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Development of Open-Source Real-Time DO,i Area Under the Curve (AUC) software for

Goal-Directed Perfusion using Artificial Intelligence.

Abstract

Background: During cardiopulmonary bypass many parameters are observed to ensure
metabolic demand is met. Among the mostimportant of those are measures of oxygen
supply and demand. Historically this would have included arterial blood-gas sampling,
continuous venous oxygen saturation by optical cuvette, and possibly in-line blood or
oxygenator gas measurement. Subsequently, additional metrics have been suggested to
measure adequacy of perfusion. Yet some of the most promising, such as DO, area
under the curve (AUC) and the largest single AUC deficit episode, are often limited to

retrospective statistical analysis and not accessible to clinicians.

Methods: We have developed non-commercial software that interfaces with commercially
available perfusion monitors and can be run on most personal computers. The application
displays real-time DO,i AUC and tracks deficits using both numeric and graphical

visualizations.

Results: The software successfully imports DO,i results from an in-line blood monitor
(Terumo OneView) and displays the DO,i AUC and largest single AUC deficit episode in

real-time.



Conclusion:

This custom software provides perfusionists with real-time DO, i threshold-based deficit
analytics that may not be otherwise accessible. This data can then be used during

cardiopulmonary bypass to support GDP strategies.

As an open-source project, this code is modifiable and available to anyone at no cost. To
our knowledge, only Spectrum’s Quantum Directed Perfusion software currently provides
real-time DO,i AUC with largest single AUC deficit episode tracking during

cardiopulmonary bypass.

Introduction

Adequacy of perfusion is a fundamental requirement in all biological systems that rely on
transport of oxygenated fluid to sustain aerobic metabolism. Over time, the parameters
used to evaluate perfusion have evolved in parallel with advances in monitoring
technology. Early monitoring relied on blood gas measurement. Continuous in-line blood
gas and oxygen saturation technology brought the first real-time data to perfusionists,
followed by cerebral oxygen saturation monitors. Yet no single measurement has emerged
as the definitive metric of oxygen delivery adequacy. Each is a surrogate for whatis

happening at the cellular level, and cellular oxygen consumption itself may vary regionally.

Goal-directed therapy was introduced into the medical literature during the late 1980s and

early 2000s.(1,2) In 2011, de Somer et al, building on this work, suggested that it might be



time for goal-directed perfusion management.(3) They focused on the metrics nadir oxygen
delivery index (DO,i) and DO.,i/CO2 production index (VCOZ2i) ratio. Prior and subsequent
papers have proposed other measures such as nadir hematocrit, lactate, various DO,
thresholds, minutes below DO,i threshold, DO,i area under the curve (AUC), and single
largest DO,i AUC.(4-10) Yet despite their reported predictive value, many are not available
to the clinician in real time and are instead calculated retrospectively. Some modern
perfusion monitors and data acquisition software now provide real-time calculations, and
currently available commercial systems are summarized in Table 1. Commercial
monitoring systems undergo extended development and regulatory processes, which may

delay incorporation of newly described metrics into clinical monitoring platforms.

We sought to develop an open-source software application capable of calculating and
displaying DO,i AUC metrics in real time. The application was designed to run efficiently
on a modest modern laptop without perceptible lag. This approach reduces reliance on
proprietary hardware and allows institutions to implement newly described metrics
without waiting for commercial software revisions. The source code is publicly available at

no cost and may be downloaded, modified, and implemented locally.

Our institution utilizes the CDI OneView Monitoring System (Terumo, Ann Arbor, MI) which
provides DO,i but doesn’t calculate DO,i AUC metrics in real-time. The monitorincludes a
serial (RS-232) output capable of streaming physiologic data. We therefore sought to
capture this output and perform real-time DO,i AUC calculations during cardiopulmonary

bypass (CPB).



Materials and Methods

The Terumo OneView monitor transmitted serial DO, i values at approximately 6-second
intervals. The DO, i values displayed by the OneView monitor were calculated with the
blood flow rate data sourced from a Terumo System 1 heart-lung machine (Terumo
Cardiovascular Systems Corporation, Ann Arbor, MI, USA). DO,i values were acquired in
real time from the serial data stream and timestamped at the moment of reception using
the host computer’s system clock. No resampling, interpolation, or smoothing was
performed. Time intervals (At) were calculated from the elapsed time between consecutive
received data points. Threshold DO, is a fixed value of 270 mL/min/m?. For values below
the predefined threshold, the deficit (threshold — DO,i) was calculated at each time point;
values at or above the threshold contributed zero to the integration. Area-under-the-curve
(AUC) deficits therefore represent only the cumulative area between the threshold and
sub-threshold DO,i values and were computed using trapezoidal numerical integration
across consecutive At intervals. Units of AUC are displayed as min-(mL/min/mz). A deficit
episode was defined as a continuous sequence of consecutive DO,i values below the
predefined threshold; an episode ended when DO, returned to or exceeded the threshold.
No minimum duration criterion was applied, minimum deficit duration is limited only by
the rate of data reporting from the DO,i monitor. Data logging is initiated and can be
paused by an on-screen software toggle within the application that the operator selects.

DO.,i values only contribute to AUC calculation during periods of active acquisition.



The application was developed in Python 3 and required no dedicated graphics hardware
or high-performance computing resources. Python 3 was selected as the programming
language, utilizing the pySerial, NumPy, and Matplotlib libraries. The primary development
and testing platform was a Windows 10 laptop equipped with an Intel Core i5 processor
and 8 GB RAM. Additional testing was performed on lower-specification systems, including
Intel Celeron-class processors with 4 GB RAM, as well as Fedora Linux systems. No
hardware acceleration or specialized computing infrastructure was required.
Communication with the OneView monitor was achieved through a standard USB-to-

RS232 serial adapter connected to the monitor's serial output port.

Large language models, including ChatGPT-5 (OpenAl, San Francisco, CA, USA) and
Claude Sonnet 4.5 (Anthropic, San Francisco, CA, USA), were used as code-development
assistants during initial software prototyping. The requirements for the desired application
were defined by the investigators. These included real-time serial acquisition of DO,
values, threshold-based AUC deficit calculation, graphical display of DO,i with sub-
threshold shading, and dynamic numerical metric reporting. All algorithms, including
trapezoidal AUC integration and episode detection logic, were specified by the
investigators. The code was iteratively reviewed and tested during development to confirm
mathematical correctness and functionality. The source code associated with this project
is publicly available and archived at Zenodo (DOI: 10.5281/zenodo.19023846). The
corresponding development repository is hosted on GitHub

(https://github.com/DivineConspiracy/DO2-AUC-JECT.git).



Results

The application successfully acquired DO,i results from an in-line blood monitor (Terumo
OneView) and displays the calculated DO,i AUC and largest single AUC deficit episode
(Figure 1). Continuous performance was tested to a duration of 12 hours using simulated
serial data with no observed application crash, interruptions, or data loss. At application
launch, users may select either live serial acquisition from the OneView monitor or a
simulated data stream. Simulated data are processed identically to live data and can be
used during software development to verify proper operation of the software and identify
potential errors without requiring connection to a OneView monitor. The system was
additionally tested during live cardiopulmonary bypass cases for feasibility. Testing
consisted of elective adult CPB cases with mild hypothermia. Data imported by the host
PC from the OneView monitor was parsed and appropriately rendered both graphically and

numerically without noticeable delay during testing.

Minutes below threshold, total AUC deficit, nadir DO,i, longest continuous episode, and
maximum single-episode AUC are continuously calculated, updated, and displayed on the
left-hand portion of the screen. Numerical metrics changed color (red) when their

corresponding values exceeded predefined alert thresholds, as specified in Table 2.

DO.,i was plotted over time on an XY graph to the right of the numeric metrics. Both axes
dynamically rescale as needed to accommodate incoming data. Ared horizontal

threshold line is plotted at 270 ml/min/m2 and sub-threshold regions were shaded.



The PC running the application was mounted on the heart-lung machine (Figure 2). A
consumer grade USB-to-serial COM adapter is required to interface the PC with the

OneView monitor for data acquisition.

Discussion

The implications of this report are threefold: 1. It demonstrates a practical method to
deliver real-time GDP metrics to perfusionists using their existing hardware, 2. It describes
an open and lightweight application that can be downloaded and adapted locally, and 3. It
demonstrates how Al-assisted software development may reduce traditional barriers to
creating software tools perfusionists desire, while also underscoring the importance of

validation and risk management before clinical adoption.

Clinical Relevance

Peer-reviewed medical literature provides evidence that intra-operative GDP parameters
can help clinicians reduce the risk of AKI during open-heart surgery. However, access to
GDP metrics available to perfusionists varies across institutions and depends on
hardware, software, and institutional buy-in to GDP-based evidence. To address this gap,
custom software was developed that streams serial data from a Terumo OneView monitor

and displays GDP parameters not otherwise available to the clinician.

The software takes metrics that have been identified as clinically relevant, highlights out-
of-range values, and plots DO,i on a large graph with a clearly defined threshold line and
AUC shading beneath that threshold. This gives perfusionists the metrics and format they

desire during their procedure to support GDP-informed decision making.



While the software does provide users with real-time GDP data, interpretation of that data
remains nuanced and is an evolving area of research. The thresholds selected were based
on receiver-operator derived curves with cutoffs selected using Youden’s index, not on
arbitrary or legacy values. (Table 2, (3,8-10) ) AUC is a simple product of time and depth of
deficit. And while AUC accounts for both nadir DO,i and time below threshold, it gives
equal weight to each, without distinguishing their relative impact. For example, if DO,i
threshold is determined to be 270 ml/m”2/min and the DO,i drops to 250 ml/m”2/min for
10 minutes, the AUC is not different than a drop to 260 ml/m”2/min for 20 minutes. We
found no studies proposing a weighted approach to combine these metrics. It is unknown
whether the depth of the nadir or the time spent under the threshold plays a greater role in

the development of AKI.

Technical Implementation and System Architecture

The blood flow rate (Qp) used in DO, calculations by the OneView monitor was sourced
directly from the heart-lung machine. An alternative approach available with all monitors
but the Terumo CDI 500 is to capture blood flow data from a flow probe distal to all
recirculating shunts. This would eliminate a falsely elevated Q,. The software receives
serial output from the Terumo OneView monitor via RS-232, which is converted to USB
through an interface adapter. The data are parsed by a PC running Python, which performs

all numerical calculations and graphical visualizations.

Mukaida et al recognized that measuring threshold values at 10-20 min intervals fails to
capture clinically relevant changes occurring during the interval period.(8) In contrast, the
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OneView monitor outputs data every 6 seconds, which are captured by the application.
Numerical metrics and graphical displays are continuously calculated and refreshed,
making updated information immediately available to the perfusionist. The software stores
only the information necessary to generate the graphical display and calculated metrics. It
is notintended as a database or for long-term storage. This near real-time display gives
clinicians the opportunity to address deficits as they occur rather than relying on delayed

30-minute averages or retrospective case review.

Barrier Reduction and Future Scalability

Because this software is open-source, it is freely available; the source code is transparent
for anyone to examine, and that code can be modified by individuals or institutions for their
local practice. The software was developed by an author with minimal formal
programming expertise but was successfully designed and implemented using Al-assisted
coding. Historically, clinicians and software developers functioned within their separate
institutional structures. Clinician-driven innovation was impeded by layers of
administrative, financial, and sales infrastructure. This project demonstrates a clinician's
ability to reduce dependence on traditional IT bottlenecks and create tools customized to
institutional needs. While Al-assisted development removes traditional barriers,

appropriate validation and formal oversight remain essential.

Limitations
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This is software that has not received an independent code review. The software was
developed for research and educational purposes only and was not intended for clinical
decision making. During testing, all clinical decisions remained based on standard
institutional monitoring and clinical judgment. This work is presented as a proof-of-

concept demonstration of Al-assisted software development rather than as a validated

clinical decision support tool. No attempts have been made to address security concerns,

error handling, or quality. The validation process has been limited to peer-review of this

manuscript, and it has not been evaluated in any regulatory framework. This project does

not demonstrate any reduction in AKI, change in clinical behavior, or improved patient

outcomes. The application was limited to testing using only the Terumo OneView monitor

at a single center.

11



References

1. Stanley TH, Isern-Amahal J. Periodic analysis of mixed venous oxygen tension to
monitor the adequacy of perfusion during and after cardiopulmonary bypass. Can Anaesth
Soc J. 1974;21(5):454-60. doi:10.1007/BF03005839

2. Rivers E, Nguyen B, Havstad S, Ressler J, Muzzin A, Knoblich B, et al. Early goal-
directed therapy in the treatment of severe sepsis and septic shock. N EnglJ Med.
2001;345(19):1368-77.

3. Somer FD, Mulholland JW, Bryan MR, Aloisio T, Nooten GJV, Ranucci M. O2 delivery
and CO2 production during cardiopulmonary bypass as determinants of acute kidney
injury: time for a goal-directed perfusion management? Crit Care. 2011;15(4):R192.

4. Ranucci M, Aloisio T, Carboni G, Ballotta A, Pistuddi V, Menicanti L, et al. Acute
kidney injury and hemodilution during cardiopulmonary bypass: a changing scenario. Ann
Thorac Surg. 2015;100(1):95-100.

5. Ranucci M, Toffol BD, Isgrdo G, Romitti F, Conti D, Vicentini M. Hyperlactatemia
during cardiopulmonary bypass: determinants and impact on postoperative outcome. Crit
Care. 2006;10(6):R167.

6. Newland RF, Baker RA. Low oxygen delivery as a predictor of acute kidney injury
during cardiopulmonary bypass. J Extracorpor Technol. 2017;49(4):224-30.

7. Magruder JT, Dungan SP, Grimm JC, Harness HL, Wierschke C, Castillejo S, et al.
Nadir oxygen delivery on bypass and hypotension increase acute kidney injury risk after
cardiac operations. Ann Thorac Surg. 2015;100(5):1697-703.

8. Mukaida H, Matsushita S, Kuwaki K, Inotani T, Minami Y, Saigusa A, et al. Time—-dose
response of oxygen delivery during cardiopulmonary bypass predicts acute kidney injury. J
Thorac Cardiovasc Surg. 2019;158(2):492-9.

9. Oshita T, Hiraoka A, Nakajima K, Muraki R, Arimichi M, Chikazawa G, et al. A better
predictor of acute kidney injury after cardiac surgery: the largest area under the curve
below the oxygen delivery threshold during cardiopulmonary bypass. J Am Heart Assoc.
2020;9(15):e015566.

10. Ranucci M, Romitti F, Isgro G, Cotza M, Brozzi S, Boncilli A, et al. Oxygen delivery
during cardiopulmonary bypass and acute renal failure after coronary operations. Ann

12



Thorac Surg. 2005 Dec;80(6):2213-20. doi:10.1016/j.athoracsur.2005.05.069 PubMed
PMID: 16305874.

13



