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Coronary sinus lactate at reperfusion: A predictor of atrial
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ABSTRACT

Objective: Postoperative atrial fibrillation (POAF) is the most common complica-
tion after coronary artery bypass grafting (CABG). This study explored the associ-
ation of coronary sinus (CS) lactate levels with POAF after CABG.

Methods: This was a single-center prospective cohort study of patients without a
history of atrial fibrillation undergoing isolated CABG (December 2024 to February
2026). CS lactate was sampled before initiation of cardiopulmonary bypass (pre-
CPB), before cross-clamp removal (pre-XC), and after cross-clamp removal
(post-XC). POAF was defined as electrocardiogram-documented atrial fibrillation
treated with amiodarone during the index hospitalization. Restricted cubic splines
were used to define a binary cutoff of post-XC CS lactate at >3 mmol/L. Multivari-
able logistic regression was performed to assess the association between CS
lactate elevation and POAF.

Results: Of the 94 patients included, POAF occurred in 24 patients (26 %). Patients
with POAF were older and more commonly male but had similar median CPB time
and XC duration. Patients with a post-XC lactate >3 mmol/L (n = 13/94, 14%) had
significantly greater rates of POAF compared with those without lactate elevation
(62% vs 20%, P = .001). After risk adjustment, post-XC lactate >3 mmol/L was
associated with a 11.7-fold increase in odds of POAF (P = .010). Increasing age
was also linked to greater likelihood of POAF. There was no significant association
of POAF with CPB time, XC duration, pre-CPB CS lactate, or pre-XC CS lactate.

Conclusions: Elevated CS lactate after cardiac reperfusion was associated with
increased likelihood of POAF. Our findings suggest that CS lactate may be used
to guide POAF prophylaxis. (JTCVS Open 2026;33:101971)
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CENTRAL MESSAGE
High coronary sinus lactate

concentrations after cardiac re-
perfusion were associated with
greater odds of postoperative
atrial fibrillation after CABG.

PERSPECTIVE

Postoperative atrial fibrillation is the most com-
mon complication after CABG, yet accurate
prognostication remains elusive. We found that
coronary sinus lactate >3 mmol/L after cardiac
reperfusion was associated with a 11.7-fold
increased risk of postoperative atrial fibrillation.
Our findings suggest that coronary sinus lactate
sampling can be used to inform deployment of
targeted prophylaxis for postoperative atrial
fibrillation.
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Postoperative atrial fibrillation (POAF) is the most common
complication after coronary artery bypass grafting
(CABG), with a reported incidence of 17% to 40% in
contemporary series.”> Although often transient, POAF is
associated with increased resource use and long-term
morbidity.™* Previous work has identified several risk fac-
tors for POAF, including advanced age, male sex, and
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Abbreviations and Acronyms
AF = atrial fibrillation
aOR = adjusted odds ratio
BMI = body mass index
CABG = coronary artery bypass grafting

CPB = cardiopulmonary bypass

CS = coronary sinus

IQR = interquartile range

POAF = postoperative atrial fibrillation
RA  =right atrial

XC = cross-clamp

preexisting left ventricular dysfunction.”° However, predic-
tive models incorporating these characteristics (apart from
older age) display poor performance upon external
validation.”*

The pathogenesis of POAF is multifactorial, incom-
pletely understood, and thought to be driven by systemic
and local metabolic stresses of cardiopulmonary bypass
(CPB) superimposed on vulnerable atrial substrate.’ Lactate
is a recognized marker of tissue hypoperfusion and meta-
bolic distress, and it often is linked to adverse outcomes.
For instance, Naik and colleagues'’ evaluated 370 patients
undergoing cardiac surgery and found that systemic hyper-
lactatemia (>4 mmol/L) was associated with a 3.5-fold in-
crease in POAF. Models that incorporate measures of
intraoperative myocardial injury (ischemia and reperfusion)
may yield enhanced prognostication of POAF. As such, cor-
onary sinus (CS) lactate sampling may better reflect cardi-
ometabolic stress without being confounded by the degree
of systemic illness; however, the relationship between CS
lactate levels and POAF remains unexplored.

We leveraged a prospectively maintained, single-center
database of CS lactate concentrations originally developed
to examine the relationship between myocardial metabolic

stress and postoperative outcomes after CABG. In the pre-
sent analysis, we specifically evaluated the association be-
tween CS lactate levels and the development of POAF.
Patient- and operative-level factors associated with elevated
CS lactate concentrations were also secondarily assessed.

METHODS
Study Design and Cohort

This was a single-center cohort study of patients under-
going CABG between December 2024 and February 2026
at the Mass General Brigham: Brigham and Women’s Hos-
pital. Data were prospectively collected as part of an insti-
tutional initiative designed to identify peri- and
intraoperative risk factors for adverse outcomes after
CABG. The present analysis focused on POAF, and there-
fore, those patients with a history of atrial fibrillation
(AF) were excluded. Moreover, those requiring concomi-
tant valve intervention and those who did not undergo aortic
cross-clamping (XC) due to the presence of severe aortic
atherosclerosis were removed (Figure 1). Finally, patients
who received del Nido cardioplegia (n = 6) were excluded
to preserve cohort homogeneity. This work was conducted
under a protocol approved by the Mass General Brigham
Institutional Review Board (no. 2018P001524, approved
July 18, 2018). because of the low risk for patients, the
need for patient consent was waived.

Surgical Approach

All operations were performed by 2 surgeons (S.F.A,,
B.S.). After the completion of traditional median sternot-
omy, the aorta and right atrium were cannulated, and CPB
was initiated. Patients are allowed to passively cool (typi-
cally to 34 °C). After aortic XC, cardioplegic arrest was
induced with antegrade and retrograde 8:1 whole-blood car-
dioplegia, with additional doses administered at 20-minute
intervals. CS blood samples were collected via retrograde
cannulation at 3 intraoperative time points. First, a sample

[ Patients undergoing CABG (n=127)]

Exclusion
n=13 concomitant valve intervention
n=21 with pre-existing AF
n=6 del Nido cardioplegia

[ Isolated CABG (n=94) ]

No POAF (n=70)
74%

POAF (n=24)

26%

FIGURE 1. Cohort diagram. CABG, Coronary artery bypass grafting; AF, atrial fibrillation; POAF, postoperative atrial fibrillation.
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was obtained before the initiation of CPB (pre-CPB) to
represent a baseline. Second, in anticipation of aortic XC
removal (5 minutes prior), an additional sample was taken
(pre-XC). To obtain this sample, the left internal mammary
artery was briefly opened to provide enough volume to the
coronary circulation to be used for sampling. Lastly,
another sample was obtained 5 minutes after aortic XC
removal (post-XC). This time point reflects the status of
the reperfused myocardium. Right atrial (RA) samples
were also obtained at the pre-CPB and post-XC time points.
Samples were analyzed immediately after collection using
the RapidPoint 500e Blood Gas System (Siemens
Healthineers). Patients are preoperatively maintained on
beta-blockers for POAF prophylaxis. Postoperatively,
beta-blockade is initiated as soon as clinically feasible.
No other prophylactic strategies for AF were used,
including amiodarone or left posterior pericardiotomy.

Variable Definition

Age at operation, sex, and individual comorbidities (body
mass index [BMI], type 2 diabetes mellitus, hyperlipidemia,
hypertension, chronic lung disease, and chronic kidney dis-
ease stage 3 or greater) were among several baseline char-
acteristics collected through review of the electronic
medical record. Preoperative left ventricular ejection frac-
tion and left ventricular mass (indexed to body surface
area) were also recorded. Operative notes and perfusion re-
cords were reviewed to tabulate the number of bypassed
vessels, performance of coronary endarterectomy, total
CPB time, and aortic XC duration.

The primary outcome was POAF, defined as electrocar-
diographically documented AF requiring treatment with
amiodarone during the index hospitalization. Amiodarone
was administered if AF was noted to last >1 hour or if symp-
tomatic for any duration. Continuous telemetry monitoring
is performed for all patients until discharge. Secondary out-
comes included in-hospital mortality and length of stay.

Statistical Analysis

Continuous variables are reported as medians with inter-
quartile ranges (IQR) and compared using the Mann-
Whitney U test. Categorical variables are expressed as
counts with percentages, with differences evaluated using
the Pearson % test. The strength and statistical significance
of correlations were assessed with the Pearson correlation
coefficient. Restricted cubic spline regression was used to
assess the nonlinear relationship between CS lactate levels
and the incidence of POAF (Figure 2). A cutoff value of
>3 mmol/L was derived from the inflection point of the
spline curve for post-XC CS lactate values. Subsequently,
multivariable logistic regression was performed to evaluate
the risk-adjusted association of elevated post-XC CS lactate
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FIGURE 2. Restricted cubic spline analysis of coronary sinus (CS) lactate
concentrations and the likelihood of postoperative atrial fibrillation
(POAF). 95% Cls indicated by the shaded blue regions. CPB, Cardiopul-
monary bypass; XC, crossclamp.

with POAF. Covariates were selected using a combination
of elastic net regularization with forced inclusion of clini-
cally relevant variables. The final model included adjust-
ment for age at operation, CPB duration, aortic XC
duration, and number of distal anastomoses, as well as
pre-CPB and pre-XC CS lactate concentrations. There
was low concern for collinearity between independent vari-
ables, as the variance inflation factor was calculated to be
less than 5 for all covariates. Model discrimination was as-
sessed using the C-statistic, with 95% CIs generated using
bootstrap validation with 200 resamples. Regression results
are reported as adjusted odds ratios (aORs) with 95% Cls.
All statistical analyses were performed using Stata, version
19.1 (StataCorp).
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TABLE 1. Cohort characteristics stratified by development of POAF
Parameter No POAF (n = 70) POAF (n = 24) P
Age, y 67.7 [59.5-71.1] 71.6 [66.8-77.0] 011
Female sex 16 (22.9%) 0 (0.0%) .010
BMI, kg/m? 28 [25-31] 29.5 [26.5-33.5] .50
Preoperative LVEF, % 60 [55-65] 60 [58-65] .23
Preoperative LV mass index, g/mz 88.6 [72.8-102.4] 77.3 [74.8-99.7] 45
Hyperlipidemia 65 (92.9%) 22 (91.7%) .85
Hypertension 59 (84.3%) 20 (83.3%) 91
Diabetes 32 (45.7%) 7 (29.2%) .16
Chronic lung disease 7 (10.0%) 3 (12.5%) 73
Chronic kidney disease 11 (15.7%) 4 (16.7%) 91
Number of bypasses 57
2 9 (12.9%) 2 (8.3%)
3 38 (54.3%) 17 (70.8%)
4 19 (27.1%) 4 (16.7%)
5 4 (5.7%) 1 (4.2%)
Cardiopulmonary bypass time, min 113 [98-138] 116.5 [92-165] Sl
Aortic crossclamp time, min 93 [77-111] 91.5 [72.5-111.5] 73
Endarterectomy 12 (17.1%) 3 (12.5%) .59

POAF, Postoperative atrial fibrillation; BMI, body mass index; LVEF, left ventricular ejection fraction; LV, left ventricular.

RESULTS
Study Cohort

Of 94 patients meeting study criteria, 24 (26%) devel-
oped POAF. An additional 11 patients had AF documented
on telemetry that did not meet criteria for amiodarone treat-
ment and therefore were not included in the primary end
point. Patients with POAF were older (median 72 [IQR,
67-77] vs 68 [IQR, 60-71] years, P = .010) and more
commonly male (100 vs 77%, P = .010). Rates of hyperlip-
idemia, hypertension, type 2 diabetes mellitus, chronic lung
disease, and chronic kidney disease were similar between
those who did and did not develop POAF (Table 1). The dis-
tributions of BMI, preoperative left ventricular ejection
fraction, and indexed left ventricular mass were also
similar. Of note, patients with POAF had comparable
CPB time (117 minutes [IQR, 92-165] vs 113 [IQR, 98-
138] minutes, P = .51) and aortic XC durations (92 minutes
[IQR, 73-112] vs 93 [IQR, 77-111] minutes, P = .73) with
those who did not develop POAF. The distribution of the
number of distal anastomoses did not differ between
groups. Fifteen patients (16%) required endarterectomy
of the left anterior descending coronary artery, with no dif-
ference in POAF rates (endarterectomy: 20% vs no endar-
terectomy: 27%, P = .59). Length of stay was significantly
greater for those who developed POAF, compared with
others (7 [IQR, 6-10] days vs 6 [IQR, 5-7] days,
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P = .006). There was 1 in-hospital mortality of a patient
who developed POAF.

CS Lactate

Median CS lactate levels at pre-CPB, pre-XC, and post-
XC were 1.0 [IQR, 0.9-1.3], 2.8 [IQR, 2.0-3.7], and 2.1
[IQR, 1.7-2.6] mmol/L, respectively (Figure E1). At base-
line, pre-CPB CS lactate concentrations were similar be-
tween patients who did and did not develop POAF (1.0
[IQR, 0.9-1.4] mmol/L vs 1.1 [IQR, 0.9-1.3] mmol/L,
P = .66). CS lactate increased significantly from pre-CPB
to pre-XC time points (median +1.8 mmol/L [IQR, 0.8-
2.5], P <.001), with no significant difference in the magni-
tude of increase between patients with and without POAF
(+1.9 mmol/L [IQR, 0.8-2.3] vs +1.7 [IQR, 0.8-2.5],
P = .97). In contrast, pre-XC concentrations (3.0 [IQR,
1.8-3.6] vs 2.7 [IQR, 2.0-3.8] mmol/L, P = .98) were also
comparable between groups. After aortic XC removal, there
was no change in CS lactate concentrations for patients who
developed POAF (—0.3 mmol/L [IQR, —1.0 to 0.5],
P = .30), whereas a modest decrease was noted among pa-
tients who did not develop POAF (—0.7 mmol/L [IQR, —1.4
to —0.1], P < .001). However, post-XC CS lactate was
significantly greater among patients who developed POAF
compared with those who did not (2.4 [IQR, 1.9-3.5] vs
2.0 [IQR, 1.6-2.5] mmol/L, P = .02).
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FIGURE 3. Patient and operative factors correlated with coronary sinus (CS) lactate concentrations after aortic crossclamp removal (post-XC). Points indi-

cate the regression estimate, whereas bars represent 95% Cls.

A nonlinear relationship between CS lactate concentra-
tions and the incidence of POAF was observed at the
post-XC time point (odds ratio, 2.18 mmol/L; 95% CI,
1.21-3.95; P = .010). An inflection point at 3 mmol/L
was identified and wused for subsequent analyses
(Figure 2). Patients with post-XC CS lactate >3 mmol/L
(n = 13/94, 14%) experienced significantly greater rates
of POAF compared with those without elevation (62% vs
20%, P = .001). Post-XC CS lactate >3 mmol/L. demon-
strated high specificity (93%) but modest sensitivity
(33%) for POAF prediction, with positive and negative pre-
dictive values of 62% and 80%, respectively.

After adjustment for age, number of distal anastomoses,
CPB time, XC duration, and earlier lactate measurements,
post-XC CS lactate >3 mmol/L remained independently
associated with POAF (aOR, 11.7; 95% CI 1.80-76;
P = .010, Table 2). Increasing age was linked to greater
odds of POAF (aOR, 1.14 per year; 95% CI, 1.05-1.23;
P = .002). CPB time, XC duration, pre-CPB CS lactate,
and pre-XC CS lactate were not independently associated
with POAF. The model demonstrated excellent discrimina-
tion (C-statistic, 0.87; 95% CI, 0.77-0.97).

Factors Associated With Post-XC CS Lactate
Concentrations

Patient age and post-XC CS lactate levels were not signif-
icantly correlated (r = —0.02, P = .82). As shown in

Figure 3, there was a positive correlation between the num-
ber of distal anastomoses and post-XC CS lactate levels.
Specifically, each additional bypass graft was associated
with a 0.25 mmol/L increase in lactate concentrations
(95% CI, 0.03-0.47; P = .028). Furthermore, higher post-
XC CS lactate was linked to longer CPB time (r = 0.23,
P = .024), but not with aortic XC duration (r = 0.16,
P = .12). Increasing patient BMI was also associated with
greater post-XC CS levels (r = 0.33, P = .001).

Sensitivity Analyses

A sensitivity analysis incorporating all patients who
developed POAF regardless of treatment with amiodarone
was performed. Overall, 37% of patients had electrocardio-
graphic evidence of AF after surgery. Upon unadjusted
analysis, increasing post-XC CS lactate was associated
with greater odds of POAF (odds ratio, 1.90; 95% CI,
1.09-3.30; P = .024). Patients with post-XC CS lactate
>3 mmol/L continued to have greater rates of POAF,
compared with patients with post-XC CS Ilactate
<3 mmol/L (69% vs 32%, P = .010). This finding per-
sisted upon multivariable adjustment, with post-XC CS
lactate >3 mmol/L associated with a 9.50-fold increase
the odds of POAF (95% CI, 1.52-59.6; P = .016).

Given the strong correlation between post-XC CS and
RA lactate concentrations (r = 0.88, P <.001), a secondary
analysis evaluated RA lactate >3 mmol/L as a predictor of

JTCYVS Open * Volume 33, Number C 5
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FIGURE 4. Risk-adjusted predicted probability of postoperative atrial fibrillation (POAF) across increasing post-crossclamp (post-XC) coronary sinus

(CS) lactate levels stratified by age.

POAF. Although the RA-based model demonstrated good
discrimination, performance was slightly inferior to the
CS-based model (C-statistic, 0.82; 95% CI, 0.72-0.92 vs
0.87; 95% CI, 0.77-0.97), supporting the incremental pre-
dictive value of CS lactate sampling.

Sensitivity analyses were also conducted to explore the
relationship between post-XC CS lactate, age, and POAF.
The combination of age and post-XC CS lactate improved
discrimination compared with either predictor alone (age
only, 0.68; 95% CI, 0.53-0.82; and post-XC CS only,
0.63; 95% CI, 0.53-0.73, both: 0.77, 95% CI, 0.66-0.88;
P <.001). Predicted probability modeling further demon-
strated a graded increase in POAF risk with increasing
post-XC CS lactate across all age groups, with older pa-
tients exhibiting higher baseline risk (Figure 4).

DISCUSSION

The present study investigated the association of CS
lactate levels with outcomes after isolated CABG. Impor-
tantly, we identified a positive, yet nonlinear, relationship
between CS lactate concentrations after aortic XC removal
and the development of POAF. An inflection point was
identified at 3 mmol/L, and patients who exceeded this
threshold faced a nearly 12-fold increased risk of POAF,
compared with others. Of note, CS lactate concentrations
increased substantially for all patients during the ischemic
period, but on average, patients who developed POAF
were more likely to have sustained elevations in CS lactate
despite cardiac reperfusion with XC removal. Several fac-
tors were found to be associated with post-XC CS lactate
elevation, including greater BMI, increasing number of
distal bypassed vessels, and longer CPB duration. Our find-
ings may have significant implications for the perioperative
management of patients who undergo cardiac surgery.

6 JTCYVS Open * October 2026

Initial studies examining CS lactate concentrations were
focused on the diagnosis of coronary artery disease and
evaluating the efficacy of cardioplegic solutions.'' "
However, there is only a limited body of literature
describing the impact of CS lactate levels on cardiac
surgical outcomes, especially POAF. In 2001, Rao and
colleagues'® examined a cohort of 623 patients and found
a positive association between post-XC CS lactate and the
development of low cardiac output syndrome. A similar
prospective study by Onorati and colleagues'’ further
demonstrated that CS lactate levels were linked to altered
odds of perioperative myocardial infarction. Within a
cohort of 142 patients undergoing noncoronary cardiac op-
erations, Raicea and colleagues'® collected serial samples
of CS lactate before, during, and after aortic XC. They
demonstrated that the incidence of low cardiac output
syndrome was significantly greater in patients with
hyperlactatemia exceeding 4 mmol/L. Taken together, the
existing literature suggests that elevations in CS lactate
levels are associated with postoperative myocardial injury
with clinically significant implications."'”

Serial CS sampling revealed a marked increase in lactate
concentrations from baseline (pre-CPB) to the pre-
reperfusion (pre-XC) time point representing the end of
the ischemic period and partial revascularization of the
left internal mammary territory. This observation likely
reflects the expected transition of cardiomyocytes from aer-
obic to anaerobic metabolism under cardioplegic arrest.”’
After complete reperfusion, CS lactate levels remained
elevated among patients who developed POAF but
decreased for those who did not develop this complication.
It is important to note that the increase in CS lactate be-
tween the pre-CPB and pre-XC time points was not associ-
ated with the onset of POAF, whereas post-XC CS lactate
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TABLE 2. Multivariable logistic regression model of predictors of
postoperative atrial fibrillation

Variable aOR  95% CI P
Post-XC CS lactate >3 mmol/L 11.7 1.80-76 .010
Age at operation (per year) 1.14  1.05-1.23 .002
Number of distal anastomoses (per vessel) 1.06 0.40-2.85 .90
Cardiopulmonary bypass time (per min) 1.03 0.99-1.06 .13
Aortic XC time (per min) 0.97 0.93-1.02 .20
Pre-CPB CS lactate (per mmol/L) 0.52 0.07-3.96 .53
Pre-XC CS lactate (per mmol/L) 0.73  040-1.35 .32

aOR, Adjusted odds ratio; XC, crossclamp; CS, coronary sinus; CPB, cardiopulmo-
nary bypass.

concentrations were significantly correlated with POAF.
Taken together, these data allude to the contribution of re-
perfusion injury rather than ischemic injury as a primary
mechanism in the onset of this complication.

Indeed, this study found that CS lactate concentrations
>3 mmol/L after aortic XC removal were significantly asso-
ciated with greater likelihood of POAF. Interestingly, pa-
tients who ultimately developed POAF demonstrated
persistently elevated CS lactate levels after cardiac reperfu-
sion (post-XC), whereas those who remained free from
POAF generally exhibited a decline in lactate concentra-
tions. This study cannot directly comment on the mecha-
nisms underlying the discrepancy between pre-XC and
post-XC lactate levels, but our findings imply that some
event at the time of reperfusion predisposes patients to
AF. Moreover, this event may, in part, play a role in the
clearance or continued production of lactate by the myocar-
dium, despite being under aerobic conditions. Previous
studies of reperfusion-dependent cardiomyocyte damage
have demonstrated that mitochondrial dysfunction, pyru-
vate dehydrogenase inhibition, and aberrant microcircula-
tion contribute to persistent anaerobic metabolism.”'
Sandler and colleagues”® also demonstrated the significance
of mitochondrial damage as a consequence of CPB and
found higher levels of markers of mitochondrial damage
to be linked to an increased risk of POAF. To our knowl-
edge, this work is the first to establish a correlation between
CS lactate levels and the incidence of POAF. Future studies
are necessary to delineate the molecular mechanisms that
underlie our study findings.

Interestingly, overall CPB duration, but not ischemic time,
was associated with elevated post-XC CS lactate. We
cautiously interpret this result to imply that the myocardial
protection strategies used for patients in this study were
adequate. In contrast, total bypass time is more complex
and may reflect variations in myocardial recovery and the
development of vasoplegia. Despite advances in biomaterials
engineering, exposure to the CPB circuit is known to incite an
inflammatory response, with consequent cytokine release,
complement activation, and microvascular dysfunction.”’*"

This may, in part, explain the delayed resumption of
aerobic metabolism in patients with longer bypass duration,
leading to greater post-XC CS lactate values. Although we
did not observe a direct correlation between bypass time
and the incidence of POAF, a heightened inflammatory state
is also known to trigger foci of electrical instability in the
atri 3.26’31

The pathogenesis of POAF is thought to begin with a
vulnerable atrial substrate, secondary to age, elevated BMI,
valvular dysfunction, and genetic polymorphisms.*” Subse-
quently, intraoperative manipulation of the atria, ischemic
and reperfusion injury, as well as systemic inflammatory
cascades incited by CPB contribute to the induction and
maintenance of AF.*> Despite a growing understanding
of the etiology of POAF, accurate prognostication in the
clinical setting remains elusive. Fields and colleagues™
conducted a systematic review of existing risk models and
found low discriminatory power (C-statistic, 0.51-0.77) and
high risk of bias. Models included in their analysis incorpo-
rate validated preoperative risk factors for POAF but do not
directly account for the patient- and myocardium-specific
impact of CPB. Our study demonstrates that post-XC CS
samples can be used to accurately predict the risk of POAF,
which can then guide the deployment of targeted mitigation
strategies such as amiodarone prophylaxis, beta-adrenergic
blockade, or posterior left pericardiotomy.””” Importantly,
most episodes of POAF occur within postoperative days 2
to 4, and thus, additional information obtained during the in-
traoperative period would allow for preventative action to be
taken in appropriately selected high-risk patients.” Further-
more, for surgeons who do not routinely place a retrograde
cardioplegia catheter, this work demonstrated that RA sam-
ples can also be used with acceptable ability to predict
POAF. The results of our sensitivity analysis suggest that
age modifies the absolute risk conferred by post-XC CS
lactate elevation, with older patients facing a substantially
greater baseline risk of POAF at any given lactate concentra-
tion. Consequently, surgeons may adopt age-stratified cutoffs
for post-XC CS lactate levels to inform POAF prophylaxis.

Limitations

Several limitations of this study warrant consideration.
First, this analysis was conducted at a single academic med-
ical center and reflects the practice of 2 surgeons. The defi-
nition of POAF in this study was determined on the basis of
the clinical decision to administer amiodarone, introducing
potential for practice-pattern bias. As such, these findings
may not be generalizable to other cardiac surgical practices.
Second, the modest sample size of 94 patients constrains
statistical power, and the findings should be interpreted
with appropriate caution. Subgroup analyses could not be
performed for this reason. Third, the threshold of 3 mmol/
L was derived empirically from restricted cubic spline anal-
ysis within this dataset, rather than from a priori clinical
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rationale. Such data-driven cutoffs carry the risk of overfit-
ting and may not be generalizable in future cohorts. Finally,
telemetry surveillance was discontinued at the time of hos-
pital discharge; consequently, late-onset AF occurring after
discharge is not captured, and the true incidence of POAF in
this cohort may be underestimated.

CONCLUSIONS

In summary, the present study analyzed CS lactate
concentrations at varying time points during CABG and
demonstrated that elevations >3 mmol/L after cardiac re-
perfusion were associated with a greater likelihood of
POAF. Although our findings represent a promising step
forward in the accurate prognostication of AF after cardiac
surgery, more studies are necessary to validate our findings
in a larger, generalizable cohort. For instance, this work
may be expanded with metabolic profiling of the CS serum
samples in order to delineate the molecular mechanisms
responsible for the link between lactate and AF. Alterna-
tively, more study is necessary to understand the drivers
of POAF among patients who did not have elevated post-
XC CS lactate concentrations.

Webcast @

You can watch a Webcast of this AATS meeting presenta-
tion by going to: https://www.aats.org/resources/coronary-
sinus-lactate-at-repe-12224.
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FIGURE E1. Coronary sinus lactate concentrations before cardiopulmonary bypass (pre-CPB), before aortic crossclamp removal (pre-XC), and 5 minutes
after cardiac reperfusion (post-XC), stratified by the occurrence of postoperative atrial fibrillation (POAF). P values represented paired ¢ tests between time
points. Individual dots represent patient-level data points. The middie bar represents S0th percentile, upper bar represents the 75th percentile, and lower bar

represents the 25th percentile. The upper whisker corresponds to the 75th percentile plus 1.5 times the interquartile range, whereas the lower whisker cor-
responds to the 25th percentile minus 1.5 times the interquartile range.

10 JTCYVS Open * October 2026



	Coronary sinus lactate at reperfusion: A predictor of atrial fibrillation after coronary artery bypass grafting
	Methods
	Study Design and Cohort
	Surgical Approach
	Variable Definition
	Statistical Analysis

	Results
	Study Cohort
	CS Lactate
	Factors Associated With Post-XC CS Lactate Concentrations
	Sensitivity Analyses

	Discussion
	Limitations

	Conclusions
	Webcast
	Conflict of Interest Statement

	References


