Shock, Monitoring
INnvasive Vs. Non Invasive

Paula Ferrada MD

Assistant Professor

Trauma, Critical Care and Emergency Surgery
Virginia Commonwealth University
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Monitoring Technologies

e |[nvasive
—Bolus thermodilution PAC
— Continuous thermodilution PAC

—Central venous oxygen saturation
(Scv0O2)

—Arterial Pulse Contour Analysis




Monitoring Technologies

e Non- Invasive
—Ultrasound
—Thoracic Electrical Bioimpedance

—Partial Carbon Dioxide
Rebreathing




Complications Following
CVP Line Insertion

Malposition of the Catheter embolism
catheter Thrombosis
Hematoma Hemothorax

Arterial puncture Cardiac tamponade

Pneumothorax Cardiac arrhythmias
Hemorrhage Air emboli

Sepsis

Central Vein Catheterization

Failure and Complication Rates by Three Percutaneous Approaches

J. Iasha Sznajder, MD; Fabio R. Zveibil, MD; Haim Bitterman, MD,; Paltiel Weiner, MD; Simon Bursztein, MD
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Does Central Venous Pressure Predict
Fluid Responsiveness?*

A Systematic Review of the Literature and the Tale
of Seven Mares

Paul E. Marik. MD. FCCP: Michael Baram. MD. FCCP: and Bobbak Vahid. MD

«24 studies included 803 patients
eBaseline CVP was 8.7 £ 2.32 mm Hg [mean + SD] in the responders

*As compared to 9.7 £ 2.2 mm Hg in non responders (not significant).

 Very poor relationship between CVP and
blood volume




Pulmonary-Artery Catheters

1994 high-risk surgical patients underwent
randomization for PA catheters

Preop placement, for elective or urgent surgery
Looked at 6mo and 12 mo mortality

No difference = mortality and length of hospitalization
Increased risk of PE in the catheter group

The NEW ENGLAND
JOURNAL of MEDICINE

A Randomized, Controlled Trial of the Use
of Pulmonary-Artery Catheters in High-Risk Surgical Patients




Dynamic changes in arterial waveform derived variables and fluid
responsiveness in mechanically ventilated patients: A systematic
review of the literature™

Paul E. Marik, MD, FCCM: Rodrigo Cavallazzi, MD; Tajender Vasu, MD; Amyn Hirani, MD

e Twenty-nine studies

e 685 patients

e Good correlation in patients receiving
mechanical ventilation




Ultrasound

e 2-D echocardiography
— Transthoracic
— Transesopheageal (TEE)

 Esophageal Doppler
e Transcutaneous ultrasound




Fluid Responsive

«1VVC collapse

= «Decrease In :
.\Venous return
RV stroke volume
LV preload
«Cardiac output




Intensive Care Med (2004) 30:1834-1837

Mare Feissel The respiratory variation

Frédéric Michard . . . .
Jean-Pierre Faller in inferior vena cava diameter as a guide
Jean-Louis Teboul L B0 8 Al s e o

Use of Bedside Ultrasound to Assess

Degree of Dehydration in Children
With Gastroenteritis

Lei Chen, MD, Allen Hsiao, MD, Melissa Langhan, MD, Antonio Riera, MD,

Qualitative Assessment of the Inferior Vena Cava.
Useful Tool for the Evaluation of Fluid Status in
Critically Ill Patients

PAULA FERRADA, M.D., RAHUL J. ANAND, M.D., JAMES WHELAN, M.D., MICHEL A. ABOUTANOS, M.D.,
THERESE DUANE, M.D., AJAI MALHOTRA, M.D., RAO IVATURY

From the Virginia Commonwealth University, Richmond, Virginia



Role of inferior vena cava diameter in assessment of
volume status: a meta-analysis
Agarwal Dipti MBBS?, Zachary Soucy D02, Alok Surana MD®, Subhash Chandra MD<*

“Department of Emergency Medicine, Mayo Clinic College of Medicine, Rochester, MN 55905
®S N Medical College, Jodhpur, 342001 India
“Internal Medicine, Greater Baltimore Medical Center, Towson, MD 21204, USA

e Prospectively conducted

ePatients under spontaneous ventilation
eReported IVC diameter measurement
with volume status or shock

275 patients

eUseful for fluid status estimation




Intensive Care Med (2008) 34:243-249
DOI 10.1007/s00134-007-0923-5

antoine Vieillard-Baron Echocardiography in the intensive care unit:
Bernard Cholley from evolution to revolution?

Gérard Janvier

Philippe Vignon

* Allows for dynamic assessment of volume
not pressure

e Provides detailled information on both
sides of the heart

e Measurement of IVC diameter and
collapsibility







Surgeon Performed Echo

e Avallable

 Real time physiologic
INformation about volume
status and cardiac function

 Real time Interpretation and
therapy




Echo data in Trauma/SICU

Author Year N Measurements
Yanagawa 2005 35 Preload
Sefidbankt 2007 88 Preload
Yanagawa 2007 30 Preload
Carr 2007 70 Preload
Gunst 2008 Preload/Cardiac Function
Stawiki 2009 83 Preload
Ferrada 2011 Preload/Cardiac Function




Accuracy of Cardiac Function and Volume Status Estimates
Using the Bedside Echocardiographic Assessment in
Trauma/Critical Care

Mark Gunst, MD, Vafa Ghaemmaghami, MD, Jason Sperry, MD, Melissa Robinson, MD,
Terence O Keeffe, MD, Randall Friese, MD, and Heid: Frankel, MD

85 BEAT examinations performed

*57% on trauma and

«37% on general surgery patients

*97% of the IVC examinations
contained images of good quality




Transthoracic Focused Rapid Echocardiographic Examination:
Real-Time Evaluation of Fluid Status in Critically lll Trauma Patients

Paula Ferrada, MD, Sarah Murthi, MD, Rahul J. Anand, MD, Grant V. Bochicchio, MD,
and Thomas Scalea, MD

80% EF.
LVD 56%

IVC 80%

In 87% able to answer the clinical gquestion
asked by the primary team.

54% the plan of care was modified




Limited Transthoracic Echocardiogram: So Easy Any Trauma
Attending Can Do It

Paula Ferrada, MD, Rahul J. Anand, MD, James Whelan, MD, Michel A. Aboutanos, MD, Therese Duane, MD,
Ajai Malhotra, MD, and Rao Ivatury, MD

1 year to 29 years.

Teaching :70 minutes of didactics and 25
minutes of hands-on.

Average =4 min

Cardiology-performed TTE correlation was
100%.

Lactate reduction in all patients (p < 0.00001).

Attendings scored a mean of 88% in a written
test after training
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Patients

W Lactate before LTTE
@ Lactate 6 hours after therapy guided by LTTE










Esophageal Doppler

e First described as a method for
measuring CO in 1971

« Based upon measurement of blood flow
velocity In the descending aorta

« Requires either measurement or
estimation of cross-sectional aortic
diameter




Esophageal Doppler

Provides “episodic” assessment of SV and
CO

An estimate of ventricular contractility
Total SVR

Estimated SVR based on aortic blood flow
Generally feasible- semi-invasive
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Oesophageal Doppler probe

Stroke distance Peak velocity

Flow time




Transcutaneous ultrasound

e Utilizes continuous wave Doppler ultrasound
coupled with specialized algorithms and signal
processing to non-invasively assess
hemodynamic function

e A portable monitor allows measurements in a
variety of clinical settings




Transcutaneous ultrasound

CARDIAC INDEX MEASUREMENTS BY
TRANSCUTANEOUS DOPPLER ULTRASOUND
AND TRANSTHORACIC ECHOCARDIOGRAPHY

IN ADULT AND PEDIATRIC EMERGENCY
PATIENTS

H. Bryant Nguyen, MD, MS"? Daryl P. Banta, MD?,
Gail Stewart, DO, Tommy Kim, MD?, Ramesh Bansal,
MD’, James Anholm, MD?, William A. Wittlake, MD'
and Stephen W. Corbett, MD, PhD’




Conclusions

* There are several way to monitor critical
care patients

e SCC physicians need to be familiar with
these techniques

e Clinical judgment




