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Background: Acute kidney injury (AKI) is a severe complication of cardiac surgery. This study was designed to explore the
association between the preoperative low T3 syndrome and cardiac surgery-associated acute kidney injury (CSA-AKI).

Methods: This was a retrospective single-center study. Data on 784 patients undergoing elective coronary artery bypass grafting
(CABG) or valve surgery were collected from January 2016 to July 2019. AKI was defined according to Kidney Disease: Improving
Global Outcomes guidelines. The effect of preoperative low T3 syndrome (fT3 < 3.5pmol/L) on the risk of the postoperative AKI was
analyzed in a logistic regression model.

Results: There were 171 (21.8%) patients developing AKI. Preoperative T3 and FT3 levels were lower in patients with AKI than in
those without AKI (P < 0.001). The incidence of postoperative AKI was higher in patients with low T3 syndrome than in those without
(31.0% vs 19.8%; P = 0.003). Multivariate logistic regression analysis showed that low T3 syndrome was an independent risk factor
for CSA-AKI patients (OR = 1.609, 95% CI: 1.033-2.504; P = 0.035), after adjusting for confounding factors, such as age, albumin,
and uric acid. Subgroup analyses showed that preoperative low T3 syndrome also increased incidence of CSA-AKI in those with high
risk factors, such as age =60 yrs (OR: 1.891, 95% CI: 1.183-3.022, P = 0.008), hypertension (OR: 2.104, 95% CI: 1.218-3.3.635,
P =0.008), and hyperuricemia (OR: 2.052, 95% CI: 1.037-4.06, P = 0.039).

Conclusion: Low T3 syndrome independently increases the risk of CSA-AKI. Patients with low T3 syndrome should be considered
at higher risk and be evaluated before cardiac surgery.
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Introduction

Acute kidney injury (AKI) is a common complication with cardiac surgery, the incidence of cardiac surgery-associated AKI
(CSA-AKI) varies from 5% to 42%." CSA-AKI is the second most common cause of AKI in the intensive care setting (after
sepsis) and is independently associated with increased morbidity and mortality.? At present, there is no effective treatment for
AKI, so early identification of high-risk groups and timely intervention are critical for controlling CSA-AKI.

Thyroid hormone levels and kidney function are closely related.” Many systemic diseases, other than thyroid diseases,
also disrupt the secretion of thyroid hormones.* Abnormal T4-to-T3 conversion leads to the decrease of T3 level,
a condition commonly known as low T3 syndrome, also as euthyroid sick syndrome (ESS) or non-thyroidal illness
syndrome (NTIS). In severe cases, T4 level also drops, but not accompanied by a usual feedback increase in thyroid-
stimulating hormone (TSH).” Low T3 syndrome increases the severity and worsens the outcomes of many diseases, such
as cancer,”® heart failure,” chronic kidney disease® and acute kidney injury.” However, few studies have reported the
relationship between preoperative low T3 syndrome and CSA-AKI. Therefore, we hypothesized that preoperative low T3
syndrome is a risk of CSA-AKI, and undertook the present study to test this hypothesis.
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Materials and Methods

Study Design

This retrospective single-center study was carried out at Nanjing First Hospital (Nanjing, China) over a period between
January 2016 and July 2019. The study was performed in accordance with the Declaration of Helsinki and approved by
the Regional Human Research Ethics Committee of Nanjing First Hospital (KY20190404-03-KS-01). The requirement to
obtain written informed consent from each patient was waived because this was an retrospective study. The patients’
information were anonymous and non identifiable.

Participants

The inclusion criteria: (1) age between 18 and 90 years; (2) patients underwent elective CABG or valve surgery; (3)
patients underwent cardiopulmonary bypass; (4) preoperative thyroid hormone levels were measured. Exclusion criteria:
(1) patients were diagnosed preoperative acute kidney injury; (2) patients had a history of thyroid diseases, such as
hypothyroidism, hyperthyroidism and thyroiditis; (3) patients used drugs affecting thyroid hormone levels, such as
amiodarone; (4) patients received dialysis therapy before the operation; (5) patients died within 48 hours; (6) patients had
incomplete medical records, such as missed serum creatinine. Ultimately, 784 patients were included.

Data Collection and Relevant Definitions

Demographic, preoperative, intraoperative and postoperative data were obtained from an electronic medical record
database. Laboratory data within 24 hr after admission, including preoperative thyroid hormone levels, were collected
from the hospital-based laboratory service. The reference values for hospital thyroid hormone levels were as follows:
TSH, 0.55-4.78mIU/L; T4 (TT4), 58.1-140.6nmol/L; FT4,11.5-22.7pmol/L; T3 (TT3), 0.92-2.79nmol/L; FT3, 3.5-
6.5pmol/L.

The final Scr before surgery was taken as the baseline Scr. eGFR was calculated by the Chronic Kidney Disease
Epidemiology Collaboration (CKD-EPI). AKI was diagnosed and staged according to the 2012 Kidney Disease:
Improving Global Outcomes criteria (KDIGO). Stage 1 was considered as mild, and stage 2 or stage 3 as severe. CSA-
AKI was defined as AKI occurring within 7 days after surgery.'’

Low T3 syndrome was defined as FT3 levels below the lower limit of the reference value (FT3< 3.5pmol/L),
accompanied by low or normal serum T4 and TSH levels.’

A cut-off age of 60 years was chosen to distinguish the elder from the young. Anemia was defined as hemoglobin
<120g/l in females or <130g/l in males. Hyperuricemia was defined as uric acid >360umol/l (6mg/dl) in females or
>420pmol/l (7mg/dl) in males. According to the American Diabetes Association Practice Guidelines, diabetes mellitus
(DM) was defined by fasting blood glucose>126 mg/dl, or a clinical diagnosis of DM with dietary, oral, or insulin
treatment. Hypertension was defined as office systolic blood pressure (SBP) >140 mmHg and/or diastolic blood pressure
(DBP) >90 mmHg.

Study Outcomes
The primary endpoint was defined as CSA-AKI. The secondary endpoints were defined as stay in hospital and ICU,
hospital death or need for CRRT.

Statistical Analysis

SPSS 25.0 software was used for all comparisons between groups with and without low T3 syndrome. Continuous
variables were compared using the Student’s #-test and expressed as the mean + standard deviation. Categorical variables
were compared using the Chi-square test or Fisher’s exact test and presented as frequencies. Serum T3 and FT3 levels
among groups of different degrees of AKI were compared by the one-way analysis of variance analysis (ANOVA). We
first performed univariate analysis for significant baseline variables. Furthermore, multivariate logistic regression
analysis with the backward stepwise method was employed to determine independent risk factors for CSA-AKI.
Included variables were age, history of diabetes and hypertension, use of ACEI/ARB drug, baseline eGFR, preoperative
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albumin, uric acid, hemoglobin, fibrinogen, low T3 syndrome, cross-clamp time and CPB time. The effect of preopera-
tive low T3 syndrome on CSA-AKI was also evaluated in various subgroups stratified by age, history of diabetes, history
of hypertension, use of ACEI/ARB drug, hyperuricemia, anemia and CPB time.

Results

Baseline Clinical Characteristics

A total of 1165 adult patients underwent elective CAGB or valve surgery under CPB in the period of study. Preoperative
thyroid hormone levels were not measured in 263 patients. Of the remaining, 118 patients were excluded (n=10, history of
thyroid disease; n=37, use of drugs affected thyroid hormone levels; n=39, preoperative acute kidney injury; n=15,
preoperative dialysis; n=16, incomplete medical records; n=1, death within 48 hours). Ultimately, 784 eligible patients
were enrolled (Figure 1), with a mean age of 61.40£10.15 years. Of them, 613 (78.2%) had no AKI, 147 (18.8%) had stage 1
AKI, 17 (2.2%) had stage 2 AKI, and 7 (0.9%) had stage 3 AKI. At admission, 142 (18.1%) had low T3 syndrome. The
participants were divided into two groups based serum thyroid hormone levels: low T3 syndrome group (n=142), without

low T3 syndrome group (n=642). All baseline characteristics we comparable between the two groups (Table 1).

Early Outcome and Complications

One patient died postoperatively, three patients needed CRRT treatment, and 171 patients presented postoperative AKI.
In the low T3 syndrome group, 98 patients had no AKI, and 44 patients had AKI, including 35 with stage 1 AKI and 9
with stage 2 or 3 AKI. Compared with those without low T3 syndrome, the patients with low T3 syndrome had higher
incidence of AKI (31.0% vs 19.8%, P=0.003; Figure 2) and longer postoperative ICU stay and hospital stay (54.11
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Eligible patients were Incc_)mplet_e meQich records(n=16);
included(n=784) @tlents died within 48 hours(n=1)

Figure | Flow chart of inclusion of study participants.
Abbreviations: CABG, coronary artery bypass grafting; CPB, cardiopulmonary bypass.
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Table | Clinical Characteristics in Patients with or without Preoperative Low T3 Syndrome

Variables Without Low T3 Syndrome Low T3 Syndrome P value
(n=642) (n=142)
Demographics:
Male, n (%) 348 (54.2) 83 (58.5) 0.358
Age, yrs 60.97+10.10 63.36x10.16 0.012
Body Mass Index, kg/m2 24.01+3.16 23.62+3.32 0.191
Medical history:
Smoke, n (%) 80 (12.5) 14 (9.9) 0.388
Diabetes, n (%) 101 (15.7) 37 (26.1) 0.003
Hypertension, n (%) 329 (51.2) 69 (48.6) 0.567
Hyperlipidemia, n (%) 15 (2.3) 1 (0.7) 0.359
Chronic Kidney Disease, n (%) 2 (0.3) 0 (0) |
Chronic Obstructive Pulmonary Disease, | | (0.2) 0 (0) |
n (%)
Stroke, n (%) 52 (8.1) 10 (7.0) 0.673
Chronic Heart Failure, n (%) 0 (0) 1 (0.7) 0.181
Atrial fibrillation, n (%) 179 (27.9) 38 (26.8) 0.787
Medications:
B-blocker;, n (%) 60 (9.3) 14 (9.9) 0.850
ACEI/ARB, n (%) 31 (4.8) 3(2.0) 0.150
Statins, n (%) 44 (6.9) 10 (7.0) 0.936
Aspirin, n (%) 25 (3.9) 9 (6.3) 0.196
Preoperative indicators:
LVEF, % 60.08+7.78 56.34+10.09 <0.001
eGFR, mL/min/1.73 m? 88.54+16.08 85.37+16.02 0.034
Baseline creatinine, umol/L 72.54+16.55 74.96+17.87 0.119
Albumin, g/L 40.96+3.50 39.04+3.73 <0.001
Uric acid, pmol/L 359.09+107.17 361.27+114.96 0.829
High Density Lipoprotein, mmol/L 1.13+£0.28 1.01£0.29 <0.001
Total cholesterol, mmol/L 4.36+1.08 4.00£1.51 0.001
Low Density Lipoprotein, mmol/L 2.58+0.88 2.42+0.88 0.045
Glucose, mmol/L 5.35%1.44 5.65+1.64 0.028
Leukocyte counts, X [079/L 6.09+1.64 6.66+2.24 0.001
Hemoglobin, g/L 135.43+£16.93 127.61£18.26 <0.001
Platelets, 1079/L 191.76+61.80 195.92+73.33 0.194
Fibrinogen, g/L 2.95+0.90 3.30£0.97 <0.001
Free T3, pmol/L 4.10+£0.44 3.10+£0.33 <0.001
Free T4, pmol/L 13.41£1.82 13.262.11 0.277
T3, nmol/L 1.39+0.27 1.08+0.22 <0.001
T4, nmol/L 98.27+20.48 88.90+18.94 <0.001
TSH, mlU/L 2.97+2.86 2411.18 0.022
Intraoperative indicators:
Surgical procedure, n (%) 0.027
CABG alone 172 (26.8) 52 (36.6)
Valve alone 407 (63.4) 73 (51.4)
CABG and valve surgery 63 (9.8) 17 (12.0)
Cross-clamp time, min 70.45£26.91 70.09+30.14 0.886
CPB time, min 101.02+35.87 102.35+35.96 0.691

Note: Variables are expressed as numbers (%), mean (xSD).

Abbreviations: CABG, coronary artery bypass grafting; CPB, cardiopulmonary bypass; eGFR, estimated glomerular filtration rate; LVEF, left ventricular ejection fraction;

T3, triiodothyronine; TSH, thyroid stimulating hormone.
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Figure 2 The incidence of CSA-AKI with or without low T3 syndrome. Patients with low T3 syndrome have a higher incidence of CSA-AKI than those without low T3
syndrome (31.0% vs 19.8%, P=0.003).
Abbreviation: CSA-AKI, cardiac surgery associated acute kidney injury.

+67.42h vs 37.74+29.13h, P <0.001; 18.69+6.63d vs 16.68+5.76d, P <0.001). Numbers of CRRT treatment and hospital
death showed no differences (Table 2).

Association Between Preoperative Low T3 Syndrome and CSA-AKI

Preoperative T3 and FT3 levels were lower in patients with severe AKI than in those with mild and non-AKI (Figure 3),
lower in patients with AKI than in those without AKI (1.26+0.25nmol/L vs 1.354+0.29nmol/L, P<0.001; 3.77+0.61pmol/
L vs 3.96+0.55pmol/L, P<0.001, respectively). More patients with AKI exhibited low T3 syndrome than did those
without AKI (25.7% vs 16.0%, P=0.003). As mentioned above, low T3 syndrome was associated with a higher incidence
of CSA-AKI.

In univariate analysis, the occurrence of CSA-AKI was significantly associated with age, presence of diabetes and
hypertension, use of ACEI/ARB, LVEF, baseline eGFR, baseline creatinine, albumin, uric acid, hemoglobin, fibrinogen,
CPB and cross-clamp time, surgical procedure and preoperative low T3 syndrome (Table 3). Meanwhile, multivariate
logistic regression analysis showed that preoperative low T3 syndrome was a major independent risk factor for CSA-AKI
(OR:1.609, 95% CI:1.033-2.504, P=0.035; Table 3). Additional independent risk factors included age, diabetes,

Table 2 Early Outcomes and Complications in Patients with or without Preoperative Low T3 Syndrome

Outcomes Without Low T3 Syndrome Low T3 Syndrome P value
(n=642) (n=142)

ICU stay, h 37.741£29.13 54.11+67.42 <0.001

Hospital stay, d 16.68+5.76 18.69+6.63 <0.001

Postoperative AKI, n (%) 127 (19.8) 44 (31.0) 0.003

CRRT, n (%) I (0.2) 2 (1.4) 0.086

Hospital death, n (%) I (0.2) 0 (0) |

Note: Variables are expressed as numbers (%), mean (+SD).
Abbreviations: AKI, acute kidney injury; CRRT, continuous renal replacement therapy; ICU, intensive care unit.
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Figure 3 The FT3 and T3 levels in CSA-AKI category. The FT3 level among 2 groups (A), the FT3 level among 3 groups (B), the T3 level among 2 groups (C), the
T3 level among 3 groups (D).
Abbreviation: AKI, acute kidney injury.

hypertension, use of ACEI/ARB, uric acid, hemoglobin and CPB time (Table 3). The presence of preoperative low T3
syndrome was associated with an increased risk of CSA-AKI in various subgroups, especially in those with high-risk
factors, such as age=60 yrs (OR:1.891, 95% CI:1.183-3.022, P=0.008), history of hypertension (OR:2.104, 95%
CI:1.218-3.3.635, P=0.008), hyperuricemia (OR:2.052, 95% CI:1.037-4.06, P=0.039) (Figure 4).

Discussion

To our knowledge, this is the first study to discuss and analyze the relationship between the preoperative low T3
syndrome and AKI in patients undergoing CABG or valve surgery. Our study demonstrates that the presence of the low
T3 syndrome at admission is independently associated with an increased risk of postoperative AKI, especially in those
with high-risk factors, such as age=60 yrs, hypertension, hyperuricemia, even after adjustment for all potential and
significant confounders.

Studies have shown that Low T3 syndrome complicated by CKD exhibited a high prevalence.'' Many previous studies
have also reported the relationship between low T3 syndrome and the poor prognosis, and greater mortality of chronic kidney
disease.'>"* However, limited studies have explored the relationship between the low T3 syndrome and AKI. Liu et al have
revealed that the low T3 syndrome at admission increased the risk of AKI after aortic aneurysm surgery, this was consistent
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Table 3 Univariate and Multivariate Predictors of Postoperative AKI
Factor Univariate Analysis Multivariate Analysis
OR 95% CI P value OR 95% ClI P value
Age, yrs 1.032 1.013-1.051 0.001 1.020 1.000-1.041 0.049
Diabetes 1.997 1.331-2.996 0.001 2315 1.451-3.693 <0.001
Hypertension 1.684 1.192-2.379 0.003 1.504 1.019-2.22 0.04
ACEI/ARB 2.644 1.306-5.352 0.007 2451 I.146-5.240 0.021
LVEF, % 0.981 0.962—-1.000 0.047
eGFR, mL/min/1.73m? 0.986 0.975-0.996 0.007
Baseline SCr, umol/L 1.013 1.003-1.023 0.011
Albumin, g/L 0917 0.875-0.962 <0.001
Uric acid, pmol/L 1.002 1.001-1.004 0.003 1.003 1.001-1.004 0.002
Hemoglobin, g/L 0.984 0.974-0.994 0.001 0.985 0.974-0.995 0.004
Fibrinogen, g/L 1.196 1.005-1.423 0.044
Low T3 syndrome 1.821 1.214-2.730 0.004 1.609 1.033-2.504 0.035
Surgery 0.046
CABG alone 0.478 0.267-0.857 0.013
Valve alone 0.624 0.371-1.048 0.075
CABG and valve surgery Reference
Cross-clamp time, min 1.012 1.006-1.018 <0.001
CPB time 1.010 1.006-1.015 <0.001 1.009 1.004-1.015 0.001

Note: Results reported as odds ratio and 95% confidence interval.
Abbreviations: CABG, coronary artery bypass grafting; CPB, cardiopulmonary bypass; eGFR, estimated glomerular filtration rate; SCr, serum creatinine.

with our study." Similarly, in an observational study, Chen et al observed that low T3 syndrome was a risk factor for in-
hospital death and acute renal failure in patients with acute aortic dissection.'” However, another study has also shown that
there was no association between preoperative thyroid function and AKI after thyroidectomy, this may be due to the small
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Figure 4 Subgroup analysis of the effect of low T3 syndrome on CSA-AKI incidence.

Abbreviations: n, number of patients in low T3 syndrome group or without low T3 syndrome group; CPB, cardiopulmonary bypass.
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sample size, and the association between low T3 syndrome and AKI was not further analyzed.'® In addition, Cerillo et al
found that preoperative low T3 syndrome served as an independent risk factor of short-term prognosis after CABG surgery,
including low cardiac output and hospital death.'” Meanwhile, our study showed that the low T3 syndrome independently
increased the risk of CSA-AKI, which can be complementary to the study by Cerillo et al.

In our study, the incidence of CSA-AKI was consistent with those in previous reports.'® Previous studies have showed
that the pathogenesis of CSA-AKI were involved in hemodynamic instability,'® excessive inflammatory response,”’ and
perioperative release of reactive oxygen species (ROS).”! However, no mechanisms have not yet been uncovered to elucidate
the association between low T3 syndrome and CSA-AKI. To our knowledge, thyroid hormone levels directly regulate renal
growth and development, glomerular filtration rate and sodium and water homeostasis.®> As mentioned earlier, hemodynamic
instability was involved in the development of CSA-AKI. Studies have revealed that thyroid hormones directly regulate the
level of renins or partially enhance the activity of beta-adrenergic receptors, thus regulating in this way the renin-angiotensin
system.”? Other studies have shown that as serum FT3 and T3 levels fall, myocardial contractility and cardiac output
decrease, and peripheral vascular resistance increases, thus reducing renal blood flow and eGFR.** An animal study also
showed that thyroid hormones (eg, T3) can increase in blood flow in the ventricles and kidneys, a possible mechanism that
underlies T3-induced improvement of cardiac and renal function.”* Kumar et al have revealed that the patients who received
levothyroxine experienced rapid improvement in hemodynamics.”> In addition, histologic studies have documented the
effects of T3 on outer and cortical medullary tubular segments, especially the distal convoluted tubules and proximal tubules.
Renal tubular epithelial cells bear the brunt of AKL.> Renal ischemia reperfusion injury was involved in the development of
CSA-AKI, and T3 can reverse renal ischemia-reperfusion injury by inhibiting oxidative stress and the apoptosis of renal
tubular epithelial cells.”® However, the protective effects of T3 weakens as its level drops, thereby increasing the vulner-
ability of renal tubular epithelial cells to surgical stress. In animal models, supplement of thyroid hormone can ameliorate or
reverse ischemic and toxic kidney injury.?” Therefore, the patients with preoperative low T3 syndrome may be more likely to
develop AKI, who are a high-risk group of CSA-AKI. Further research is needed to determine whether the risk of
postoperative AKI can be reduced by T3 correction.

This study has certain limitations. First, this is a retrospective single-center study, but not a randomized study, and
the data may have deviations. Second, some clinical data are missing, such as postoperative inflammatory biomarkers
(C reactive protein) and intraoperative mechanical ventilation parameters and intraoperative laboratory indicators
(hemoglobin), which may have an impact on the results. Third, other factors influencing serum thyroid hormone levels
might not have been completely excluded. Finally, thyroid hormones are in change, but thyroid function is not
a routine test, which cannot be monitored and followed up, we were unable to dynamically analyze the effect of
thyroid function on AKI. However, our study is one of the few articles to study the relationship between low T3 and
CSA-AKI.

Conclusions

The results of this study suggest that preoperative low T3 syndrome may be an independent risk factor in patients who
developed CSA-AKI. For this reason, the patient’s thyroid profile should be evaluated before cardiac surgery. Further
studies are needed to elucidate the molecular basis of association.
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