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Abstract

Background: Type A aortic dissection (TAAD) is a life-threatening cardiovascular emergency frequently accompanied by elevated
lactate (Lac) levels during surgery. This study investigated the relationship between early postoperative changes in Lac levels and short-
term mortality in patients with TAAD. Methods: A retrospective analysis was conducted on TAAD patients who underwent surgery at our
institution. Lac levels were measured immediately after surgery and on postoperative days (PODs) 1 and 3. Logistic regression was used
to analyze patient demographics and clinical outcomes, and to identify short-term mortality risk factors. Receiver operating characteristic
(ROC) curves were constructed to assess the association between Lac levels, lactate clearance (LC), and short-term mortality. Results:
A total of 146 patients were included; 101 survived, and 45 died. Non-survivors had significantly higher Lac levels at intensive care
unit (ICU) admission and on PODs 1 and 3. Time-dependent multivariate Cox regression analysis revealed that the trend in Lac levels
during the first 3 days in the ICU was an independent risk factor for short-term mortality (hazard ratio = 1.33). On POD3, the area under
the curve (AUC) for predicting short-term mortality was 0.838 for Lac and 0.667 for LC. Kaplan—Meier analysis showed an increased
mortality risk with Lac >1.75 mmol/L or LC <37.23%. Age, sex, and liver and kidney function did not significantly affect the predictive
value of Lac and LC for mortality. Conclusion: Dynamic postoperative changes in Lac levels are significantly associated with adverse
clinical outcomes in patients with TAAD. Lac and LC measured on POD3 may serve as reliable indicators for predicting short-term
mortality in these patients.
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1. Introduction tissue perfusion status [6,7]. Previous studies have estab-
lished that elevated Lac levels are associated with mortality
in cardiovascular diseases [6,8]. Additionally, their prog-
nostic significance in TAAD has also been demonstrated
[9]. However, current research has predominantly focused
on single time-point Lac measurements [10], and the pre-
dictive role of dynamic Lac changes for short-term postop-
erative mortality in TAAD patients remains insufficiently
explored. Therefore, the aim of the present study was to in-
vestigate the predictive value of dynamic postoperative Lac
changes for short-term mortality in TAAD patients. We also
determined the optimal Lac cut-off value, thereby providing
an objective basis for early clinical risk stratification.

Type A aortic dissection (TAAD) is a cardiovascular
emergency with an extremely high mortality rate due to the
high incidence of postoperative complications. Surgical in-
tervention remains the most effective treatment for TAAD.
However, despite ongoing progress in surgical techniques,
the perioperative mortality risk remains substantial, with
a 30-day postoperative mortality rate ranging from 8% to
30% [1,2]. The prognosis of TAAD patients is determined
by multiple factors, including age, the extent and location of
the dissection tear, existing comorbidities, operative dura-
tion, malperfusion syndrome, and postoperative complica-
tions [3]. Therefore, the identification of robust prognostic

factors is crucial for guiding individualized treatment and
improving patient outcomes.

Organ malperfusion is one of the major life-
threatening complications of TAAD, affecting approxi-
mately 33% of patients [4]. Almost 15% of TAAD patients
present with lower limb ischemia [5]. Lactate (Lac) is the
final product of anaerobic metabolism and functions as an
objective biomarker in arterial blood and as an indicator of

2. Materials and Methods
2.1 Study Design and Population

This single-center retrospective study involved TAAD
patients who underwent surgery at the First Hospital of
Hebei Medical University between 2019 and 2022 (Fig. 1).
Data privacy adhered to national laws, and the study com-
plied with the Declaration of Helsinki and local guidelines
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178 patients who received TAAD

this study (December 2019 to June 2022)

surgery were enrolled in

A4

Patients were excluded:
previous open surgery 2
hereditary aortopathies 2
traumatic aortic dissection 1
autoimmune diseases 3
malignant tumors 2
with incomplete medical data 22

A 4

A total of 146 patients were included in our final study

Survival
N=101

Non-Survival
N=45

Fig. 1. Flowchart of the study population. TAAD, type A aortic dissection.

for retrospective research. The study was approved by the
hospital’s ethics committee (approval No. 20220946), and
the requirement for informed consent was waived due to its
retrospective nature.

All patients underwent preoperative computed tomog-
raphy angiography (CTA) of the aorta using a 64-slice or
higher multidetector computed tomography (CT) scanner.
Images were analyzed on specialized workstations to assess
aortic morphology, imaging features, and Stanford classifi-
cation. Inclusion criteria were: TAAD confirmed by aortic
CTA, first aortic dissection episode, symptom onset to hos-
pital presentation <14 days, no prior surgery, and age >18
years. Exclusion criteria included previous aortic surgery,
hereditary aortic conditions (e.g., Marfan syndrome), trau-
matic or pregnancy-related dissections, incomplete medi-
cal records, and any autoimmune, inflammatory, infectious,
hematologic, or malignant disease. After screening, 146 el-
igible individuals were enrolled and categorized into sur-
vival and non-survival groups based on outcomes.

2.2 Data Collection and Definitions

Clinical data were extracted from the hospital’s elec-
tronic medical records and included information on demo-
graphics, cardiovascular risk factors, clinical presentation,

anatomical details, treatments, surgical specifics, and hos-
pitalization. Patient information included sex, age, body
mass index (BMI), and medical history. Surgery details
encompassed type, cardiopulmonary bypass, and postop-
erative complications. Intensive care unit (ICU) data in-
cluded mechanical ventilation duration and length of ICU
stay. Laboratory data included routine blood tests, liver and
kidney function, coagulation, and arterial blood gas analy-
sis. In addition, serial measurements were made at three
time points, similar to the approach used for Lac (see be-
low). In subgroup analyses, abnormal liver function was
broadly defined as alanine aminotransferase (ALT) activity
>50 U/L, based on the upper limit of the laboratory refer-
ence range. Abnormal renal function was defined as creati-
nine (Cr) >98 umol/L. Because Cr levels are susceptible to
individual variation, this threshold was derived from the av-
erage of the upper limits of the laboratory reference ranges
for both males and females. A comprehensive bedside as-
sessment of cardiac structure and function was conducted
by skilled echocardiographers utilizing a standardized ul-
trasound system (Philips EPIQ 7C, Philips Healthcare, An-
dover, MA, USA). The parameters measured included aor-
tic diameter (AD), left atrial transverse diameter (LATD),
left ventricular fractional shortening (LVFS), and left ven-
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tricular ejection fraction (LVEF), among others. The pri-
mary focus of this TAAD surgery patient cohort was in-
hospital short-term mortality.

2.3 Lac Measurement

Arterial blood Lac levels were routinely measured at
different postoperative time points using the blood gas ana-
lyzer (ABL90 FLEX, Radiometer Medical ApS, Brenshej,
Denmark): immediately postoperative (IPO) upon ICU ad-
mission, postoperative day 1 (POD1), and postoperative
day 3 (POD3). Lactate clearance (LC) was defined as the

percentage reduction in Lac from baseline to time t: LCpop
= (Lacipo — Lacpop1) + Lacipo % 100%; LCpops = (Lacipo
— Lacpops) + Lacipo x 100%. Here, Lacpg is the baseline
Lac level, while Lacpop; and Lacpops are the Lac levels on
PODI and POD3, respectively.

2.4 Statistical Analysis

Data analysis was conducted using R software (v4.5.1,
R Core Team, Vienna, Austria). Continuous variables were
assessed for normality with the Kolmogorov-Smirnov test.
Normally distributed data are shown as the mean = SD and

Table 1. Comparison of baseline characteristics.

Variable Survival Group (n=101) Non-Survival Group (n = 45) P

Male, n (%) 70 (69.31) 32 (71.11) 0.826
Age (years) 52.84 £ 11.49 57.03+11.84 0.046
HR at admission (bpm) 79.00 [65.00, 90.00] 74.00 [65.00, 85.00] 0.406
SBP at admission (mmHg) 142.55+31.31 137.68 +33.25 0.394
DBP at admission (mmHg) 77.62 £ 18.15 76.57 + 17.59 0.743
BMI 25.95 [23.44,29.64] 26.67 [24.49, 29.39] 0.417
Hypertension, n (%) 76 (75.25) 38 (84.44) 0.215
Diabetes, n (%) 6(5.94) 3(6.67) 1.000
Coronary Heart Disease, n (%) 8(7.92) 5(11.11) 0.540
Valvular Heart Disease, n (%) 7 (6.93) 2(4.44) 0.722
Cerebrovascular Disease, n (%) 5(4.95) 5(11.11) 0.285
COPD, n (%) 1(0.99) 0(0.00) 1.000
Renal Dysfunction, n (%) 2(1.98) 0(0.00) 1.000
Hyperlipidemia, n (%) 4(3.96) 1(2.22) 1.000
Smoking, n (%) 37 (36.63) 21 (46.67) 0.253
Symptom-to-Surgery Time (h) 11.00 [8.00, 22.00] 10.00 [8.00, 22.00] 0.616
Surgery Duration (h) 8.00 [8.00, 9.00] 9.00 [8.00, 11.00] <0.001
CPB Time (min) 185.00 [170.50, 203.25] 221.50 [191.75,278.75] <0.001
ACC Time (min) 132.00 [123.00, 145.00] 147.50 [133.00, 201.75] <0.001
DHCA (min) 4.00 [3.00, 6.00] 5.00 [3.00, 9.00] 0.141
Sun’s Procedure, n (%) 90 (89.11) 41 (91.11) 1.000
David Procedure, n (%) 0 (0.00) 2 (4.44) 0.094
Bentall Procedure, n (%) 15 (14.85) 13 (28.89) 0.047
Wheat Procedure, n (%) 1(0.99) 0(0.00) 1.000
Aortic Valvuloplasty, n (%) 39 (38.61) 18 (40.00) 0.874
Ascending Aortic Replacement, n (%) 94 (93.07) 40 (88.89) 0.515
Total Aortic Arch Replacement, n (%) 93 (92.08) 44 (97.78) 0.275
TEVAR, n (%) 92 (91.09) 44 (97.78) 0.175
CABG, n (%) 8(7.92) 9 (20.00) 0.036
Femoral Artery Repair, n (%) 13 (12.87) 2 (4.44) 0.149
Temporary Pacing, n (%) 43 (42.57) 11 (24.44) 0.036
Hemopericardium, n (%) 57 (56.44) 27 (60.00) 0.687
ICU LOS (day) 5.00 [3.00, 7.00] 7.00 [2.00, 12.00] 0.244
MYV Time (h) 30.00 [15.00, 64.00] 121.00 [27.00, 218.00] <0.001

Data are presented as mean + SD, number (percentage) or Median (Q1, Q3). HR, heart rate; SBP, systolic

blood pressure; DBP, diastolic blood pressure; BMI, body mass index; COPD, chronic obstructive pulmonary

disease; Symptom-to-Surgery Time, time from symptom onset to surgery; CPB, cardiopulmonary bypass;

ACC, aortic cross-clamp; DHCA, deep hypothermic circulatory arrest; ICU LOS, intensive care unit length

of stay; TEVAR, thoracic endovascular aortic repair (for descending aorta); CABG, coronary artery bypass

grafting; Temporary Pacing, temporary pacemaker implantation; MV Time, mechanical ventilation time.
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compared using the #-test, while non-normally distributed
data are shown as the median (interquartile range, IQR)
and compared using the Mann-Whitney U test. Categor-
ical variables are presented as the frequency (percentage)
and compared using the y? or Fisher’s exact test. Univariate
analysis was performed on all baseline characteristics. Uni-
variate time-dependent Cox regression was used for multi-
time-point indicators, and variables with p <0.05 and a vari-
ance inflation factor <5 were included in multivariate anal-
ysis. Results are reported as the hazard ratio (HR) with 95%
confidence interval (CI). Generalized estimating equations
(GEE) analyzed indicator differences between survival sta-
tus groups over time, using Type I1I Wald > tests to evalu-
ate the significance of each main effect. Receiver operating
characteristic (ROC) curves were used to assess the predic-
tive ability for short-term mortality, with calculation of the
area under the curve (AUC) and the optimal cut-off value.
Subgroup analyses were performed to assess the reliability
of Lac and LC in predicting short-term mortality, with in-
teraction p-values provided. Statistical significance was set
at p <0.05.

3. Results

3.1 Patient Characteristics

This study analyzed 146 TAAD patients who under-
went surgical treatment. Comparison between the survival
group (n = 101) and the non-survival group (n = 45) re-
vealed significant differences across multiple preoperative,
intraoperative, and postoperative factors, as shown in Table
1. The non-survival group was older (57.03 + 11.84 years
vs. 52.84 + 11.49 years, p = 0.046) and had significantly
longer operative time (9.00 [8.00, 11.00] h vs. 8.00 [8.00,
9.00] h, p < 0.001), cardiopulmonary bypass (CPB) time
(221.50 [191.75, 278.75] min vs. 185.00 [170.50, 203.25]
min, p <0.001), and aortic cross-clamp (ACC) time (147.50
[133.00, 201.75] min vs. 132.00 [123.00, 145.00] min, p
< 0.001) compared with the survival group. Furthermore,
a higher proportion of patients in the non-survival group
underwent the Bentall procedure (28.89% vs. 14.85%, p
= 0.047) and coronary artery bypass grafting (20.00% vs.
7.92%, p = 0.036), whereas fewer underwent temporary
pacemaker implantation (24.44% vs. 42.57%, p = 0.036).

The incidence of postoperative complications was signifi-
cantly higher in the non-survival group (p < 0.05), as de-
tailed in Table 2.

3.2 Risk Factors for Short-term Mortality

Univariate time-dependent Cox regression analysis
was performed to determine the association strength be-
tween various parameters at each time point and patient
outcome (Fig. 2). The results showed that 22 parame-
ters, including D-dimer, creatine kinase-MB (CKMB), to-
tal protein (TP), blood glucose (BG), Lac, AST to ALT ra-
tio (AST/ALT), aspartate aminotransferase (AST), creatine
kinase (CK), and Albumin, were significantly associated
with patient mortality (p < 0.05). Among these, 19 param-
eters showed HR values >1 (p < 0.05), including D-dimer,
CKMB, BG, Lac, AST/ALT, AST, CK, troponin I (TNI), in-
direct bilirubin (IBIL), prothrombin time (PT) and LATD,
indicating that elevated levels of these markers were asso-
ciated with increased risk of mortality. Conversely, high
levels of TP, Albumin, and PLT had HR values <1 (p <
0.05), indicating they may act as protective factors.

Multivariable time-dependent Cox regression analy-
sis revealed that age (HR = 1.06, 95% CI: 1.02 —1.10, p =
0.003), operation duration (HR =1.52,95% CI: 1.18 — 1.96,
p = 0.001), Bentall procedure (HR = 2.96, 95% CI: 1.18 —
7.38, p=0.020), Lac (HR =1.33,95% CI: 1.20 - 1.48, p <
0.001), LATD (HR =1.19, 95% CI: 1.04 - 1.37, p=0.011),
and AST/ALT ratio (HR = 1.03, 95% CI: 1.01 — 1.05, p =
0.005) were independent risk factors for short-term mortal-
ity in TAAD surgical patients (Table 3). In contrast, PLT
(HR =0.99, 95% CI: 0.97 — 1.00, p = 0.015) was an inde-
pendent protective factor.

Since the non-survival group had more postoperative
myocardial infarctions (MI), MI was included as an adjust-
ing variable in the Cox regression model (Supplementary
Table 1). This analysis revealed that Lac was significantly
linked to short-term mortality (HR = 1.30, 95% CI: 1.16 —
1.45, p <0.001), whereas MI was not an independent pre-
dictor (HR = 1.69, 95% CI: 0.60 — 4.72, p = 0.319). After
excluding 31 patients with postoperative MI (21.2%), anal-
ysis of the remaining 115 patients confirmed a significant
association of Lac with short-term mortality (HR = 1.50,

Table 2. Characteristics of early postoperative complications.

Variable Survival Group (n=101) Non-Survival Group (n = 45) p

Acute Renal Failure, n (%) 24 (23.76) 39 (86.67) <0.001
Heart Failure, n (%) 80(79.21) 43 (95.56) 0.012
Myocardial Infarction, n (%) 10 (9.90) 21 (46.67) <0.001
Shock, n (%) 5(4.95) 26 (57.78) <0.001
Respiratory Failure, n (%) 1 (0.99) 26 (57.78) <0.001
Abnormal Liver Function, n (%) 42 (41.58) 35(77.78) <0.001
MODS, n (%) 0 (0.00) 28 (62.22) <0.001
Pericardial Effusion, n (%) 23 (22.77) 17 (37.78) 0.060

Data are presented as number (percentage). MODS, Multiple Organ Dysfunction Syndrome.
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Fig. 2. Forest plot of univariate time-dependent cox regression for each indicator. Red, p < 0.05; Gray, p > 0.05. CKMB, creatine
kinase-MB; TP, total protein; BG, blood glucose; AST, aspartate aminotransferase; AST/ALT, AST to ALT ratio; CK, creatine kinase;
Tnl, troponin I; a-HBDH, a-hydroxybutyrate dehydrogenase; TBIL, total bilirubin; DBIL, direct bilirubin; IBIL, indirect bilirubin; PLT,
platelet; PT, prothrombin time; IVSd, interventricular septum thickness at end-diastole; LVPWd, left ventricular posterior wall thickness
at end-diastole; LVIDs, left ventricular internal dimension at end-Systole; LVEDYV, left ventricular end-diastolic volume; LVESV, left

ventricular end-systolic volume; SV, stroke volume; MV E/A, mitral valve E/A; MR Vmax, mitral regurgitation peak velocity; AV Vmax,

aortic valve peak systolic velocity; WBC, white blood cell; NEUT%, neutrophils percentage; RBC, red blood cell.

95% CI: 1.19 — 1.90, p < 0.001), with a stronger effect size
(Supplementary Table 2).

We also conducted a repeated-measures analysis em-
ploying GEE (Supplementary Tables 3 and 4). GEE anal-
ysis revealed a significant difference in Lac levels between
the groups (Wald y* = 4.209, p = 0.040), with the non-
survival group showing consistently higher Lac levels than
the survival group. These findings align with the results
of the time-dependent Cox regression analysis, indicating
that in both methodological approaches, Lac was signifi-
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cantly associated with patient prognosis (odds ratio [OR],
1.52; 95% CI: 1.02 — 2.25, p = 0.040).

3.3 Lac and LC

Based on the temporal trends of Lac at each time point
(Fig. 3), we calculated LC and constructed ROC curves to
determine the predictive value of Lac for short-term postop-
erative mortality. As shown in Fig. 4A and Table 4, the op-
timal cut-off values for Lac at each time point were Lacipg
= 2.15 mmol/L (AUC 0.760, 95% CI: 0.646 — 0.873, p <
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Fig. 3. Characteristics of Lac levels in survivors and non-survivors at different time points. Data are presented as mean + SD.

Table 3. Multivariate time-dependent cox regression analysis.

Variable HR 95% CI p

Lac 1.33 (1.20-1.48)  <0.001
a-HBDH 1.00 (1.00-1.00) 0.318
PLT 0.99 (0.97-1.00) 0.015
Cr 1.00 (1.00-1.01) 0.091
D-dimer 1.00 (1.00-1.00) 0.166
PT 0.97 (0.88-1.07) 0.560
Tnl 1.03 (0.98-1.08) 0.196
LATD 1.19 (1.04-1.37) 0.011
AST/ALT 1.03 (1.01-1.05) 0.005
CPB Time 0.99 (0.98-1.00) 0.209
CABG 1.14 (0.42-3.15) 0.793
Surgery Duration  1.52 (1.18-1.96) 0.001
Age 1.06 (1.02-1.10) 0.003
Bentall Procedure 2.96 (1.18-7.38) 0.020
MV Time 1.00 (1.00-1.01) 0.167
Temporary Pacing 0.56 (0.27-1.17) 0.122

Cr, creatinine; LATD, left atrial transverse diameter.

0.001), Lacpop; =7.85 mmol/L (AUC 0.688, 95% CI: 0.584
—0.792, p < 0.001), and Lacpop; = 1.75 mmol/L (AUC
0.838, 95% CI: 0.758 — 0.918, p < 0.001). Similarly, the
optimal LC cut-off values for predicting short-term mortal-
ity at the respective time points were LCpop; = -218.91%
and LCpops =37.23% (Fig. 4B and Table 4), with AUCs of
0.593 (95% CI: 0.485 — 0.700, p = 0.090) and 0.667 (95%
CI: 0.552 - 0.781, p = 0.004), respectively.

Based on Lac and LC cut-off values at POD3, TAAD
patients were stratified into high- and low-risk groups and
Kaplan-Meier survival curves were constructed (Fig. 5).
The Lac and LC cut-off values at POD3 effectively strati-
fied patients, with survival curves for the high- (Lac >1.75
mmol/L or LC <37.23%) and low-risk (Lac <1.75 mmol/L
or LC >37.23%) groups being significantly different (both
p <0.001).

3.4 Subgroup Analysis

As shown in Fig. 6A, Lac demonstrated superior pre-
dictive performance for short-term mortality in TAAD sur-
gical patients aged >55 years compared to those aged <45
years (HR =3.69, 95% CI: 2.01-6.77, p <0.001), in patients
with Cr <98 umol/L compared to those with Cr >98 umol/L
(HR =4.50,95% CI: 1.45-13.88, p =0.009), and in patients
with ALT >50 U/L compared to those with ALT <50 U/L
(HR = 2.24, 95% CI: 1.35-3.74, p = 0.002). Elevated Lac
levels were consistently associated with increased mortal-
ity risk in both male and female patients, demonstrating a
uniform effect direction across sexes.

LC demonstrated a superior predictive effect for re-
duced mortality in patients aged >50 years compared to
those aged <45 years (HR = 0.99, 95% CI: 0.97-1.00, p =
0.014), a more pronounced protective effect in patients with
ALT >50 U/L compared to those with ALT <50 U/L (HR =
0.98, 95% CI: 0.97-1.00, p = 0.007), and stronger predic-
tive value in male patients compared to female patients (HR
=0.99, 95% CI: 0.98-1.00, p = 0.021). LC showed a pro-
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Table 4. AUC analysis of the ROC for predicting short-term mortality.

Time Point AUC

95% CI P Cut-off Value Sensitivity Specificity
Lacpops 0.838 0.758-0.918 <0.001 1.75 71.40% 87.00%
Lacpopi 0.688 0.584-0.792 <0.001 7.85 69.05% 72.00%
Lacipo 0.760 0.646-0.873 <0.001 2.15 80.95% 91.00%
LCpop3 0.667 0.552-0.781 0.004 37.23 72.73% 66.34%
LCpop1 0.593 0.485-0.700  0.090 -218.91 62.79% 65.35%

Group = Low(<1.75mmol/L) — High(>1.75mmol/L)

p <0.0001

30
Time (days)

C

Overall Survival Probability

Group — High(<37.23%) — Low(>37.23%)

p=0.00045

30 60
Time (days)

Fig. 5. Association between survival and Lac or LC. (A) Probability of survival of patients with and without elevated Lac at POD3.
(B) Probability of survival of patients with and without elevated LC at POD3.

tective trend regardless of renal function status, although

the difference was not statistically significant (Fig. 6B).
No significant interactions were observed between

age, sex, Cr, ALT, and either Lac or LC across all sub-

groups.
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4. Discussion

This study focused on the predictive value of dynamic
changes in Lac for adverse outcomes in patients with TAAD
after surgery. The findings demonstrated a notable dynamic
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(A) Subgroup Events/Total HR (95% Cl) P Value P for interaction

Age (years)
<45 years 8/33 1.61(0.49-5.34) " 0.435 0.247
45-55 years 10/38 2.19(0.52-9.22) L 0.285
>55 years 27175 3.69(2.01-6.77) - B <0.001

Gender
Male 321102 2.85(1.71-4.75) — <0.001 0.985
Female 13/44 3.20 (1.05-9.73) L 0.040

Cr (umoliL)
<98 7168 4.50 (1.46-13.88) & 0.009 0.183
>98 26/66 2.05(1.25-3.35) — 0.004

ALT (UIL)
<50 10/85 2.44(0.89-6.71) L 0.083 0.860
=50 23/49 2.24(1.35-3.74) — 0.002

T T T 1
o~ Hazard Ratio (per 1 unitincrease in Lac_POD 3) "
( B) Subgroup EventsiTotal HR (95% ClI) P Value P for interaction

Age (years)
<45 years 8/33 1.02 (0.97-1.06) —_— 0.470 0.368
45-55 years 10/38 0.98 (0.95-1.01) —— 0.281
>55 years 27175 0.99 (0.97-1.00) —a— 0.014

Gender
Male 32/102 0.99 (0.98-1.00) —— 0.021 0.725
Female 13/44 0.98 (0.95-1.01) — 0.169

Cr (umoliL)
<98 7/68 0.98 (0.96-1.00) —— 0.081 0.426
>98 26/66 0.99 (0.98-1.00) —— 0.099

ALT (U/L)
<50 10/85 0.99 (0.97-1.01) —a— 0.300 0.501
>50 23/49 0.98 (0.97-1.00) —— 0.007

0
Hazard Ratio (per 1 unitincrease in LC_POD 3)

Fig. 6. Subgroup and interaction analyses. (A) Forest plot showing HR and 95% CI values for LacPOD3 in predicting postoperative

death in the corresponding subgroups. (B) Forest plot showing HR and 95% CI values for LCPOD?3 in predicting postoperative death in

the corresponding subgroups. HR, hazard ratio; CI, confidence interval.

trend in postoperative Lac levels among TAAD patients.
Specifically, elevated Lac levels at 3 days postoperatively,
along with decreased LC, were independently correlated
with an increased risk of short-term mortality. Dynamic
Lac monitoring in the first three days postoperatively offers
early risk alerts compared to single-time-point measure-
ments. This approach provides clinicians with a dynamic,
objective, and non-invasive bedside assessment tool, shift-
ing postoperative management from static to trend-based
evaluation. Improving Lac clearance could also be a ther-
apeutic target, contributing to personalized intensive care.
The incorporation of dynamic Lac monitoring into rou-
tine practice may enable timely and precise interventions,
thereby improving short-term outcomes in TAAD patients.

Short-term mortality following TAAD surgery is in-
fluenced by multiple factors, including patient age, length

of stay in ICU, CPB duration, and dysfunction of critical or-
gans such as the liver and kidneys [11,12]. Consistent with
previous studies, our findings indicate that non-surviving
patients were generally older, experienced longer operative,
CPB and ACC times, and had a higher incidence of postop-
erative complications (e.g., acute renal failure, heart failure,
respiratory failure, MODS). CPB time is recognized as be-
ing correlated with postoperative hyperlactatemia [10,13].
Furthermore, as a potential marker for evaluating tissue
perfusion, serum Lac level has shown predictive value in
several studies on cardiovascular risk [14,15]. A study in-
volving 328 TAAD patients demonstrated that individuals
who developed severe acute kidney injury (AKI) postop-
eratively exhibited significantly elevated preoperative Lac
levels. The postoperative 12-h Lac level (cut-off value: 3.3
mmol/L) was an independent predictor of AKI with 30-
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day mortality [15]. Puluca et al. [1] found that preop-
erative Lac exceeding 3.71 mmol/L was a strong predic-
tor of early postoperative mortality in TAAD patients (OR,
7.292). The present study was focused on monitoring the
dynamic trends of various indicators within the first 72 h
postoperatively. We observed that Lac levels continued
to rise after ICU admission and peaked, a pattern consis-
tent with previous findings [16,17]. Importantly, our study
found that dynamic changes in Lac showed strong predic-
tive value (HR 1.33). Monitoring of trends in Lac may
therefore provide earlier warning of adverse outcomes com-
pared to a single static measurement. Consequently, we rec-
ommend dynamic monitoring of Lac, as this may improve
early detection of risk and inform real-time assessment of
clinical interventions.

Early postoperative elevation of the Lac level in
TAAD patients is influenced by multiple factors, includ-
ing hyperglycemia, prolonged CPB, liver and kidney func-
tion status, epinephrine use, and increased endogenous cat-
echolamine secretion [10,18]. After controlling for con-
founding variables through multivariate analysis, our study
found that the dynamic evolution of Lac within the first 3
postoperative days was an independent risk factor for short-
term mortality in TAAD patients (HR 1.33). The results of
the GEE analysis provided additional validation of this find-
ing. Interestingly, Lac persisted as a significant predictor
after controlling for the confounding influence of MI. Fur-
thermore, the predictive efficacy of Lac was enhanced fol-
lowing the exclusion of patients with MI. These findings in-
dicate that while MI contributes to the prognostic influence
of Lac within the study cohort, it is not a primary determi-
nant of its predictive ability. Consequently, we suggest that
multi-time-point measurement of Lac can more comprehen-
sively capture the progression of circulatory dysfunction by
integrating the effects of various factors—including CPB,
hemodynamic changes, and target organ perfusion—on Lac
levels over time. This approach may improve predictive ac-
curacy for the risk of early mortality. Our findings offer
clinicians a dynamic, objective, non-invasive, and conve-
nient tool for bedside assessment.

Elevated Lac in TAAD surgical patients can serve as a
highly sensitive indicator for the prediction of adverse out-
comes. Lin et al. [19] observed that the peak Lac level 24
h postoperatively was an effective predictor of short-term
mortality (AUC 0.729). Wang et al. [16] also reported
significantly increased Lac levels after ICU admission in
TAAD patients, with a 24 h level >2.95 mmol/L serving as
a predictor of 30-day mortality (AUC 0.805). Similarly, the
current study confirmed the significant predictive value of
24 h postoperative Lac for short-term mortality of TAAD
patients (AUC 0.688). Moreover, the 72 h postoperative
Lac level showed superior predictive efficacy (AUC 0.838)
compared to the 24 h value, suggesting that appropriate ex-
tension of the monitoring window can better capture the
trajectory of metabolic disturbances associated with mor-
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tality risk. Based on the aforementioned findings, it can
be inferred that Lac may represent a viable therapeutic tar-
get for clinical management. In clinical practice, if the Lac
level fails to reach the target threshold (Lac <7.85 mmol/L)
within the first 24 h of treatment initiation, more aggressive
interventions are warranted. These strategies may encom-
pass enhanced circulatory support, optimized volume man-
agement, and a thorough investigation for potential occult
malperfusion or infection. It is important to reduce Lac to
the target level of <1.75 mmol/L within 72 h; otherwise,
patients face a significantly elevated risk of mortality.

In contrast to absolute Lac levels, LC represents the
relative rate of change in Lac level over time. Reduced
LC has been associated with multiple organ failure and in-
creased mortality in studies of sepsis, trauma, and respi-
ratory failure [14,20]. Notably, survivors of cardiogenic
shock exhibited significantly higher LC at 6-8 h and at 24
h after treatment, indicating that LC is an important prog-
nostic indicator (AUC 0.791) [14]. Wang et al. [21] found
that elevated Lac at ICU admission (OR 1.284) and de-
creased LC at 24 h (OR 0.237) were independent risk fac-
tors for 30-day mortality in TAAD patients receiving con-
tinuous renal replacement therapy (CRRT). Despite the rel-
atively limited research supporting LC as a specific ther-
apeutic target in the context of postoperative TAAD, the
present study demonstrates that LC has significant indepen-
dent prognostic value. The moderate AUC for LC is prob-
ably attributable to individual factors, including periopera-
tive hemodynamic stability, organ perfusion status, and the
timing of peak Lac levels. This finding highlights the im-
portance of LC as a dynamic metabolic indicator for clinical
risk stratification in surgically treated TAAD patients. Fur-
thermore, our results indicate the trend for LC in predicting
short-term mortality risk in TAAD is consistent with that of
absolute Lac levels, with both demonstrating optimal pre-
dictive performance at 72 h post-surgery (AUC 0.667).

Accumulating evidence indicates that elevated Lac
levels and reduced LC are significantly associated with ad-
verse clinical outcomes [1,11,15,16]. However, most stud-
ies to date have focused on the preoperative period, or
within 24 h. The present study confirmed that Lac and LC
cut-off values on postoperative day 3 can effectively strat-
ify patient prognosis. Patients had a significantly increased
risk of short-term mortality when Lac was >1.75 mmol/L
or LC was <37.23%. This underscores the potential clin-
ical value of both Lac and LC as prognostic biomarkers
for TAAD. The Lac cut-off value identified in this study
was relatively lower compared to previous studies, pos-
sibly due to the longer observation period of up to 72 h
post-surgery. A novel finding of this work was the impor-
tance of the dynamic trajectory of Lac within the first 72
h after TAAD surgery, shifting the focus of postoperative
management from reliance on static measurements toward a
more nuanced, trend-based systemic assessment. By mon-
itoring the Lac trajectory and calculating LC, physicians
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can accurately identify high-risk patients. For these indi-
viduals, timely implementation of more intensive monitor-
ing and aggressive intervention is warranted. Conversely,
overtreatment can be avoided in low-risk patients.

During circulatory dysfunction, the patient’s
metabolic status directly affects the Lac clearance
process. Lac is primarily metabolized by the liver and,
to a lesser extent, by the kidneys [22,23]. When liver
or kidney function is impaired, the efficiency of Lac
clearance decreases, which can lead to a relative increase
in Lac levels. Additionally, factors such as age and sex
also influence the basal metabolic rate of Lac [6,7]. The
current study showed that age, sex, liver function, and
kidney function did not significantly affect the predictive
value of Lac and its clearance rate for the risk of short-term
mortality in TAAD surgical patients, providing indirect
support for the robustness of these indicators. Further
analysis revealed that Lac had a stronger predictive value
for short-term mortality among patients who were older and
had poorer liver function (ALT) but relatively preserved
kidney function (Cr). Moreover, the protective association
demonstrated by LC was also significant. While the
predictive value of Lac showed no significant difference
between the sexes, the predictive value of LC was stronger
in male patients. However, no significant interactions were
observed between age, sex, renal function, or liver function
and the predictive value of Lac or LC for patient outcome
(all p for interaction > 0.05). This aligns with the results of
a previous study [15].

5. Limitations

Several limitations of this research should be acknowl-
edged. First, all patient data for this single-center retrospec-
tive study were extracted from an electronic medical record
system. The sample size was relatively limited, and cases
with extensive missing data were excluded, which may
have introduced selection bias. Consequently, the findings
may not be fully generalizable to the broader TAAD pop-
ulation. Second, the lack of significant interactions among
age, sex, Cr, ALT, and either Lac or LC in the subgroup
analysis may be attributed to several factors, including the
limited sample size, the relative homogeneity of the study
population, and the sensitivity of biomarkers employed to
evaluate hepatic and renal injury. Furthermore, CRRT may
exert both direct and indirect effects on circulating Lac lev-
els and LC; however, due to constraints in data availability,
this variable was not incorporated into the current analy-
sis. Future research with larger sample sizes, more sensi-
tive biomarkers, and the inclusion of critical variables such
as CRRT is necessary to further validate the prognostic sig-
nificance of Lac and LC. Finally, this study analyzed Lac
levels only at three fixed time points, failing to capture the
complete trajectory of Lac changes. Future research should
undertake a more comprehensive investigation of the tem-
poral changes in Lac levels.
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6. Conclusions

In conclusion, the dynamic changes in Lac levels fol-
lowing surgery in patients with TAAD are closely linked
to adverse clinical outcomes. Notably, the Lac level on the
third postoperative day, along with its clearance rate, serves
as a reliable and effective predictor of short-term mortality.
Continuous monitoring of Lac levels post-TAAD surgery
provides an early warning of poor prognosis, thereby shift-
ing the focus of precision management based on the dy-
namic trends of these indicators. In clinical practice, Lac
and its clearance may also represent potential therapeutic
targets to improve postoperative care in high-risk patients.
Furthermore, they could facilitate the implementation of in-
dividualized and precise treatment strategies, ultimately re-
ducing short-term mortality.
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