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Abstract

OBJECTIVES: This study assessed the impact of early postoperative organ dysfunction (EPOD) on in-hospital mortality of patients with
type A aortic dissection (TAAD) after surgery.
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METHODS: Patients with TAAD who underwent surgical repair requiring deep hypothermic circulatory arrest from January 2020 to
December 2021 were included. The Sequential Organ Failure Assessment (SOFA) score was calculated for 3 days postoperatively to stratify
the severity of organ dysfunction. Patients with the SOFA of 0–4, 5–8 or >8 were defined as mild, moderate or severe EPOD. The primary
outcome was in-hospital mortality, and a composite secondary outcome was defined as in-hospital death or any major complications.
Kaplan–Meier curves were used to compare survival probability. The area under the receiver operating characteristic curve and calibration
plots were used to evaluate the predictive power and overall performance of SOFA.

RESULTS: Of the 368 patients, 5 patients (3%) with moderate EPOD and 33 patients (23%) with severe EPOD died. No patient died
with mild EPOD. The areas under the receiver operating characteristic curve of SOFA for predicting mortality and the composite outcome
were 0.85 (0.81–0.88) and 0.81 (0.77–0.85) on postoperative day 1. Each point of postoperative day 1 SOFA score corresponded to an
odds ratio of 1.65 (1.42–1.92) for mortality. Of the 6 components of the SOFA system, only coagulation (2.34 [1.32–4.13]), cardiovascular
(1.47 [1.04–2.08]), central nervous system (1.96 [1.36–2.82]) and renal (1.67 [1.04–2.70]) functions were associated with the higher risk of
mortality.

CONCLUSIONS: EPOD stratified by the SOFA score was associated with a higher risk of death and predicted the clinical outcomes of
patients with TAAD with good accuracy.
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ABBREVIATIONS

AUROCs Areas under the receiver operating character-
istic curves

CI Confidence interval
CNS Central nervous system
CPB Cardiopulmonary bypass
CT Computer tomography
DHCA Deep hypothermic circulatory arrest
EPOD Early postoperative organ dysfunction
EuroSCORE II European System for Cardiac Operative Risk

Evaluation II
IQRs Interquartile ranges
MS Malperfusion syndrome
OR Odds ratio
POD Postoperative day
q-SOFA Quick SOFA
SOFA The Sequential Organ Failure Assessment
TAAD Type A aortic dissection

INTRODUCTION

Appropriate risk stratification for patients with type A aortic dis-
section (TAAD) is important, especially for those who received
surgical repair. A large number of studies have focused on preop-
erative evaluations to help with surgical decisions [1, 2], but de-
spite advances in cardiothoracic surgery, mortality rates remain
high after operations. A thorough postoperative assessment is of
great necessity to tailor interventions to patient’s critical condi-
tions to improve the prognosis.

Organ dysfunction typically manifests early in the postopera-
tive period and can have lasting negative effects on patients.
Early postoperative organ dysfunction (EPOD) not only accurately
reflects the severity of the disease in the early postoperative pe-
riod but also serves as an important intermediate factor in decid-
ing the prognosis [3, 4]. Before definitive operations, a great
number of patients have already experienced renal, hepatic, re-
spiratory or cardiac dysfunction depending on the extent of the
aortic tear [5]. In addition, multiple factors during surgery, such
as operative trauma, prolonged surgery, cardiopulmonary bypass
(CPB), deep hypothermic circulatory arrest (DHCA) and large

volume of transfusion, combined with preoperative conditions,
all contribute to the development or the worsening of severe or-
gan dysfunction. In consideration of these issues, the need to
clinically assess organ dysfunction to help with early risk stratifi-
cation for TAAD patients undergoing surgery is urgent.

As EPOD often involves multiple organs, a more comprehen-
sive approach is preferred. Scoring systems have been explored
in the field of critical care medicine for many years. The
Sequential Organ Failure Assessment (SOFA) score is a simple
and common scoring system that allows for the calculation of
the severity of organ dysfunction in 6 organ systems [6], and the
score can measure individual or aggregate organ dysfunction [7].
It has been widely adopted to evaluate multiple organ dysfunc-
tion syndrome in septic patients [8, 9]. In addition, parameters
used in the SOFA score are readily available clinically with good
convenience. Therefore, we propose the hypothesis that EPOD
measured by the SOFA score postoperatively may be associated
with and could predict mortality and major adverse outcomes.

The aims of this study were to (i) assess the association and the
predictive value of EPOD stratified by the SOFA score in the risk
of death and major complications and (ii) evaluate the different
impacts of different organ dysfunction on clinical prognosis in
patients with TAAD after surgery.

METHODS

Ethical statement

The institutional ethics committee (Zhongshan Hospital, Fudan
University) has approved this study (approval number: B2019-
075R). Informed consent was waived due to the retrospective na-
ture of the study.

Study population

This retrospective study was conducted in a 40-bed cardiac surgi-
cal intensive care unit in a university teaching hospital. Patients
with TAAD who underwent surgical repair with DHCA at our
centre between January 2020 and December 2021 were in-
cluded. Participants meeting one of the following were excluded:
(i) age < 18 years; (ii) death during surgery or within the first 24 h
postoperatively; (iii) received renal replacement therapy before
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surgery; (v) confirmed neurological conditions by computer to-
mography (CT) or magnetic resonance imaging due to aortic dis-
section prior to surgery; and (vi) record with key data missing
(Fig. 1).

Surgical techniques

All procedures were performed through median sternotomy under
total CPB with DHCA and selective cerebral perfusion. Venous
drainage from the right atrium and peripheral arterial cannulation
via the right axillary artery and femoral artery were initiated for
CPB. Unilateral selective cerebral perfusion was started through the
right axillary artery once the circulatory arrest was initiated with the
brachiocephalic arteries cross-clamped and was conducted under
the flow rate at 8–10 ml/kg. The perfusion state was adjusted under
the guidance of near-infrared spectroscopy monitoring.

The particular surgical procedure was determined by the spe-
cific anatomic classification and the on-duty cardiac surgeon.
Aortic arch repair was performed under a direct inspection and
open anastomosis. The total arch replacement was conducted
with either an en bloc style or a tertrafurcate conduit vascular
graft. Once the distal anastomosis and the left common carotid
artery reconstruction were completed, a systemic rewarming was
started with bilateral cerebral and downstream aortic reperfu-
sion. If aortic dissection extended beyond the distal arch, a
stented elephant trunk was implanted into the distal aorta. In
patients requiring hemiarch replacement, the lesser curvature of
the aortic arch was resected. A bevelled incision was made for
the distal end of a vascular graft to replace the arch.

Data collection

During the study period, the perioperative information was
obtained and stored in the institutional TAAD database.
Laboratory examinations were performed at around 7 in the
morning and physiological data, such as blood pressure, were
collected at the same time. Preoperative demographic informa-
tion and results of laboratory tests, surgical data and the inci-
dence of major postoperative complications were also recorded.
SOFA, quick SOFA(q-SOFA), Acute Physiology and Chronic
Health Evaluation II and European System for Cardiac Operative
Risk Evaluation II (EuroSCORE II) scores were then calculated by
physicians on duty based on previous publications [7, 10–12].
Where individual components of certain scoring system were
missing, multiple imputation was used. Where all components
were unknown, the patient was excluded from the study.

Outcomes

The primary outcome was all-cause in-hospital mortality. The
second outcome was a composite defined as death or any of the
following major adverse conditions: stroke, tracheotomy, reintu-
bation, acute renal failure requiring renal replacement therapy,
infection and gastrointestinal haemorrhage.

Clinical definitions

EPOD was classified as mild, moderate or severe based on the
SOFA score on postoperative day (POD) 1 (13–15). Mild EPOD

Figure 1: Flowchart of patients included in the study. DHCA: deep hypothermic circulatory arrest; OD: organ dysfunction; TAAD: type A aortic dissection.
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was defined as having an SOFA score of 0–4. Moderate and se-
vere EPOD was defined as having an SOFA score of 5–8 or above
8, respectively.

The diagnostic criteria for stroke were that patients appeared
persistent unconscious (>6 h) or other neurological symptoms/
signs after surgery, after excluding anaesthesia factors. Head CT
plain scan and head CT perfusion imaging were implemented
and neurologists were consulted to confirm the diagnosis of
stroke.

Microbial cultivation was taken to confirm potential infection.
When the result turned out to be negative, infection was still con-
sidered and diagnosed clinically based on clinical manifestations,
radiological evidence, culture and biomarkers.

Statistical analysis

Continuous variables were expressed as means and standard
deviations for normally distributed values or medians and inter-
quartile ranges (IQRs) (25th and 75th percentiles) for skewedly
distributed values. Categorized variables were expressed as num-
bers and percentages. Data were compared with Student’s t-test
or Wilcoxon rank-sum test or Fisher’s exact test. Radar chart was
used to show the change in the severity of each organ dysfunc-
tion over the first 3 days. Kaplan–Meier curves and log-rank test
were used to estimate hospital survival in patients with mild,
moderate and severe EPOD. The logistic regression was used to
calculate the odds ratio (OR) of each organ system for mortality
or composite outcome. Receiver operating characteristic curves
were generated and the areas under the receiver operating char-
acteristic curves (AUROCs) were calculated to compare the pre-
dictive accuracies (deLong’s test). Calibration plots, including the
Brier score, were made to indicate overall model performance. In
addition, decision analysis curve was depicted to analyse the net
benefit of the SOFA score.

All statistical tests were two-sided and P < 0.05 was considered
statistically significant. Statistical analyses were performed using
R, version 4.2.1 (R Foundation for Statistical Computing, Vienna,
Austria).

RESULTS

Baseline and perioperative characteristics

During the study period, 368 patients (mean age: 53; male: 74%)
were finally included in the current study (Fig. 1). Their character-
istics are summarized in Table 1. Of them, 65 had mild EPOD. A
total of 159 experienced moderate EPOD and 144 underwent se-
vere EPOD. Patients in all 3 groups had similar demographics
and co-morbidities. In terms of preoperative laboratory values,
those who were worse at organ function had significantly higher
serum creatinine, aspartate aminotransferase, D-dimer and lower
platelets. They also had a higher total bilirubin, alanine amino-
transferase and cardiac troponin T.

Perioperative information concerning the type of surgical pro-
cedure, CPB and transfusion are shown in Supplementary
Material, Table S1. Most patients underwent total aortic arch
replacement with frozen elephant trunk technique. The mean
CPB duration was 178 min and the mean duration of DHCA was

18 min. In addition, the mean lowest nasopharyngeal tempera-
ture and bladder temperature recorded during CPB were
22.3 and 26.1�C, respectively.

Patients with severe early postoperative organ
dysfunction had higher mortality

Throughout the entire hospital stay, a primary outcome event
(death) had occurred in 5 of 368 patients (3%) in the moderate
EPOD group and in 33 of 368 patients (23%) in the severe EPOD
group. No patients died in the mild EPOD group (Table 1 and
Fig. 2). Individual univariable logistic regressions were made to
assess factors that might be associated with mortality. ORs of co-
morbidity, pre- and postoperative lab value and risk score are
summarized in Supplementary Material, Table S2. Among them,
the OR of POD 1 SOFA for morality was 1.65 (1.42–1.92)
(P < 0.001).

Failure of different organ systems correlated
variously with prognosis

The ORs of each score of SOFA (POD 1) for mortality and the
composite outcome were 1.65 [95% confidence interval (CI)
1.42–1.92] and 1.61 (95% CI 1.40–1.86). Patients who had a simi-
lar SOFA score overall but different scores for each category
showed different risks of in-hospital mortality (Table 3).
Improvements in different organ systems also varied throughout
the early postoperative period (Supplementary Material, Fig. S1).
Of the 6 components of the SOFA system, only coagulation
(OR 2.34 [95% CI: 1.32–4.13]), cardiovascular (OR 1.47 [95% CI:
1.04–2.08]), central nervous system (CNS) (OR 1.96 [95% CI: 1.36–
2.82]) and renal (OR 1.67 [95% CI: 1.04–2.70]) functions were as-
sociated with the higher risk of mortality. Different scores for
each category in SOFA also indicated different risks for major ad-
verse events. All but changes in the total bilirubin (OR, 1.03 (95%
CI: 0.65–1.63), P = 0.891) were associated with the increased risk
of major adverse events.

Early postoperative organ dysfunction could well
predict mortality and the composite outcome

On POD 1, mild EPOD patients had a mean SOFA score of 3 [IQR
2–4], while patients with moderate and severe EPOD had a mean
SOFA score of 6 [IQR 6–7] and 11 [IQR 10–12] respectively
(Table 1). The AUROCs of POD 1 SOFA for mortality and the
composite outcome were 0.85 (95% CI: 0.81–0.88) and 0.81 (95%
CI: 0.77–0.85). The SOFA score then declined in all groups but
remained high in patients with severe EPOD (POD 2: 3 [IQR 2–4]
vs 5 [IQR 4–7] vs 10 [IQR 8–13], P < 0.001; POD 3: 2 [IQR 1–3] vs 3
[IQR 2–5] vs 8 [IQR 6–11], P < 0.001). It also maintained its
AUROC above 0.85 throughout the early postoperative period
for both mortality and composite outcome prediction [POD 2,
AUROC, 0.85 (95% CI: 0.81–0.89), 0.93 (95% CI: 0.90–0.96); POD
3, AUROC, 0.87 (95% CI: 0.83–0.90), 0.85 (95% CI: 0.81–0.89)]
(Fig. 3 and Table 1).

A cutoff value of 9 on POD 1 [sensitivity, 82 (95% CI: 66–92),
specificity, 76 (95% CI: 71–81)], 10 on POD 2 [sensitivity, 71 (95%
CI: 54–85), specificity, 86 (95% CI: 82–89)] and 7 on POD 3
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[sensitivity, 79 (95% CI: 63–90), specificity, 80 (95% CI: 76–85)]
for SOFA score was defined to predict in-hospital mortality
(Table 2).

The calibration plots of different scoring systems can be
found in Supplementary Material, Figs S2 and S3. The overall
performances of SOFA were still good, but less outstanding

than its discriminative power (Brier scores of 0.071, 0.071
and 0.066 on POD 1, 2 and 3, respectively), which implies
that a higher SOFA score on POD 1 might overestimate
mortality risk, but such an overestimation was gradually
made up in the following days (Supplementary Material, Figs S2
and S3).

Table 1: Patient demographics and perioperative data

All patients (n = 368) Mild OD (n = 65) Moderate OD (n = 159) Severe OD (n = 144) P-Value

Age (years) 53 (13) 50 (14) 53 (12) 55 (13) 0.020
Male, n (%) 273 (74) 43 (66) 114 (72) 116 (81) 0.054
Body mass index (kg/m2) 26 (5) 24 (3) 26 (5) 27 (5) 0.002
Hypertension, n (%) 231 (63) 37 (57) 97 (61) 97 (67) 0.293
Diabetes mellitus, n (%) 16 (4) 1 (2) 6 (4) 9 (6) 0.323
Coronary heart disease, n (%) 13 (4) 5 (8) 4 (3) 4 (3) 0.159
Preoperative lab values

Creatinine (lmol/l) 75 (63–97) 65 (54–76) 72 (61–87) 91 (72–123) <0.001
WBC (109/l) 11.6 (7.5) 11.7 (15.3) 10.8 (4.5) 12.3 (4.2) 0.221
Haemoglobin (g/l) 130 (22) 126 (26) 130 (20) 132 (21) 0.131
Platelets (109/l) 173 (66) 208 (68) 175 (64) 155 (60) <0.001
Bilirubin (lmol/l) 16 (9) 13 (8) 15 (7) 17 (10) 0.012
ALT (U/l) 26 (17–40) 23 (17–36) 23 (15–35) 30 (22–45) 0.001
AST (U/l) 25 (19–34) 22 (17–26) 23 (18–30) 29 (22–46) <0.001
NT-pro BNP (pg/ml) 176 (86–543) 159 (82–300) 176 (66–504) 220 (119–627) 0.017
cTnT (ng/ml) 0.01 (0.01–0.03) 0.01 (0–0.02) 0.01 (0.01–0.03) 0.02 (0.01–0.06) <0.001
D-dimer (mg/l) 6.6 (2.6–17.7) 3.2 (1.5–7.5) 5.5 (2.5–17.3) 11.9 (3.9–28.9) <0.001
PT (s) 16.8 (15.8–17.8) 16.1 (15.3–17.4) 16.8 (15.8–17.6) 17.2 (16.1–18.5) 0.001
APTT (s) 27.3 (25.3–29.3) 27.3 (25.2–29.3) 27.3 (25.3–29.1) 27.5 (25.4–29.7) 0.664

Information on POD 1
HR (beat/min) 90 (14) 89 (13) 90 (13) 91 (16) 0.622
SBP (mmHg) 111 (19) 112 (15) 116 (20) 104 (19) <0.001
DBP (mmHg) 59 (11) 67 (10) 60 (11) 55 (10) <0.001
MAP (mmHg) 76 (12) 80 (8) 79 (12) 71 (11) <0.001
Lactate (mmol/l) 3.1 (2.0–4.7) 2.5 (1.9–3.5) 3.0 (2.0–4.2) 3.8 (2.3–7.7) <0.001
Creatinine (lmol/l) 126 (86–170) 94 (81–108) 118 (92–145) 167 (128–228) <0.001
WBC (109/l) 11.6 (3.9) 11.4 (3.5) 11.5 (3.8) 11.7 (4.2) 0.885
Haemoglobin (g/l) 101 (15) 102 (14) 103 (15) 98 (16) 0.027
Platelets (109/l) 94 (46) 135 (50) 96 (40) 74 (37) <0.001
Bilirubin (lmol/l) 34 (18) 28 (17) 35 (18) 36 (19) 0.013
ALT (U/l) 20 (13–33) 16 (12–24) 18 (12–29) 22 (15–49) <0.001
AST (U/l) 48 (37–68) 40 (31–48) 46 (36–60) 61 (43–121) <0.001
NT-pro BNP (pg/ml) 607 (345–1213) 442 (237–777) 546 (301–1056) 840 (475–1570) <0.001
cTnT (ng/ml) 0.48 (0.31–0.84) 0.31 (0.20–0.46) 0.43 (0.29–0.75) 0.73 (0.44–1.40) <0.001

Risk scores
EuroSCORE II 8 (6–9) 8 (6–9) 8 (6–9) 8 (6–9) 0.321
POD 1 APACHE II 14 (11–18) 11 (9–14) 13 (10–16) 18 (13–22) <0.001
POD 1 q-SOFA 1 (0–1) 0 (0–1) 1 (0–1) 1 (1–2) <0.001
POD 1 SOFA 7 (5–10) 3 (2–4) 6 (6–7) 11 (10–12) <0.001
POD 2 SOFA 6 (4–9) 3 (2–4) 5 (4–7) 10 (8–13) <0.001
POD 3 SOFA 4 (2–8) 2 (1–3) 3 (2–5) 8 (6–11) <0.001

Clinical outcomes
Stroke, n (%) 50 (14) 2 (3) 7 (4) 41 (29) <0.001
Tracheostomy, n (%) 45 (12) 0 (0.0) 6 (4) 39 (27) <0.001
Reintubation, n (%) 9 (2) 1 (2) 2 (1) 6 (4) 0.230
RRT, n (%) 54 (15) 1 (2) 6 (4) 47 (33) <0.001
Gastrointestinal bleeding, n (%) 4 (1) 0 (0) 0 (0) 4 (3) 0.041
Infection, n (%) 28 (8) 0 (0) 3 (2) 25 (18) <0.001
Death, n (%) 38 (10) 0 (0) 5 (3) 33 (23) <0.001
Composite outcome, n (%) 103 (28) 3 (5) 17 (11) 83 (58) <0.001
Length of MV (days) 2 (2–4) 1 (1–2) 2 (2–3) 4 (3–9) <0.001
Length of ICU (days) 5 (3–8) 3 (2–4) 4 (3–6) 8 (5–15) <0.001
Length of hospital stay (days) 13 (10–18) 11 (8–14) 12 (10–16) 15 (11–23) <0.001

Values are represented as mean and standard deviation, median (interquartile range) or number (%).
WBC: white blood cell; ALT: alanine aminotransferase; APACHE II: Acute Physiology and Chronic Health Evaluation II; PT: prothrombin time; APTT: activated par-
tial thromboplastin time; AST: aspartate aminotransferase; DBP: diastolic blood pressure; EuroSCORE II: European System for Cardiac Operative Risk Evaluation II;
HR: heart rate; ICU: intensive care unit; MAP: mean arterial pressure; MV: mechanical ventilation; NT-pro BNP: N-terminal-pro B-type natriuretic peptide; cTnT:
cardiac troppnin T; OD: organ dysfunction; POD: postoperative day; q-SOFA: quick SOFA; SBP: systolic blood pressure; SOFA: Sequential Organ Failure
Assessment; RRT: renal replacement therapy.
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Sequential Organ Failure Assessment had better
predictive accuracy than that of Acute Physiology
and Chronic Health Evaluation II and European
System for Cardiac Operative Risk Evaluation II

AUROCs of EuroSCORE II for mortality and the composite out-
come were much lower, at 0.61 (95% CI: 0.56–0.66) and 0.61

(95% CI: 0.56–0.66). The same applied to POD 1 Acute
Physiology and Chronic Health Evaluation II at 0.74 (95% CI:
0.69–0.78) and 0.66 (95% CI: 0.61–0.71) (Fig. 3 and Table 2). The
comparison among the AUCs showed a significant difference be-
tween the SOFA score and the EuroSCORE II (P < 0.001)
(Supplementary Material, Table S3). A simplified version of SOFA,
q-SOFA, was also less satisfactory. POD 1 q-SOFA showed less

Figure 2: Kaplan–Meier analysis of type A aortic dissection patients with early postoperative organ dysfunction.

Table 2: The predictive accuracy of the Sequential Organ Failure Assessment, quick Sequential Organ Failure Assessment, Acute
Physiology and Chronic Health Evaluation II and European System for Cardiac Operative Risk Evaluation II scores

Risk score AUROC Best cutoff Sensitivity Specificity

For mortality
EuroSCORE II 0.61 (0.56–0.66) 8 50 (34–66) 69 (64–74)
POD 1 APACHE II 0.74 (0.69–0.78) 19 55 (38–71) 83 (78–87)
POD 1 q-SOFA 0.67 (0.62–0.72) 1 45 (29–62) 81 (77–85)
SOFA score

POD 1 0.85 (0.81–0.88) 9 82 (66–92) 76 (71–81)
POD 2 0.85 (0.81–0.89) 10 71 (54–85) 86 (82–89)
POD 3 0.87 (0.83–0.90) 7 79 (63–90) 80 (76–85)

For the composite outcome
EuroSCORE II 0.61 (0.56–0.66) 8 44 (34–54) 71 (65–76)
POD1 APACHE II 0.66 (0.61–0.71) 19 44 (30–59) 89 (84–92)
POD 1 q-SOFA 0.64 (0.58–0.69) 1 33 (20–48) 86 (82–90)
SOFA score

POD 1 0.81 (0.77–0.85) 9 65 (50–78) 87 (82–91)
POD 2 0.93 (0.90–0.96) 7 100 (59–100) 76 (70–80)
POD 3 0.85 (0.81–0.89) 5 764 (57–90) 81 (76–86)

Data are presented as true value (95% CI).
APACHE II: Acute Physiology and Chronic Health Evaluation II; AUROC: areas under the receiver operating characteristic curves; CI: confidence interval;
EuroSCORE II: European System for Cardiac Operative Risk Evaluation II; POD: postoperative day; SOFA: Sequential Organ Failure Assessment; q-SOFA: quick
SOFA.
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discriminatory power [AUROC, 0.67 (95% CI: 0.62–0.72)], with ba-
sically no improvements in the following 2 days (Fig. 3 and
Table 2).

Decision curve analysis was made and is shown in
Supplementary Material, Fig. S4. The net benefit was plotted
against the threshold probability. The ‘all’ line showed the net
benefit by evaluating all patients, and the ‘none’ line was the net
benefit for evaluating no patients. It appeared that POD 1, 2 and
3 SOFA scores were always superior to the EuroSCORE II model
across a wide range of threshold probabilities, with the highest
difference at a threshold probability between 0.1 and 0.2. At that
threshold, the net benefit was 0.06 for the SOFA score and 0.01
for EuroSCORE II.

DISCUSSION

In this single-centre, retrospective study involving 368 patients
with TAAD who underwent surgical repair requiring DHCA,
EPOD measured by the SOFA score was associated with a
higher risk of death and was a good predictor for in-hospital
mortality and major adverse outcomes. The SOFA score dem-
onstrated better discriminative power for both in-hospital
mortality and major adverse outcomes compared to other
scoring systems. Noticeably, not only the total of SOFA was
important but also the organ from which scores were
derived might affect patient outcomes. Changes in CNS, renal,
cardiovascular and coagulation systems showed higher risk

Table 3: Odds ratios for in-hospital mortality and for the composite outcome with per unit increase in each scoring system

Risk score For mortality For the composite outcome

OR (95% CI) P-Value OR (95% CI) P-Value

EuroSCORE II 1.19 (1.05–1.36) 0.009 1.17 (1.07–1.27) <0.001
POD 1 APACHE II 1.15 (1.10–1.21) <0.001 1.14 (1.07–1.21) <0.001
POD 1 q-SOFA 2.26 (1.47–3.49) <0.001 1.95 (1.29–2.94) 0.001
POD 1 SOFA 1.65 (1.42–1.92) <0.001 1.61 (1.40–1.86) <0.001
Respiration 1.37 (0.83–2.26) 0.223 1.62 (1.01–2.59) 0.045
Coagulation 2.34 (1.32–4.13) 0.004 1.75 (1.07–2.85) 0.025
Liver 0.92 (0.56–1.51) 0.751 1.03 (0.65–1.63) 0.891
Cardiovascular 1.47 (1.04–2.08) 0.030 1.33 (1.01–1.74) 0.041
Central nervous system 1.96 (1.36–2.82) <0.001 2.72 (1.69–4.37) <0.001
Renal 1.67 (1.04–2.70) 0.035 1.88 (1.17–3.04) 0.010

Data are presented as true value (95% CI).
APACHE II: Acute Physiology and Chronic Health Evaluation II; CI: confidence interval; EuroSCORE II: European System for Cardiac Operative Risk Evaluation II;
OR: odds ratio; POD: postoperative day; SOFA: Sequential Organ Failure Assessment; q-SOFA: quick SOFA.

Figure 3: Receiver operating characteristic curves of 4 scoring systems for in-hospital all-cause mortality and the composite outcome. (A) Mortality prediction. POD 1
SOFA (AUROC, 0.85 [95% CI: 0.81–0.88]), POD 2 SOFA (AUROC, 0.85 [95% CI: 0.81–0.89]), POD 3 SOFA (AUROC, 0.87 [95% CI: 0.83–0.90]), POD 1 q-SOFA (AUROC,
0.67 [95% CI: 0.62–0.72]), POD 1 APACHE II (AUROC 0.74, [95% CI: 0.69–0.78]), EuroSCORE II (AUROC, 0.61 [95% CI: 0.56–0.66]). (B) Prediction of the composite out-
come. POD 1 SOFA (AUROC, 0.81 [95% CI: 0.77–0.85]), POD 2 SOFA (AUROC, 0.93 [95% CI: 0.90–0.96]), POD 3 SOFA (AUROC, 0.85 [95% CI: 0.81–0.89]), POD 1 q-
SOFA (AUROC, 0.64 [95% CI: 0.58–0.69]), POD 1 APACHE II (AUROC, 0.66 [95% CI: 0.61–0.71]), POD 1 EuroSCORE II (AUROC, 0.61 [95% CI: 0.56–0.66]). APACHE II:
Acute Physiology and Chronic Health Evaluation II; AUROC: areas under the receiver operating characteristic curves; CI: confidence interval; EuroSCORE II: European
System for Cardiac Operative Risk Evaluation II; POD: postoperative day; SOFA: Sequential Organ Failure Assessment; q-SOFA: quick SOFA.
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towards mortality, highlighting the focus of postoperative
management.

Organ dysfunction is relatively common and occurs early in
TAAD patients, owing to factors both pre- and intraoperatively,
such as malperfusion. But a lack of tools for systematical evalua-
tion throughout the perioperative period results in uncertainties
about its impact on clinical outcomes. Previously, some studies
with smaller sample sizes have highlighted the SOFA score as a
risk factor for postoperative mortality [13]. Our study has indi-
cated that simply counting the SOFA score as a risk factor under-
mines its great potential as a direct metric for prognosis
prediction and overlooks its clinical significance in assessing or-
gan dysfunction in TAAD patients after surgery. Although the
SOFA score may overestimate mortality initially, repeated moni-
toring throughout the early postoperative period still could offer
good results, emphasizing the importance of dynamic evaluation
of organ functions after surgery. In addition, the net benefit of
the SOFA score was higher than that of the EuroSCORE II at a
threshold probability between 0.1 and 0.2, a range consistent
with the mortality rate of patients with TAAD after surgery.
Moreover, the SOFA score has been already widely used in inten-
sive care units among patients with sepsis to assess organ dys-
function and achieved good results [6, 7], making it extremely
easy and convenient for intensivists to adopt.

One of the main reasons why postoperative organ dysfunction
develops can be the malperfusion syndrome (MS) throughout
the perioperative period. MS occurs in around 25–30% of TAAD
patients despite improvements in medical therapy and is an in-
dependent risk factor for poor prognosis [14]. In the current
study, though patients receiving renal replacement therapy and
experiencing neurological conditions due to aortic dissection
were excluded, significant differences were found in terms of se-
rum creatinine, platelets and total bilirubin between survivors
and non-survivors before operations, indicating that MS might
had occurred before surgery. Previously, Czerny et al. proposed
the German Registry for Acute Type A Aortic Dissection score as
a novel scoring system to predict the 30-day mortality rate for
patients undergoing surgery for TAAD [15]. However, it was chal-
lenged for a lack of parameters to define organ malperfusion,
considering the importance of it in patients with TAAD [16].
Instead, the SOFA score could provide physicians with parame-
ters to monitor organ functions and further quantify the extent of
MS. A high SOFA score in the early postoperative period has
good discriminatory power for both mortality and major
complications.

Another reason why postoperative organ dysfunction takes
place may be overwhelming inflammation. TAAD patients under-
going surgery are exposed to a great number of factors predis-
posed them to inflammation, such as prolonged surgery, median
sternotomy with extensive tissue damage, CPB, DHCA and large
amount of transfusion. More importantly, TAAD patients meeting
all 4 criteria of severe systemic inflammatory response syndrome
after surgery had an increase in the likelihood of major postoper-
ative major adverse events, including death [17]. As tools that ef-
fectively diagnose perioperative inflammation and accurately
predict outcomes in patients at increased risk for systemic in-
flammation and subsequent organ failure are still under develop-
ment [18], the SOFA score, a score which has already been used
to evaluate organ dysfunction in diseases caused by dysregulated
inflammation, can be a good option. And further studies need to
be carried out, as the relationship between the extent of

inflammation (using inflammatory markers to reflect) and the
SOFA score has not been clearly explicated in the current study.

Limitations

Limitations of this study include its single centre and retrospec-
tive nature. In addition, TAAD patients who underwent surgery
without DHCA were not included in the study. Comparisons with
a number of novel scoring systems, such as the German Registry
for Acute Type A Aortic Dissection score, were not made due to
data missing. Although the SOFA score postoperatively has been
shown to be a good predictor for in-hospital mortality and major
adverse outcomes, differences in the SOFA score may have al-
ready existed prior to surgery and further validations with larger
sample sizes are still preferable.

CONCLUSIONS

The severity of EPOD stratified by the SOFA score was associated
with the higher risk of death in patients with TAAD and could be
used to predict in-hospital mortality and major adverse events
with good accuracy. Of the 6 components of the SOFA system,
only coagulation, cardiovascular, CNS and renal functions were
associated with the higher risk of mortality.
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