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Introduction

As someone’s age increases, there is decreased 

bone-muscle mass and bone density, increased 

mineral loss, shortened stature, loss of flexibility and 

bending in the spine, and degeneration of the joints. 

As a result of these changes, fractures, kyphosis, 

back pain, tension in the joints, loss of flexibility, pain, 

balance disorder, osteoporosis, degenerative arthritis, 

and falls may be seen in the elderly population. The 

incidence of elderly people undergoing hip fracture 

operation is increasing with the aging of the world’s 

population (1,2). It is predicted that the number of 

patients undergoing hip surgery due to fractures may 

double by 2050, depending on the prolongation of the 

expected life expectancy and advances in medicine 

(1,2).

Acute kidney injury (AKI) is a clinical situation 

characterized by rapid deterioration in glomerular 

filtration and is also a common complication in 

critically ill elderly patients. The reported incidence of 

AKI in old patients was between 15.3–60% after hip 

fracture operation (2-6). The incidence of AKI is as 

high as 57.3% among patients admitted to an intensive 

care unit (ICU), and the need for renal replacement 

therapy occurs in approximately 10% of these patients 

(7,8). Approximately 13.3 million cases worldwide are 
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diagnosed with AKI every year, and the mortality rate 

of AKI is estimated to be approximately 1.7 million 

(9,10). 

Age-related changes in renal function, multiple 

comorbidities, hospitalization, surgery, preoperative 

clinical conditions, intraoperative events, and various 

complications during a postoperative period may 

increase the incidence of AKI in older individuals 

(3,4,6,11,12). There is a lack of data on the risk 

factors and incidence of AKI in postoperative period, 

especially in oldest-old patients.

This present study purposed to research the risk 

factors and incidence for postoperative AKI among 

patients ≥ 85 years old who were performed hip 

fracture surgery being admitted to a surgical ICU, 

retrospectively.

Materials and methods

The medical data of all patients ≥ 85 years old who 

underwent hip fracture surgery between April 4, 2011 

and September 1, 2021 were retrospectively analyzed. 

AKI was defined according to the Kidney Disease 

Improving Global Outcomes (KDIGO) guidelines 

based on urine output and serum creatinine (13). The 

patients were divided into two groups: non-AKI and 

AKI. 

There are different classifications that group old people 

according to age. In some studies, the youngest - old 

are those between 65 and 74 years old, the middle-old 

those between 75 and 84 years old, and the oldest old 

are those ≥ 85 years old (14). We included the oldest-

old patients in this study according to this grouping.

The primary aim of this study was to analyze 

the incidence and risk factors associated with 

postoperative AKI after hip fracture surgery in elderly 

patients ≥ 85 years. The secondary aim was to state 

the length of ICU and hospital stays and mortality 

rates.

Data collection and definitions

Medical records of patients were collected from 

digital nursing, anesthesia follow-up, and medical 

data during preoperative, intraoperative, and 

postoperative periods : gender, age, and body mass 

index, comorbidities, hypertension (HT), coronary 

artery disease (CAD), diabetes mellitus (DM), and 

preoperative period data: drugs (angiotensin receptor 

blockers (ARBs), nonsteroidal anti-inflammatory drug 

(NSAIDs), angiotensin converting enzyme inhibitors 

(ACEIs)], functional status, left ejection fraction (EF), 

emergency or elective surgery, types of fractures and 

surgery, the American Society of Anaesthesiologists 

(ASA) score, intraoperative period data: type of 

anesthesia, duration of surgery, type and volume of 

blood and blood products transfused, systolic blood 

pressure (SBP), diastolic blood pressure (DBP), mean 

arterial pressure (MAP), presence of bradycardia, 

glucose, lactate, usage of ephedrine/norepinephrine/

atropine/tranexamic acid, amount and type of fluid 

used, arterial blood gas values, postoperative period 

data: type and volume of blood and blood products 

transfused, usage of ephedrine/norepinephrine/

atropine/tranexamic acid, amount and type of fluid 

usage, model- dose of vasopressor or inotrope, 

vital signs, the Glasgow coma score (GCS), the 

sequential organ failure assessment (SOFA) score (on 

postoperative first third days), the Acute Physiology 

and Chronic Health Evaluation System (APACHE II) 

score at ICU admission and postoperative first three 

days; arterial blood gas (ABG) values, lactate value 

(intraoperative and postoperative), laboratory values 

(preoperative and postoperative), presence of AKI, AKI 

stage and length of hospital-ICU stay, and mortality 

rates of ICU-hospital (30 days).

Patients younger than 85 years, who underwent 

other orthopedic surgeries without hip fracture 

surgery, whose data could not be available, who 

were diagnosed with chronic renal failure, and who 

underwent routine hemodialysis were excluded from 

this study.
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Statistical analysis

The Statistical Package for the Social Sciences 25.0 

(Version 25.0; SPSS Inc., Chicago, IL, USA) was used. 

Frequencies were presented as percentages (%) and 

numbers (n). The variables were presented as mean 

values ± standard deviations. Categorical variables 

between the two groups were analyzed by the chi-

square test. In the comparison of nonparametric 

continuous variables, Mann-Whitney test and 

independent sample t-test were used for quantitative 

data analysis, and qualitative data analysis was 

analyzed by Fisher’s exact and chi-square test. The 

univariate and multivariate logistic regression analyses 

were used for factors affecting AKI after hip surgery 

(p<0.05 was considered statistically significant).

Results

During the study period, hip surgery was performed 

on 290 patients over the age of 85. One hundred sixty-

four of these patients were admitted to the ICU during 

the postoperative period (Figure 1). Of the 164 patients 

included in this study, 122 (74.4%) were female, and 

the mean age was 89.6 ± 3.5 years (between 85–103 

years). Forty-four patients (26.8%) had postoperative 

AKI. Most of the patients (65.2%) were admitted from 

an emergency service. According to functional status, 

135 patients (82.3%) were independent, 20 (12.2%) 

were partially dependent, and nine (5.5%) were in 

nursing homes. The most common comorbidity was 

hypertension (HT) (82.9). HT, CAD, and renal diseases 

were more common in the AKI group when compared 

to the non-AKI group (93.2% vs. 79.7% p = 0.02; 

38.6% vs. 20.0% p = 0.01, 15.9% vs. 10.0% p = 0.003, 

respectively). The use of preoperative diuretic drugs 

was higher in the AKI group when compared to the 

non-AKI group (22.7% vs. 8.3%, p = 0.01) (Table 1).

Interthoracanteric femur fractures were the most 

common type of fracture (62.8%). Proximal femoral 

nail antirotation (PFNA) was the most common type 

of surgery (64.1%). According to the ASA score, 

102 patients (62.2%) had an ASA score of 3. There 

was not statistically significant difference in terms of 

fracture/surgery type, use of preoperative antibiotics, 

and blood/blood product between the groups. 

Preoperative EF was lower in the AKI group when 

compared to the non-AKI group (44.7 ± 17.4 vs. 52.4 

± 11.3, p = 0.01) (Table 2). 

Spinal anesthesia was the most common used type 

of anesthesia (81.8%). Ephedrine usage was higher 

in the non-AKI group than in the AKI group (24.4% vs. 

9.1%, p = 0.02). The mean duration of surgery was 

151.3 ± 56.7 minutes. SBP was lower in the non-AKI 

group than the other group (91.0 ± 20.7 mmHg vs. 98.4 

± 22.8 mmHg, p = 0.037) during the intraoperative 

period. No statistically significant difference was 

found in terms of intraoperative blood/blood product 

usage, adrenaline, noradrenaline usage, MAP, and 

lactate levels between the groups (Table 2).

The mean APACHE II score was 13.7 ± 4.5, the mean 

GCS score was 14.8 ± 0.8, and the mean SOFA score 

was 2.5 ± 1.8 at ICU admission. Heart rate per minute 

was lower in the group with AKI than in the group 

without AKI (77.5 ± 17.4 vs. 87.6 ± 23.2, p = 0.008) 

at ICU admission. The SOFA scores on postoperative 

1st (2.9 ± 2.8 vs. 2.0 ± 1.6 p = 0.04), 2nd (2.6 ± 2.5 

vs. 1.7 ± 1.5 p = 0.01), and 3rd (2.2 ± 2.3 vs. 1.5 ± 

1.7 p = 0.01) days were significantly higher in the 

group with AKI than in the group without AKI. The 

SBP, DBP, and MAP on the second postoperative day 
Figure 1. Flowchart of the patients.
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were significantly lower in the group with AKI when 

compared to the other group (114.1±15.0 mmHg vs. 

120.1 ± 15.0 p = 0.04; 64.8 ± 11.4 mmHg vs. 69.7 ± 

9.6 p = 0.01; 80.7 ± 11.3 mmHg vs. 85.8 ± 9.9 p = 

0.01, respectively) (Table 3). No statistically significant 

difference was found in terms of postoperative 

blood/blood product, noradrenaline, adrenaline, or 

ephedrine usage between the groups (Table 2). 

The length of ICU stay was statistically significantly 

longer in the group with AKI than the other group (2.7 

± 4.7 vs. 1.6 ± 2.8, p = 0.004). The length of hospital 

stay before ICU admission and after ICU discharge 

were similar between the groups. There was no 

statistically significant difference between the two 

groups in terms of ICU, hospital, and 30-day mortality 

rates (Table 3).

Table 1. Demographic and clinical characteristics of the oldest old patients (n=164).

Variables
Mean ±SD

Total (n:164) Postoperative AKI (n:44) Non-AKI (n:120) p value
Age, years, 89.6±3.5 89.4±3.4 89.7±3.6 0.6
Body Mass Index (kg/m2) 24.4±4.7 25.0±4.5 24.2±4.8 0.35

Number (n) /Percent (%)
Sex 0.5

Male 42 (25.6) 13 (29.5) 29 (24.2)
Female 122 (74.4) 31 (70.5) 91 (75.8)

Admission to ICU 0.3
Emergency Room 107 (65.2) 32 (72.7) 75 (62.5)
Other Wards in Hospital 57 (34.8) 12 (27.3) 45 (37.5)

Functional State 0.8
Independent 135 (82.3) 36 (81.8) 99 (82.5)
Partially dependent 20 (12.2) 5 (11.4) 15 (12.5)
Nursing home 9 (5.5) 3 (6.8) 6 (5.0)

Comorbidities
Hypertension 136 (82.9) 41 (93.2) 95 (79.2) 0.02
Diabetes Mellitus 43 (26.2) 16 (36.4) 27 (22.5) 0.1
Congestive heart failure 44 (26.8) 15 (34.1) 29 (24.2) 0.2
Coronary Artery Diseases 41 (25.0) 17 (38.6) 24 (20.0) 0.01
Valvular Heart Diseases 12 (7.3) 5 (11.4) 7 (5.8) 0.3
Atriall Fibrilattion 53 (32.3) 17 (38.6) 36 (30.0) 0.35
Respiratory Diseases 29 (17.7) 9 (20.5) 20 (16.7) 0.2
Alzheimer 24 (14.6) 4 (9.1) 20 (16.7) 0.3
Malignancy 21(12.8) 7 (15.9) 14 (11.7) 0.3
Renal Diseases 19 (11.6) 7 (15.9) 12 (10.0) 0.003

Staying in a Nursing Home 4 (2.4) 1 (2.3) 3 (2.5) 1.0
Preoperatively used drugs

ACEi/ARBs 28 (17.1) 11 (25.0) 17 (14.2) 0.1
Diuretics 20 (12.2) 10 (22.7) 10 (8.3) 0.01
Anticoagulants 69 (42.1) 21 (47.7) 48 (40.0) 0.4
Antiaggregants 76 (46.3) 25 (56.8) 51 (42.5) 0.5
NSAIDs 4 (2.4) 2 (4.5) 2 (1.7) 0.3
Radiocontrasts 4 (2.4) 0 (0.0) 4 (3.3) 0.6

SD: Standart Deviation, AKI: Acute Kidney Injury, ICU: Intensive Care Unit, ACEi: Angiotensin Converting Enzyme Inhibitors, ARBs: , NSAIDs: Non-steroid antiinflamtuary 
drugs
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Table 2. Preoperative, intraoperative ve postoperative characteristics of the oldest old patients.

Variables
Number (n) /Percent (%)

Total (n:164) Postoperative AKI (n:44) Non-AKI (n:120) p value
Surgical Urgency 0.8

Emergency 8 (4.9) 2 (4.5) 6 (5.0)
Urgent 5 (3.0) 1 (2.3) 4 (3.3)
Elective 151 (92.1) 41 (93.2) 110 (91.7)

Types of Fracture 0.1
Subtrochanteric 7 (4.3) 2 (4.5) 5 (4.2)
Femoral neck 54 (32.9) 20 (45.5) 34 (28.3)
Interthorachanteric femur 103 (62.8) 22 (50.0) 81 (67.5)

Types of Surgery 0.7
Total Hip Replacement 5 (3.0) 2 (4.5) 3 (2.5)
Partial Hip Replacement 54 (32.9) 19 (43.2) 35 (29.2)
PFNA 105 (64.1) 23 (52.3) 82 (68.3)

Presence of UTI 10 (6.1) 1 (2.3) 9 (7.5) 0.3
Usage of Antibiotics 13 (7.9) 3 (6.8) 10 (8.3) 1.0
ASA classification 0.8

2 48 (29.3) 12 (27.3) 36 (30.0)
3 102 (62.2) 28 (63.6) 74 (61.7)
4 13 (7.9) 4 (9.1) 9 (7.5)
5 1 (0.6) 0 1 (0.8)

Usage of Blood/Blood Product 8 (4.9) 4 (9.1) 4 (3.3) 0.2
Mean±SD

Peripheral Oxygen Saturation 93.6±5.6 92.7±10.1 93.9±2.2 0.2
Ejection Fraction (%) 50.3±13.6 44.7±17.4 52.4±11.3 0.01

Intraoperative Characteristics
Type of Anesthesia 0.8

General 25 (15.2) 5 (11.4) 20 (16.7)
Spinal 134 (81.8) 38 (86.3) 96 (80.0)
General+Spinal 5 (3.0) 1 (2.3) 4 (3.3)

PRBCs transfusion 60 (36.6) 18 (41.0) 42 (35.0) 0.4
FFP transfusion 33 (20.1) 11 (25.0) 22(18.5) 0.3
Bradicardia <60 per minute 30 (18.3) 13 (29.5) 17(14.2) 0.08
Tachicardia >100 per minute 20 (12.2) 3 (6.8) 17 (14.2) 0.3
Ephedrine use 33 (20.1) 4 (9.1) 29 (24.4) 0.02
Noradrenaline use 16 (9.8) 4 (2.5) 12 (10.1) 1.0
Adrenaline use 1 (0.6) 0 (0.0) 1 (0.8) 1.0
Colloid fluid use 42 (25.7) 9 (20.5) 33 (27.7) 0.4

Mean±SD
Duration of Surgery (minute) 151.3±56.7 158.8±60.6 148.6±55.2 0.3
Sistolic Blood Pressure (mmHg) 93.0±21.5 98.4±22.8 91.0±20.7 0.037
Diastolic Blood Pressure 49.5±11.8 50.6±13.2 49.1±11.3 0.6
Mean Arterial Pressure 64.0±14.1 66.2±15.7 63.2±13.5 0.25
Glucose (mg/dl) 109.6±34.2 103.7±35.2 112.1±33.7 0.4
Lactate (mmol/L) 2.1±7.9 1.4±0.9 2.4±9.4 0.8

Postoperative Characteristics
PRBCs transfusion 39 (23.8) 12 (27.3) 27 (22.5) 0.4
FFP transfusion 7 (4.3) 1 (2.3) 6 (5.0) 0.4
Noradrenaline use 3 (1.8) 1 (2.3) 2 (1.7) 1.0
Adrenaline use 1 (0.6) 1 (2.3) 0 (0.0) 0.3

AKI: Acute Kidney Injury, PFNA: Proximal Femoral Nail Antirotation, UTI: Urinary Tract Infection, SD: Standart Deviation, ASA: The American Society of 
Anaesthesiologists’ classification, PRBCs: Packed Red Blood Cells, FFP: Fresh Frozen Plasma, SD: Standart Deviation.
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In the AKI group, preoperative lymphocyte levels (1.1 

± 0.5 vs. 2.4 ± 3.8 103/µl, p = 0.019) and prothrombin 

time (PT) (16.5 ± 13.1 vs. 29.6 ± 15.5 seconds, p = 

0.036) were lower when compared to the non-AKI 

group. The postoperative lymphocyte levels (1.3 ± 1.7 

vs. 1.7 ± 2.4 103/µl, p = 0.002) were lower and PTs 

(16.6 ± 10.5 vs. 14.1 ± 7.1 second, p < 0.001) were 

higher in the group with AKI compared to the group 

without AKI (Table 4). 

According to a logistic regression analysis, 

preoperative HT (p = 0.03, OR: 0.274, CI: 95% 0.062–

1.208,), diuretics usage (p = 0.01, OR: 0.272, CI: 95% 

0.077–0.962), preoperative low lymphocyte level (p 

= 0.03, OR: 0.274, CI: 95% 0.062-–1.208), low heart 

rate per minute on ICU admission (p = 0.01, OR: 

0.975, CI: 95% 0.951–0.998), high SOFA scores on 

postoperative 1st, 2nd, and 3rd days (p = 0.01, OR: 

1.089, CI: 95% 0.574–2.068; p = 0.007, OR: 1.302, 

CI: 95% 0.618–2.742; p = 0.01, OR: 1.089, CI: 95% 

0.574–2.068), and low MAP on the postoperative 2nd 

day (p = 0.009, OR: 1.045, CI: 95% 0.919–1.137) after 

hip fracture operation were independent risk factors 

about postoperative AKI among oldest-old patients 

(Table 5).

Table 3. Intensive care unit severity scores, vital signs, length of stay and mortality rates of the oldest old patients.

Variables
Mean±SD

Total (n:164) Postoperative AKI (n:44) Non-AKI (n:120) p value
APACHE-II 13.7±4.5 14.4±4.0 13.4±4.7 0.117
GCS 14.8±0.8 14.9±0.7 14.7±0.8 0.213
SOFA (admission) 2.5±1.8 2.8±1.9 2.4±1.9 0.3
Heart rate per minute 84.9±22.2 77.5±17.4 87.6±23.2 0.008
MAP (mmHg) 89.1±18.3 87.7±17.6 89.6±18.6 0.5
Lactate (mmol/L) 2.2±2.8 2.1±2.4 2.2±2.9 0.9
SOFA (first day) 2.3±2.0 2.9±2.8 2.0±1.6 0.04
MAP 80.2±13.4 77.3±12.4 81.3±13.7 0.1
SOFA (second day) 1.9±1.9 2.6 ±2.5 1.7±1.5 0.01
Sistolic Blood Pressure (mmHg) 118.5±15.2 114.1±15.0 120.1±15.0 0.04
Diastolic Blood Pressure (mmHg) 68.4±10.3 64.8±11.4 69.7±9.6 0.01
MAP 84.4±10.5 80.7±11.3 85.8±9.9 0.01
SOFA (third day) 1.7±1.9 2.2±2.3 1.5±1.7 0.01
MAP 86.5v9.4 87.4±8.4 86.2±9.8 0.6

Length of Stay (day)
Before ICU admission 1.6±1.4 1.6±0.9 1.6±1.5 0.7
ICU 1.9±3.5 2.7±4.7 1.6±2.8 0.004
After ICU discharge 3.7±3.5 3.7±3.7 3.8±3.5 0.9
Hospital 7.5±5.5 8.1±5.8 7.3±5.4 0.2

Mortality rates (number / percent)
ICU mortality 6 (3.7) 3 (6.8) 3 (2.5) 0.3
Hospital mortality 10 (6.1) 4 (9.1) 6 (5.0) 0.5
30 days mortality 16 (9.8) 7 (15.9) 9 (7.5) 0.2

SD: Standart Deviation; AKI: Acute Kidney Injury; APACHE II: Acute Physiology and Chronic Health Evaluation System; GCS: Glasgow Coma Scale; SOFA: Sequential 
Organ Failure Assessment; MAP: Mean Arterial Pressure.
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Discussion

In the current clinical trial, the incidence of AKI after 

hip fracture surgery among the oldest-old patients 

was 26.8%.

The incidence of AKI was between 15.3% and 60% 

among elderly patients who underwent hip fracture 

operation in previous studies (2-5). In this current 

study, the incidence for postoperative AKI after hip 

fracture operation was 26.8%, as in previous studies. 

The aging process decreases renal reserve and 

glomerular filtration rate, impairs renal autoregulation 

and perfusion, and increases sensitivity to 

nephrotoxic agents. Increased comorbidities 

(especially cardiovascular diseases) also cause 

renal dysfunction. Both physiological and structural 

changes are associated with AKI in elderly patients 

(2,12,15).

Table 4. Preoperative and postoperative laboratory values of the oldest old patients.

Variables
Mean±SD

Total (n:164) Postoperative AKI (n:44) Non-AKI (n:120) p value
PREOPERATIVE
Hemoglobin (g/dl) 12.1±8.8 11.2±1.5 12.4±10.2 0.2
Hematocrit (%) 34.9±4.7 34.2±4.6 35.2±4.7 0.3
Lymphocyte (103/µl) 2.1±3.4 1.1±0.5 2.4±3.8 0.019
BUN (mg/dl) 29.1±13.7 34.3±17.0 27.3±11.9 0.007
Creatinine (mg/dl) 1.2±0.7 1.3±0.8 1.1±0.7 0.001
Potassium (mg/dl) 4.5±3.3 4.3±0.7 4.5±3.8 0.8
Glucose (mg/dl) 128.2±29.5 130.2±37.0 127.8±28.4 0.9
PT (second) 25.9±131.7 16.5±13.1 29.6±15.5 0.036
POSTOPERATIVE
Hemoglobin (g/dl) 11.0±7.8 10.5±1.6 11.2±9.1 0.5
Hematocrit (%) 30.1±6.6 31.3±7.0 29.7±6.5 0.07
Lymphocyte (103/µl) 1.6±2.2 1.3±1.7 1.7±2.4 0.02
BUN (mg/dl) 26.1±12.8 30.1±14.0 24.7±12.0 0.007
Creatinine (mg/dl) 1.1±0.7 1.2±0.6 1.0±0.7 0.001
Potassium (mg/dl) 4.9±6.9 4.3±0.7 5.1±8.1 0.8
Glucose (mg/dl) 136.9±42.7 132.6±35.3 138.3±44.8 0.7
PT (second) 14.8±8.2 16.6±10.5 14.1±7.1 <0.001

SD: Standart Deviation; AKI: Acute Kidney Injury; BUN: Blood Urea Nitrogen; PT: Prothrombin Time.

Table 5. Logistic regression model of risk factors for postoperative acute kidney injury.
Risk factors Odds Ratio %95 CI p value
Preoperative Hypertension 0.274 0.062-1.208 0.03
Preoperative usage of diuretics 0.272 0.077-0.962 0.01
Preoperative lymphopenia 0.274 0.062-1.208 0.03
Low heart rate on ICU admission 0.975 0.951-0.998 0.01
High SOFA score on first day of ICU admission 1.089 0,574-2,068 0.01
High SOFA score on 2nd day of ICU admission 1.302 0,618-2,742 0.007
High SOFA score on 3rd day of ICU admission 1.089 0,574-2,068 0.01
Low MAP on 2nd day of ICU admission 1.045 0,919-1,137 0.009

CI: Confidence Interval; ICU: Intensive Care Unit; SOFA: Sequential Organ Failure Assessment; MAP: Mean Arterial Pressure.
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In our study, HT was more common in the group 

with AKI when compared to the other group, and 

preoperative HT was an independent risk factor for 

the occurence of postoperative AKI. A retrospective 

cohort study reported a 22% increased risk of having 

with a blood pressure of >140/90 mmHg in those with 

AKI compared to those without AKI, after adjusting 

for some cardiac risk factors and demographic 

characteristics (16). Hardening, narrowing or 

weakening of the renal arteries may occur in patient 

with uncontrolled high blood pressure. Thus, these 

damaged arteries cannot deliver enough blood to the 

renal tissue. 

When arteries are damaged, necessary nutrients and 

oxygen cannot reach the nephrons. Thus, the kidneys 

cannot filter the blood and regulate the balance of 

water, salts, acids and hormones in the body (17). 

Previous clinical studies reported that hypertension 

is a risk factor for AKI (2,3,10,12), and hypertension 

is also common in patients who have AKI, especially 

after hip operation, like our results (2,3,18).

In the AKI group of our cohort, we found that CADs 

and renal disease were more common than in the 

non-AKI group, as in previous studies (2-4,8,10,19). 

Atherosclerosis and decreased heart function may 

be common in patients with preexisting CADs. These 

clinical conditions increase renal vasoconstriction and 

decrease renal perfusion, and thus may cause AKI 

(2,4,10,17-19). Advanced age and surgery may also 

cause AKI to occur (10,12,15,18).

In the AKI group of our cohort, preoperative usage 

of diuretic drugs was more common than in the 

non-AKI group and was an independent risk factor 

about the occurence of postoperative AKI in our 

study. Elderly patients have some risk factors that 

may contribute to the development of AKI, including 

age-related anatomic and physiologic changes of 

kidney, increased comorbidity, increased number of 

drug usage, and changes of medication metabolism 

(3,4,10,18). 

Loop diuretics cause venodilation and diuresis. Thus, 

it can reduce the effective volume in glomerular 

filtration rate, renal blood flow and circulation. When 

loop diuretics are used, acidification of the urine 

and accumulation of Tamm-Horsfall protein may be 

increased. Therefore, it is believed that it may cause 

tubular obstruction (20). 

In the AKI group of our cohort, preoperative EF was 

lower compared to the non-AKI group. Heart failure with 

low EF or preserved EF leads to impaired myocardial 

stretchability and decreased cardiac output. Low 

cardiac output causes decreased renal perfusion, 

excited sympathetic systems and increased activation 

of the renin- aldosterone- angiotensin. Thus, water-

salt retention increases and causes increased venous 

congestion. Renal function is worsened by increased 

renal venous and intra-abdominal pressure (18,21).

When compared to the non- AKI group, heart rate 

at ICU admission was lower in the AKI group of our 

cohort, and low heart rate on ICU admission was 

an independent risk factor about the occurence 

of postoperative AKI. Bradycardia arrhythmia or 

tachycardia may temporarily reduce cardiac output; 

thus, renal autoregulation may be impaired, and renal 

perfusion may be reduced (22). Low blood volume, 

such as hypovolemia, decreased cardiac contraction 

and contraction frequency (heart rate) as a result 

of heart failure, liver failure, or sepsis, and vascular 

structures, such as vasculitis, may reduce renal 

perfusion and cause renal injury (17). Decreased 

cardiac output with bradycardia reduces renal 

perfusion and causes AKI.

The SOFA score system include 6 organ systems: 

coagulation, neurological, renal, cardiovascular, 

hepatic and respiratory systems. Higher severity 

scores are expected among patients who have 

AKI. In the AKI group of our cohort study, the SOFA 

scores on postoperative 1st, 2nd, and 3rd days 

were significantly higher compared to the non-AKI 

group. High SOFA scores on postoperative 1st, 2nd, 
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and 3rd days were determined as independent risk 

factors for the occurence of postoperative AKI. Jiang 

et al. reported that ICU patients with AKI had higher 

median SOFA scores, and high SOFA scores were 

independent predictors of mortality (8). In the AKI_EPI 

study, patients with AKI with a higher Simplified Acute 

Physiology Score (SAPS) were more severely ill upon 

admission to the ICU (7). APACHE II, SAPS II, and 

SOFA scores were accepted as predictors of mortality 

in elderly patients with AKI. The SOFA score is a useful 

severity score for predicting the clinical outcomes of 

patients admitted to the ICU (23).

On the second postoperative day SBP, DBP, and MAP 

levels were significantly lower in the group with AKI 

when compared to the other group. Low MAP on 

the postoperative 2nd day was an independent risk 

factor about the occurence of postoperative AKI in our 

cohort. Braüner Christensen et al. reported that SBP/

DBP on postoperative days 1 and 2 were significantly 

lower among patients with AKI after surgery (2). Low 

blood pressure can cause to decreased renal blood 

flow and, thus, the occurrence of AKI. 

Several studies have shown an association between 

decreased renal perfusion due to intraoperative 

hypotension and AKI (23,24). Autoregulation of 

blood pressure may be impaired among patients 

with hypertension, chronic renal disease, and 

atherosclerosis (2,18,23). In a diagnosis of AKI, serum 

creatinine levels within seven days are evaluated 

according to KDIGO criteria (4). Thus, hypotension 

observed on a postoperative 2nd day may cause 

postoperative AKI. Previous studies presented 

hypotension as an impotant risk factor for occurrence 

of AKI in ICU patients, like our findings (17,23).

In the AKI group of our study, preoperative and 

postoperative lymphocyte levels were lower compared 

to the non-AKI group, and preoperative lymphopenia 

was an independent risk factor for the development 

of postoperative AKI. Each leukocyte subgroup 

(neutrophil, lymphocyte, monocyte, eosinophil) has a 

serious role in organ damage and response to injury 

of inflammation and immunological conditions (24). 

It is known that the risk of long-term renal outcomes 

is associated with the change in leukocyte count. 

Lymphopenia and monocytopenia in leukopenia may 

have an association with a higher risk of AKI, whereas 

neutrophilia in leukocytosis is associated with this risk. 

Neutropenia and lymphopenia may be associated 

with higher mortality. T and B lymphocytes cause a 

natural and adaptive inflammatory response that can 

lead to the inflammatory process of AKI. Regulatory 

T lymphocytes are potent immunosuppressive 

agents. Decreased T lymphocytes may worsen renal 

dysfunction. Natural killer T cells may play both 

proinflammatory and protective roles in AKI (25).

The AKI group had prolonged the length of ICU 

stay compared to the non-AKI group, as in previous 

studies (3,7,8,12). Among elderly patients with AKI, old 

age and concomitant comorbidities are risk factors 

that facilitate the occurence of organ failure. In elderly 

patients, the natural aging process reduces functional 

organ reserve. Therefore, risk factors for postoperative 

AKI may cause organ failures. The need for organ 

support after acute diseases may be seen in older 

patients (3). Therefore, the length of stay in hospital 

and ICU may be long.

Our study has some limitations such as being a 

retrospective study and a single-center. Therefore, the 

results cannot be generalized. The data of patients 

was obtained from digital records. 

Conclusion

The incidence for postoperative AKI after hip fracture 

operation was 26.8% in our cohort study. Preoperative 

HT, usage of diuretics, preoperative lymphopenia, low 

heart rate at ICU admission, high SOFA scores on 

postoperative 1st, 2nd, and 3rd days, and low MAP on 

postoperative 2nd day were independent risk factors 

about postoperative AKI after hip fracture operation 

among the oldest-old patients. Postoperative AKI 

after hip fracture surgery among patients 85 years 

and older causes impaired quality of life, prolonged 

ICU and hospital stay, and increased mortality. The 
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incidence of postoperative complications and deaths 

may increase due to decreased vital organs reserves 

in elderly patients. Any effort to identify relevant risk 

factors associated with AKI in patients ≥ 85 years old 

who undergo hip fracture surgery could affect the 

quality of therapies, improve our understanding of 

the clinical outcomes, shorten the length of an ICU/

hospital stay, and reduce mortality among patients 

with hip fracture.
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