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Abstract: Background: Cardiopulmonary resuscitation (CPR) is the cornerstone intervention for cardiac arrest. Despite near-universal
basic and advanced life support certification among clinical staff, observational studies continue to document high rates of suboptimal
CPR delivery during both in-hospital cardiac arrest (IHCA) and out-of-hospital cardiac arrest (OHCA) events. Objective: This article
provides an extensive narrative synthesis of the hemodynamic and microvascular consequences of inadequate CPR performed by
healthcare personnel, quantifies its direct relationship with mortality, and outlines systemic, evidence-based training frameworks to
eliminate performance gaps. Methods: A comprehensive review of literature across emergency medicine, cardiology, and critical care
databases (PubMed, Scopus, Cochrane Library) was conducted. Physiological parameters- including compression depth, compression rate,
thoracic recoil, chest compression fraction (CCF), ventilation rates, end-tidal carbon dioxide (ETCO,), and diastolic blood pressure- were
evaluated against clinical outcomes, including Return of Spontaneous Circulation (ROSC) and favorable neurological survival. Results:
Suboptimal CPR parameters- specifically compression depth < 50mm, frequencies outside 100-200cpm, incomplete sternal recoil, hands-
off intervals dropping CCF $< 80\%S$, and hyperventilation (>10-12 breaths/min)- precipitate severe drops in Coronary Perfusion Pressure
(CPP < 15mmH g) and cerebral perfusion pressure. Psychomotor CPR skill decay occurs rapidly within 30- 90 days, post-certification.
Integrating high-frequency, low-dose (HFLD) simulation models, real-time audiovisual feedback (RTAVF), dual-sensor monitoring
(ETCO, and arterial line dynamics), and structured post-event telemetry debriefs significantly boosts CPR metrics and patient survival.
Conclusion: Suboptimal CPR by trained healthcare providers represents a critical, highly modifiable cause of preventable cardiac arrest
mortality. Modernizing resuscitation systems from periodic certification to continuous, objective quality assurance is clinically imperative.
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1. Introduction 2. Hemodynamic and Physiological Foundations
of High-Quality CPR

Sudden cardiac arrest (SCA) remains a primary global cause

of morbidity and mortality, accounting for millions of deaths  Artificial CPR functions as a temporary mechanical
annually across emergency departments, intensive care units,  cjrculatory assist system. It relies on two concurrent
general hospital wards, and pre-hospital environments.  physiological mechanisms: the cardiac pump model (direct
Immediate execution of high-quality cardiopulmonary  mechanical compression of the ventricles between the
resuscitation (CPR) serves as the indispensable link in the  gternum and spine) and the thoracic pump model (rhythmic
chain of survival. fluctuations in intrathoracic pressure that propel blood

forward through the arterial bed while venous valves prevent
Although  healthcare  professionals routinely —undergo  retrograde flow).

standardized certification programs- such as Basic Life

Support (BLS) and Advanced Cardiovascular Life Support 2.1 Coronary Perfusion Pressure (CPP) and Myocardial
(ACLS)- a substantial body of quantitative clinical telemetry  perfusion

reveals a startling disconnect: formal certification does not

guarantee high-quality CPR delivery during clinical crises. Myocardial blood flow during cardiac arrest occurs almost

exclusively during the decompression (relaxation) phase of
This discrepancy- termed the "resuscitation implementation  chegt compressions. The primary determinant of myocardial
gap"- is characterized by compressions that are too shallow or perfusion and subsequent Return of Spontaneous Circulation

too fast, incomplete thoracic recoil between compressions,  (ROSC) is the Coronary Perfusion Pressure (CPP), defined
protracted hands-off pauses, and excessive ventilation.  mathematically as:

Mechanistically, these mechanical errors collapse the pressure
gradients required to perfuse the ischemic myocardium and
brain tissue. Patients who possess anatomically reversible
etiology for arrest frequently suffer irreversible neurological
hypoxia,  refractory  ventricular  arrhythmias, or
electromechanical dissociation (EMD) simply due to
inadequate hemodynamic support during resuscitation.

CPP‘ Paorta, diastolic™ Prightatrium, diastolic

Human and animal clinical models demonstrate that a
minimum threshold of CPP = 15mmHg is required to
achieve ROSC. Drops below 15mmHg reduce myocardial
oxygen delivery, leading to rapid exhaustion of high-energy
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phosphate stores (ATP), progressive myocardial acidosis, and
complete cessation of electrical and mechanical cardiac

[ Compression Phase]
Sternum Compressed (50-60 mm)
Intra-thoracic pressure T
Direct Ventricular Squeeze
Forward Arterial Flow

activity.

[Decompression Phase]
Sternum Fully Recoiled (0 mm Leaning)

Intra-thoracic pressure |
Venous Return / Preload T

Coronary Perfusion Pressure (CPP 1)

(CPP =P _aorta,diastolic - P RA,diastolic)
Figure 1: Pathophysiological mechanisms governing myocardial perfusion during compression and decompression

2.2 Cerebral Perfusion Pressure and .

Neurological Preservation

(CerPP)

Similarly, cerebral blood flow depends on the net gradient
driving perfusion across the cerebrovascular bed: .

CerPP= MAP- ICP

Where MAP is the Mean Arterial Pressure generated by chest
compressions and ICP is the Intracranial Pressure. Because
artificial compressions deliver, at best, $25\%\text{--}30\%$

of normal physiological cardiac output, technical execution
errors cause severe intracranial ischemia.

3. Key CPR Metrics: Target Standards and
Hemodynamic Failure Modes .

When healthcare providers deliver CPR that deviates from
evidence-based standards, distinct hemodynamic failure
modes occur:

Chest Compression Depth: Target standard 50 —
—60mm. Depths < 50mm fail to compress the ventricles
adequately, dropping CPP below 15mmHg. Depths >
60mm increase structural trauma risks.

Compression Rate: Target standard 100 — —120cpm.
Rates < 100cpm yield low cardiac output; rates >
120cpm impair diastolic filling time and accelerate
rescuer fatigue.

Full Thoracic Recoil: Complete sternal re-expansion
(Okg residual load). Leaning elevates right atrial diastolic
pressure, directly lowering CPP.

Chest Compression Fraction (CCF): Target standard
$>80\%3$. Interruptions collapse aortic diastolic pressure

wave gradients, requiring 10— —15 consecutive
compressions to rebuild perfusion.
Ventilation Dynamics: Target 10breaths/min.

Hyperventilation (> 12 — —20breaths/min) creates
continuous positive intrathoracic pressure, impairing
venous return.
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Figure 2: Arterial pressure wave decay during compression interruptions and required sequence to restore perfusion

4. Quantitative Summary of CPR Deficits and Outcomes

Target Suboptimal . . ..
CPR Parameter Guideline Deficit Primary Hemodynamic Consequence Clinical Outcome Impact
. ) _ 0 :
Compression 50- 60mm <50mm Drop in Pacort, dingnostics; CPP < 15mmHg Up to $30\%\text{--}50\%$ drop in ROSC
Depth rate
Compression >120 or Incomplete diastolic filling; collapse of L .
Rate 100-120cpm <100 cpm stroke volume Reduced MAP; rapid rescuer fatigue
. .. | 0kg Sternal . Marked decline in cardiac output &
Thoracic Recoil gLoad Leaning (>25kg) Elevated Prightatrium, diagnostics cerebral flow P
CO;; : zfiis;on $>80\ % $ $<60\%$ Loss of steady-state arterial pressure wave Lower survival to hospital discharge
Ventilation Rate 10 Zﬁ?ﬁthS/ >15 breaths/ min | Elevated intrathoracic pressure; hypocapnia Severe reduction 11;1;:(()))r((i);1ary flow & severg

5. Etiology of Inadequate CPR Delivery among Clinical Personnel
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Figure 3: Multifactorial framework driving rescuer
performance degradation during active resuscitation

6. Illustrative Clinical Scenarios

Scenario A: Standard Resuscitation Model (Suboptimal
Metrics)

A 62-year-old male suffers THCA. Compressions are
delivered at 135cpm with depth of 38mm, continuous chest
leaning, and ventilation at 18breaths/min. Long pauses for
intubation lower CCF to $48\%$. Hemodynamics show CPP
of 9mmHg and ETCO, of 8 — —11mmHg. ROSC is not
achieved.

Scenario B: Optimized Resuscitation Model (High-Quality
CPR Metrics)

The same clinical scenario with a dedicated CPR Coach using
real-time feedback. Compressions are delivered at 110cpm,
54mm depth, CCF of $88\%$, and ventilation at 10breaths/
min. Arterial diastolic pressure exceeds 22mmHg, CPP is
22mmHg, and ETCO, rises to 44mmHg. Sustained ROSC
achieved; patient discharged home on Day 8.

7. Evidence-Based
Strategies

Quality  Improvement

Institutional High-Quality CPR Quality Engine

v
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Figure 4: Operational framework for continuous
resuscitation quality improvement

¢ Real-Time Audiovisual Feedback (RTAVF):
Accelerometer-based defibrillator pads provide instant
guidance on depth and rate.

o High-Frequency Low-Dose (HFLD) Simulation:
Quarterly 10 — —15 minute bedside manikin practice
replaces biennial certification, stopping skill decay.

e Dedicated CPR Coach: A assigned team member focuses
exclusively on maintaining depth, rate, recoil, and
minimizing hands-off time.

e Telemetry Debriefing: Objective data downloaded from
defibrillators is reviewed post-event to fix systemic
bottlenecks.

8. Limitations and Conclusion
8.1 Limitations

High-frequency training and feedback technology require
initial equipment investment. Additionally, future multi-
center trials are required to evaluate automated mechanical
CPR transition thresholds during transport.

8.2 Conclusion

Suboptimal CPR by clinical providers is a major, modifiable
cause of preventable mortality. Moving from traditional
periodic certification toward continuous, technology-assisted
quality assurance is clinically imperative to maximize patient
survival globally.
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