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Elevated HBALC, Off- Background: Dysglycemia is a well-established risk factor for coronary artery

pump CABG, Morbidity disease (CAD). Numerous studies have found a substantial link between

and Mortality. uncontrolled diabetic mellitus (DM) and adverse outcomes following Coronary
artery bypass grafting (CABG).
Aim of study: We aimed to disclose if off-pump CABG (OP-CAB) has a better
outcome than on-pump CABG (ON-CAB) in patients with elevated glycated
hemoglobin (HBA1C).
Methods: Perioperative Data regarding 945 diabetic patients with elevated
HBA1C (> 6 mmol/L) who underwent CABG between January 2020 and July
2024 in Kasr-alainy, Fayoum, Beniseuf University Hospitals and Naser
National Institute were gathered and patients were divided into two groups;
Group A or the ON-CAB group that included 477 patients and Group B or the
OP-CAB group that included 468 patients.
Results: Compared to ON-CAB group, OP-CAB group showed statistically
significant (P value < 0.05) shorter post-operative intensive care unit (ICU) stay
(3.02+ 0.60 vs. 6.13+ 1.65), Hospital stays (5.8 + 3.4 vs. 6.7 £ 4.5), less need
for Intra-Aortic Ballon Pump; IABP (76 vs 110), High vasopressor therapy (69
vs 98), lower incidence of Re-sternotomy (12 vs. 25), Mediastinitis (6 vs.16), new
Renal Dialysis (3 vs. 11) and Early Mortality (7 vs.17). Although there were
differences between both groups in terms of less postoperative myocardial
infarction (MI) and unstable angina (UA) in Group A, as well as a lower
incidence of post-operative stroke, blood transfusion, and renal failure (needing
no dialysis) in Group B, the differences were not statistically significant (P value
> 0.05).
Conclusion: Whenever possible, we recommend the OP-CAB technique in
diabetic patients with elevated HBA1C who are candidates for CABG.

INTRODUCTION

Cardiovascular derangements commonly affect diabetic patients, especially those with long-
standing dysglycemia. Diabetes mellitus is a well-known risk factor for IHD, found in more than
25 percent of patients demanding revascularization?.

Diabetes mellitus is associated with a two- to fourfold increase in morbidity and death rates
following surgical coronary revascularization. Strict glycemic control is necessary to improve the
surgical outcome?=,

Glycated hemoglobin is a common laboratory test that reflects the average blood glucose level over
the previous three to four months® and has been approved by many studies as a preoperative
predictor of post-CABG morbidity and mortality*”.

Despite the abundance of data about the hazards of diabetes after CABG, there are still further
relationships to elucidate, including ways to improve outcomes in such patients through proper
preoperative glycemic control that requires sufficient time to reach satisfactory levels of HBA1C
(below 6 mmol/mol)®?.

The severity of ischemic heart symptoms and the pressing need for surgical revascularization can
sometimes allow for inadequate preoperative glucose control. Surgeons may rely on intraoperative
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strategies to mitigate the negative effects of dysglycemia, particularly when using the cardio-
pulmonary bypass (CPB) machine, which has been shown to exacerbate hyperglycemia and trigger
a systemic inflammatory response that is detrimental to surgical outcomes°.

Hypothetically, we propose that using the OP-CAB approach whenever possible could reduce the
burden of preoperative dysglycemia. In this study, we attempted to analyze the benefits of the OP-
CAB approach by comparing results to those of the ON-CAB in patients with preoperatively high
levels of HBA1C.

PATIENTS AND METHODS

Study design:

Data on 945 CABG patients from Kasr Al-Ainy, Fayoum, Beniseuf University Hospitals, and
Naser National Institute were collected and analyzed between January 2020 and July 2024.
Patients were divided into two groups: Group A (control, 477 patients) and Group B (OP-CAB,
468 patients).

Definitions:

e Ischemic heart disease mandating CABG, Dyslipidemia, prolonged ICU stay, post-
operative hospital stay, post-operative renal failure, new-onset post-operative dialysis,
sternal wound infection, and mediastinitis were defined regarding the European Society of
Cardiology (ESC) and European Association for Cardio-Thoracic Surgery (EACTS).

e Elevated HBALC denoting prolonged poor glycemic control (more than 3 months duration)
was defined as HBAL1C level more than 6mmol/L*2.

Exclusion criteria:

We excluded patients with concurrent cardiac lesions needing on-pump repair, low ejection fraction
<30%, acute ischemic mechanical and mitral lesions, and OP-CAB patients who were converted to
the ON-CAB technique during surgery.

Study endpoints:

e The primary endpoints: Early mortality and Cerebro-vascular stroke.

e Secondary endpoints: Post-operative ICU stay, post-operative hospital stay, Re-sternotomy
for bleeding, Disturbed renal function with or without need for new onset dialysis, sternal
wound infection and Recurrence of ischemic heart symptoms after the operation.

Ethical approval:
The study protocol was accepted by the ethics council of Fayoum University hospitals "Ethical
Approval Number: R-604". Every patient provided an informed written permission to accept the
operation. This study was conducted in compliance with the World Medical Association's Code of
Ethics (Declaration of Helsinki) for human subjects®®.
Statistical analysis:
Sampling method: With an alpha error of 5%, a 95% confidence level, and an 80% power sample,
the Medcalc 19 program was used to determine the appropriate sample size population (945
patients) (Equations are provided by Machin et al. 14).
Data analysis: The data was coded, processed, and analyzed using IBM SPSS Inc.'s version 24.0
for Windows®. Continuous data were expressed as meanztstandard deviation or median with the
interquartile range and categorical data as percentages. All reported P values are two-sided, and P
values of < 0.05 were considered statistically significant.
RESULTS
[Data presented as mean+ SD, mean (interquartile range), or n (%)]
e Demographic and pre-operative variables; Table 1:
A total of 945 patients (237 females) were divided into two groups: Group A (the control group
of 477 patients with ON-CAB) and Group B (the OP-CAB of 468 patients). Our sample’'s mean
age was 51.88 (£ 9.456) years old. There was no significant difference between both groups
regarding all demographic and clinical baseline characteristics (p > 0.05).
e Intraoperative variables; Table 2
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The number of coronary arteries grated using the ON-CAB technique exceeded those in the
other group (3.3 + 0.8 vs. 2.8 = 0.8), culminating in a shorter operative time when utilizing the
OP-CAB approach (158 + 42.64 vs. 172 + 52.94).

Circulatory support using IABP and high vasopressor therapy was needed in 110 and 98 patients,
respectively, among group A, compared to only 76 and 69 patients in the other group, denoting
a statistically significant difference (P value <0.05).

e Post-operative variables; Table 3

Regarding our primary endpoints, early mortality in Group A significantly exceeded that in the
Group B population (17 (3.56%) vs. 7 (1.50%), and despite a higher incidence of
cerebrovascular strokes in Group A (8 (1.67%) vs. 5 (1.06%), the difference was not statistically
significant (P > 0.05).

Considering our secondary endpoints, group B had significantly shorter post-operative ICU and
hospital stays (3.02 £ 0.60 and 5.8 + 3.4, respectively) compared to those in group A (6.13 +
1.65and 6.7 = 4.5).

Only 12 (2.56%) patients in group B, compared to 25 (5.24%) patients in group A, had an
exploratory re-sternotomy for bleeding, denoting statistical significance. Renal dysfunction
affected 23 patients in Group A; 11 of them needed new post-operative renal dialysis. The
number of patients who suffered a recurrence of myocardial ischemia symptoms in Group A
surpassed that in Group B, although the difference was not statistically significant (65 (13.63%)

vs. 52 (11.11%), P value > 0.05).
Table 1: Preoperative parameters.

Preoperative parameter Group A (477) Group B (468) P Value
Baseline HBA1C 6.5+ 1.82 6.7+ 1.63 P =0.0757
Age 576+ 75 56.8+ 85 P=0.1251
Male sex 370 (77.56%) 341 (72.86%) P =0.0944
Other Comorbidities
BMI > 25 kg/m? 225 (47.16%) 198 (42.30%) P=0.1332
Previous M.I. 380 (79.66%) 391 (83.55%) P =0.1467
Smoking 382 (80.08%) 355 (75.85%) P=0.1168
Hypertension 376 (78.83%) 388 (82.91%) P=0.1112
Dyslipidemia 437 (91.61%) 423 (90.38%) P =0.5091
Renal Dysfunction (Serum creatinine | 29 (6.07%) 21 (4.49%) P=0.2781
>1.5 mg/dL)
Medications
Insulin 202 (42.35%) 225 (48.08%) P =0.0770
OHGs 306 (64.15%) 99 (63.88%) P =0.9337
Beta Blockers 401 (84.07%) 410 (87.61%) P =0.1190
BMI; Body Mass Index, MI; Myocardial Infarction, OHG; Oral Hypo-Glycemics.
Table 2: Intraoperative parameters.
Group A | Group B (468) P Value
(477)
Total operation time 172+ 52.94 158+ 42.64 P <0.0001
Number of distal anastomoses 3.3+038 28+0.7 P < 0.0001
Intraoperative Use of IABP 110 (23.06%) | 76 (16.24%) P =0.0083
High vasopressor therapy 98 (20.55%) 69 (14.74%) P =0.0193
(>0.5 mcg/kg/min of norepinephrine to
maintain target BP*®)

IABP: Intra-Aortic Ballon Pump
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Table 3: Postoperative Parameters.

Group A (477) Group B (468) P Value

Early mortality 17 (3.56%) 7 (1.50%) P =0.0437
Cerebro-vascular stroke 8 (1.67%) 5 (1.06%) P =0.4283
Post-operative ICU stay 6.13+ 1.65 3.02+ 0.60 P =0.0573
Post-operative Hospital stays | 6.7 £ 4.5 58+34 P =0.0006
Re-sternotomy for bleeding 25 (5.24%) 12 (2.56%) P =0.0337
Disturbed renal function 23 (4.82%) 18 (3.85%) P =0.4646
New Post-Operative Dialysis | 11 (2.31%) 3 (0.64%) P =0.0338
sternal wound infection 16 (3.35%) 6 (1.28%) P =0.0348
Recurrence of ischemic heart | 65 (13.63%) 52 (11.11%) P =0.2399
symptoms

ICU: Intensive Care Unit

DISCUSSION

Over the last 2 decades, many studies and meta-analyses have examined the effect of preoperative
Dysglycemia on cardiac surgeries'®'°. Many other studies searched for significance of HBA1C as
a predictor of hazardous outcome following CABG in diabetic patients® 2>?1, However, only few
data are available on superiority of certain CABG technique over the other one, namely ON-CAB
and OP-CAB techniques in patients with prolonged Dysglycemia.
In this study, we evaluated the cumulative hazardous effects of utilizing the CPB on the protracted
preoperative condition of dysglycemia, as well as the benefits that patients may receive by avoiding
the ON-CAB technique whenever possible.
In 2022, Ansari et al.*® concluded that Close perioperative monitoring of the patient's glycemic
condition is advised to prevent postoperative complications, since preoperative prolonged
dysglycemia and elevated HbAlc levels can significantly affect morbidity and mortality following
cardiac surgeries.
In 2013, Tennyson et al. ® concluded that elevated HbA1c is a strong predictor of mortality and
morbidity irrespective of previous diabetic status. In particular, the mortality risk for CABG is
quadrupled at HbAlc levels >8.6%, and in 2022, after examining data from nearly 7000 CABG
patients, Hagzad et al.?? reported considerably worse outcomes among diabetes patients, albeit
without taking into account the technique of the CABG procedure.
Our sample's mean age (51.88+ 9.456) was much lower than the average reported in several other
studies®?. This could be explained by the fact that we limited our study to people with
uncontrolled diabetes. Moreover, diabetes and hypertension are common among Egyptian patients,
which accelerates the degenerative processes associated with atherosclerosis.
Other preoperative parameters showed no significant differences among our patients that correlated
well with data reported by Shroyer et al.?%. Singh et al. 2’, on the other hand, reported younger age,
less obese patients, a higher glomerular filtration rate, lower serum creatinine levels, better LV
function, and higher HbA1c among the OP-CAB patient group.
Data on our ON-CAB patients showed significantly longer operative time, more grafted
coronlaries, need for mechanical support and high vasopressor therapy (P value < 0.05), that
couped with data informed by Singh et al.?’, Emmert et al.?® and Cooke et al.?°.
Regarding post-operative mortality, we found that OP-CAB patients had a significantly lower early
mortality rate (1.50% vs. 3.56%), and Emmert et al.?® documented similar results (1.1% vs. 3.8%).
In contrast, Magee et al. 2 and Srinivasan et al. 2° found no in-hospital mortality difference.
Comparing postoperative morbidity among our population to data reported by similar researchers;
Cerebrovascular stroke: OP-CAB patients showed statistically insignificantly lower incidence of
postoperative stroke (1.06% vs. 1.67%) that coincided with results reported by Cooke et al.?®.
However, the difference was statistically significant in many other papers?*2°.
ICU and Hospital stay: Many papers reported significantly shorter ICU and hospital stays using
the OP-CAB technique®28 that fits well with our results (6.13+ 1.65 vs. 3.02+ 0.60 and 6.7 + 4.5
vs. 5.8 £ 3.4, respectively).
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Other complications: Wang et al.!, Magee et al.>* and Raja et al.*® reported lower rates of
procedural complications such as postoperative bleeding, need for high vasopressor support, renal
dialysis, and sternal wound infection that are similar to our results.

In contrast, some papers reported no difference regarding postoperative mortality and morbidity,
including anginal pains and myocardial infarction, among their off-pump patients, including Wang
et al.%, Shroyer et al.?8, and Singh et al.?’.

CONCLUSION

The OP-CAB technique provides better outcomes regarding postoperative morbidity and mortality
compared to the ON-CAB technique in diabetic patients with pre-CABG elevated HBA1C and
should be the preferred technigue whenever possible in such cases.

CAD Coronary Artery Disease
DM Diabetes Mellitus
CABG Coronary Artery Bypass Grafting

HBA1C Glycated Hemoglobin
OP-CAB Off bypass CABG
ON-CAB On bypass CABG

ICU Intensive Care Unit
IABP Intra-Aortic Ballon Pump
MI Myocardial Infarction
UA Unstable Angina
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