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ABSTRACT
Postoperative hypoalbuminemia as a predictor of acute kidney injury after
open repair of ruptured abdominal aortic aneurysm
Hei Jin Yoon

Department of Medicine
The Graduate School, Yonsei University

(Directed by Professor Jong Wook Song)

Objectives: Perioperative hypoalbuminemia has a prognostic effect on mortality and
morbidity in various cohorts. Patients undergoing open repair of ruptured abdominal aortic
aneurysms (rAAA) are at a high risk of hypoalbuminemia due to bleeding and underlying
diseases. Hence, this study aimed to investigate the predictive value of hypoalbuminemia
for the risk for acute kidney injury (AKI) in patients undergoing open rAAA repair.
Methods: We retrospectively reviewed 143 patients with rAAA between January 2008 and
May 2022. The patients were divided into two groups according to the presence of
postoperative AKI. The perioperative serum albumin levels of the two groups were
compared. The patients were further divided into two groups based on the median
postoperative albumin level (2.4 g/dL). The incidence of AKI was compared between the
two groups. Multivariate logistic regression analysis was performed to assess the predictors
of postoperative AKI.

Results: Postoperative serum albumin was significantly lower in the AKI group than in the
non-AKI group (2.59 £ 0.62 g/dL vs. 2.11 £ 0.62 g/dL, p < 0.001). The incidence of
postoperative AKI was significantly higher in patients with albumin < 2.4 g/dL than in
patients with albumin > 2.4 g/dL (27.7% vs. 53.8%, p = 0.002). Postoperative albumin level
(Odds ratio, 0.310; 95% confidence interval: 0.165-0.583, p < 0.001) was an independent
predictor of AKI.

iii



Conclusions: Postoperative hypoalbuminemia was an independent predictor of
postoperative AKI in patients with rAAA, suggesting the need for measurement of
postoperative serum albumin level and intraoperative albumin replacement to increase
postoperative serum albumin level may have beneficial effects into preventing the

development of AKI in patients undergoing surgery with rAAA.

Key words : albumin, hypoalbuminemia, aortic repair, ruptured abdominal aortic aneurysm,

acute kidney injury



Postoperative hypoalbuminemia as a predictor of acute kidney injury after
open repair of ruptured abdominal aortic aneurysm

Hei Jin Yoon

Department of Medicine
The Graduate School, Yonsei University

(Directed by Professor Jong Wook Song)

I. INTRODUCTION

Patients undergoing open repair of ruptured abdominal aortic aneurysms (rAAAs) have
substantial risks of developing postoperative renal dysfunction due to unstable
hemodynamics, hypovolemia, nephrotoxic contrast agent use, and renal ischemia during
the perioperative period.! > The incidence of acute kidney injury (AKI) after rAAA repair
has been reached 75%.!? Therefore, various studies, which have been conducted to predict
the prognosis of rAAA, found that disease severity and blood loss during surgery were risk
factors.*

Serum albumin is a major protein in the blood that acts as a binding agent for various
drugs and regulates fluid movement between body compartments through oncotic pressure.
Moreover, serum albumin levels are associated with inflammation, thrombosis, platelet
activation, and oxidative stress. Hypoalbuminemia reflects overall health due to
malnutrition, systemic inflammation, and liver and kidney diseases. Its presence was also
observed in patients with cardiac insufficiency, malignant tumors, sepsis, and renal
disease.’ ® Serum albumin level is also reduced by hemodilution and massive bleeding. In
addition, it was also associated with the occurrence of AKI after surgery including coronary
artery bypass, non-cardiac, and brain tumor surgeries.”!’ Considering these, albumin may
potentially play an important role as a predictor of prognosis in patients undergoing open

rAAA repair; however, studies on this are lacking.



Therefore, we investigated the predictive value of postoperative hypoalbuminemia for the

occurrence of AKI in patients undergoing surgery for rAAA.

Il. MATERIALS AND METHODS
1. Study population

The study was approved by the institutional review board of Yonsei University Health
System, Seoul, South Korea. The need for informed consent was waived because of the
retrospective nature of the study. A total of 157 patients who underwent open rAAA repair
at Gangnam Severance Hospital between January 2008 and May 2022 were retrospectively
reviewed. Patients with chronic kidney disease (n = 14) were excluded. Finally, 143 patients
were included in the study (Figure 1). According to serum albumin level measured in the
immediate postoperative period, the patients were divided into two groups based on the
median values (albumin > 2.4 g/dL [n=65] and albumin < 2.4 g/dL [n = 78]). Subgroup
analysis was performed to exclude the effect of synthetic colloids or exogenous albumin
on renal function, excluding patients who were administered with synthetic colloids or

exogenous albumin.

Patients screened
(n=157)

Patients excluded (n=14)
P Patients with CKD (n=14)

A 4

A 4

Patients assessed for eligibility
(n=143)

v

Analyzed (n=143)

> Patients excluded (n=0)

Figure 1. Flowchart depicting patient enrollment



2. Perioperative management

All patients received standardized anesthetic care according to the institutional protocol.
After arriving at the operating room, five-lead electrocardiography and pulse oximetry were
performed, and the radial artery was cannulated to monitor arterial pressure. Anesthesia
was induced with midazolam or ketamine, sevoflurane, and remifentanil (0.2—0.5 mcg/kg.)
Anesthesia was maintained with sevoflurane and remifentanil infusion. Transesophageal
echocardiography was performed to evaluate cardiac function and volume status. All
patients received balanced crystalloid solutions intraoperatively. A balanced synthetic
colloid (Volulyte; Fresenius Kabi, Bad Homburg, Germany) was used at the
anesthesiologist’s option when blood loss was significant. Exogenous albumin was
administered at the anesthesiologist’s discretion when preoperative albumin value < 3.0
g/dL or supplementation was deemed necessary because of acute blood loss. The mean
arterial pressure was maintained with norepinephrine, vasopressin, or nicardipine. During
surgery, a cell salvage device was used in all patients, and the salvaged blood was reinfused
into the patients before the end of surgery. Packed red blood cell (pRBC) transfusion was
performed according to the anesthesiologist's discretion if hemoglobin level < 8 g/dL even
after salvaged blood administration or if the blood loss during surgery was significant.
Following the completion of the surgery, all patients were transferred to the intensive care

unit (ICU).

3. Study endpoint
The primary endpoint was the incidence of AKI, which was defined using the Kidney
Disease Improving Global Guidelines and Clinical Practice Guidelines.!! The secondary
endpoint was the incidence of postoperative complications. Postoperative infection was
defined as the presence of pneumonia, sepsis, peritonitis, or urinary tract infections.
Pulmonary complications were defined as the presence of respiratory failure or pneumonia
that required prolonged mechanical ventilation (> 24 h) in the postoperative period.

Furthermore, the incidence of postoperative complications including reintubation, duration



of mechanical ventilation beyond 24 hours, ICU readmission, reoperation, requirement of
renal replacement therapy (RRT), pulmonary complications, infections, AKI, myocardial
infarction (MI), and CVA were recorded. Moreover, the duration of hospitalization, ICU

stay, and mortality rate were recorded.

4. Other assessments

Baseline patient characteristics, including sex, age, body mass index (BMI), comorbidities
such as hypertension, diabetes mellitus, cerebrovascular accident (CVA), coronary artery
occlusive disease (CAOD), chronic obstructive pulmonary disease (COPD), preoperative
medications, and smoking status, were retrospectively collected. Preoperative shock was
defined and recorded when vasopressor support was required before surgery or when
systolic blood pressure < 90 mmHg. Perioperative laboratory data including complete
blood count, C-reactive protein (CRP), blood urea nitrogen (BUN), creatinine (Cr), and
estimated glomerular filtration rate (eGFR) were recorded. Albumin levels were recorded
before surgery, upon ICU arrival, and on postoperative days 1 and 2. Intraoperative data,
including intake and output during surgery, and total duration of surgery and anesthesia,
were recorded. Aneurysm location (suprarenal, juxtarenal, pararenal, or infrarenal) was

also recorded.

5. Statistical analyses

IBM SPSS Statistics for Windows, version 23 (IBM Corp., Armonk, N.Y., USA) was used
for all the statistical analyses. All results are expressed as means + standard deviations or
percentages (%). Normality was assessed using the Kolmogorov—Smirnov test.
Independent t-test or the Mann—Whitney U test was used to compare continuous variables.
Categorical variables were compared using the chi-squared or Fisher’s exact test. Moreover,
logistic regression analysis was performed to evaluate the predictors of AKI. Variables with
p-value < 0.2 in the univariate analysis were selected for the multivariate analysis.

Predictability was expressed as odds ratios (OR) and 95% confidence intervals (CI). A p-



value <0.05 was considered statistically significant.

I1l. RESULTS
A total of 157 patients were reviewed during the study period, and 143 patients were

finally analyzed. Figure 2 shows the change in serum albumin levels from before surgery
to the second day after surgery, depending on the presence or absence of AKI. The group
x time interaction for perioperative serum albumin levels was statistically significant (p <

0.001).

P < 0.001

GRrainin ¥ fime

Preop Postop POD1 POD2

il [ON-AK]| = AK]

Figure 2. Perioperative serum albumin levels. Values are mean + SD. Pgroup x Time, P-value

for the group x time interaction in the linear mixed model.

1. Baseline characteristics and laboratory data, stratified according to the occurrence

of AKI.



Table 1 summarizes the baseline characteristics of the patients, compared with the
occurrence of postoperative AKI. The postoperative albumin level (2.59 + 0.62 g/dL vs.
2.11+0.62 g/dL, p < 0.001) was significantly lower in the AKI group than in the non-AKI
group, while the preoperative albumin level was similar between the groups (2.76 + 0.86
g/dL vs. 2.64 = 0.97 g/dL, p = 0.434). The preoperative Cr level (1.16 = 0.62 mg/dL vs.
1.40 +0.75 mg/dL, p = 0.039) and, eGFR (73.20 + 22.03 mL/min/1.73 m? vs. 58.08 +22.48
mL/min/1.73 m?, p = 0.001) were significantly higher in the AKI group than in the non-
AKI group. The location of aneurysm was similar between the groups. The proportion of
patients with intraoperative platelet transfusion was higher in patients with AKI (13.3% vs.
26.7%, p = 0.043). The amount of crystalloid (3.21 = 1.37 L vs. 3.92 £ 2.30 L, p = 0.040),
colloid (0.29 + 0.49 L vs. 0.64 £ 0.87 L, p = 0.006), pRBC (2.60 + 2.05 pack vs. 5.43 +
5.73 pack, p < 0.001), fresh frozen plasma (1.78 + 1.84 pack vs. 3.38 £ 3.65 pack, p =
0.002), platelet concentrate (1.23 + 3.35 pack vs. 3.25 + 6.08 pack, p=0.022) transfusions
and intraoperative bleeding (1.04 + 1.35 L vs. 2.30 + 2.60 L, p = 0.002) were significantly
higher in the AKI group. The anesthesia time (179.70 = 66.19 min vs. 207.95 £ 92.13 min.,
p=0.045) was also significantly longer in the AKI group, while the aorta cross clamp time
(42.86 = 18.12 min vs. 42.14 + 19.43 min., p = 0.854) was similar between the two groups
(Table 1).

Table 1. Baseline characteristics and laboratory data, stratified according to the occurrence

of acute kidney injury.

Non-AKI (n=83) AKI (n=60) p-value
Female sex 15 (18.1%) 6 (10.0%) 0.178
Age (years) 72.35£9.14 72.80+9.62 0.776
BMI (kg/m?) 23.82+2.98 23.04+£3.58 0.176
Preoperative shock 51 (61.4%) 31 (52.5%) 0.290
Smoking 32 (38.6%) 26 (43.3%) 0.566

Comorbidities



Hypertension 50 (60.2%) 38 (63.3%) 0.708
Diabetes mellitus 15 (18.1%) 11 (18.3%) 0.968
Cerebrovascular accident 7 (8.4%) 9 (15.0%) 0.219
CAOD 11 (13.3%) 11 (18.3%) 0.406
COPD 4 (4.8%) 0 0.139
Laboratory test results
Preop WBC (10°/uL) 13668.92+5457.08  14725.67+6042.59 0.277
Preop hemoglobin (g/dL) 9.38+2.38 9.514+2.39 0.737
Preop hematocrit (%) 28.62+6.79 28.84+6.98 0.850
Preop platelet (/uL) 165072.29 152833.33 0.329
+71638.79 +76493.09
Preop PT (INR) 1.5742.52 1.46+0.54 0.740
Preop CRP (mg/L) 29.03+59.63 18.27+£27.23 0.275
PreopBUN (mg/dL) 21.17£10.67 23.63+£9.99 0.170
Preop Cr (mg/dL) 1.16+0.62 1.40+0.75 0.039*
Preop eGFR 73.20+22.03 58.08+22.48 0.001*
(mL/min/1.73 m?)
Preop albumin (g/dL) 2.76+0.86 2.64+0.97 0.434
Postop albumin (g/dL) 2.59+0.62 2.11£0.62 <0.001%*
PODI1 albumin (g/dL) 3.31+0.37 3.21+0.56 0.215
POD2 albumin (g/dL) 3.14+0.36 3.12+0.56 0.782
Location of aneurysm
Suprarenal 2 (2.4%) 2 (3.3%) 1.000
Juxtarenal 3 (3.6%) 2 (3.3%) 1.000
Pararenal 2 (2.4%) 0 0.510
Infrarenal 76 (91.6%) 56 (93.3%) 0.761

Intraoperative variables



Amount of crystalloid (L) 3.21+£1.37 3.92+2.30 0.040%*

Amount of colloid (L) 0.29+0.49 0.64+0.87 0.006*
Urine output (L) 0.46+0.46 0.36+0.34 0.206
Cell saver (L) 0.30+0.33 0.44+0.71 0.248
Bleeding (L) 1.04+1.35 2.30+2.60 0.002*
pRBC transfusion (pack) 2.60£2.05 5.43+£5.73 <0.001*
FFP transfusion (pack) 1.78+1.84 3.38+3.65 0.002*
PLT conc transfusion (pack) 1.23+£3.35 3.25+6.08 0.022*
Operative time (min) 142.60+64.37 158.37+80.60 0.196
Anesthesia time (min) 179.70+66.19 207.954£92.13 0.045%*
Aorta cross clamp time (min) 42.86x18.12 42.14£19.43 0.854

Values are presented as means + standard deviations or number of patients (%).

BMI: body mass index, CAOD: coronary artery occlusive disease, COPD: chronic
obstructive pulmonary disease, Preop: preoperative, WBC: white blood cell, PT:
prothrombin time, INR: international normalized ratio, CRP: C-reactive protein, BUN:
blood urea nitrogen, Cr: creatinine, eGFR: estimated glomerular filtration rate, Postop:
postoperative, POD: postoperative day, pRBC: packed red blood cell, FFP: fresh frozen

plasma, PLT conc: platelet concentration, * p < 0.05.

2. Baseline characteristics and laboratory data, stratified according to postoperative
albumin level

The patients were divided into two groups based on the median values (albumin >2.4 g/dL,

=2.4 g/dL) of immediate postoperative serum albumin level. The baseline characteristics,

including sex, age, BMI, comorbidities, and preoperative laboratory data, were similar

between the groups. Only a medical history of diabetes mellitus was more frequent in the

albumin < 2.4 g/dL group (10.8% vs. 24.4%, p < 0.036).



Table 2. Baseline characteristics and laboratory data, stratified according to postoperative

albumin level

Albumin >2.4 (n=65) Albumin <2.4 (n=78) p-value

Female sex 11 (16.9%) 10 (12.8%) 0.490
Age (years) 71.94+8.95 73.04£9.63 0.484
BMI (kg/m?) 23.98+3.19 23.08+3.26 0.112
Smoking 30 (46.2%) 28 (35.9%) 0.214
Preoperative shock 34 (53.1%) 48 (61.5%) 0.313
Comorbidities
Hypertension 37 (56.9%) 51 (65.4%) 0.300
Diabetes mellitus 7 (10.8%) 19 (24.4%) 0.036*
Cerebrovascular accident 5 (7.7%) 11 (14.1%) 0.226
CAOD 11 (16.9%) 11 (14.1%) 0.642
COPD 1 (1.5%) 3 (3.8%) 0.626
Medications
Beta blocker 8 (14.5%) 5 (8.6%) 0.324
Calcium channel blocker 14 (25.0%) 15 (25.4%) 0.958
RASI 12 (21.4%) 16 (27.1%) 0.477
Statin 12 (21.4%) 15 (25.4%) 0.613
Diuretics 7 (12.3%) 5 (8.5%) 0.501
Preoperative laboratory test results
WBC (10°/uL) 13988.15+5663.93 14215.77+£5788.62 0.813
hemoglobin (g/dL) 9.35+2.32 9.51+2.44 0.692
hematocrit (%) 28.62+6.76 28.80+6.95 0.877
platelet (/uL) 161246.15£72371.01  158846.15+75236.61  0.847
PT (INR) 1.32+0.45 1.70+2.64 0.249
CRP (mg/L) 19.45+32.85 31.07+63.70 0.210




BUN (mg/dL) 21.12+10.22 23.11+10.59 0.263

Cr (mg/dL) 1.16+0.53 1.34+0.79 0.118
¢GFR (mL/min/1.73 m?)  68.24+22.98 67.33+23.81 0.843
Albumin (g/dL) 2.80+0.82 2.64+0.97 0318

Values are presented as means + standard deviations or number of patients (%).

BMI: body mass index, CAOD: coronary artery occlusive disease, COPD: chronic
obstructive pulmonary disease, RASi: Renin-angiotensin system inhibitor, WBC: white
blood cell, PT: prothrombin time, INR: international normalized ratio, CRP: C-reactive
protein, BUN: blood urea nitrogen, Cr: creatinine, eGFR: estimated glomerular filtration

rate. pRBC: packed red blood cell, FFP: fresh frozen plasma, * p < 0.05.

3. Operation related data

Significant differences in the location of aneurysms between the two groups was not
observed. The amount of colloid (0.15 £ 0.36 L vs. 0.67 = 0.80 L, p = 0.001), cell saver
(0.25+0.31 Lvs. 044+ 0.62 L, p =0.049), bleeding (1.13 + 1.44 Lvs. 1.91+240L, p=
0.026), and pRBC transfusions (2.83 £ 2.39 pack vs. 4.59 + 5.20 pack, p = 0.009) were
significantly greater in the albumin <2.4 g/dL group. The duration of aorta cross clamp
(47.94+18.25 min vs. 36.86 = 17.11 min, p =0.002) was significantly longer in the albumin
> 2.4 g/dL group (Table 3).

Table 3. Operation related data

Albumin >2.4 Albumin <2.4
p-value
(n=65) (n=78)
Location of aneurysm
Suprarenal 1(1.5%) 3 (3.8%) 0.626
Juxtarenal 3 (4.6%) 2 (2.6%) 0.659
Pararenal 2 (3.1%) 0 0.205
Infrarenal 59 (90.8%) 73 (93.6%) 0.529

10



Intraoperative variables

Amount of crystalloid (L) 3.54+1.27 3.47+£2.24 0.821
Amount of colloid (L) 0.15+0.36 0.67+0.80 <0.001*
Urine output (L) 0.47+0.46 0.37+£0.36 0.140
Cell saver (L) 0.25+0.31 0.44+0.62 0.049*
Bleeding (L) 1.13+1.44 1.91+2.40 0.026*
pRBC transfusion (pack) 2.83+2.39 4.59+5.20 0.009*
FFP transfusion (pack) 2.32+.07 2.56+3.37 0.616
PLT conc transfusion (pack) 2.224+4.50 1.96+5.02 0.753
Operative time (min) 156.43+68.37 143.21+74.39 0.274
Anesthesia time (min) 195.42+72.04 188.33+84.82 0.596
Aorta cross clamp time (min) 47.94+18.25 36.86+17.11 0.002*

Values are presented as means + standard deviations or number of patients (%).
pRBC: packed red blood cell, FFP: fresh frozen plasma, PLT conc: platelet concentration,
* p<0.05.

4. Postoperative morbidity and mortality
The incidence of postoperative complications including reintubation (6.5% vs. 27.3%, p
=0.001), requirement of RRT (1.5% vs. 14.1%, p=0.007), and AKI (27.7% vs. 53.8%, p =
0.002) was significantly higher in the albumin < 2.4 g/dL group. The incidence of in-
hospital mortality (6.2% vs. 19.2%, p = 0.022) and 30-day mortality (1.5% vs. 14.1%,
p=0.007) was also significantly higher in the albumin < 2.4 g/dL group (Table 4).

Table 4. Postoperative morbidity and mortality

Albumin >2.4 (n=65)  Albumin <2.4 (n=78) p-value

Reintubation 4 (6.5%) 21 (27.3%) 0.001*
MV >24 h 28 (43.8%) 38 (48.7%) 0.555
ICU readmission 2 (3.1%) 7 (9.0%) 0.182

11



Reopen for bleeding 2 (3.1%) 9 (11.5%) 0.111
Requirement of RRT 1 (1.5%) 11 (14.1%) 0.007*
Pulmonary complication 10 (15.4%) 22 (28.2%) 0.067
Infection 5(7.7%) 13 (16.7%) 0.107
Acute kidney injury 18 (27.7%) 42 (53.8%) 0.002*
Myocardial infarction 2 (3.1%) 3 (3.8%) 1.000
Cerebrovascular accident 1 (1.5%) 0 0.455
Hospital stay (days) 12.60+5.76 17.68£16.57 0.350
ICU stay (days) 6.2948.65 8.88+10.67 0.122
Inhospital mortality 4 (6.2%) 15 (19.2%) 0.022%*
Mortality in 30days 1 (1.5%) 11 (14.1%) 0.007*

Values are presented as means + standard deviations or number of patients (%).
MYV: mechanical ventilation, ICU: intensive care unit, RRT: renal replacement therapy, * p

<0.05.

5. Logistic regression analysis for the predictors of AKI after open rAAA repair.

Table 5 summarizes the results of the logistic regression analysis for the predictors of
postoperative AKI after open rAAA repair. In the univariate analysis, the preoperative Cr
and postoperative albumin levels were significantly different ( p < 0.2) and selected for
multivariate analysis. Postoperative albumin level (OR, 0.310; 95% CI, 0.165-0.583; p <
0.001) was an independent predictor of postoperative AKI. These results were the same
when patients administered with exogenous albumin and synthetic colloids were excluded.
An increase in albumin by 1 g/dL was associated with a decrease in the incidence of AKI,
both in patients without exogenous albumin replacement during the operation (OR, 0.426;
95% CI, 0.190-0.952; p = 0.038) and patients without synthetic colloid replacement during
the operation (OR, 0.160; 95% CI, 0.049—0.533; p=0.003).
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Table 5. Logistic regression analysis for the predictors of acute kidney injury after rAAA

open repair.

Univariate OR (CI) p-value Multivariate OR (CI) p-value

Age 1.005 (0.970-1.042) 0.775
Smoking 1.219 (0.620-2.395) 0.566
Hypertension 1.140 (0.575-2.261) 0.708
Diabetes mellitus  1.018 (0.430-2.406) 0.968
CVA 1.916 (0.671-5.472) 0.225
CAOD 1.469 (0.591-3.655) 0.408
Preop Cr 1.747 (0.995-3.065) 0.052 1.504 (0.844-2.681)  0.166
Preop shock 0.695 (0.353-1.365) 0.291

Postop albumin 0.281 (0.150-0.527) <0.001 0.310 (0.165-0.583)  <0.001*

Subgroup analysis — patients without exogenous albumin replacement during operation

(n=108)

Univariate OR (CI) p-value Multivariate OR (CI) p-value

Age 1.006 (0.965-1.048) 0.793

Smoking 1.557 (0.714-3.396) 0.266

Hypertension 1.189 (0.550-2.572) 0.660

Diabetes mellitus  0.767 (0.307-1.916) 0.570

CVA 1.857 (0.612-5.636) 0.274

CAOD 1.328 (0.493-3.579) 0.575

Preop Cr 1.910 (0.997-3.661) 0.051 1.617 (0.859-3.043)  0.136
Preop shock 0.989 (0.464-2.108) 0.977

Postop albumin 0.357 (0.163-0.783) 0.010 0.426 (0.190-0.952)  0.038*

Subgroup analysis — patients without synthetic colloid replacement during operation (n=86)

Univariate OR (CI) p-value Multivariate OR (CI) p-value

Age 1.040 (0.989-1.095) 0.125 1.030 (0.969-1.095)  0.346
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Smoking 1.056 (0.411-2.712) 0.911

Hypertension 0.941 (0.378-2.345) 0.896

Diabetes mellitus  0.369 (0.075-1.813) 0.220

CVA 2.250 (0.519-9.756) 0.279

CAOD 2.429 (0.758-7.781) 0.135 2.448 (0.608-9.858)  0.208
Preop Cr 1.867 (0.763-4.568) 0.172 2.226 (0.788-6.292)  0.131
Preop shock 0.816 (0.326-2.040) 0.663

Postop albumin 0.165 (0.054-0.504) 0.002 0.161 (0.049-0.533)  0.003*

Values are presented as odds ratios (95% confidence intervals).
CVA: cerebrovascular accident, CAOD: coronary artery occlusive disease, Preop:

preoperative, Cr: creatinine, Postop: postoperative, * p < 0.05.

IV. DISCUSSION

We found that the postoperative albumin level was significantly lower in patients with
postoperative AKI than in those without AKI. An increase in the albumin level by 1 g/dL
after surgery reduced the incidence of AKI by 0.310 times.

AKI commonly occurs in patients undergoing open rAAA repair and is associated with
adverse postoperative outcomes including prolonged hospitalization and ventilator support
and mortality.' The causes of AKI after open rAAA repair are multifactorial, including
unstable hemodynamics, hypovolemia, nephrotoxic contrast agent use, and renal ischemia
during the perioperative period.'*

Meanwhile, albumin is a negative acute-phase reactant synthesized by the liver. The serum
albumin level is affected by albumin synthesis, catabolic or anabolic rates, redistribution
between the various fluid compartments of the body, and loss.'? Hypoalbuminemia is
associated with inflammation, nutritional status, oxidative stress, colloid oncotic pressure,
and liver disease.” It has also been associated with AKI in various cohorts such as in

10 14-18

orthopedic and cardiac surgery.® Although the prognostic impact of

hypoalbuminemia on AKI has been demonstrated, studies in patients undergoing open
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rAAA repair have not been conducted.

The mechanisms by which hypoalbuminemia causes AKI are as follows. The
pharmacodynamic properties of human albumin with renal-protective potential include the
mitigation of the nephrotoxicity of medications, restoration of balanced net fluid balance,
protection against loss of glycocalyx, and maintenance of glomerular filtration'®. Through
various signal transduction pathways, endogenous albumin is involved in maintaining the
integrity and function of proximal tubule cells®.

The most characteristic feature of rAAA is acute massive blood loss due to aortic rupture.
Thereafter, hemodilution and albumin loss cause hypoalbuminemia, which is consequently
related to the development of AKI. The results of a study, which showed that AKI occurs
frequently with the decrease in albumin levels after surgery in patients with no difference
in albumin levels before surgery, suggest that blood loss during surgery and its management
are important factors. This is similar to a previous study in which intraoperative
hypotension was the only risk factor for AKI in patients with AAA.?!

Some evidence showed that intravenous albumin replacement may reduce the risk of AKI
in a particular patient population. A previous prospective randomized controlled trial in
cardiac surgery demonstrated that the correction of low albumin levels is associated with a
lower increase in Cr, suggesting improved renal function with human albumin therapy.*
The use of albumin-containing solutions was associated with lower mortality compared
with other fluid resuscitation regimens in a previous meta-analysis conducted in patients
with sepsis.” A recent retrospective study suggested that albumin replacement after the
development of AKI may also promote renal recovery.!” A meta-analysis, which evaluated
the effect of hyperoncotic colloids on AKI in various clinical cases, including ascites,
surgery, sepsis, and spontaneous bacterial peritonitis, demonstrated that the administration
of hyperoncotic albumin solutions could decrease the odds of AKI by 76%.%* Albumin-
mediated renoprotection may be explained by several mechanisms, including the
maintenance of renal perfusion, promotion of proximal tubular integrity and function,

binding of endogenous toxins and nephrotoxic drugs, prevention of oxidative damage, and
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binding and delivery of protective lysophosphatidic acid '°. In the context of these studies,
intraoperative albumin replacement may potentially be a renoprotective strategy in patients
undergoing surgery for rAAA.

The possible association between synthetic colloid use and AKI is another concern
because two large randomized control trials conducted in critically ill patients reported an
increased risk of renal injury in patients receiving hydroxyethyl starch.? 2¢ However, the
results of these studies may not be applied to surgical patients with acute blood loss because
they only included critically ill patients. Consistent with this, studies on patients undergoing
major abdominal and cardiac surgeries did not show different hydroxyethyl starch and
saline effects on AKI.?” % In our study, more synthetic colloids were used in patients with
AKI, which was thought to be related to hypovolemia, massive blood loss, and renal
ischemia rather than colloid-induced AKI, as reported in previous studies. In addition,
colloids were frequently used in patients with low postoperative albumin levels; therefore,
a subgroup analysis was conducted excluding patients who used colloids. Consequently,
hypoalbuminemia was found to be associated with AKI although colloids were not used.
Although the relationship between colloids and AKI is beyond the scope of this study, we
found that colloids did not contribute to the association between low albumin levels and
AKI.

Previous studies on hypoalbuminemia and AKI have used different cut-off values at
different time points. In a study conducted in patients who underwent cardiac surgery,
preoperative albumin levels of 3 and 4 g/dL were used as cut-off values.® '® Preoperative
albumin level < 3.75 g/dL was independently associated with AKI after non-cardiac
surgery’. Albumin level < 3.0 g/dL on the postoperative second day and albumin level <
2.9 g/dL during the first two postoperative days were both associated with AKI occurrence
after orthopedic surgery.!'*!* Thus, in our study, the albumin change during the perioperative
period was assessed, and the postoperative albumin level, which showed a difference in the
occurrence of AKI, was used as a standard. In addition, since there was significant blood

loss and hemodilution in patients with rAAA and there were no known cut-off values for
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these patients, the median value was used as the standard. The median value used was 2.4
g/dL, which was lower than what was used in previous studies, because it was the
postoperative value of patients with significant blood loss.

The strength of this study is that the predictive value of postoperative hypoalbuminemia
for AKI in patients undergoing surgery for rAAA, which has not been addressed before,
was determined. Furthermore, we observed the changes in albumin levels before and after
surgery, with and without AKI.

However, our study had some limitations. First, adjustments for possible confounding
factors such as liver disease, inflammatory status, and comorbidities were not performed.
Second, we had no fixed principle of controlling the fluid infused into the patient during
the surgery. This was left to the discretion of each anesthesiologist in charge of the
surgery. Finally, the relatively small sample size of participants may be another concern.
However, considering that the incidence of rAAA is low and preoperative mortality cases
are considerably high, our study may still provide valuable insights since we followed up

patients who underwent open rAAA repair at one institution for 15 years.

V. CONCLUSION

In conclusion, postoperative serum albumin level was an independent prognostic factor
of AKI in patients undergoing rAAA. Our results suggest that measurement of
postoperative serum albumin level is important. moreover, increasing it through
intraoperative albumin replacement may have beneficial effects in preventing the
development of AKI in patients undergoing surgery with rAAA. However, further research

is needed on this issue.
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