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Introduction 

Acute kidney injury (AKI) is a common condition among 

patients in the intensive care unit (ICU). It is associated 

with longer hospital stays, and a two-to three-fold in-

creased risk of death [1–3]. The prevalence of AKI among 
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patients in the ICU varies widely, ranging from 10% to 

70% [1,4–8]. This variation has been attributed to incon-

sistencies in the definition of AKI. However, even after the 

adoption of a unified definition by the Kidney Disease: Im-

proving Global Outcomes (KDIGO) group in 2012 [9], the 

prevalence of AKI remains variable across studies. Critical-
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ly ill patients can be broadly categorized into medical and 

surgical groups, with distinct patient characteristics, co-

morbidities, and reasons for ICU admission. Consequently, 

the frequency and impact of AKI are also expected to differ 

between these groups. 

Epidemiologic studies on AKI were conducted without 

distinguishing between medical and surgical patients. Lim-

ited studies have compared the prevalence or impact of 

AKI on patient mortality between medical and surgical ICU 

patients [10,11]. Previous research has shown that medical 

ICU patients have a higher incidence of AKI and comor-

bid conditions, such as sepsis and cardiovascular disease 

[1,10,11]. Among surgical patients, AKI was commonly 

complicated after cardiovascular or trauma surgery [12], 

and AKI patients have been shown to have a higher mortal-

ity rate than non-AKI patients. 

With the differences in baseline characteristics and eti-

ologies of AKI between medical and surgical patients, we 

hypothesized that the courses of AKI, clinical outcomes, 

and the influence of AKI may differ between both groups. If 

it does, differentiation and well characterization of medical 

and surgical AKI patients will help us to find the reasons 

for AKI, predict clinical courses, and plan the management 

of AKI at the time of diagnosis. It may also help us to plan 

personalized prevention of AKI in critically ill patients de-

pending on the department. 

However, there is a lack of studies directly comparing the 

characteristics of AKI in medical and surgical patients. This 

study aims to address this gap by analyzing data from the 

ICU-AKI cohort of two hospitals in South Korea from 2011 

to 2020. 

Methods 

Design and setting 

This is a multicenter, retrospective cohort study based on 

the electronic medical record (EMR)-extracted ICU cohorts 

in two tertiary care hospitals in South Korea: the Pusan 

National University Hospital (PNUH) and Pusan National 

University Yangsan Hospital (PNUYH).

Data of patients admitted to ICUs (medical, pulmonary, 

surgical, trauma, neurosurgery, and emergency) in PNUH 

and PNUYH, between January 2011 to December 2020, 

were reviewed. Patients were excluded if they had end-

stage kidney disease (ESKD) on maintenance dialysis, 

lacked prior information on baseline kidney function, 

and were younger than 18 years old. Patients were divided 

into medical and surgical groups, based on the attending 

physician’s department at ICU admission. Information on 

comorbidities, laboratory findings at ICU admission, and 

survival status was retrieved from the EMR. Details about 

cohort construction are described in our previous reports 

[12]. 

The study protocol was approved by the Institutional 

Review Board of Pusan National University (No. 2306-028-

128), which waived the requirement for informed consent. 

Data collection and definition 

AKI was retrospectively defined based on the modified 

KDIGO serum creatinine (SCr) criteria (changes in SCr by 

≥0.3 mg/dL [≥26.5 μmol/L] within 48 hours; or changes 

in SCr to ≥1.5 times the baseline, which is known or pre-

sumed to have occurred within the prior 7 days) [9]. AKI 

was categorized according to the AKI developing time, 

baseline kidney function status, and severity. We defined 

community-acquired AKI (CAAKI) as AKI diagnosed with-

in 48 hours of hospital admission, and hospital-acquired 

AKI (HAAKI) as those that developed after 48 hours. AKI 

on chronic kidney disease (CKD) was defined as AKI diag-

nosed in previously diagnosed CKD patients. AKI severity 

was assessed based on the fold changes in peak SCr level,  

during the patient’s ICU stay, using the KDIGO AKI stag-

ing criteria [9]. Information on the causes of AKI was ob-

tained by retrospective chart review. AKI causes were cat-

egorized as sepsis, volume-related, drug-related, cardiac 

dysfunction, hepatorenal syndrome, and obstruction of the 

urinary tract [4,13]. While many patients had overlapping 

causes of AKI, we adopted and described the single most 

predominant cause as the cause of AKI. Details of the cri-

teria of each etiology were summarized in Supplementary 

Table 1 (available online) [14–16]. 

Outcomes 

The primary outcome was the incidence of AKI. The sec-

ondary outcome was in-hospital mortality. 
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Statistical analysis 

Data normality was assessed using the Kolmogorov-Smirn-

ov test. Continuous variables are expressed as medians 

with interquartile ranges (IQR) or means ± standard devia-

tions, as appropriate. Differences between the two groups 

were compared using the Student t test. Categorical vari-

ables are expressed as percentages, and proportions were 

compared using the chi-square test. 

The effects of AKI on in-hospital mortality were analyzed 

using univariable and multivariable Cox proportional haz-

ards models. The full model was adjusted for age, diabetes 

mellitus (DM), hypertension, CKD status, chronic ob-

structive pulmonary disease (COPD) and asthma, cancer, 

Sequential Organ Failure Assessment (SOFA) score, sepsis, 

AKI stage, and serum level of albumin. All the covariates 

included in the analyses are known factors associated 

with AKI, some of them were included in the final model. 

In the final model, covariates were selected by backward 

selection based on the Wald test, with a threshold of 0.2 for 

all predictors. The Cox proportional hazards model was 

plotted to compare the effect of AKI on mortality between 

medical and surgical patients who had AKI and those who 

did not, respectively. All analyses were restricted to the 

subjects with complete data on the variables involved in 

each analysis. 

All statistical tests were two-sided, and p-values less than 

0.05 were considered significant. Data analysis and plotting 

were performed using IBM SPSS software (ver. 29.0; IBM 

Corp.). 

Results 

Baseline characteristics 

Between January 2011 and December 2020, 48,834 patients 

were admitted to the ICU. After excluding 100 patients 

(0.2%) with ESKD, 40,720 patients (97.6%) without infor-

mation on their baseline kidney function status, and 861 

patients (2.0%) younger than 18 years old, a total of 7,150 

ICU patients were included in this study (Fig. 1). The mean 

age was 63.9 ± 13.4 years, and 4,289 (60.0%) were male. 

Among them, 3,625 (50.7%) were medical patients, and 

3,525 (49.3%) were surgical patients. DM, hypertension, 

CKD, ischemic heart disease (IHD), lung disease, liver 

disease, and stroke were more prevalent among medical 

patients, while cancer was more common in surgical pa-

tients. At ICU admission, the mean SOFA score was 5.8 ± 

3.8, which was significantly higher in medical patients (6.6 

± 3.9), who also had a higher prevalence of sepsis (43.8%) 

(Table 1). 

Differences in acute kidney injury epidemiology among 
medical and surgical intensive care unit patients 

AKI was observed in 2,459 patients (34.4%), and it was 

more prevalent in medical (1,765 out of 3,625, 48.7%) than 

in surgical patients (694 of 3,525, 19.7%) (Fig. 2). Table 2 

summarizes the differences in AKI characteristics between 

medical and surgical ICU patients. Stage 1 AKI was more 

common in surgical patients, whereas severe (stage ≥ 2) 

(68.4% vs. 48.7%, p < 0.001) or dialysis-requiring AKI (25.0% 

vs. 12.2%, p < 0.001) was more frequent in medical patients. 

Among patients with AKI, 1,073 (43.6%) had HAAKI, and 

1,386 (56.3%) had CAAKI. HAAKI was more prevalent in 

surgical patients than in medical patients (49.0% vs. 41.5%, 

p < 0.001), while CAAKI was more common in medical 

patients compared to surgical patients (58.5% vs. 51.0%, p 

< 0.001). AKI on CKD was observed in 784 patients (31.9%) 

and was more frequent in medical patients than in surgical 

Figure 1. Flowchart of the study population.
eGFR, estimated glomerular filtration rate; ESKD, end-stage kid-
ney disease; ICU, intensive care unit.

ICU patients
(n = 48,834)

Excluded (n = 41,684)
• Prior ESKD (n = 100)
• Patients without baseline eGFR (n = 40,720)
• Age <18 yr (n = 861)

Final cohort
(n = 7,150)

Medical patients
(n = 3,625)

Surgical patients
(n = 3,525)
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Table 1. Baseline characteristics
Characteristic Total Medical group Surgical group p-value
No. of patients 7,150 (100) 3,625 (50.7) 3,525 (49.3)
Age (yr) 63.88 ± 13.38 63.93 ± 13.91 63.83 ± 12.82 0.32
Male sex 4,289 (60.0) 2,191 (60.4) 2,098 (59.5) 0.43
Comorbidities
 Diabetes mellitus 3,265 (45.7) 1,908 (52.6) 1,360 (38.6) <0.001
 Hypertension 4,791 (67.0) 2,730 (75.3) 2,062 (58.5) <0.001
 Chronic kidney disease 1,464 (20.5) 1,004 (27.7) 461 (13.1) <0.001
 Ischemic heart disease 1,098 (15.4) 637 (17.6) 462 (13.1) <0.001
 Lung disease 349 (4.9) 235 (6.5) 115 (3.3) <0.001
 Liver disease 696 (9.7) 381 (10.5) 314 (8.9) 0.02
 Stroke 729 (10.2) 396 (10.9) 333 (9.4) 0.04
 Malignancy 3,088 (43.2) 1,375 (37.9) 1,715 (48.7) <0.001
Severity of disease at ICU admission
 SOFA score 5.77 ± 3.75 6.61 ± 3.93 4.91 ± 3.34 <0.001
 Sepsis 2,440 (34.1) 1,586 (43.8) 856 (24.3) <0.001
Incidence of AKI 2,461 (34.4) 1,765 (48.7) 694 (19.7) <0.001

Data are expressed as number (%) or mean ± standard deviation.
AKI, acute kidney injury; ICU, intensive care unit; SOFA, Sequential Organ Failure Assessment.

patients (36.1% vs. 21.2%, p < 0.001). 

The causes of AKI were reviewed only in patients treated 

at PNUH (1,673 of 2,461, 67.9%). Among these patients, 

sepsis (44.8%) was the most common cause of AKI, fol-

lowed by volume-related AKI (34.5%), cardiac dysfunction 

Figure 2. Incidence of AKI in medical and surgical ICU patients.
AKI, acute kidney injury; ICU, intensive care unit.
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(9.8%), and nephrotoxin-induced AKI (3.9%). In medical 

patients, sepsis (616 out of 1,252, 49.2%) was the leading 

cause of AKI, followed by volume-related AKI (349 out of 

1,252, 27.9%), while in surgical patients, volume-related 

AKI (228 out of 421, 54.2%) was most common. Drug-re-

lated AKI was more prevalent in medical patients (63 out 

of 1,252, 5.0%), whereas AKI related to cardiac dysfunc-

tion was more frequent in surgical patients (49 out of 421, 

11.6%) (Table 3). 

Differences in patient outcomes by acute kidney injury 
status between medical and surgical intensive care unit 
patients 

The average length of stay (LOS) at the hospital was 16 

days (IQR, 9–30 days). Medical ICU patients had a longer 

LOS of 18 days, while surgical ICU patients had a LOS of 15 

days. Both medical and surgical patients with AKI stayed 

longer in the hospital than those without, even after being 

transferred from the ICU (Supplementary Table 2, available 

online). 

Out of the total patient population, 819 (11.5%) died in 

the hospital. The in-hospital mortality rate was higher in 

medical patients (612 out of 3,620, 16.9%) compared to sur-
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gical patients (207 in 3,525, 5.9%; p < 0.001). In medical pa-

tients with and without AKI, in-hospital mortality rate was 

21.6% and 12.6% and in surgical patients, it was 18.9% and 

2.7%, respectively (Fig. 3A; Supplementary Table 2, avail-

able online). The influence of AKI on mortality differed be-

tween medical and surgical patients. In medical patients, 

the risk of in-hospital mortality was 1.239 (95% confidence 

interval [CI], 1.051–1.461; p = 0.01) fold higher in AKI pa-

tients compared to no AKI, whereas it was 4.778 (95% CI, 

3.577–6.382; p < 0.001) in surgical patients (Fig. 3B). 

The proportion of comorbidities and mortality rate in-

creased with increasing AKI severity in both medical and 

surgical patient groups (Supplementary Fig. 1, available 

online). 

In the multivariable Cox proportional hazard model, 

using surgical patients without AKI as the reference group, 

medical patients without AKI had a 2.5-fold higher risk of 

mortality, surgical patients with AKI had a 2.7-fold higher 

risk, and medical patients with AKI had a 2.9-fold higher 

risk (Table 4). Other factors associated with in-hospital 

mortality included old age, DM, hypertension, COPD, 

malignancy, sepsis, and low serum albumin levels at ICU 

admission (Table 4). Higher SOFA score and higher AKI 

stage were AKI-specific risk factors for in-hospital mortality 

in patients with AKI admitted to the ICU (Supplementary 

Table 3, available online). Patients with CKD showed better 

survival, regardless of AKI, during ICU stay (Table 4; Sup-

plementary Table 3, available online). 

Discussion 

While previous epidemiologic studies have established the 

association between AKI and high nosocomial mortality 

[17–21] and substantial healthcare costs, particularly in di-

alysis-requiring cases [22–24], studies on the epidemiology 

of AKI in ICU patients in South Korea remain limited. Even 

less is known about the differences in characteristics be-

tween heterogeneous patient groups. 

Table 2. Differences in AKI characteristics between medical and surgical ICU patients
Characteristic Total Medical group Surgical group p-value
No. of patients 2,459 (34.4) 1,765 (48.7) 694 (19.7)
AKI stage at peak
 AKI stage 1 915 (37.2) 558 (31.6) 356 (51.3) <0.001
 AKI stage 2 481 (19.5) 341 (19.3) 140 (20.2) 0.63
 AKI stage 3 538 (21.8) 425 (24.1) 113 (16.3) <0.001
 AKI stage 3D 527 (21.0) 441 (25.0) 85 (12.2) <0.001
AKI developing time
 Hospital-acquired 1,073 (43.6) 733 (41.5) 340 (49.0) <0.001
 Community-acquired 1,386 (56.3) 1,032 (58.5) 354 (51.0) <0.001
AKI on CKD 784 (31.9) 637 (36.1) 147 (21.2) <0.001

Data are expressed as number (%).
AKI, acute kidney injury; CKD, chronic kidney disease; ICU, intensive care unit.

Table 3. Cause of AKI (Pusan National University Hospital)
Cause of AKI Total (n = 1,673) Medical group (n = 1,252) Surgical group (n = 421) p-value
Sepsis 749 (44.8) 616 (49.2) 133 (31.6) <0.001
Volume overload/depletion 577 (34.5) 349 (27.9) 228 (54.2) <0.001
Cardiac dysfunction 164 (9.8) 115 (9.2) 49 (11.6) <0.001
Drug-related 65 (3.9) 63 (5.0) 2 (0.5) <0.001
Hepatorenal syndrome 44 (2.6) 38 (3.0) 6 (1.4) <0.001
Obstruction of urinary tract 10 (0.6) 7 (0.6) 3 (0.7) 0.22
Others 19 (1.1) 19 (1.5) 0 (0) <0.001

Data are expressed as number (%).
AKI, acute kidney injury.
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Figure 3. In-hospital mortality. (A) It shows differences in in-hospital mortality rates between medical and surgical patients by the 
presence of acute kidney injury (AKI). (B) Cox proportional hazards model of patients by department and presence of AKI.

Table 4. Multivariate Cox regression analysis for in-hospital mortality

Factor
Unadjusted model Adjusted model

HR (95% CI) p-value HR (95% CI) p-value
Age 1.01 (1.01–1.02) <0.001 1.01 (1.01–1.02) <0.001
Diabetes mellitus 1.85 (1.61–2.14) <0.001 1.37 (1.18–1.59) <0.001
Hypertension 3.05 (2.47–3.76) <0.001 2.26 (1.81–2.82) <0.001
Chronic kidney disease 1.22 (1.04–1.43) 0.02 0.83 (0.70–0.99) 0.03
COPD, asthma 1.40 (1.33–2.17) <0.001 1.32 (1.03–1.70) <0.001
Malignancy 1.59 (1.39–1.83) <0.001 1.46 (1.26–1.68) <0.001
Sepsis 2.25 (1.96–2.59) <0.001 1.68 (1.45–1.94) <0.001
Albumin level 0.48 (0.42–0.55) <0.001 0.73 (0.64–0.84) <0.001
Total SOFA score 1.14 (1.12–1.16) <0.001 1.09 (1.07–1.11) <0.001
Acute kidney injury 
 No
  Surgical department Reference Reference
  Medical department 4.04 (3.11–5.24) <0.001 2.47 (1.89–3.23) <0.001
 Yes
  Surgical department 4.53 (3.41–6.02) <0.001 2.69 (2.06–3.51) <0.001
  Medical department 5.05 (3.94–6.48) <0.001 2.94 (2.20–3.94) <0.001

CI, confidence interval; COPD, chronic obstructive pulmonary disease; HR, hazard ratio; SOFA, Sequential Organ Failure Assessment.
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There were a few studies that categorized ICU patients 

into medical and surgical groups, but these were at the 

level of baseline characteristics. Patients were stratified by 

AKI status to analyze final outcomes such as incidence or 

mortality of AKI [10,11].  

We aimed to conduct simple and intuitive phenotype of 

medical and surgical AKI patients in ICU, including clini-

cally important factors such as reasons, courses, severity, 

and mortality outcomes. We created this ICU-AKI cohort 

using EMR-extracted data from 2011 to 2020, to allow this 

analysis. This study investigated how patient characteristics 

vary across departments, and whether and how these char-

acteristics influence the incidence of AKI. Furthermore, the 

mortality outcomes of patients, considering the presence 

of AKI and other risk factors including AKI severity, were 

also evaluated. 

Medical patients exhibited a higher prevalence of co-

morbidities, such as DM, hypertension, CKD, IHD, lung 

disease, and liver disease, along with a more severe ill-

ness at ICU admission. In contrast, surgical patients had a 

higher incidence of underlying malignancy. AKI was more 

prevalent in medical patients (48.1%) compared to surgical 

patients (19.7%). The severity of AKI was higher in medical 

patients, with sepsis being a major contributing factor. In 

surgical patients, volume status played a more significant 

role in the development of AKI. In-hospital mortality was 

substantially higher in AKI patients (20.8%) compared to 

non-AKI patients (6.5%). The mortality gap between sur-

gical patients with and without AKI was more pronounced 

(18.9% vs. 2.7%) compared to that observed in medical pa-

tients. The incidence of AKI in our cohort aligns with pre-

vious reports. Hoste et al. [4] reported an AKI incidence of 

56.7% among ICU-admitted patients, 18.4% in stage 1, 8.9% 

in stage 2, 30.0% in stage 3. Bagshaw et al. [25] reported an 

AKI incidence of 36.1% in ICU patients, while this study 

found an overall AKI incidence of 34.4% in ICU patients. 

The incidence and mortality of AKI in medical patients 

are higher than in surgical patients due to the high fre-

quency of comorbidities such as chronic hypertension, 

DM, or CKD which can lead to tissue hypoperfusion and 

inflammation. 

Hoste et al. [26] demonstrated that AKI contributes to a 

higher mortality rate in ICUs due to complications arising 

from AKI and renal replacement therapy, which can lead 

to the deterioration of other vital organs. Other studies 

have shown an increase in ICU mortality associated with 

increasing disease severity and the presence of AKI [27,28]. 

AKI systemically affects the body through inflammatory 

pathways, increasing the risk of infection and potentially 

causing sepsis or worsening preexisting sepsis [3,29]. In-

flammation, rather than an ischemic component, results 

in renal endothelial dysfunction, leading to microvascular 

disturbances [30,31]. Consistent with this pathogenesis, 

this study highlights that sepsis was the primary cause 

of AKI in both medical and surgical groups, contributing 

more significantly to mortality and the need for renal re-

placement therapy, as reported in several studies [32,33]. 

In surgical patients, volume overload/depletion was the 

main etiology of AKI (54.2%). Shock related to bleeding 

plays a major role, with some other mechanisms affect-

ing the development of AKI. Even if we did not categorize 

the anatomical type of surgery in this study, it has been 

suggested that direct injury to kidney and/or urinary tract 

leads to reduced kidney function. Furthermore, intra-ab-

dominal packing, which is usually used for bleeding con-

trol, may also deteriorate kidney function [34]. However, 

with the development of trauma centers, adequate volume 

management, and perioperative management such as pro-

phylactic treatment of complications such as rhabdomy-

olysis in high-risk patients might be a factor in lowering the 

incidence and mortality of AKI in surgical patients com-

pared to medical patients. 

The LOS in the hospital was longer, and the mortality 

rate was higher in patients with AKI compared to those 

without AKI. Some previous studies have reported a pos-

itive correlation between prolonged LOS and mortality 

[35,36], due to an increased risk of various AKI-associated 

complications. Among the AKI patients, in-hospital mor-

tality was higher in medical patients compared to surgical 

patients. Nevertheless, the contribution of AKI to mortality 

was greater in surgical patients. The prevalence of AKI had 

a greater impact on mortality (18.9% in the surgical AKI 

group vs. 2.7% in the surgical non-AKI group) in surgical 

patients than in medical patients. This can be explained by 

several factors. 

First, AKI-related fluid imbalance is a challenging is-

sue, especially if it coexists with perioperative fasting or 

a bleeding condition, which is inevitable with major sur-

gery [34]. Second, even though we did not differentiate 

between types of surgery in this present study, the higher 
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rate of underlying cancer in surgical patients implies that 

it is more difficult for them to recover from AKI. Third, AKI 

itself played a critical role in in-hospital mortality. Surgical 

patients had fewer comorbidities and a lower SOFA score 

compared to medical patients, and surgical patients with-

out AKI showed the best survival rate. Meanwhile, medical 

patients without AKI had a 2.5-fold higher risk of mortality, 

possibly associated with their comorbidities and higher 

disease burden. Once surgical patients developed AKI, 

their probability of mortality was higher than that of medi-

cal patients without AKI. We speculate that AKI has a more 

significant contribution to mortality than other comorbidi-

ties in critically ill patients. Therefore, preventing AKI is es-

sential even in surgical patients with fewer comorbidities. 

Consistent with previous studies [5,13,25,28,32,37], this 

multivariate analysis identified old age, multiple comor-

bidities, a higher SOFA score, and the presence of sepsis as 

risk factors for in-hospital mortality. Mortality is lower in 

patients with pre-diagnosed CKD (hazard ratio, 0.831 refer-

enced by surgical ICU patients without AKI). Oppert et al. 

[38] previously reported that patients with septic AKI and 

preexisting non-dialysis-dependent CKD had a lower mor-

tality rate than those without preexisting CKD. This finding 

led to the suggestion by Parmar et al. [37] that preexisting 

CKD might modify the response to stressful conditions, 

including sepsis. Additionally, we speculate that awareness 

of CKD by physicians might have influenced their limited 

prescription of nephrotoxic drugs (e.g., analgesics or antibi-

otics) and cautious regulation of fluids in CKD patients than 

in patients with previously normal kidney function, poten-

tially leading to lower rates of mortality. 

This study has several limitations. First, we did not identi-

fy overlapping causes of AKI since it was a retrospective re-

view of medical charts and blood, urine, and imaging stud-

ies before and after the AKI. Therefore, in cases of multiple 

causes, one etiology was selected as the most likely cause. 

Second, within the surgical department, we did not distin-

guish between patient characteristics that vary by type of 

surgery, such as trauma or cancer surgery. Third, although 

the SOFA score is a reliable and relatively accurate indicator 

for assessing organ dysfunction and predicting the progno-

sis of patients admitted to ICU, indicators such as simplified 

acute physiology score and multiple organ dysfunction 

score are more commonly used to assess the severity of ill-

ness and should be further quantified and analyzed. 

The incidence of AKI among critically ill patients was 

38%, with a higher prevalence in medical patients com-

pared to surgical patients. In medical patients, CAAKI was 

more common whereas in surgical patients, HAAKI was 

more frequent. This difference may be attributed to the 

higher prevalence of comorbidities or disease severity in 

medical patients and differences in reasons for AKI be-

tween medical and surgical patients. While the incidence 

and mortality of AKI itself were higher in medical patients, 

the impact on mortality was more pronounced in surgical 

patients. These findings emphasize the need for active 

monitoring of kidney function during hospital stays, re-

gardless of a patient’s baseline kidney status. Furthermore, 

prevention of AKI should be prioritized in both medical 

and surgical departments. 
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