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Abstract

Objective To determine the predictive value of surgical Apgar score on delirium postoperatively following OPCABG. Method

Intraoperative anesthesia data of patients underwent OPCABG during the period of January 2012 and December 2019 were

reviewed and SAS score of each patient was calculated. Relationship between SAS score and postoperative occurrence of

delirium were analyzed to determine the underlying mechanism. Results There are a total of 436 patients included with a mean

age of 62.8±13.8 and 61.2±16.8 in each group. Patients in Delirium group had significantly higher incidence of heart failure

(P=0.043) preoperatively in the Delirium group. No significant difference was observed referring to ASA PS III (P=0.102) and

no significant difference was observed in duration of the surgery and anesthesia. Also no significant differences was observed

as to dexmedetomidine and propofol use (P=0.256, P=0.278). The mean SAS score was in 4.2±0.8, 7.8±1.2 in two groups

respectively (P¡0.001) and 96(22.02%) postoperative delirium events were recorded. Patients in Delirium group had much more

EBL (P¡0.001) while LHR (P=102) showed no significant statistical difference between two groups. Univariate and multivariate

regression analysis showed that the intraoperative SAS score was significant predictors of delirium following OPCABG (P¡0.001;

P¡0.001). After adjustment for other clinical predictors, the addition of SAS also improved and the area under the curve to predict

delirium was 0.934 (95%CI, 0.907-0.960, P¡0.001). Conclusions Intraoperative SAS score is associated with postoperatively

following OPCABG and SAS score may be a valuable component to improve preoperative risk stratification of delirium among

patient under OPCABG.
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Objective To determine the predictive value of surgical Apgar score on delirium postoperatively following
OPCABG.

Method Medical records and intraoperative anesthesia data of all patients underwent OPCABG during the
period of January 2012 and December 2019 were reviewed and SAS score of each patient was calculated.
Relationship between SAS score and postoperative occurrence of delirium were analyzed to determine the
underlying mechanism.

Results There are a total of 436 patients included in this study with a mean age of 62.8±13.8 and 61.2±16.8
in each group. Patients in Delirium group had significantly higher incidence of heart failure (P=0.043) pre-
operatively in the Delirium group. No significant difference was observed referring to ASA PS III (P=0.102)
and no significant difference was observed in duration of the surgery and anesthesia. Also no significant diffe-
rences was observed as to dexmedetomidine and propofol use (P=0.256, P=0.278). The mean SAS score was
in 4.2±0.8, 7.8±1.2 in two groups respectively (P¡0.001) and 96(22.02%) postoperative delirium events were
recorded. Patients in Delirium group had much more EBL (P¡0.001) while LHR (P=102) showed no signifi-
cant statistical difference between two groups. Univariate and multivariate regression analysis showed that
the intraoperative SAS score was significant predictors of delirium following OPCABG (P¡0.001; P¡0.001).
After adjustment for other clinical predictors, the addition of SAS also improved and the area under the
curve to predict delirium was 0.934 (95%CI, 0.907-0.960, P¡0.001).

Conclusions Intraoperative SAS score is associated with postoperatively following OPCABG and SAS score
may be a valuable component to improve preoperative risk stratification and discrimination of delirium among
patient under OPCABG.

Keywords Off-pump coronary artery bypass grafting; Surgical Apgar Score; Delirium; Postoperative; Pre-
diction

Introduction

Off-pump coronary artery bypass grafting (OPCABG) involves the use of a vascular conduit to bypass
atheromatous lesions in coronary arteries without the use of cardiopulmonary bypass (CPB) under general
anesthesia at lower temperature, and need mechanical ventilation to aid breathing to maintaining oxygen
supply to vital organs of the body which is essential for stability of respiratory and circulatory system1-4. Be

2
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alien to normal heart surgery by CPB, intraoperative anesthesia monitoring in OPCABG is critical to the
operation and postoperative morbidities such as myocardial infarction, pulmonary and renal dysfunction,
atrial fibrillation, blood transfusion and mental syndromes5-7. In patients following OPCABG surgery,
manipulation on beating heart and calcified aorta, pain, anxiety and restlessness caused by critically illness,
surgical trauma, inflammatory response and a variety of procedures and treatments often discourage the
recovery of heart function.

Delirium is a common neuropsychiatric syndrome in the patients following OPCABG surgery.6,8,9The hall-
mark of delirium is acute cognitive disturbance with fluctuation in the level of consciousness and attention.
The incidence of delirium in critically ill patients is high. Delirium is particularly problematic in patients
receiving heart surgery because it increases the risk of self-extubation and removal of other essential medical
devices10.

Previous studies show that postoperative sedation is important for prognosis. Therefore, the ideal seda-
tive treatment is beneficial to reduce stress response in patients after cardiac surgery, reduce man-machine
confrontation, reduce oxygen consumption, stabilize hemodynamics and reduce delirium or restlessness, to
ensure the completion of the invasive operation11-14.

Some prophylactic strategies for the prevention of delirium have been proposed, but not routinely imple-
mented because of the lack of convincing evidence15. Surgical Apgar Score (SAS) system was initially
validated in patients undergoing general and vascular surgery and was subsequently expanded to a majority
of surgical subspecialties16-21. SAS relies on three variables (lowest heart rate, lowest mean arterial pressure
and estimated blood loss) that are easily obtained from the anesthesia records. There was no study having
investigated the association between SAS score and prediction of risk of delirium incidence in patients un-
derwent OPCABG who is at high risk of emotional incidents. This article aims to investigate the predictive
value of SAS score on delirium incidence following OPCABG surgery.

Methods

Patient

The study was designed as a retrospective observational study and approval to conduct this study was ob-
tained from Ethics Committee of Shanghai Changhai Hospital. This study included a consecutive series
of patients in the department of cardiothoracic surgery center between January 2012 and December 2019
who were underwent OPCABG treatment. Excluded from the study were patients who preoperatively were
treated with antipsychotic drugs, and those with a history of mental problem, head injury, neurological dys-
function, patients conversion to CPB and those who underwent emergency operations or reoperations1,22-25.

Patient management

Medical records and follow-up data of each patient, including the medical history, neurologic examination,
operative reports, pathology reports. The SAS was determined from the patient’s intraoperative anesthesia
chart where blood pressures and heart rates were recorded every 5 minutes, and three intraoperative param-
eters including estimated blood loss (EBL), lowest mean arterial pressure (LMAP), and lowest heart rate
(LHR) were obtained. Follow-up of patients were conducted by contacting patients using telephone or by
outpatient clinics26-29. Preoperative management, anesthetic, and surgical techniques for all patients were
standardized and have been previously reported.

SAS

The SAS score of each patient was calculated from the recorded anaesthesia chart as described previously by
Gawande et al30. The SAS score is the sum of the points from each category using the above three variables
ranges from 0 to 10 points, and the determination of the intraoperative blood loss is based on both the
weight of gauze used and the suction used. For patients underwent OPCABG, blood pressure and heart rate
were measured invasively and monitored continuously throughout the surgical procedure.

Surgical techniques

3
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All patients underwent OPCABG operation were through a standard median-sternotomy with the left in-
ternal mammary artery (LIMA) harvested. Standard anesthetic induction was performed with intravenous
propofol or dexmedetomidine, fentanyl, and vecuronium, which was followed by a standard monitoring of
arterial catheterization and Swan-Ganz catheter. Heparin was administered to maintain adequate hepariniza-
tion (ACT, activated clotting time>250seconds). Commercially available mechanical stabilization devices
such as the Octopus 2 were used to stabilize the coronary targets on the beating heart and pericardial
traction sutures were used where appropriate. Retrograde bleeding was controlled with a sterile, humidified
carbon dioxide blower. Distal anastomoses were constructed with a continuous running 7-0 polypropylene
suture and proximal anastomoses 6-0 polypropylene suture1,31-35.

Delirium Assessment

The evaluation of postoperative delirium was conducted by the method of process Confusion Assessment
Method for Intensive Care Unit (CAM-ICU), and the trained nurses in the ICU were conducted twice a
day at the same time, lasting for 7 days. Delirium was diagnosed as both acute attack and mental state
fluctuation and inattention, as well as change of consciousness level or thinking disorder.

Statistical analysis

Statistical analysis was carried out using SPSS 21.0 software. Quantitative data are expressed as mean+-
SD and were compared with 2-sample t tests for independent samples, whereas dichotomous variables were
reported as absolute values and proportions. Differences in proportion were compared with a χ2 test or
Fisher exact test as appropriate. Univariate analysis was performed with the Kaplan–Meier test and with
the Cox regression analysis. For each variable, the odds ratio (OR), 95% confidence interval (CI), and P
value were provided. Variables significantly associated with occurrence of delirium event after univariate
analysis (P<0.05) were entered in a multivariable logistic regression model to identify the independent
predictors. Additionally, we calculated the area under receiver operating characteristic (ROC) curve to
assess the predictive value of SAS score for risk of delirium in patients following OPCABG.

Results

Characteristics of patients

All enrolled patient’s age, gender, medical history, surgery and data related to surgey were collected. A total
of 436 patients were included in this study with a mean age of 62.8±13.8 and 61.2±16.8 and comprising
51(53.13%) and 178(52.35%) men in each group. The baseline characteristics of patients with delirium
occurred and without delirium were depicted in Table 2. In terms of preoperative symptoms and morbidity,
no difference was observed except for the higher incidence of heart failure (P=0.043) in the Delirium group.

Among the surgical procedures, all patients were underwent isolated OPCABG with the help of mechanical
stabilization devices, there were no difference in number of distal anastamoses (P=0.068), rate of ITA use
(P=0.091) , while patients in Delirium group had a significant higher rate use of radial artery (RA) (P=0.021).

Anaesthesia

Anaesthesia chart were recorded standardly based on the guidelines of Chinese Society of Cardiothoracic
and Vascular Anesthesiology and combined intravenous and inhalation anesthesia were used in all patients.

There were no differences with respect to the ASA PS III(American Society of Anesthesiologists Physical
Status)(P=0.102) while significantly more ASA PS II patients in Delirium group, no significant difference
was observed in duration of the surgery and duration of anesthesia, and preoperative anxiety. There were
no significant differences as to dexmedetomidine and propofol use (P=0.256, P=0.278). In Delirium group,
patients had significantly more EBL and intraoperative blood transfusion (P¡0.001, P=0.003), and further-
more significantly lower LMAP (P¡0.001) was recorded in Delirium group while no difference was detected
as to LHR between two groups (P=0.102). (Table 3).

Perioperative Complications

4
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There was no significant difference in 30-day in-hospital mortality (P=0.072) between two groups, and
there was also no significant difference in major bleeding (P=0.065), arrythmia (P=0.089), low cardiac
output (P=0.165), as well as the median ICU (intensive care unit, ICU) stay (P=0.319) and hospital stay
(P=0.821) between two groups. Postoperative reoperation rate were marginally more common (P=0.041) in
Delirium group, and postoperative pulmonary and gastrointestinal complications (P=0.098, P=0.061) were
not statistically different between the two groups. MoCA score which is a convenient tool for estimating
patients’ global cognitive functioning was significantly lower in Delirium group (P=0.001). (Table 4)

Delirium

During the perioperative period, 96(22.02%) postoperative delirium events were recorded and all revealed
CAM-ICU evaluation positive. The initiation of delirium events was at a mean 1.87+-0.7 days postopera-
tively. Postoperative cognition assessed via MoCA score was significantly higher in patients without delirium
event occurred (P=0.001). In the assessing process the median pain scores were reduced over time with no
statistically significant difference was observed.

Calculation of SAS

The SAS score of each patient was calculated based on intraoperative parameters including EBL, LMAP,
and LHR. Comparing to Delirium group, significantly higher LMAP was recorded of patients in no-Delirium
group (P¡0.001). Furthermore, patients in Delirium group had much more EBL (P¡0.001) while LHR (P=102)
showed no significant statistical difference between two groups. The mean SAS score was in 4.2+-0.8, 7.8+-
1.2 in two groups respectively, which showed significantly difference (P¡0.001).

SAS and Delirium

Data of SAS score of patients were presented in Table 3. The incidence rate of delirium was strongly
associated with intraoperative SAS score .Patients who developed delirium after OPCABG had significant
lower SAS score than those without delirium (P¡0.001), and the univariate and multivariate regression
analysis showed that the intraoperative SAS score was significant predictors of delirium following OPCABG
(P¡0.001; P¡0.001) (Table 5 and 3).

In the Kaplan-Meier analysis, we stratified SAS score according to previous reports, we categorized SAS
score [?]3 as A, 4˜6 as B, 7˜10 C.

As shown in Fig.2, the incidence rate of postoperative delirium was strongly associated with stratification
of SAS score and lower stratification of SAS score was predictive of higher delirium incidence rate. The
cumulative event rates of delirium in Kaplan-Meier survival curves showed that patients with lower strati-
fication of SAS score had a significant higher incidence rate of delirium (P¡0.001). The predictive value of
intraoperative SAS score for incidence of new onset SAS score following OPCABG were depicted in Fig. 3,
the area under ROC was 0.934 (95%CI, 0.907-0.960, P¡0.001), which also indicated that delirium score less
than 4.5 was independent predictors of delirium.

Discussions

With the update and progress of cardiac surgery technology, OPCABG has been more and more favored
by cardiac surgeons. Although the debating of OPCABG and CABG remained, OPCABG has similar
survival rate comparing with CABG presently, and it shows great advantages for some older and severe
patients1,2,36-39.

Since OPCABG does not require CPB, related complications such as inflammation and blood cell destruction
caused by CPB are avoided. Additionally, in OPCABG surgeons performs coronary artery anastomosis on
a beating heart which requires very high surgical skills, and which also poses greater challenges to the
cooperation of anesthesiologists whose intraoperative monitoring is vital. Anesthesia for cardiac surgery
is more challenging while OPCABG requires much higher for anesthesia. Anesthesiologists must always
monitor the vital signs of patients, monitor hemodynamic changes, and cooperate with surgeons’ operations

5
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at all times intraoperatively. Although diverse anaesthetic and sedative analgesics have been used since
modern times, intraoperative complications are still inevitable40-42.

Delirium is one of the common complications following cardiac surgery. On account of sedation and mechan-
ical ventilation are routinely required after cardiac surgery, and most patients need vasoactive drugs to stabi-
lize vital signs, therefore the occurrence of delirium has threatened the safety of patient postoperatively6,43-46.
Delirious patients often remove intubation and infusion tubes from the body, which seriously threatens the
safety of patients’ lives. For the occurrence of postoperative delirium, current research has confirmed many
factors including major bleeding during surgery, hemodynamic instability, and the patient’s history of cere-
brovascular disease47-51. However, there is still a lack of a systematic and effective prediction system, thence
it is of great significance to explore and study the prediction scoring system for delirium following OPCABG.

The SAS score was mean to be used to assess the prediction of serious complications after general and
vascular surgery which includes EBL, LMAP and LHR during anesthesia and shows a good predictive effect.
Several research groups noted that the SAS could accurately predict postoperative complications in surgical
subspecialties including neurosurgery and esophagectomy16,52-54. In another report, stabilizing the vital
signs during surgery improved the surgical outcomes in major surgeries. However, whether SAS score has
similar predictive effect on the occurrence of delirium following OPCABG, there are few studies at present.
Therefore, we though to explore whether the SAS intraoperative score has a good predictive effect on patients
following OPCABG.

In the present study, we included patients who underwent OPCABG surgery. The SAS score was calculated
by monitoring the patient’s anesthesia data during the surgery. The incidence of postoperative delirium was
observed through the ICU trained nurses47,55,56. Through statistical analysis, we found that low SAS score is
an independent risk factor for delirium in OPCABG patients, with EBL and LMAP within the three factors
are the main influencing factors. In the prediction model, we found that SAS has a high sensitivity and
specificity for predicting the occurrence of postoperative delirium, which has a good warning effect on the
prevention of high-risk patients after surgery. In addition, we stratified according to the level of SAS, and
found that patients with a low score of 4 have a significantly increased incidence of postoperative delirium,
which also provides a good significance for the postoperative monitoring of patients16,25,29,57. We thought
that because most patients receiving OPCABG have severe coronary calcification, and the vascular elasticity
is significantly reduced. Surgical manipulation on beating heart have a greater impact on hemodynamics,
usually causing blood pressure fluctuation drastically, and minimum blood pressure may occur between
30-50mmHg. Consequently, the occurrence of hypotension during OPCABG surgery significantly reduced
the SAS score16,58-60. In addition, although OPCABG does not require CPB, compared with other general
surgery, intraoperative blood loss also increased as a result of greater trauma and heparinization. As for
changes in heart rate, patients on OPCABG had tachycardia occurred much more than bradycardia because
stimulating to the heart. Wherefore, the SAS score during the operation reduced significantly during surgery
which can be used to predict postoperative complications such as delirium.

In conclusion, in this retrospective study, we found that for patients underwent OPCABG, the intraoperative
SAS score has a useful predictive effect on the occurrence of delirium postoperatively and which shows great
correlation with delirium. The main limitation of this study is its retrospective designing and lack of high
level of evidence. Secondly, we did not calculate the effect of intraoperative anesthetic and postoperative
sedation in this study, and a larger sample size study is expected to draw more persuading conclusions.
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Fig. 1. Flowchart diagram of patient assessment and selection.

Fig. 2. Delirium incidence rates and stratifications of SAS score. The delirium incidence rates
are higher in higher stratification of SAS score, and the incidence of delirium incrementally increased with
stratification of SAS score.

Fig. 3. Predictive value of SAS score for incidence of delirium following OPCABG under
ROC. The area under ROC was the area under ROC was 0.934 (95%CI, 0.907-0.960, P¡0.001).
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