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e« Why Is it Important to assess for fluid
responsiveness in  mechanically ventilated
patients?




Perspective

One side of the coin

 Restoration and maintenance of adequate circulating
blood volume is an essential goal In the proper
management of the critically ill patient

* |nadequate cardiac output and reduced organ perfusion
may lead to multi-organ dysfunction







Table 2—Simplified Algorithm for Conservative Management of Fluids in Patients With ALL Based on Protocol

Used in the FACTT*
(Rl BORwly MAP = 60 1m Hy and Not Receiving Vasopressrs for = 12 |
(Recommended) (Optional Average Urine Output < 0.5 ml/kgh Average Urine Output = 0.5 ml/kgh
>12 Furosemidef: reassess in 1 h Furosemide: reassess in 4 h
§-12 _; teassess n 1 Furosemide: reassess in 4 h

<8 Pluid bolus as st as possiblel; reassess in 11— (GG

(CHEST 2007; 131:913-920)

« Even experienced intensivists are correct only 50% of

time In predicting fluid responsiveness by conventional
parameters

e Enomoto TM et. al. Crit Care Clin 2010;26: 307-21



Can anything help for safe exit from this trap?

Clinical Invasive

: Static-
Skin Turgor e

e Barometric- CVP, PAOP
Pulse Rate

* Volumetric- RVEDVI, LVEDVI,

GEDVI & ITBVI
Blood Pressure

Dynamic (Cavallaro’s classification)
Urine Output e Group A- SPV, PPV, SWV

Chest Examination » Group B- IVC diameter,
Ventricular pre-ejection period

Chest Radiograph e Group C- PLR, Valsalva




Basic principle

—

Enomoto TM et. al. Crit Care Clin 2010:26: 307-21







CVP

Low CVP- Volume depletion

High CVP- Volume overload

CVP gives clinically relevant information

regarding circulatory status

e | AanmM
L-CAI Iy

The most important application of CVP Is to estimate
adequacy of circulating blood volume

 Miller's anesthesia. 6th ed.




CVP

Is it Really so?

Does Central Venous Pressure Predict







CVP

CVP <10mmHg- ~55-60% will respond

Does that end the story for CVP?

No

CVP >10mmHg- Good predictor of non responsiveness

Most readily available method at bedside

Relatively low cost, easy & less complications

 Magder S et.al. J Intensive Care Med 2007;22(1)
* Nahouraii RA, Rowell SE Crit Care Clin 2010;26: 295-305




Pulmonary Artery Occlusion Pressure

Lt. Heart counterpart of CVP
Shares same caveats as CVP
PAC has to be in West zone 3

Review of 9 studies-
No significant difference in responders vs Non-responders
Poor correlation in Ppao & CI (r=0.42)
No clear cut threshold to identify responders

Ppao < 11- Predicts Responsiveness Sn-77%, Sp- AUC=
0.63

e Michard F, Teboul J. Chest 2002:121:2000-8




RVEDV/RVEDVI

LVEDV/LVEDAI

GEDV (1)

ITBV (1)

 Nahouraii RA, Rowell SE Crit Care Clin 2010:26: 295-305




RVEDV, RVEDV Index

Bing & colleagues first proposed measurement of RV

volume in1951
— Bing R, Heimbecher R, Falholt W. Am Heart J 1951;42:483-502

Practical use began in 1980s

SV, CO & RVEF are measured by dye dilution method

RVEDV is derived from RVEF & SV

 Nahouraii RA, Rowell SE Crit Care Clin 2010:26: 295-305




RVEDV, RVEDV Index

 RVEDI correlates well with Cl and far better predictor of
fluid responsiveness than Ppao

* Diebel LN, Wilson RF, Tagett MG et. al. Arch Surg 1992;127:817-22
o Durham R, Neunaber K Vogler G et. al. J Trauma 1995;39(2):218-23
* Nahouraii RA, Rowell SE Crit Care Clin 2010;26: 295-305

RVEDI-

e <90mML/m2 -SN=64%
« 90-140mL/m2 -SN=27%
e >140mL/m?2 -Sn=0%

* Diebel LN, Wilson RF, Heins J et. al. J Traumal994;37(6):950-5




LVEDYV, LVEDAI-

« Measured by TEE

o Correlates well with CI but less well as compared
to RVEDI

* Not very useful

— Nahouraii RA, Rowell SE Crit Care Clin 2010;26: 295-305




GEDV Index & ITBV Index

Hardware-

— Thermistor tipped arterial catheter- usually in the femoral
artery connected to PICCO system (Pulsion Medical
Systems, Germany)

- CVC

Method-

— Cold saline injected through CVC

— Thermistor in Femoral catheter records thermodilution curve
— Stewart- Hamilton algorithm used to calculate ClI

GEDV= CO X (Mean transit time — Down slope time)
— Largest volume of blood in the four chambers of the heart

ITBV=(a X GEDV) + Db
— GEDV + volume of blood within the pulmonary vessels




GEDV Index & ITBV Index

PICCO also provides a continuous pulse contour-derived
CO and an estimation of extravascular lung water

EVLW=IT thermal Vol. - ITBV

18 studies compared GEDVI or ITBVI with Cl or SVI In
diverse patient populations (eg, neurosurgery, cardiac
surgery, abdominal and laparoscopic surgery, and
Intensive care patients)

In all of these- ITBVI was a better measure of cardiac
preload than barometric indices




Dynamic Indices

Cavallaro’s classification
e GroupA:
— Stroke Volume Variability (SVV)
Systolic Pressure variability (SPV)
Pulse Pressure Variability (PPV)
Plethysmigraphic variability index (PVI)
Aortic blood flow

Group B:
— IVC diameter & Respiratory variation
— Ventricular pre-ejection period

Group C:
— Passive leg raising (PLR)
— Valsalva manoeuver (Only in non ventilated patients)

— Enomoto TM, Harder L. Crit Care Clin 2010:26: 307-21.




Dynamic Indices

Rely on physiology of heart lung interactions

ED pressure or volume- even if measured appropriately,
does not determine responsiveness to fluid bolus, e.g. in
HF

Relation between preload & SV is curvilinear, not linear

Dynamic indices use/apply controlled reversible preload-
look for response

e Enomoto TM et. al. Crit Care Clin 2010;26: 307-21




Group A & B: Physiology

During positive pressure ventilation
Preload to Rt. Heart is decreased

RV afterload is increased
— Decreased RV output- transmitted to Lt. heart over 2-3 beats

Increased LV preload
Decreased LV afterload

Collectively these changes progressively increase BP
during inspiration, falls abruptly early in expiration.

-Michard F et. al. Am J Resp Crit Care Med 2000;162:134-8
-Enomoto TM et. al. Crit Care Clin 2010:;26: 307-21




Group A & B: Physiological basis

These phasic variations- exaggerated in hypovolemia

IVC & RA- more collapsible

More lung in West's Zone 1 or 2- increased RV afterload

Myocardium on steeper portion of Frank-Starling curve
SPV- affected both by SVV & Pl Pressure
PPV- Affected only by SVV

Theoretically later is more likely to be accurate predictor
than former




Group A & B: Caution

Controlled ventilation

Sinus rhythm

Many require invasive monitoring

One should not be carried by single value
Effect of vasopressors on indices is not clear

Effect of extremes of ventilation have not been studied
properly

Only PPV has been studied in single trial in ARDS with LTV
ventilation- good predictability of PPV for fluid responsiveness




Stroke Volume Variation (SVV)

Measurement-
e |Invasive- Aortic flow probes

* Non invasive- (Pulse contour analysis)
— PiCCO
— LiDCO
— FloTrac Sensor

Eliminates complience- theoretically should be most useful

Better than CVP/PAOP




Systolic Pressure Variation (SPV)

Pmax-Pmin/ (Pmax+Pmin/2)

First dynamic index discovered

Threshold 8.5mmHg- Sn- 82%, Sp-86%

6Up: SF)max' SI:)ref

— Insp Increase, esp d/t Extramural aortic pressure component

Adown= Spref_ Spmin

— Mainly because of expiratory decrease in LV SV
— More representative of fluid responsiveness

— Threshold 5mmHg- Sn & Sp 86%, AUC 0.92

Michard F et. al. Am J Resp Crit Care Med 2000;162:134-8




Pulse Pressure Variation (PPV)

Pulse pressure — determined by SV & Arterial
compliance

PPV determines the degree to which PP is preload
dependent

Threshold of 13%-
— Sn- 94%, Sp- 96%

Not affected by vasopressors

Michard F et. al. Am J Resp Crit Care Med 2000;162:134-8
Auler JO et. al. Anesth Analg 2008;106:1201-6




Plethysmographic Variability Index (PVI)

Respiratory variation in plethysmographic contour can be
used for assessment of SV

Instrument IS not standardized

Many have autogain

Threshold of 14%- as accurate as PPV >13%

* Feissel M et al. Crit Care 2009;13:205
 Loupec T et al. Crit Care Med 2011;39(2):294-9







Accuracy of stroke volume variation compared with pleth

variability index to predict fluid responsiveness in
mechanically ventilated patients undergoing major surgery

Markus Zimmermann, Themae Felblcke Cornelius Keyl, Christopher Prasser, Stefan Moritz,

most variables assessing fluid responsiveness are either (r=0.61; P<0.004), whereas baseline values of central venous
invasive or technically challenging. This study was designed to ~ pressure showed no correlation to ASVI. There was no
compare the accuracy of arterial pressure-based stroke volume ~ signifi cant dlﬁerence between the area under the receiver

(SVI) to volume replacement in patients undergoing major

the best correlation to volume-induced changes in SV, the

surgery. results of our study suggest that both vanables, SVV and PV|,
Methods We studied 20 patients scheduled for elective major ~ can serve as valid indicators of fluid responsiveness in




pressure variations in ICU adult patients

Biais et al . Critical Care 2011




Only one-

 (Goal directed intraoperative volume optimization using
PPV as a haemodynamic endpoint has recently been
shown to reduce the duration of mechanical ventilation
and hospital stay, as well as postoperative complications

In high-risk surgical patients

Lopes MR et al. Crit Care 2007




Aortic & Brachial blood flow velocity

Using Doppler US- beat to beat variation in blood flow
velocity can be documented

Variability > 12% predicts responsiveness with Sn of
100% & Sp 89% in Ventilated patients with septic shock

Invasive, long learning curve, lack of reproducibility

Practically difficult to keep probe in position

* Feissel M et al. Chest 2001;119(3):867—73




Resp Variability of SVC & IVC
o IVC-

— Intramural pressure = RAP
— Extramural pressure = IAP

* In positive pressure ventilation-
— RAP increased disproportionate to IAP- IVC distends

— When IVC less distended as in dehydration- this phasic variation
IS Increased

e SVC-
— Mainly intrathoracic

— During PPV- transmural pressure decreased rather than
Increased

— So diameter is decreased

Enomoto TM et. al. Crit Care Clin 2010:26: 307-21




Resp Variability of SVC & IVC

dIVC= 100 X D, ., — Drin/ Dpin
>18% - predictive of fluid responsiveness

Barbier C et al. Intensive Care Med 2004:30:1740-6

DD,yc = 100 X Dppax — Dinin/Dimean

> 12% - PPV- 93%, NPV- 92%

Feissel M et al. Intensive Care Med 2004;30:1834—7

SVC collapsibility index= 100 X D
Threshold of >36%- Sn- 90%, Sp- 100%

- D.,/D

max min/ max

Vieillard-Baron A et al. Intensive Care Med 2004:30:1734-9




Mandeville JC, Colebourn CL. Critical Care Research and Practice 2012




Resp Variability of SVC & IVC

dIVC & DD, are appealing as
— Accurate

— Feasible

— Easy to learn

— Non invasive

SVC collapsibility index- requires esophageal doppler

Effect of lower/higher tidal volume and, arrhythmia has
not been studied

Effect of IAP not clearly studied

Enomoto TM et. al. Crit Care Clin 2010:26: 307-21




Mandeville JC, Colebourn CL. Critical Care Research and Practice 2012




Passive Leg Raising

Reversible fluid challenge, safe

Estimated volume is between 150-750mL

Can be used In spontaneously breathing patients &
those not in sinus rhythm

First demonstrated by Boulain & colleagues in 2002

Aortic blood flow increase of >10%- Sn 97%, Sp 94%

PPV also predicts resp. but less accurate than ABF

Enomoto TM et. al. Crit Care Clin 2010:26: 307-21




Diagnostic accuracy of passive leg raising
for prediction of fluid responsiveness in adults:

systematic review and meta-analysis of clinical
Cavallaro F et al. Intensive Care Med (2010) 36:1475-1483

studies




Respiratory systolic variation test (RSVT)

3-4 consecutive PC Dbreaths with Increasing peak
pressure are given

Minimum SBP after each breath is noted

Results are plotted against airway pressure

Steeper slope- suggests fluid responsiveness, AUC 0.96

Independent of tidal vilume




Respiratory systolic variation test (RSVT)




