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Abstract

Background:

Effective venous drainage during cardiopulmonary bypass (CPB) is essential for maintaining
hemodynamic stability and optimizing surgical exposure during coronary artery bypass grafting
(CABG). Single right atrial (RA) cannulation may be susceptible to impaired venous return
during cardiac manipulation, leading to increased central venous pressure (CVP) and vasopressor
requirements, potentially contributing to postoperative morbidity. In this study, we evaluate
whether dual RA-superior vena cava (SVC) cannulation compared to standard RA cannulation

improves intraoperative perfusion and hemodynamic parameters.

Methods:

We performed a retrospective pilot analysis of adult patients undergoing elective CABG between
June 2024 and February 2025. We compared outcomes in the following cohorts: A) a single
surgeon after adoption of dual RA-SVC cannulation, versus B) all surgeons performing RA-only
cannulation. Primary outcomes included mean aortic cross-clamp (AOXCL) cardiac index (CI),
CVP, maximum CVP, and intraoperative phenylephrine requirements. Secondary analysis
evaluated hematocrit, blood pressure, total CPB duration, and other operative parameters. F-tests
were conducted to properly account for sample variance, followed by comparative analyses

using appropriate two-sample t-tests.

Results:
A total of 102 patients were identified and analyzed. In Cohort A, a single surgeon performed 23

cases employing RA-SVC cannulation. In cohort B, 79 operations using RA-only cannulation



were evaluated. Dual-cannulation in Cohort A’s cases was associated with statistically
significant greater mean CI (p=0.025), lower mean CVP (p<0.001), maximum CVP (p<0.001),
and phenylephrine requirement (p<0.001) compared to Cohort B. Cohort A exhibited a

significantly shorter mean CPB duration (p=0.039) relative to Cohort B.

Conclusion:

Dual RA-SVC cannulation during CABG appears to be associated with improved venous
drainage, lower CVP, and reduced vasopressor requirements, without adverse effects on other
perfusion parameters. These findings suggest that use of RA-SVC cannulation may enhance
intraoperative hemodynamic stability, warranting further, prospective studies to confirm these

associations and assess potential downstream clinical benefits on postoperative outcomes.



Effective venous drainage is a critical determinant of hemodynamic stability and surgical
exposure during coronary artery bypass grafting (CABG) procedures performed on
cardiopulmonary bypass (CPB). Inadequate venous return during aortic cross-clamping
(AOXCL) can impair cardiac index (CI), elevate central venous pressure (CVP), increase the
need for vasoactive support such as phenylephrine, and compromise oxygen delivery (DO2).
Furthermore, suboptimal venous drainage can obscure the operative field by increasing

intracardiac and venous pressures, leading to excess bleeding and reduced visualization.!

Traditional venous cannulation strategies in CABG often rely on a single dual-staged cannula
placed in the right atrial (RA) appendage directed into the inferior vena cava (IVC).? However,
this configuration can be vulnerable to impaired drainage when the heart is repositioned, leading
to contortion of the superior vena cava (SVC) and envelopment of RA cannula drainage sites,
particularly during exposure of the posterior and lateral coronary targets.> A dual-cannulation
approach, in which separate cannulas are placed in both the RA and SVC, has the potential to
enhance venous return throughout all phases of the operation, thereby improving CI, lowering
CVP, reducing vasopressor requirements, and improving DO2. In addition, by maintaining lower

venous pressures, this technique may contribute to a clearer surgical field with less bleeding.!

To assess the potential benefits of this approach, we evaluated outcomes from a single surgeon
who transitioned from single-RA cannulation to a dual RA-SVC cannulation strategy during
CABG procedures. We compared intraoperative and perfusion-related parameters including CI,
CVP, phenylephrine requirements, and DO2, after adoption of the dual-cannulation technique

with those observed during procedures performed using the traditional RA-only approach by the



same surgeon, as well as by peer surgeons within the same practice. Through this retrospective
pilot analysis, we sought to determine whether enhanced venous drainage with dual-cannulation
is associated with measurable improvements in intraoperative hemodynamic and perfusion

metrics during CABG.

Materials and Methods

Population

Following approval by the Institutional Review Board (IRB #AAAT5941), this study involved a
retrospective analysis of a de-identified database. Consequently, the requirement for individual
informed consent was waived. All adult patients (>18 years old) who underwent elective CABG
at our institution between June 2024 and February 2025 were included. Patients undergoing
emergency grafting procedures were excluded. Patients who underwent other, non-CABG
cardiac procedures, or complex, combined procedures including CABG, such as CABG with

valve replacement, were excluded from this study.

Conduct of Perfusion

CPB was conducted using an adult CPB circuit with an Inspire 8.0 oxygenator with integrated
arterial filter (LivaNova, Arvada, CO) and a CP 37 centrifugal pump (Spectrum Medical, Fort
Mill, SC). Automated data acquisition and real time display was facilitated with a Quantum
Work Station and Quantum Informatics (Spectrum Medical, Fort Mill, SC). Perfusion parameters
were collected continuously from full flow initiation until termination of CPB. Mild hypothermia
of 32°C was used in all cases. DelNido 1:4 blood:clear cardioplegia was used for myocardial

protection. Vacuum-assisted venous return was employed for each case to optimize venous



drainage in accordance with institutional standards. Maintenance of adequate oxygenation during
CPB was monitored via institutionally-determined target thresholds for indexed DO2 greater
than 300 mL/min/m?, mean arterial pressure of 60 mmHg or greater, and a CI greater than 2.4

L/min/m?2.

Cannulation Technique

Single-RA Cannulation:

For standard venous drainage during CPB, a single venous cannula was placed in the RA
appendage. Following median sternotomy and systemic heparinization, the RA was exposed and
a venotomy was created in the RA appendage. A dual-stage 36x46F MC3, Medtronic venous
cannula (Medtronic, Minneapolis, MN) was advanced through the RA and positioned with its tip
directed into the IVC. Correct positioning was confirmed by direct visualization and assessment
of venous return after initiation of bypass. The cannula was secured with a purse-string suture to

prevent migration and minimize air entrainment.

Dual RA-SVC Cannulation:

In the dual-cannulation approach, separate venous cannulas were placed in the RA appendage
and SVC. After median sternotomy and systemic anticoagulation, the RA and SVC were
exposed. First, a MC2 36/46 French Two Stage Venous Cannula (Medtronic, Minneapolis, MN)
was placed through a RA venotomy and directed into the IVC. Next, a separate right-angle DLP
24 French Single Stage Venous Cannula (Medtronic, Minneapolis, MN) was inserted on the
anterolateral aspect of the SVC and advanced to an appropriate depth to ensure unobstructed

venous return. Both cannulas were secured with tourniqueted purse-string sutures, connected via



wye connector, and routed through a single, half-inch tube to the venous limb of the CPB circuit.
Adequate positioning and function were verified by visual inspection, pressure monitoring, and

assessment of venous return following initiation of bypass.

Outcomes

The primary outcomes of interest were perfusion and hemodynamic parameters collected during
the AOXCL period of CPB. These measures included mean CI, CVP, maximum CVP, and
indexed extracorporeal oxygen delivery (ecDO2i). These measures were selected to reflect the
adequacy and stability of systemic perfusion during the most physiologically critical phase of
CPB. Vasoactive support requirements were quantified by total intraoperative phenylephrine
administration, reported in micrograms (mcg), as an indirect marker of hemodynamic support

needs.

Secondary outcomes included additional hemodynamic and procedural metrics. Mean arterial
blood pressure (BP) was measured during the AOXCL and post-CPB periods. Mean AOXCL
pump flow rate and hematocrit (Hct) were also captured. Procedural duration metrics included

total CPB time and total AOXCL time, both recorded in minutes.

All outcomes were extracted intraoperatively using the Quantum Informatics (Spectrum Medical,
Fort Mill, SC) automated data acquisition system and analyzed at the case level. Continuous
variables were summarized using appropriate descriptive statistics and used for comparative

analyses as outlined in the statistical analysis plan.



Statistical Analysis

Statistical analysis was performed to evaluate differences in the measured outcomes. Continuous
perfusion parameters were summarized as means with standard deviations. F-Tests were
employed to assess for sample variance prior to comparison. Subsequently, appropriate two-

sample t-tests were used to compare group means between these independent cohorts.

Cohort A consisted of procedures conducted by a single surgeon after implementing the dual
RA-SVC cannulation technique. This sample was compared to Cohort B, which was comprised
of cases utilizing RA-only cannulation by the aforementioned surgeon, and all other surgeons in

the study.

All tests were two-sided, and a p-value <0.05 was considered statistically significant. Statistical
analyses were performed using Microsoft Excel 365, Version 16.102.2 (Microsoft Corporation,
Redmond, WA, USA). Results are reported as mean differences with corresponding p-values to

quantify the magnitude and significance of observed effects.

Results

Between June 2024 and February 2025, a total of 102 patients undergoing elective CABG
surgery were included in this study. The average age of the patients was 65.27 + 9.01 years. The
sample was predominantly male, representing 84.25% of patients. Body Surface Area (BSA), a
component incorporated in the calculation of CI, was also captured, with a sample mean of 1.95
+ 0.24 m?. Preoperative ejection fraction (EF) was collected from the perfusion record, with

59.8% of patients having and EF of greater than 55%, 23.53% having an EF between 45-55%,



12.75% at 35-45%, and 3.92% falling between 25-35% EF. Complete ranges of preoperative EF
are catalogued in Table 1. Sample comorbidity data was also collected, with 87.25% of patients
experiencing hypertension, 84.31% with hyperlipidemia, 34.31% managing comorbid type 2
diabetes mellitus, 20.59% having a history of myocardial infarction (MI), 17.65% having a
history of chronic kidney disease, and 11.76% managing congestive heart failure. Complete-
sample and cohort-specific demographic and comorbidity characteristics are summarized in

Table 1.

Cohort A consisted of twenty-three CABG operations utilizing the dual RA-SVC cannulation
technique performed by a single surgeon between December 2024 and February 2025. Patients
of this cohort had a mean age of 63.52 & 10.99 years, BSA of 1.91 + 0.21 m?, and average
CABG targets of 3.57 & 0.79 grafts. Primary outcomes of Cohort A included mean AOXCL: CI
0f 2.90 + 0.30 L/min/m?, CVP of 0.20 + 3.31 mmHg, maximum CVP of 4.74 + 3.89 mmHg,
ecDO2i of 356.13 + 54.75 mL/min/m?, and phenylephrine administration of 326.96 + 355.25

mcg.

Cohort B contained outcomes from seventy-nine CABG procedures performed by four surgeons,
including the surgeon of Cohort A, between June 2024 and February 2025. Traditional RA-only
cannulation was employed for all operations. Cohort B patients had a mean age of 65.78 & 8.35
years, BSA of 1.97 + 0.25 m?, and average CABG targets of 3.29 + 0.89 grafts. Primary
outcomes of Cohort B collected during the AOXCL period were represented by the following
mean values: CI of 2.74 + 0.31 L/min/m?, CVP of 4.80 + 3.36 mmHg, maximum CVP of 16.06 +

9.18 mmHg, ecDO2i of 337.54 + 48.85 mL/min/m?, and phenylephrine administration of 697.47



+ 693.53 mcg. Complete outcome measures, including secondary outcomes for each cohort, are

outlined in Table 2.

We found no statistically significant differences in mean patient age, BSA, or number of CABG
targets. Furthermore, we observed no statistically significant differences in mean AOXCL: BP,
flow rate, ecDO21i, Het, post-CBP BP, or total AOXCL duration between the cohorts. When
employing the dual RA-SVC cannulation technique, Cohort A exhibited significantly greater
mean CI (2.90 + 0.30 vs. 2.74 + 0.31 L/min/m?, p=0.025), and significantly lower mean CVP
(0.20 £3.31 vs. 4.8 £ 3.36 mmHg, p<0.001), maximum CVP (4.74 £ 3.89 vs. 16.06 = 9.18
mmHg, p<0.001), and intraoperative phenylephrine requirement (326.96 + 355.25 vs. 697.47 +
693.53 mcg, p<0.001) compared to Cohort B. We observed a statistically significant difference
in total CPB duration, with Cohort A demonstrating shorter bypass runs compared to Cohort B

(77.22 £ 15.73 vs. 86.56 + 26.39 minutes, p=0.039).

Discussion

This analysis demonstrates that the use of a dual-cannulation strategy, employing both RA and
SVC cannulas, may provide significant advantages in maintaining venous return and optimizing
hemodynamics during CABG procedures on CPB. The inherent limitation of single-RA
cannulation lies in its susceptibility to positional obstruction during heart manipulation,
particularly when exposing lateral and posterior coronary targets. This mechanical restriction can
impede venous drainage, resulting in elevated CVP, decreased CI, and increased reliance on
vasopressors such as phenylephrine to maintain perfusion pressure.*> Additionally, poor venous

return may exacerbate venous congestion, compromise myocardial decompression, and lead to a



bloodier, poorly visualized surgical field.? These intraoperative conditions do not only pose
challenges for the surgeon, but may also affect postoperative outcomes through impaired end-

organ perfusion and increased systemic inflammation.!

The findings from this initial, proof-of-concept study support the hypothesis that enhanced
venous drainage improves hemodynamic parameters during AOXCL. We found that dual-
cannulation was associated with significantly reduced average and maximum AOXCL CVP.
Literature demonstrates a link between elevated intraoperative CVP and subsequent development
of acute kidney injury (AKI).%® Furthermore, elevated postoperative CVP following CABG has
been associated with increased rates of AKI and mortality,”!? but additional investigation is

required to elucidate the relationship of intra- and post-op CVP in dual-cannulation procedures.

We observed a marked reduction in phenylephrine requirement in Cohort A’s dual-cannulation
operations relative to those of Cohort B. Less phenylephrine requirement during CPB has been
associated with improved tissue perfusion and reduction in post-operative AKIL.!! Yet, these
findings should be interpreted cautiously, as confounding factors such as the etiology of the
cardiac insult prompting surgical intervention (e.g. prior MI) could influence vasopressor
requirements independent from cannulation technique. Moreover, dual-cannulation may allow
for higher flow rates during CPB, translating to higher intraoperative CI. Increased CI during
cardiac surgery has been associated with prevention of postoperative AKI and reduced intensive
care unit (ICU) and overall hospital length of stay (LOS).!? The observed increase in CI in the
dual-cannulation cohort requires further investigation, as surgeon preference, perfusionist-

directed management within institutional protocol parameters, and patient-specific physiology, in



addition to cannulation technique, may have influenced results. Though, preliminary findings
suggest that more complete venous decompression with a dedicated SVC cannula may stabilize
the patient’s hemodynamics and reduce the need for pharmacologic support. Collectively, these
intraoperative improvements have the potential to translate into better myocardial protection,
decreased systemic venous congestion, and improved organ perfusion, though further

investigation is required to confirm these downstream effects.

Other statistically significant findings included a reduction in total CPB duration in the dual-
cannulation cohort compared to the RA-only cohort. While dual-cannulation has the potential to
reduce bleeding and improve surgical field visualization, translating to reduced operative
duration, this finding is unlikely to be attributable to cannulation strategy alone. Notably, the
dual RA-SVC cohort was performed by a single surgeon, whereas the RA-only cohort included
multiple surgeons, introducing important variability in operative technique, intraoperative
workflow, and procedural efficiency. Surgeon-specific factors (technical experience, operative
tempo, decision-making patterns, etc.) may independently influence CPB duration. In addition,
differences in case allocation and procedural complexity may further contribute to variation in
bypass times. Accordingly, the observed difference in CPB duration should likely be interpreted
as a multifactorial finding reflecting both patient- and operator-dependent variables rather than
an isolated effect of cannulation strategy, though future study should examine whether dual-

cannulation leads to beneficial reductions in CPB duration.

Dual-cannulation, like any modification of standard technique, introduces additional procedural

considerations. The placement of two venous cannulas may increase the risk of vessel injury, air



entrainment, or line obstruction if not properly managed.!* However, these risks can generally be
mitigated through careful cannula positioning under direct visualization, appropriate venting, and
vigilant perfusionist communication. In the rare event of SVC cannula obstruction or atrial tear,
prompt recognition and correction, such as repositioning, securing purse-string sutures, or

temporary reduction of venous drainage, can typically restore safe operating conditions.!#!”

Future research should aim to validate these findings through larger, multi-surgeon and/or multi-
institution studies. A logical next step would be to evaluate outcomes for multiple surgeons
before and after adopting dual-cannulation techniques to assess reproducibility. Furthermore,
while postoperative outcomes were not captured nor assessed in this analysis, future prospective
studies could examine the impact of dual-cannulation on well-documented post-CABG
complications, such as AKI, low-output syndrome, or prolonged vasopressor dependence.!8-2!
Rates of intraoperative complications, as well as institutional outcome measures like ICU LOS
and patient discharge disposition represent other potential areas of inquiry. Such studies could
clarify whether dual-cannulation and its perceived association with improved venous drainage
translates to meaningful clinical benefit. Additional studies could also explore optimal cannula

design, placement technique, and flow dynamics to further enhance venous return during

complex cardiac operations.

Limitations
This retrospective pilot study has a few key limitations. The small sample size limits the
statistical power and generalizability of the findings. Similarly, the disparity in sample sizes

between Cohorts A and B (23 versus 79 cases) may introduce statistical limitations and increase



susceptibility to sampling variability. F-tests were conducted to evaluate variance between
groups prior to comparative analyses in an effort to mitigate the potential impact of inequitable
sample sizing. Despite attempts to control for confounding variables, differences in case
complexity, patient comorbidities, perfusion management preferences, surgical technique,
surgeon-specific stylistic factors, and intraoperative team dynamics may have influenced the
outcomes independently of cannulation approach. Future studies with larger samples and more
comprehensive patient data should formally adjust for these variables via robust statistical
analysis. Finally, postoperative outcomes such as renal function, myocardial injury, continued
vasopressor and ionotropic support requirement, and ICU/hospital LOS were not included in the

present analysis, precluding a broader assessment of clinical benefit.

Conclusions

In summary, this retrospective pilot analysis suggests that dual RA-SVC cannulation during
CABG may be associated with improved venous drainage, lower CVP, and reduced
intraoperative vasopressor requirements, with potential benefits for surgical field visualization
and bleeding control. However, given the limited sample size and retrospective design, these
findings should be interpreted as preliminary and hypothesis-generating. Further prospective,
adequately-powered studies are warranted to validate these observations and to determine

whether these improvements translate into meaningful clinical benefits.
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Data Tables

Table 1. Sample Demographics and Comorbidity Characteristics of Patients Undergoing

Qualifying CABG Procedures

Variable

# of Patients (n)

Sex

Age (years)

Body Surface Area (m?)

Preoperative EF (%)

Comorbidity Status

Category

Male
Female
18-39
40-59
60-79
80+
<1.6
1.6-1.8
1.8-2.0
>2.0
<15
15-25
25-35
35-45
45-55
>55

Hypertension

Total (%)
102

84 (82.35)
18 (17.65)
0 (0)

27 (26.47)
71 (69.61)
4(3.92)

5 (4.90)
23 (22.55)
36 (35.29)
38 (37.25)
0 (0)

0 (0)
4(3.92)
13 (12.75)
24 (23.53)
61 (59.8)

89 (87.25)

Cohort A (%) Cohort B (%)

23
19 (82.61)
4(17.39)
0 (0)

10 (43.48)
11 (47.83)
2 (8.70)

1 (4.35)

6 (26.09)
11 (47.83)
5(21.74)
0 (0)

0 (0)

1 (4.35)

2 (8.70)

7 (30.43)
13 (56.52)

20 (86.96)

79
65 (82.28)
14 (17.72)
0 (0)

17 (21.52)
60 (75.95)
2 (2.53)

4 (5.06)
17 (21.52)
25 (31.65)
33 (41.77)
0(0)

0(0)

3 (3.80)
11 (13.92)
17 (21.52)
48 (60.76)

69 (87.34)



Hyperlipidemia

T2DM
MI History
CKD

CHF

86 (84.31)
35 (34.31)
21 (20.59)
18 (17.65)

12 (11.76)

myocardial infarction; T2DM: type 2 diabetes mellitus

20 (86.96)
7 (30.43)
4(17.39)
4(17.39)

3 (13.04)

66 (83.54)
28 (35.44)
17 (21.52)
14 (17.72)

9 (11.39)

CHF: congestive heart failure; CKD: chronic kidney disease; EF: ejection fraction; MI:



Table 2. Comparative Demographic and Outcome Analyses Based on Cannulation Technique

Procedure
Characteristics

Total Procedures (n)

Patient Age (years)
Patient BSA (m?)
CABG Targets
Perfusion Parameters
BP AOXCL (mmHg)
Flow AOXCL (L/min)
CI AOXCL (L/min/m?)
CVP AOXCL (mmHg)
Maximum CVP AOXCL
(mmHg)

ecDO2i AOXCL
(mL/min/m?)

Hct AOXCL (%)

BP post-CPB (mmHg)

Cohort A: Dual RA- Cohort B: RA-

SVC Cannulation

23

Mean (St. Dev.)
63.52 (10.99)
1.91 (0.21)

3.57 (0.79)

66.94 (6.12)
5.53 (0.67)
2.90 (0.30)

0.20 (3.31)

4.74 (3.89)

356.13 (54.75)

26.57 (2.66)

75.86 (6.18)

only Cannulation

79

Mean (St. Dev.)
65.78 (8.35)
1.97 (0.25)

3.29 (0.89)

66.62 (6.09)
5.36 (0.81)
2.74 (0.31)

4.8 (3.36)

16.06 (9.18)

337.54 (48.85)

26.73 (2.78)

76.42 (5.96)

Mean

Difference

-2.260

-0.060

+0.280

+0.320

+0.170

+0.160

-4.600

-11.320

+18.590

-0.160

-0.560

P-Value

0.291

0.372

0.187

0.825

0.343

0.025

<0.001

<0.001

0.121

0.807

0.696



CPB Duration (min) 77.22 (15.73) 86.56 (26.39) -9.340 0.039

AOXCL Duration (min)  60.75 (13.06) 67.71 (20.74) -6.960 0.057
Total phenylephrine
administration (mcg) 326.96 (355.25) 697.47 (693.53)  -370.510 <0.001

AOXCL: aortic cross-clamping; BP: blood pressure; BSA: body surface area; CABG: coronary
artery bypass grafting; CI: cardiac index; CPB: cardiopulmonary bypass; CVP: central venous
pressure; ecDO2i: indexed extracorporeal delivery of oxygen; Hct: hematocrit; RA: right atrium;

SVC: superior vena cava; St Dev: standard deviation



Figures
Figure 1. Appropriate dual-cannulation placement and its impact on venous drainage following

heart manipulation and superior vena cava contortion during posterior coronary target access




Abbreviations

AKI - acute kidney injury

AOXCL - aortic cross-clamping

BP - blood pressure

BSA - body surface area

CABG - coronary artery bypass grafting
CI - cardiac index

CPB - cardiopulmonary bypass

CVP - central venous pressure

DO?2 - oxygen delivery

ecDO2i - indexed extracorporeal oxygen delivery
EF - ejection fraction

Hct - hematocrit

ICU - intensive care unit

IRB - Institutional Review Board

IVC - inferior vena cava

LOS - length of stay

MI - myocardial infarction

RA - right atrium

SVC - superior vena cava



