
Noninvasive Hemodynamic Monitoring In The 
Setting of Hypoperfusion and Appropriate 
Perioperative Fluid Management Presenter: Neil Sagrado, BSN, SRNA

Graduate Student Registered Nurse Anesthetist
VCU Department of Nurse Anesthesia 
Committee chair: Dr. Jiale (Gary) Hu, PhD, RN, FAAN
Committee member(s): Dr. Jerrol “Jay” Wallace, DNP, 
CRNA, CAPT, USN, NC, FAANA
External Expert: Dr. Karl Balling, CRNA, DNAP



Objective(s)

• To evaluate and appraise the integration of Noninvasive 
Hemodynamic Monitoring (NHDM) into perioperative fluid 
management strategies, aiming to enhance patient outcomes.
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The objective is to comprehensively evaluate and appraise the integration of Noninvasive Hemodynamic Monitoring (NHDM) into perioperative fluid management strategies, aiming to enhance patient outcomes.This evaluation focuses on optimizing organ perfusion and minimizing the risks of hypoperfusion. By assessing the effectiveness of NHDM in real-time monitoring and adjustment of fluid therapy, the study seeks to establish best practices that ensure optimal hemodynamic stability throughout surgical procedures, thereby improving the overall safety and efficacy of patient care in perioperative settings.



Background
• Traditional fluid management uses a uniform 4-2-1 rule for all patients.
• Modern approaches recommend personalized care, as fluid needs vary by 

individual. NHDM personalizes fluid management to optimize outcomes and 
prevent complications.

• Intraoperative hypotension is linked to adverse outcomes such as renal insufficiency 
and increased mortality. 

• This technology matches the accuracy of invasive methods and allows timely fluid 
adjustments.
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	1.	Traditional Fluid Management vs. Personalized Care: Traditionally, fluid management during surgery has followed the 4-2-1 rule, a one-size-fits-all guideline based  on body weight, which is applied uniformly across diverse patient populations including adults, neonates, and geriatrics. This approach can lead to significant discrepancies in fluid needs, potentially causing overestimation or underestimation of required fluids. In contrast, contemporary patient-centered care recognizes that individual fluid needs vary significantly due to multiple factors, making the case for personalized fluid management strategies such as NHDM, which aims to optimize patient outcomes by ensuring proper organ perfusion and preventing hypoperfusion.	2.	Evidence Linking NHDM to Improved Outcomes: Research underscores a strong correlation between intraoperative hypotension and adverse outcomes like renal insufficiency, myocardial injury, and increased mortality. Randomized clinical trials have shown that maintaining optimal blood pressure during surgery, as recommended by the Perioperative Quality Initiative, significantly reduces the risk of postoperative organ dysfunction. NHDM provides a method for continuous blood pressure monitoring that has shown results comparable to invasive methods, helping to reduce the incidence of hypotensive events and associated complications by enabling real-time adjustments in fluid management.	3.	Challenges and Future Directions in Fluid Management: Despite advances in NHDM, gaps in knowledge persist, particularly regarding the effectiveness and applicability of patient-centered fluid management across various clinical settings and populations. Continuous research is needed to evaluate the impact of NHDM interventions on clinical outcomes and healthcare resource utilization. The goal is to promote the adoption of NHDM within Enhanced Recovery After Surgery (ERAS) protocols, tailoring fluid management to individual patient needs, and addressing the crucial role of anesthesia providers in mitigating hypoperfusion-related adverse outcomes in a range of healthcare facilities.



“Historic” 4-2-1 Rule Administration
It operates on a tiered system: for the 
first 10 kg of body weight the rate is 2 
mL/kg/hour, then the rate is increased 
by 4 mL/kg/hour for the next 10 kg 
(from 10 to 20 kg), and for any weight 
above 20 kg there is an addition of 1 
mL/kg/hour to the hourly rate.7

Maintenance: 4:2:1 rule
Deficits: Maintenance x hr(s) fasting
3rd space losses: 10-15 ml/kg/hr
Blood loss: 3:1 replacement with 
crystalloid, 1:1 replacement
with colloids
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Traditionally, anesthesia providers use a one-size-fits-all approach for determining fluid requirements during surgery, typically known as the 4-2-1 rule based on weight categories (otherwise known as “the Holliday Segar”).7 However, patient-centered care recognizes that individual fluid needs can vary due to various factors.1, 2 This one-size-fits-all approach is applied uniformly across diverse patient populations, including adults, neonates, pediatrics, obstetrics, obesity, and geriatrics.3,7 However, contemporary patient-centered care acknowledges that individual fluid needs can vary significantly due to multiple factors.3,4 This discrepancy in fluid requirements can result in either overestimation or underestimation of the necessary intravenous fluid administration.This dates back to 1957*, often times we are overestimating the actual requirement for fluids and inadequately under or over resuscitating patients leading to hypovolemia/hypervolemia and more complications postoperatively.



Negative Impacts of Excess Fluid

Source: Prowle 
JR, Kirwan CJ, 
Bellomo R. Fluid 
management for 
the prevention and 
attenuation of 
acute kidney 
injury. Nat Rev 
Nephrol. 
2014;10(1):37-47. 
doi:10.1038/nrnep
h.2013.232
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The negative impacts of fluid overload, particularly in the context of critical care and acute kidney injury (AKI), are substantial and multifaceted. Fluid overload can exacerbate the condition of patients with AKI, leading to increased morbidity and mortality. Here are some of the key detrimental effects:	1.	Increased Mortality and Morbidity: Studies have consistently shown that fluid overload is associated with increased mortality rates among critically ill patients, particularly those with acute kidney injury. Excess fluid accumulation often leads to worse outcomes in these patients, including prolonged hospital stays and increased healthcare resource utilization  .	2.	Cardiovascular Complications: Fluid overload can lead to acute cardiac dysfunction, including issues like myocardial edema, which impairs cardiac function and can exacerbate conditions like heart failure .	3.	Pulmonary Complications: Excessive fluid in the circulatory system can lead to pulmonary edema, where fluid leaks into the lung tissue, making breathing difficult and reducing oxygenation, which can be particularly detrimental in patients already suffering from respiratory issues or infections .	4.	Renal Stress: In patients with AKI, fluid overload can further impair kidney function by increasing venous pressure and contributing to renal congestion. This can delay kidney recovery or worsen kidney damage .	5.	Tissue Edema: Excessive fluid accumulation can lead to generalized edema, affecting multiple organs and tissues. This can impair wound healing, increase the risk of infections, and complicate the management of already critically ill patients .Managing fluid balance is critical, particularly in patients with acute kidney injury or those in intensive care, as improper fluid management can significantly worsen patient outcomes.



Hazards of inadequate fluid 
administration/under resuscitation
• Global Tissue Hypoperfusion: leading to systemic 

issues affecting multiple organs due to insufficient 
blood flow1.

• Urinary Output and Acute Kidney Injury (AKI): An 
intraoperative urinary output of < 0.3 mL/kg per hour 
significantly ↑ risk of AKI, with an odds ratio (OR) of 
2.65, indicating a more than two-fold increased risk1,3.

• GI Complications: Inadequate blood flow to the 
intestines → gut ischemia, potentially escalating to 
sepsis if not addressed promptly1.

• Cardiac Complications: Insufficient blood flow to the 
heart can precipitate myocardial ischemia, which may 
lead to an infarction and, in severe cases, result in 
death.
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Castera MR, Borhade MB. Fluid Management. [Updated 2023 Oct 22]. In: StatPearls [Internet]. Treasure Island (FL): StatPearls Publishing; 2024 Jan-. Available from: https://www.ncbi.nlm.nih.gov/books/NBK532305/Inadequate fluid resuscitation in medical settings, particularly during acute conditions like shock, can lead to severe complications due to insufficient intravascular volume. This deficit can result in shock, significantly compromising blood flow to critical organs including the kidneys, brain, and liver, potentially leading to organ failure and even death.The ramifications of inadequate fluid resuscitation are particularly critical in cases of acute kidney injury (AKI), where maintaining appropriate blood volume is crucial for renal function. Insufficient fluid volume can exacerbate the condition, leading to a cycle of worsening kidney damage and other organ dysfunctions.Furthermore, inadequate intestinal blood flow can result in gut ischemia, which may progress to systemic infections such as sepsis if left unaddressed. Similarly, insufficient myocardial perfusion due to poor fluid management can lead to myocardial ischemia and potentially fatal outcomes like myocardial infarction.



Maintaining Fluid balance for Effective 
Circulation/Hemodynamic
• To preserve oxygen delivery to the tissues
• To maintain electrolyte and physiological homeostasis
• On an individual basis

DOI: https://doi.org/10.1093/bja/aes171
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The Frank-Starling law is a fundamental principle in cardiovascular physiology that describes the relationship between the volume of blood filling the heart (end-diastolic volume) and the heart’s ability to eject that blood during contraction (stroke volume). It states that the stroke volume of the heart increases in response to an increase in the volume of blood filling the heart (the end-diastolic volume), up to a certain point. This relationship is crucial because it helps the heart automatically adjust its output to match the inflow of blood without external regulation.Implications for Fluid Balance and Effective Circulation:	1.	Optimizing Cardiac Output: The Frank-Starling mechanism allows the heart to adjust its force of contraction based on the venous return. For patients with varying fluid statuses, such as those in critical care or undergoing major surgeries, careful management of fluid volume can help optimize cardiac output, ensuring sufficient blood flow to vital organs.	2.	Avoiding Fluid Overload: While the Frank-Starling law suggests that increased preload (end-diastolic volume) can enhance cardiac performance, excessive fluid administration can lead to a diminished return and potential harm. Beyond a certain point, too much fluid can stretch the heart too far, leading to decreased cardiac function and potential heart failure. This underscores the importance of meticulous fluid management to avoid volume overload.	3.	Implications for Disease States: In patients with heart failure, the heart’s ability to operate along the Frank-Starling curve is impaired. This can complicate fluid management strategies, as these patients may not respond predictably to fluid loading or withdrawal. In such cases, the monitoring of fluid balance becomes even more crucial, and technologies like hemodynamic monitoring can be vital to guide therapy.	4.	Tailoring to Individual Needs: Each patient’s response to fluid administration can vary based on their cardiac function and systemic vascular resistance. Thus, understanding and applying the Frank-Starling law in clinical practice requires a personalized approach, taking into account the individual’s specific cardiac function and overall health status.	5.	Role in Clinical Monitoring: In clinical settings, tools such as echocardiography or Swan-Ganz catheterization can help assess cardiac function in relation to the Frank-Starling law. By monitoring parameters like stroke volume and cardiac output in response to fluid challenges, clinicians can more accurately tailor fluid therapy to individual needs.Overall, the Frank-Starling law not only highlights the intrinsic ability of the heart to regulate its output based on venous return but also stresses the need for precise fluid management to maintain effective circulation and optimal hemodynamics. This balance is crucial for ensuring that all tissues receive adequate perfusion, particularly in critical care settings where fluid balance can be a dynamic and critical challenge.

https://doi.org/10.1093/bja/aes171


Current Trends in Fluid Management
Advanced Monitoring Technologies: Transition from invasive to sophisticated noninvasive 
technologies for safer, real-time monitoring of hemodynamics → improving decision-making during 
anesthesia.
Goal-Directed Fluid Therapy (GDFT): Utilization of dynamic measurements like stroke volume 
variation (SVV) and pulse pressure variation (PPV) → tailor fluid administration more accurately.
Integration of Dynamic Measurements: Shift from static to dynamic variables for assessing fluid 
responsiveness.
Minimally Invasive Techniques: Emphasis on reducing complications with the adoption of less 
invasive methods.
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Scheeren, Thomas, and Michael a. E. Ramsay. “New Developments in Hemodynamic Monitoring.” Journal of Cardiothoracic and Vascular Anesthesia, vol. 33, Aug. 2019, pp. S67–72. https://doi.org/10.1053/j.jvca.2019.03.043.1. Advancement in Hemodynamic Monitoring TechnologiesThere is a shift from traditional invasive monitoring techniques to more sophisticated, less invasive, and even noninvasive technologies. This transition aims to improve patient outcomes and safety by providing more accurate and real-time data, crucial for making informed therapeutic decisions. These technologies facilitate the monitoring of vital parameters like cardiac output, stroke volume, and fluid responsiveness without the risks associated with invasive methods.2. Goal-Directed Fluid Therapy (GDFT)The focus has increasingly shifted towards GDFT, which utilizes dynamic variables such as stroke volume variation (SVV), pulse pressure variation (PPV), and the pleth variability index (PVI). These metrics help assess a patient’s fluid responsiveness more accurately than static measurements like central venous pressure. GDFT aims to optimize fluid delivery, ensuring sufficient organ perfusion without causing fluid overload, which can lead to complications like pulmonary edema or cardiac failure.3. Integration of Dynamic MeasurementsHistorically, fluid management was often guided by static measurements which are now considered less reliable for predicting fluid responsiveness. Modern practices incorporate dynamic measurements that assess how variables change in response to respiratory cycles or fluid challenges, placing the patient’s status on the Frank-Starling curve. This approach helps in making precise adjustments in fluid management, tailored to the individual needs of the patient.4. Minimally Invasive and Noninvasive TechniquesThere is a significant trend towards reducing the invasiveness of hemodynamic monitoring tools. Technologies such as esophageal Doppler, arterial waveform analysis, and others that use external sensors to assess blood flow and cardiac function have become more common. These methods reduce the risk of complications like infections and are generally easier to use, improving the efficiency of patient management in both surgical and intensive care settings.5. Artificial Intelligence (AI) and Predictive AnalyticsThe article highlights the role of AI and machine learning in advancing hemodynamic monitoring. AI tools can analyze large datasets to predict changes in hemodynamics and fluid responsiveness before they occur, allowing preemptive adjustments to therapy. This predictive capability is crucial in managing complex cases where early intervention can significantly impact outcomes.6. Challenges and Future DirectionsWhile these advancements represent significant progress, the article notes that challenges such as the accuracy of noninvasive methods and the complexity of integrating new technologies into clinical practice still exist. Future developments are likely to focus on enhancing the accuracy and reliability of these technologies, making them more user-friendly, and validating their impact on patient outcomes through rigorous clinical trials.7. Clinical ImplicationsFor clinicians, the move towards more precise and personalized fluid management means they can better prevent complications associated with both under-resuscitation and fluid overload. This precision in fluid management is especially critical in vulnerable populations such as patients undergoing major surgery or those in intensive care, where fluid balance is a delicate and crucial aspect of care. Overall, the evolution of fluid management and hemodynamic monitoring as discussed in the article points towards a more integrated, technology-driven approach in anesthesia and critical care, emphasizing safety, precision, and a move towards less invasive monitoring techniques.



Appropriate Goal Directed Fluid Therapy (GDFT) with NHDM

GDFT is increasingly recognized for its benefits in 
perioperative settings, particularly as part of Enhanced 
Recovery After Surgery (ERAS) protocols → aims to 
optimize fluid balance, using dynamic measurements (i.e. 
SVV and PPV) to assess fluid responsiveness.

Continuous dynamic process → physiologic end points 
(based on hemodynamics, rather than an prehistoric 
rul)

Administration of fluid challenge of crystalloid/colloid, 
assess affect in SV/PVV/MAP/UO (through NHDM 
integration)
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This approach helps minimize complications related to fluid imbalance, supporting faster recovery and reducing hospital stays. GDFT is particularly advocated in major surgeries, where precise fluid management is crucial for preventing renal ischemia and optimizing volume status



Indicators of Adequate Fluid Volume Resuscitation and 
Hemodynamic Parameters
Mean Arterial Pressure (MAP) > 65 mm Hg

• Shown to improve mortality and adequate end organ perfusion, rough guideline due 
to compensatory vasoconstriction (hypoperfusion)

Urine output between 0.5 to 1.0/1.5 ml/kg/hr
• <0.3 ml/kg/hr → ↑ risk of Acute Renal Failure (ARF) (↓ end organ perfusion)

Central Venous Pressure (CVP) > 5 mm Hg*
• NO LONGER a reliable indicator of adequate fluid resuscitation

Lactate levels ↓ trends decreasing
• An ↑ indicates a decrease in tissue perfusion

Non-invasive Blood Pressure (NIBP) within 15 to 20% baseline
• Trend MAPs and Systolic BPs (SBPs)



Key Literature Review Results for NHDM
★ Perioperative hemodynamic optimization reduces complications and improves 

survival rates, reducing morbidity and mortality.
★ Effective hemodynamic control is best achieved using a goal-directed algorithm.
★ Monitoring techniques include evaluating blood pressure, cardiac output, 

intravascular volume, autoregulation, and tissue oximetry.

★ Advancements in technology have reduced the necessity 
for invasive monitoring, favoring minimally invasive and 
noninvasive methods.

★ Economic benefits are noted with the implementation of goal-directed 
hemodynamic strategies.
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B.I. Naik, M.E. 486 Durieux / Best Practice & Research Clinical Anaesthesiology 28 (2014) 477e488An increasing number of hemodynamic monitors (NHDM) based on novel physiological principles are currently available. They assist with the management of the hemodynamically unstable patient by providing continuous monitoring of the intravascular volume, CO, autoregulation, and tissue oxygen supplye and demand balance. They have superseded the need for high-risk invasive monitors by providing reliable, reproducible goals for resuscitation. Furthermore, there are tangible economic benefits with goal-directed treatment in the high-risk surgical patient. Finally, microcirculation monitoring offers a promising new avenue for completing the circle of holistic hemodynamic management.



Table 1: Overview of monitoring parameters of different hemodynamic monitors. 
Maik et al. (2014)



FloTrac®/Vigileo

Waveform analysis to calculate stroke 
volume and cardiac output
Requires mechanical ventilation TV 8 
ml/kg
Affected by PEEP

- Algorithm is based on the principle that aortic 
pulse pressure (PP) ∝ stroke volume (SV) and 
inversely ∝/b r/t aortic compliance. 

- Adjusts for compliance based on age, gender, 
and body surface area (BSA).

- Continuously detects and analyzes beats, 
allowing the use of SVV to guide volume 
resuscitation, even in patients with frequent 
premature atrial or ventricular contractions 
and most arrhythmias.
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Source: FloTrac Sensor | Edwards LifesciencesThe FloTrac system algorithm is based on the principle that aortic pulse pressure (PP) is proportional to stroke volume (SV) and inversely related to aortic compliance. The algorithm compensates for the effects of compliance on PP based on age, gender, and body surface area (BSA).Through continuous beat detection and analysis, the FloTrac system algorithm allows for the ongoing use of Stroke Volume Variation. The FloTrac system algorithm enables the display and use of SVV in patients with multiple premature atrial or ventricular contractions and allows you to guide volume resuscitation despite most arrhythmias.5,6,7The SVVxtra algorithm restores the respiratory component of the arterial pressure curve so that SVV continues to reflect the physiological effects of mechanical ventilation on the heart.5



Clearsight®
Technology is based on 2 methods: volume clamp 
method to continuously measure BP and 
physiological method for calibration

Volume Clamp Method
• Equalizes pressure on artery wall by clamping to constant 
volume.
• Adjusts cuff pressure 1000x/sec.

Physiocal Method
• Determines arterial ‘unloaded’ volume (no pressure gradient).
• Periodic adjustments for muscle tone changes.
• Calibration: starts at 10 beats, increases to 70 beats when 
stable; reliable >30 beats.

Cardiac Output Calculation
• Stroke volume = SPI + physiological model.
• Adjusts for age, gender, height, weight.
• Cardiac output = stroke volume × heart rate, updates every 
beat.
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Source: ClearSight system | Edwards LifesciencesVolume Clamp Method	•	Equalizes pressure on both sides of the artery wall by clamping it to a constant volume.	•	Adjusts cuff pressure 1000 times per second.	•	Provides real-time finger pressure waveform.Physiocal Method	•	Determines proper arterial ‘unloaded’ volume without pressure gradient.	•	Periodically adjusts for smooth muscle tone changes.	•	Calibration interval starts at 10 beats, increases to 70 beats as stable, reliable >30 beats.Brachial Pressure Reconstruction	•	Reconstructs brachial arterial pressure from finger arterial pressure.	•	Uses a clinical database-based algorithm.	•	Matches clinical standard for brachial BP.Cardiac Output Calculation	•	Calculates stroke volume using the systolic pressure-time integral (SPI) and a physiological model.	•	Individualizes afterload by age, gender, height, and weight.	•	Updates cardiac output every beat as stroke volume times heart rate.



Limitations to NHDM technology

Accuracy Concerns: Some devices may 
not be as precise as invasive methods, 
especially in challenging conditions like 
patient movement or arrhythmias.

Validation Gaps: Not all devices are tested 
across diverse clinical settings or 
populations.

Technological Constraints: Limitations in 
sensor accuracy and data processing can 
hinder the monitoring of rapid physiological 
changes.

Cost and Complexity: NHDM devices can 
be costly and require specific training, 
limiting their use in resource-scarce 
settings.

Patient Variability: Factors like obesity or 
vascular disease can reduce the 
effectiveness of NHDM.
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Saugel, Bernd, et al. “Technological Assessment and Objective Evaluation of Minimally Invasive and Noninvasive Cardiac Output Monitoring Systems.” Anesthesiology, vol. 133, no. 4, Aug. 2020, pp. 921–28. https://doi.org/10.1097/aln.0000000000003483.The limitations of noninvasive hemodynamic monitoring (NHDM) highlighted in the literature include:•	Accuracy and Reliability Issues: Some NHDM devices may lack accuracy compared to invasive methods, particularly under certain physiological conditions like arrhythmias or patient movements, which can lead to errors in data interpretation.•	Limited Validation: Many noninvasive devices are not fully validated across different clinical settings or patient populations. This can affect their reliability and generalizability of the data they produce.•	Technological Limitations: The performance of NHDM devices can be affected by technological constraints, such as sensor sensitivity or algorithmic processing, which may not capture rapid physiological changes effectively.•	Cost and Resource Intensity: Despite being noninvasive, these devices can be expensive and require specific training and resources to operate effectively, which may limit their use in lower-resource settings.•	Patient-Specific Factors: Individual variations in anatomy or pathophysiology, such as obesity or significant peripheral vascular disease, can impair the effectiveness of NHDM.These limitations suggest a need for careful selection of NHDM technologies based on the specific clinical context and patient characteristics



Other Considerations with Fluid Management Planning
Pre-Surgery:
• Clear fluids up to 2 hrs pre-anesthesia
• ≥45g carbs in fluids (except type I diabetics)
• Avoid IV fluids if clear fluids taken + iso-osmotic bowel prep
• No hyper-/hypo-osmotic bowel prep

During and Post-Surgery:
• Hemodynamic framework + GDFT
• Choose NHDM monitoring equipment based on case
• Don’t treat intraoperative oliguria w/ fluids → investigate
• Address anuria/hypoperfusion immediately
• Tailor fluid management to clinical needs
• Use vasoconstrictors for hypovolemia if needed
• Buffered isotonic crystalloids for colorectal surgery
• Unrestricted oral fluids post-surgery if tolerated
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Thiele RH, Raghunathan K, Brudney CS, et al. American Society for Enhanced Recovery (ASER) and Perioperative Quality Initiative  (POQI) joint consensus statement on perioperative fluid management within an enhanced recovery pathway for colorectal surgery [published correction appears in Perioper Med (Lond). 2018 Apr 10;7:5. doi: 10.1186/s13741-018-0085-8]. Perioper Med (Lond). 2016;5:24. Published 2016 Sep 17. doi:10.1186/s13741-016-0049-9•	Pre-Surgery:	•	Allow clear fluids up to 2 hours before anesthesia to maintain hydration and reduce aspiration risk.	•	Include at least 45 g of carbohydrate in pre-surgery fluids to enhance insulin sensitivity (except for type I diabetics).	•	Avoid IV fluids to replace “fluid losses” if patients can take clear fluids up to 2 hours before surgery and have used iso-osmotic bowel preparations.	•	Do not use hyper-osmotic or hypo-osmotic bowel preparations due to potential adverse effects on volume status.•	During and Post-Surgery:	•	Use a hemodynamic framework and intraoperative goal-directed fluid therapy (GDFT) for decision-making, which can enhance outcomes with minimal risk.	•	Choose hemodynamic monitoring equipment based on surgical, patient, and institutional factors to manage volume effectively.	•	Do not treat intraoperative oliguria with fluids as it’s a normal response; investigate further if it occurs.	•	Address intraoperative and postoperative anuria immediately as it is a pathological condition.	•	Base fluid management on clinical needs and specific conditions, using the right type and amount of fluid.	•	Consider relative hypovolemia and possibly use vasoconstrictors instead of fluids if stroke volume variation is observed after anesthesia and mechanical ventilation.	•	Use buffered isotonic crystalloids for treating hypovolemia in colorectal surgery.	•	Post-surgery, allow unrestricted access to oral fluids if tolerated, continuing the hemodynamic framework into the postoperative period where necessary.



Summary
• NHDM = real-time hemodynamic data → shift from invasive to non-

invasive methods
• GDFT approach that adapts to individual patient needs → preventing 

iatrogenic hypovolemia/overload
• Limitations ≠ variability, integration, cost, and training
• Consensus Recommendations:

– Preop: Clear fluids >2 hrs before surgery, w/ carbohydrates to boost 
insulin sensitivity

– Intraop Use NHDM to guide fluid therapy, adjust for changes.
– Postop: Continue monitoring and GDFT, especially for high risk 

patients.
• Benefits = ↑ fluid management, ↓ post op sequelae, and ↑ recovery
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1.	Current Trends and Techniques:	•	NHDM technologies are pivotal in optimizing perioperative care by offering real-time cardiovascular data to enhance patient outcomes. The shift from invasive to non-invasive methods is supported by advancements in technology, improving safety and reducing complications.2.	Guidance and Protocols:	•	A goal-directed approach to fluid management using NHDM helps in adjusting fluid therapy based on the patient’s measured response rather than standard protocols. This individualized strategy can prevent both hypovolemia and fluid overload, which are critical in managing patient stability during surgery.3.	Limitations of NHDM:	•	Despite its benefits, NHDM faces challenges such as variability in device accuracy, cost-effectiveness, and the complexity of integrating new technologies into routine practice. There is also a need for standardized training to interpret NHDM data accurately.4.	Consensus Recommendations:	•	Preoperative: Clear fluids are recommended up to 2 hours before surgery to minimize dehydration and reduce the risk of aspiration. Carbohydrates in preoperative fluids can improve insulin sensitivity.	•	Intraoperative: Hemodynamic monitoring should guide fluid therapy, using non-invasive methods where possible. The reaction to intraoperative changes like oliguria should be measured and thoughtful, considering underlying causes rather than reflexive fluid administration.	•	Postoperative: Continued monitoring and the use of goal-directed fluid therapy can be beneficial, especially in high-risk patients.5.	Overall Implications:	•	Employing NHDM as part of a comprehensive strategy for intraoperative fluid management can significantly impact patient outcomes by enabling precise control over fluid therapy. This approach can potentially reduce postoperative complications and enhance recovery, aligning with broader goals of patient safety and effective surgical care.Throughout these discussions, the emphasis has been on leveraging the latest NHDM technologies to provide tailored, dynamic fluid management that aligns with each patient’s physiological needs, thereby optimizing surgical outcomes and reducing complications.
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