events after adjusting for po-

tentially relevant known confounders. It seemed that for 

close monitoring of patients who developed IDH and had 

hemodynamical instability, the patients were transferred 

to the ICU, but this study could not determine whether this 

transition to CKRT as a dialysis modality could improve the 

prognosis by this observational study design. 

Previous research has explored risk factors for IDH in 

patients undergoing maintenance hemodialysis, such as in 

patients who have diabetes mellitus or cardiovascular dis-

ease, including systolic and diastolic dysfunction, ischemic 

heart disease, and arrhythmias [29,30]. In addition to a 

large volume of ultrafiltration, rapid diffusive solute remov-

Table 3. Variables related to the risk of transfer to the intensive care unit
Variable Unadjusted HR (95% CI) p-value Adjusted HRa (95% CI) p-value
Age (per 10 yr) 0.96 (0.87–1.06) 0.46
Male (vs. female) 1.10 (0.79–1.54) 0.58
Body weight (per 1 kg) 1.02 (1.01–1.03) <0.001 1.02 (1.01–1.03) <0.001
Initial SBP (per 10 mmHg) 0.95 (0.89–1.01) 0.10
Initial DBP (per 10 mmHg) 0.94 (0.84–1.04) 0.22
Pulse rate (per 10 beats/min) 1.17 (1.08–1.27) <0.001 1.14 (1.04–1.25) 0.004
Dialysis duration (per 1 hr) 1.10 (0.59–2.04) 0.77
Blood flow rate (per 1 mL/hr) 0.99 (0.99–1.00) 0.06
Ultrafiltration volume (per 1 L) 1.09 (0.91–1.29) 0.35
Diagnosis of sepsis (vs. none) 1.22 (0.88–1.69) 0.23
Use of vasopressor (vs. none) 1.42 (1.01–2.00) 0.045
Diabetes mellitus (vs. none) 0.89 (0.60–1.33) 0.57
Hypertension (vs. none) 0.56 (0.18–1.75) 0.32
Coronary artery disease (vs. none) 1.16 (0.74–1.88) 0.55 1.60 (0.97–2.65) 0.07
Atrial fibrillation (vs. none) 0.74 (0.38–1.46) 0.39
Liver cirrhosis (vs. none) 1.44 (0.94–2.20) 0.10
Chronic kidney disease (vs. none) 0.84 (0.59–1.22) 0.36
Active malignancy (vs. none) 1.23 (0.88–1.71) 0.23
BUN (per 1 mg/dL) 1.00 (1.00–1.01) 0.047 1.00 (1.00–1.01) 0.10
Creatinine (per 1 mg/dL) 0.91 (0.85–0.98) 0.01 0.86 (0.79–0.94) <0.001
Sodium (per 1 mmol/L) 0.99 (0.98–1.02) 0.99 1.06 (1.03–1.10) <0.001
Potassium (per 1 mmol/L) 0.88 (0.75–1.04) 0.13
Chloride (per 1 mmol/L) 0.98 (0.96–1.00) 0.03 0.94 (0.91–0.97) <0.001
Bicarbonate (per 1 mmol/L) 0.98 (0.95–1.01) 0.22 0.94 (0.91–0.97) <0.001
Total bilirubin (per 1 mg/dL) 1.03 (1.02–1.05) <0.001 1.03 (1.01–1.05) <0.001
Albumin (per 1 g/dL) 0.85 (0.66–1.08) 0.17
CRP (per 1 mg/dL) 1.01 (1.00–1.03) 0.16
IDH, (vs. none) 1.70 (1.22–2.36) 0.002 1.43 (1.02–2.02) 0.04

BUN, blood urea nitrogen; CI, confidence interval; CRP, C-reactive protein; DBP, diastolic blood pressure; HR, hazard ratio; IDH, intradialytic hypotension; 
SBP, systolic blood pressure.
aAdjusted for all variables with backward stepwise selection.
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Table 4. Variables related to the risk of intradialytic hypotension
Variable Unadjusted OR (95% CI) p-value Adjusted ORa (95% CI) p-value
Age (per 10 yr) 1.23 (1.12–1.35) <0.001 1.26 (1.15–1.37) <0.001
Male (vs. female) 0.83 (0.62–1.12) 0.23 0.81 (0.62–1.06) 0.13
Body weight (per 1 kg) 0.99 (0.98–1.00) 0.17
Initial SBP (per 10 mmHg) 1.11 (1.05–1.17) <0.001 1.10 (1.04–1.16) <0.001
Pulse rate (per 10 beats/min) 1.25 (1.16–1.35) <0.001 1.26 (1.17–1.35) <0.001
UF volume (per 1 L) 1.09 (0.93–1.29) 0.27
UF volume per weight (mL/hr/kg) 1.01 (1.00–1.02) 0.09
Diagnosis of sepsis (vs. none) 1.27 (0.92–1.76) 0.15
Use of vasopressor (vs. none) 1.15 (0.87–1.52) 0.32
Diabetes mellitus (vs. none) 1.24 (0.88–1.75) 0.22
Hypertension (vs. none) 1.64 (0.80–3.35) 0.17
Coronary artery disease (vs. none) 1.04 (0.67–1.63) 0.85
Liver cirrhosis (vs. none) 1.62 (1.07–2.47) 0.02 1.81 (1.24–2.65) 0.002
Active malignancy (vs. none) 1.39 (1.05–1.84) 0.02 1.34 (1.02–1.77) 0.03
Total bilirubin (per 1 mg/dL) 1.01 (1.00–1.03) 0.14
Albumin (per 1 g/dL) 0.61 (0.49–0.76) <0.001 0.60 (0.49–0.74) <0.001
C-reactive protein (per 1 mg/dL) 0.99 (0.98–1.01) 0.57

BUN, blood urea nitrogen; CI, confidence interval; CRP, C-reactive protein; OR, odds ratio; SBP, systolic blood pressure; UF, ultrafiltration.
aAdjusted for all variables with backward stepwise selection.

al during hemodialysis precipitates IDH occurrence due to 

a swift decline in serum osmolality, consequently reducing 

extracellular fluid [31]. However, there is a gap in under-

standing regarding patients with AKI requiring intermittent 

hemodialysis. In critically ill patients, as mentioned above, 

compensatory mechanisms such as increasing sympathet-

ic tone and cardiac output can be compromised, thereby 

contributing to IDH. Hemodialysis itself can also induce 

IDH through mechanisms unrelated to fluid removal, such 

as electrolyte imbalances such as hypokalemia or hypo-

phosphatemia. These imbalances, which are commonly 

seen as complications of CKRT, can lead to diminished 

myocardial performance and arrhythmia [32–34]. In a mul-

tivariate analysis of this cohort, predialytic hemodynamic 

status and underlying liver cirrhosis, as well as hypoalbu-

minemia, were identified as independent risk factors for 

subsequent IDH. In maintenance hemodialysis, both low 

and high predialytic SBPs are considered as risk factors of 

IDH, which are dependent on the definition of IDH. Low 

SBP may contribute to the risk of IDH with nadir SBP of <90 

mmHg, while high SBP seems to be associated with the risk 

of IDH with ΔSBP of >20 mmHg. According to the complex 

association between predialytic SBP and the risk of IDH, 

recent studies suggest variability in BP and DBP itself as 

an alternative risk factor of IDH [35,36]. Regarding the AKI 

condition, research on the risk factor of IDH does not exist. 

The present study did not show ultrafiltration volume as 

a risk factor, in conflict with previous studies [37]. Future 

work should validate these findings, particularly in the AKI 

condition requiring intermittent hemodialysis. 

Although the study provides insightful information, it 

presents certain limitations. Due to its retrospective de-

sign, there may be unaccounted bias and confounders 

that could have influenced the results. The study did not 

consider the potential impact of continuous fluctuations 

in specific biochemical parameters, nor did it account for 

practice-related alterations, both of which could be cor-

related with the outcomes. Data on cardiac function such 

as echocardiography and brain natriuretic peptide, were 

not available, which would be fruitful to understand the 

causality between observations. Recovery of kidney func-

tion or the transition to acute kidney disease has recently 

been considered important for outcome [38], but the pres-

ent study did not depict these factors. Future evaluation of 

the transition from such a setting to acute kidney disease 

or ESKD is needed. This study did not categorize nonseptic 

patients into their specific causes and could not determine 

the cause of death. 
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The present study shows that IDH occurring during the 

initial session in patients undergoing intermittent hemo-

dialysis due to AKI independently contributed to the risk 

of mortality and subsequent transfer to the ICU. Certain 

laboratory hemodynamic factors and comorbidities were 

found to be associated with the occurrence of IDH. These 

findings lay the groundwork for future studies aimed at 

elucidating the clinical implications of IDH and developing 

strategies to prevent its occurrence during the initiation of 

intermittent hemodialysis in patients with AKI. 

Conflicts of interest 

All authors have no conflicts of interest to declare. 

Data sharing statement 

The datasets generated during and/or analyzed during the 

current study are available from the corresponding author 

upon reasonable request. 

Authors’ contributions 

Conceptualization: SGK SSH 

Formal analysis: YWP, DY, SGK, SSH 

Investigation: DY, YY, SP, YCK, DKK, KHO, KWJ, YSK, SSH 

Methodology: SHK, SGK, SSH

Writing–original draft: YWP, DY 

Writing–review & editing: SGK, SSH 

All authors read and approved the final manuscript. 

ORCID 

Yeong-Won Park, https://orcid.org/0009-0003-4422-8226 

Donghwan Yun, https://orcid.org/0000-0001-6566-5183  

Yeojin Yu, https://orcid.org/0009-0004-2988-0440 

Sang Hyun Kim, https://orcid.org/0009-0003-4495-6792 

Sehoon Park, https://orcid.org/0000-0002-4221-2453 

Yong Chul Kim, https://orcid.org/0000-0003-3215-8681 

Dong Ki Kim, https://orcid.org/0000-0002-5195-7852 

Kook-Hwan Oh, https://orcid.org/0000-0001-9525-2179 

Kwon Wook Joo, https://orcid.org/0000-0001-9941-7858 

Yon Su Kim, https://orcid.org/0000-0003-3091-2388 

Seong Geun Kim, https://orcid.org/0000-0002-8831-9838 

Seung Seok Han, https://orcid.org/0000-0003-0137-5261 

References 

1.	Uchino S, Kellum JA, Bellomo R, et al. Acute renal failure in 

critically ill patients: a multinational, multicenter study. JAMA 

2005;294:813–818. 

2.	Iwagami M, Yasunaga H, Noiri E, et al. Current state of continu-

ous renal replacement therapy for acute kidney injury in Japa-

nese intensive care units in 2011: analysis of a national adminis-

trative database. Nephrol Dial Transplant 2015;30:988–995. 

3.	Kao CC, Yang JY, Chen L, et al. Factors associated with poor 

outcomes of continuous renal replacement therapy. PLoS One 

2017;12:e0177759. 

4.	Lo LJ, Go AS, Chertow GM, et al. Dialysis-requiring acute renal 

failure increases the risk of progressive chronic kidney disease. 

Kidney Int 2009;76:893–899. 

5.	Duran PA, Concepcion LA. Survival after acute kidney injury 

requiring dialysis: long-term follow up. Hemodial Int 2014;18 

Suppl 1:S1–S6. 

6.	Chawla LS, Amdur RL, Shaw AD, Faselis C, Palant CE, Kimmel 

PL. Association between AKI and long-term renal and cardio-

vascular outcomes in United States veterans. Clin J Am Soc 

Nephrol 2014;9:448–456. 

7.	Wu VC, Wu CH, Huang TM, et al. Long-term risk of coronary 

events after AKI. J Am Soc Nephrol 2014;25:595–605. 

8.	Son HE, Moon JJ, Park JM, et al. Additive harmful effects of acute 

kidney injury and acute heart failure on mortality in hospital-

ized patients. Kidney Res Clin Pract 2022;41:188–199. 

9.	Truche AS, Darmon M, Bailly S, et al. Continuous renal replace-

ment therapy versus intermittent hemodialysis in intensive care 

patients: impact on mortality and renal recovery. Intensive Care 

Med 2016;42:1408–1417. 

10.	 Augustine JJ, Sandy D, Seifert TH, Paganini EP. A randomized 

controlled trial comparing intermittent with continuous dialysis 

in patients with ARF. Am J Kidney Dis 2004;44:1000–1007. 

11.	 Uehlinger DE, Jakob SM, Ferrari P, et al. Comparison of contin-

uous and intermittent renal replacement therapy for acute renal 

failure. Nephrol Dial Transplant 2005;20:1630–1637. 

12.	 Bagshaw SM, Berthiaume LR, Delaney A, Bellomo R. Continu-

ous versus intermittent renal replacement therapy for critically 

ill patients with acute kidney injury: a meta-analysis. Crit Care 

Med 2008;36:610–617. 

13.	 Mehta RL, McDonald B, Gabbai FB, et al. A randomized clinical 

trial of continuous versus intermittent dialysis for acute renal 

failure. Kidney Int 2001;60:1154–1163. 

14.	 Srisawat N, Lawsin L, Uchino S, Bellomo R, Kellum JA; BEST 

https://orcid.org/0009-0003-4422-8226
https://orcid.org/0000-0001-6566-5183
https://doi.org/10.1001/jama.294.7.813
https://doi.org/10.1001/jama.294.7.813
https://doi.org/10.1093/ndt/gfv069
https://doi.org/10.1093/ndt/gfv069
https://doi.org/10.1093/ndt/gfv069
https://doi.org/10.1093/ndt/gfv069
https://doi.org/10.1371/journal.pone.0177759
https://doi.org/10.1371/journal.pone.0177759
https://doi.org/10.1038/ki.2009.289
https://doi.org/10.1038/ki.2009.289
https://doi.org/10.1038/ki.2009.289
https://doi.org/10.1111/hdi.12216
https://doi.org/10.1111/hdi.12216
https://doi.org/10.2215/cjn.02440213
https://doi.org/10.2215/cjn.02440213
https://doi.org/10.2215/cjn.02440213
https://doi.org/10.2215/cjn.02440213
https://doi.org/10.1681/asn.2013060610
https://doi.org/10.1681/asn.2013060610
https://doi.org/10.23876/j.krcp.21.111
https://doi.org/10.23876/j.krcp.21.111
https://doi.org/10.23876/j.krcp.21.111
https://doi.org/10.1007/s00134-016-4404-6
https://doi.org/10.1007/s00134-016-4404-6
https://doi.org/10.1007/s00134-016-4404-6
https://doi.org/10.1007/s00134-016-4404-6
https://doi.org/10.1053/j.ajkd.2004.08.022
https://doi.org/10.1053/j.ajkd.2004.08.022
https://doi.org/10.1053/j.ajkd.2004.08.022
https://doi.org/10.1093/ndt/gfh880
https://doi.org/10.1093/ndt/gfh880
https://doi.org/10.1093/ndt/gfh880
https://doi.org/10.1097/01.ccm.0b013e3181611f552
https://doi.org/10.1097/01.ccm.0b013e3181611f552
https://doi.org/10.1097/01.ccm.0b013e3181611f552
https://doi.org/10.1097/01.ccm.0b013e3181611f552
https://doi.org/10.1046/j.1523-1755.2001.0600031154.x
https://doi.org/10.1046/j.1523-1755.2001.0600031154.x
https://doi.org/10.1046/j.1523-1755.2001.0600031154.x
https://doi.org/10.1186/cc8933


Park, et al. Intradialytic hypotension in AKI

85www.krcp-ksn.org

Kidney Investigators. Cost of acute renal replacement therapy in 

the intensive care unit: results from the Beginning and Ending 

Supportive Therapy for the Kidney (BEST Kidney) study. Crit 

Care 2010;14:R46. 

15.	 Burton JO, Jefferies HJ, Selby NM, McIntyre CW. Hemodialy-

sis-induced cardiac injury: determinants and associated out-

comes. Clin J Am Soc Nephrol 2009;4:914–920. 

16.	 Chawla LS, Bellomo R, Bihorac A, et al. Acute kidney disease 

and renal recovery: consensus report of the Acute Disease 

Quality Initiative (ADQI) 16 Workgroup. Nat Rev Nephrol 

2017;13:241–257. 

17.	 Nash DM, Przech S, Wald R, O’Reilly D. Systematic review and 

meta-analysis of renal replacement therapy modalities for acute 

kidney injury in the intensive care unit. J Crit Care 2017;41:138–

144. 

18.	 Shoji T, Tsubakihara Y, Fujii M, Imai E. Hemodialysis-associated 

hypotension as an independent risk factor for two-year mortali-

ty in hemodialysis patients. Kidney Int 2004;66:1212–1220. 

19.	 Tislér A, Akócsi K, Borbás B, et al. The effect of frequent or 

occasional dialysis-associated hypotension on survival of pa-

tients on maintenance haemodialysis. Nephrol Dial Transplant 

2003;18:2601–2605. 

20.	 Flythe JE, Xue H, Lynch KE, Curhan GC, Brunelli SM. Associ-

ation of mortality risk with various definitions of intradialytic 

hypotension. J Am Soc Nephrol 2015;26:724–734. 

21.	 Silversides JA, Pinto R, Kuint R, et al. Fluid balance, intradia-

lytic hypotension, and outcomes in critically ill patients un-

dergoing renal replacement therapy: a cohort study. Crit Care 

2014;18:624. 

22.	 Beaubien-Souligny W, Yang Y, Burns KEA, et al. Intra-dialyt-

ic hypotension following the transition from continuous to 

intermittent renal replacement therapy. Ann Intensive Care 

2021;11:96.  

23.	 Bouchard J, Soroko SB, Chertow GM, et al. Fluid accumulation, 

survival and recovery of kidney function in critically ill patients 

with acute kidney injury. Kidney Int 2009;76:422–427. 

24.	 Douvris A, Zeid K, Hiremath S, et al. Mechanisms for hemody-

namic instability related to renal replacement therapy: a narra-

tive review. Intensive Care Med 2019;45:1333–1346.  

25.	 Dubin R, Owens C, Gasper W, Ganz P, Johansen K. Associations 

of endothelial dysfunction and arterial stiffness with intradialytic 

hypotension and hypertension. Hemodial Int 2011;15:350–358. 

26.	 Abdel-Rahman EM, Casimir E, Lyons GR, Ma JZ, Gautam JK. 

Association of intradialytic hypotension and ultrafiltration with 

AKI-D outcomes in the outpatient dialysis setting. J Clin Med 

2022;11:3147. 

27.	 Shawwa K, Kompotiatis P, Jentzer JC, et al. Hypotension within 

one-hour from starting CRRT is associated with in-hospital 

mortality. J Crit Care 2019;54:7–13. 

28.	 Fathima N, Kashif T, Janapala RN, Jayaraj JS, Qaseem A. Sin-

gle-best choice between intermittent versus continuous renal 

replacement therapy: a review. Cureus 2019;11:e5558. 

29.	 Okoye OC, Slater HE, Rajora N. Prevalence and risk factors of 

intra-dialytic hypotension: a 5 year retrospective report from a 

single Nigerian Centre. Pan Afr Med J 2017;28:62. 

30.	 Gul A, Miskulin D, Harford A, Zager P. Intradialytic hypotension. 

Curr Opin Nephrol Hypertens 2016;25:545–550. 

31.	 Mc Causland FR, Waikar SS. Association of predialysis calculat-

ed plasma osmolarity with intradialytic blood pressure decline. 

Am J Kidney Dis 2015;66:499–506. 

32.	 VA/NIH Acute Renal Failure Trial Network. Intensity of renal 

support in critically ill patients with acute kidney injury. N Engl J 

Med 2008;359:7–20. 

33.	 Sharma S, Waikar SS. Phosphate balance in continuous venove-

nous hemofiltration. Am J Kidney Dis 2013;61:1043–1045. 

34.	 Thongprayoon C, Cheungpasitporn W, Radhakrishnan Y, et al. 

Association of serum potassium derangements with mortality 

among patients requiring continuous renal replacement thera-

py. Ther Apher Dial 2022;26:1098–1105. 

35.	 Hara T, Kasahara Y, Nakagawa T. Pre-dialysis diastolic blood 

pressure and intradialytic hypotension in patients undergoing 

maintenance haemodialysis. J Nephrol 2022;35:1419–1426. 

36.	 Yang J, Huang J, Yu B, et al. Long-term predialysis blood pressure 

variability and outcomes in hemodialysis patients. J Clin Hyper-

tens (Greenwich) 2022;24:148–155. 

37.	 Kuipers J, Oosterhuis JK, Krijnen WP, et al. Prevalence of intra-

dialytic hypotension, clinical symptoms and nursing interven-

tions: a three-months, prospective study of 3818 haemodialysis 

sessions. BMC Nephrol 2016;17:21. 

38.	 Wang H, Lambourg E, Guthrie B, Morales DR, Donnan PT, Bell S. 

Patient outcomes following AKI and AKD: a population-based 

cohort study. BMC Med 2022;20:229.  

https://doi.org/10.1186/cc8933
https://doi.org/10.1186/cc8933
https://doi.org/10.1186/cc8933
https://doi.org/10.2215/CJN.03900808
https://doi.org/10.2215/CJN.03900808
https://doi.org/10.2215/CJN.03900808
https://doi.org/10.1038/nrneph.2017.2
https://doi.org/10.1038/nrneph.2017.2
https://doi.org/10.1038/nrneph.2017.2
https://doi.org/10.1016/j.jcrc.2017.05.002
https://doi.org/10.1016/j.jcrc.2017.05.002
https://doi.org/10.1016/j.jcrc.2017.05.002
https://doi.org/10.1111/j.1523-1755.2004.00812.x
https://doi.org/10.1111/j.1523-1755.2004.00812.x
https://doi.org/10.1111/j.1523-1755.2004.00812.x
https://doi.org/10.1093/ndt/gfg450
https://doi.org/10.1093/ndt/gfg450
https://doi.org/10.1093/ndt/gfg450
https://doi.org/10.1681/asn.2014020222
https://doi.org/10.1681/asn.2014020222
https://doi.org/10.1186/s13054-014-0624-8
https://doi.org/10.1186/s13054-014-0624-8
https://doi.org/10.1186/s13054-014-0624-8
https://doi.org/10.1186/s13613-021-00885-7
https://doi.org/10.1186/s13613-021-00885-7
https://doi.org/10.1186/s13613-021-00885-7
https://doi.org/10.1038/ki.2009.159
https://doi.org/10.1038/ki.2009.159
https://doi.org/10.1038/ki.2009.159
https://doi.org/10.1007/s00134-019-05707-w
https://doi.org/10.1007/s00134-019-05707-w
https://doi.org/10.1007/s00134-019-05707-w
https://doi.org/10.1111/j.1542-4758.2011.00560.x
https://doi.org/10.1111/j.1542-4758.2011.00560.x
https://doi.org/10.1111/j.1542-4758.2011.00560.x
https://doi.org/10.3390/jcm11113147
https://doi.org/10.3390/jcm11113147
https://doi.org/10.1016/j.jcrc.2019.07.004
https://doi.org/10.1016/j.jcrc.2019.07.004
https://doi.org/10.1016/j.jcrc.2019.07.004
https://doi.org/10.7759/cureus.5558
https://doi.org/10.7759/cureus.5558
https://doi.org/10.7759/cureus.5558
https://doi.org/10.11604/pamj.2017.28.62.13743
https://doi.org/10.11604/pamj.2017.28.62.13743
https://doi.org/10.11604/pamj.2017.28.62.13743
https://doi.org/10.1097/mnh.0000000000000271
https://doi.org/10.1097/mnh.0000000000000271
https://doi.org/10.1053/j.ajkd.2015.03.028
https://doi.org/10.1053/j.ajkd.2015.03.028
https://doi.org/10.1053/j.ajkd.2015.03.028
https://doi.org/10.1056/nejmoa0802639
https://doi.org/10.1056/nejmoa0802639
https://doi.org/10.1056/nejmoa0802639
https://doi.org/10.1053/j.ajkd.2012.12.026
https://doi.org/10.1053/j.ajkd.2012.12.026
https://doi.org/10.1111/1744-9987.13804
https://doi.org/10.1111/1744-9987.13804
https://doi.org/10.1111/1744-9987.13804
https://doi.org/10.1111/1744-9987.13804
https://doi.org/10.1007/s40620-022-01292-2
https://doi.org/10.1007/s40620-022-01292-2
https://doi.org/10.1007/s40620-022-01292-2
https://doi.org/10.1111/jch.14398
https://doi.org/10.1111/jch.14398
https://doi.org/10.1111/jch.14398
https://doi.org/10.1186/s12882-016-0231-9
https://doi.org/10.1186/s12882-016-0231-9
https://doi.org/10.1186/s12882-016-0231-9
https://doi.org/10.1186/s12882-016-0231-9
https://doi.org/10.1186/s12916-022-02428-8
https://doi.org/10.1186/s12916-022-02428-8
https://doi.org/10.1186/s12916-022-02428-8

	Introduction  
	Methods
	Patient and data collection  
	Outcomes
	Statistical analysis  

	Results
	Patient characteristics  
	Relationship between intradialytic hypotension and mortality  
	Relationship between intradialytic hypotension and intensive care unit transfer  
	Factors related to intradialytic hypotension   

	Discussion
	Conflicts of interest  
	Data sharing statement  
	Authors’ contributions  
	ORCID
	References

