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Table 1 Clinical indices of the adequacy of tissue/organ
perfusion

- Mean arterial pressure
Cerebral and abdominal perfusion pressures
« Urine output
« Mentation
- Capillary refill
- Skin perfusion/mottling
- Cold extremities (and cold knees)
- Blood lactate
- Arterial pH, BE, and HCO3
« Mixed venous oxygen saturation SmvO, (or ScvO,)
« Mixed venous pCO,
« Tissue pCO,

+ Skeletal musce tissue oxygenation (StO,) Ann Intensive Care. 2011 Mar 21;1(1):1.

PMID: 21906322
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Does the Central Venous Pressure Predict Fluid
Responsiveness? An Updated Meta-Analysis
and a Plea for Some Common Sense*

Paul E. Marik, MD, FCCM'; Rodrigo Cavallazzi, MD*
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Table 1 Ten conditions potentially affecting inferior vena cava (IVC) ultrasound reliability in predicting fluid responsive-
ness (FR)

Ventilator settings 1. Mechanical ventilation with high Larger IVC size, potentially with FN
PEEP and/or low tidal volumes systemic venous congestion and low
respiratory variations, but coexisting
with FR
Patient’s inspiratory efforts 2. Assisted ventilation modalities, NIV,  Spontaneous breathing activity makes FPand FN
CPAP IVC variation unpredictable
3. Varying respiratory pattern Significant inspiratory effort, producing FP
in spontaneous breathing markedly negative intrathoracic pres-
sures may induce IVCc in absence
of FR

Shallow breathing, with small intratho- FN
racic pressure changes, may induce
absence of IVCc in presence of FR

Lung hyperinflation 4. Asthma/COPD exacerbation Lung hyperinflation and auto-PEEP FN
simultaneously reduce venous return
and induce IVC distension: this may
mimic absence of FR
Forced expiration ("abdominal breath- FP
ing” causing expiratory collapse) may
mimic IVCc
Intensive Care Med. 2016 Jul;42(7):1164-7.
PMID: 27107754




Cardiac conditions impeding 5. Chronic RV dysfunction, severe TR Chronic enlargement of VC and FN
venous return reduced VCc may erroneously rule
out FR

6. RV myocardial infarction RV dilatation and systemic venous FN
congestion (large IVC) may be associ-
ated with FR

7. Cardiac tamponade Marked venous return hindrance: FN
fluid challenge may be a beneficial
haemodynamic intervention despite

IVC plethora

Increased abdominal pressure 8. Intra-abdominal hypertension Smaller VC size, IVCd or IVCc abolition FPand FN
(depending on type respiration/ven-
tilation mode)

Other factors 9. Local mechanical factors Venous return hindrance, IVC dilatation FN

(stenosis, thrombosis)
IVC compression (masses) FP

Hindrance to VCsize change (ECMO  FN
cannulae, cava filters)

10. Patients with pronounced IVC Migration of IVC imaging plane, false ~ FP
inspiratory lateral displacement inspiratory size reduction

IVCinferior vena cava, RV right ventricle, PEEP positive end-expiratory pressure, NIV non-invasive ventilation, CPAP continuous positive airway pressure, IVCc IVC
collapsibility, IVCd IVC distensibility, COPD chronic obstructive pulmonary disease, TR tricuspid regurgitation, ECMO extracorporeal membrane oxygenation, FN false
negative, FP false positive

Intensive Care Med. 2016 Jul:42(7):1164-7.
PMID: 27107754
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Figure 1 Ultrasound probe position for internal jugular vein

detection at the cricoid cartilage level. The patient is in the
supine position at 30° with head rotation of 30°.
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Crit Care. 2014 Dec 5:18(6):647.

PMID: 25475099




Jugular vein distensibility (CBd9 Bstudy

Guarracino et al. Critical Care (2014) 18:647
DOI 10.1186/5s13054-014-0647-1
<c: CRITICAL CARE

RESEARCH Open Access

Jugular vein distensibility predicts fluid
responsiveness in septic patients

Fabio Guarracino'", Baldassarre Ferro', Francesco Forfori?, Pietro Bertini’, Luana Magliacano? and Michael R Pinsky?
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Sensitivity

— IV dist
- PPV

Jugular vein distensibility (CBd 9 D study
EDEEREERDE

AUC 95%ClI
IV 0.915 0.80-0.98
PPV 0.852 0.72-0.94
CVvP 0.68 0.45-0.75

Sensitivity Specificity

JV(A18) 80 95
Specificity PPV(A12.5) 96 55
Figure 5 Pairwise comparison of internal jugular vein (JV)
distensibility and pulse pressure variation (PPV) receiver operator
characteristic (ROC) curves before fluid administration.
Criterion Sensitivity 95% Cl Specificity 95% Cl
>9,9 : 100,00 - 88,4-100,0 - 55,00 ° 31,5-76,9
>12,3 o 90,00 735-97,9 60,00 36,1- 80,9
> o ........8333 653-944 80,00 56,3 - 94,3
>18 80,00 61,4-923 95,00 75,1 -99.9
>25,5 40,00 22,7-59,4 100,00 83,2 - 100,0

Figure 4 Receiver operétor characteristic (ROC) curve of internal jugular vein (1JV) distensibility before fluid administration to predict
fluid responsiveness. The gray lines represent 95% confidence bounds.
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- Velocity Time Integral (VTI)

- respiratory variation IVC (rv IVC)

- respiratory SVV (rvSVvV)

- passive leg raise SVV (plr SVV)

- positional IJ change (0-90degrees 1J)

- respiratory variation IJ (rv IJ 90degrees)




LVOT diameter
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Left Ventricular Outflow Tract diameter
.

Left Ventricular Outflow and Aortic Valve
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Left Ventricular Outflow Tract Veloaty Time Integral

LYOT Vmean
LVOT maxPG  1.16 mmHgl!

LYOT meonPG 056 mmH
WVOTEwWTI 37708m
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rv IVC
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respiratory variation IVC diameter
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rv IVC = (Max IVC - Min IVC) / Max IVC * 100




respiratory SVV (rvSvV)
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VTI 19.9 un
Vmax Ql ffn cm/s
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Vimean

Mean PG

Time

rvSVV = (Max VTI - Min VTI) / Max VTI * 100




passive leg raise SVV (plr SVV)
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plr SVV = (Post VTI - Pre VTI) / Pre VTI * 100




positional IJ change (0-90degrees 1J)
respiratory variation IJ (rv IJ 90degrees)
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Respiratory variation 0°(rv 1J 0°) ((IJ 0° max—IJ 0° min)/IJ 0° max) x 100
Respiratory variation 90° (rv 1J 90°) ((IJ 90° max—IJ 90° min) /1J 90° max) x 100
Positional 1J change (pA 1J) ((IJ 0°—1J 90°)/1J 0°) x 100



Interventions
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3. Emm&H|(blood>1unit, FFP>2units)




Interventions
- volume responsive (VR) “EiERRIiTHE"
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transthoracic echocardiograms (TTE)Z a7 L.
pre-TTE & post-TTE Cstroke volumeZ& s L /=,

((Post VTI-Pre VTI)/Pre VTI)) * 100

FEEh Sstroke volume(SV)DIENIERZEH U.
+VR : SV215%18h0
—VR : SV<15%
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Statistical Analysis

(+)VR. (-)VRD2EX(CT3F.

receiver operating characteristic (ROC)h#E%
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Result
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TABLE 2. Demographics of Study Group

Measured Values Median (LQ-UQ) % (Number) :Zi’;j fEJIiI:% : 5 5}%:_}2
Age,y 59 (43-67)
Male 7 60% (119) | %'HE . 600/0
BSA Du Bois, m” 1.97 (1.79-2.16)
Acute care surgery 68% (134) _
Trauma 54% (107) AT IRz EIE : 68%
Emergency surgery 14% (27)
Transplant or vascular 18% (35) o i
Other services (ortho, ENT, NS) 14% (30) _‘_1’ \]'U\% 7 70/0
Injury Severity Score 25 (16-33)
Mechanically ventilated 68% (134)
Thoracic/abdominal surge 46% (92) ——— =
Other surgery - 31%(61) VOIUW\e%{EjO)WER
Crystalloid 64% (128)
ill‘:d products 2% (%) mER . 64%(n=128)
umin 14% (28)
Amount of fluid bolus, mL 500 (500-1000) /Tﬁi 5 ﬁ I_I : 22%( n=42)
24 h fluid balance, mL +1975 (290-4832) 7“/7 = 14%(n=28)
ICULOS, d 13.5 (7-25)
Hospital LOS, d 22 (12-36.5)
Mortality 19% (37)

BSA, body surface area; ortho, orthopedic surgery; ENT, ear, nose, and throat surgery;
NS, neurosurgery; LOS, length of stay; LQ, lower quartile; UQ, upper quartile. *x EERF(CHAEERL




Result

- iR T

+VR : 37%

—VR : 63%

- AT IR 2555 TE

T— K A

SIV(synchronous intermittent ventilation) : 34%
PSV+PEEP : 27%

APRV : 7%
T A : 32%
- IS
IVC : 78%

SVV : 87%

IJ :90%

PLR : KEEEVBEEENEZ < +DFHENTET



Primary outcome

+ pre-bolus VTI (Volume&1&aIdVTI)
+ rv 1] 0 degrees (IJDOE TOMIRIEEZE)EK)
- pAL) (IJDOE NS 90ENDARUZEHITDELR)
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Secondry outcome

Pre-BolusVTI/SVI(IEMHDIEZE TEHB LU
AUROC:0.71(95%CI 0.64-0.77)
TVIZ22cm:EBRAIGTHEIR U VTIS18cmEan& TR U
XE75%. $FHEE70%

VTI
100 TABLE 3. Ranges of Predictive Variables
30 - (=VR) (+VR) % measurable  NPV/PPV
i CAVS <(.24 >().40 73% 70%/80%
60 i 222 cm/s <18 cm/s / 74%/70%
- 0-90 ngl\.‘CS [J <12% 240% 75% 61%/64%
I ' rv 1J 90 degrees <12% 225% 79% T1%/60%
40T AUROC rv SVV A% 215% 62% 65%/67%
- 0.71 rv IVC <10% >50% 05% 53%/59%

oof (0.64-0.77)
| % measurable is the percent of patients that were in either the upper or lower threshold
categories.

VR, volume responsive; NPV, negative predictive value; PPV, positive predictive value;

VTI, velocity time interval; rv, respiratory variation; svv, stroke volume variation.

O 20 40 60 80 100
100-Specificity
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Secondry outcome
1] vein BENRKISHE(CABR (X3 B H Pre-Bolus VTIICE D

rv 1J 90 degrees : AUROC 0.65 (95%CI 0.57-0.71)
positional variation of the IJ : AUROC 0.61 (95%CI 0.54-0.69)

rv IJ 90°

AUROC
0.65
(0.57-0.71)

O 20 40 60 80 100
100-Specificity

TABLE 3. Ranges of Predictive Variables
(-VR) (+VR) % measurable  NPV/PPV

CAVS <0.24 >().40 73% 70%/80%
VTI 222 cm/s  SI8cm/s 78% 74%/70%
0-90 degrees 1) <12% 240% 75% 61%/64%
rv 1J 90 degrees <12% 225% 719% 71%/60%
rv SVV <10% 215% 62% 65%/67%
rv IVC <10% >50% 65% 53%/59%

% measurable is the percent of patients that were in either the upper or lower threshold
categories.

VR, volume responsive; NPV, negative predictive value; PPV, positive predictive value;
VTI, velocity time interval; rv, respiratory vanation; svv, stroke volume variation.




Secondry outcome

rvI) EVTIO™ S Ol CELRR G Z KD IEHE(ICTFRITE D
AUROC 0.76(95%CI 0.64-0.77)

Combination Assessment of Volume Status

(CAVS)
100 L .

i TABLE 3. Ranges of Predictive Variables
80 (-VR) (+VR) % measurable  NPV/PPV
I <0.24 >().40 73% 70%/80%
60 i VTI 222 cem/s  SI8cm/s 78% 74%/70%
I AUROG 0-90 degrees 1]~ <12% 240% 75% 61%/64%
401 / 076 90 degrees <12%  225% 79% 719%/60%
I (Cl 0 64'0 77) rv SVV <10% 215% 62% 65%/67%
0F & - o v IVC AP >50% 65% $394/59%

% measurable is the percent of patients that were in either the upper or lower threshold
A categories.
0 20 40 60 80 100 VR, volume responsive; NPV, negative predictive value; PPV, positive predictive value;
1 OO-Specificity VTI, velocity time interval; rv, respiratory variation; svv, stroke volume variation.
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t— RIC(FHEREE/R U (p=0.50)
(synchronous intermittent ventilation. PS+PEEP. APRYV)

Combination Assessment of Volume Status
(CAVS) Mechanically Ventilated Only

0.67 (Cl 0.58-0.76)

100 -
80 ! AUROC
[ 0.78
- Cl 0.69-0.85
60 _ ( )
40T VTI
i , 0.73 (Cl 0.65-0.81)
20 | v IJ
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Figure 4. Combination assessment, VTl and I] in prediction of
volume responsiveness in mechanically ventilated patients.
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Predictive Variables
AUROCTESNIZRIBEDHY bATIBEEFHIFEE

TABLE 3. Ranges of Predictive Variables

(-VR) (+VR) % measurable NPV/PPV
CAVS <0.24 >0.40 73% 70%/80%
VTI 222 cm/s <18 cm/s 78% 74%/70%
0-90 degrees 1J <12% 240% 75% 61%/64%
rv 1J 90 degrees <12% 225% 79% 71%/60%
rv SVV <10% 215% 62% 65%/67%
rv IVC <10% >50% 65% 53%/59%

% measurable is the percent of patients that were in either the upper or lower threshold
categories.

VR, volume responsive; NPV, negative predictive value; PPV, positive predictive value;
VTI, velocity time interval; rv, respiratory variation; svv, stroke volume variation.
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TABLE 3. Ranges of Predictive Variables

(-VR) (+VR) % measurable NPV/PPV
CAVS <0.24 >0.40 73% 70%/80%
VTI 222 cm/s <18 cm/s 78% 74%/70%
0-90 degrees 1J <12% 240% 75% 61%/64%
rv 1J 90 degrees <12% 225% 79% 71%/60%
rv SVV <10% 215% 62% 65%/67%
rv IVC <10% >50% 65% 53%/59%

% measurable is the percent of patients that were in either the upper or lower threshold

categories.
VR, volume responsive; NPV, negative predictive value; PPV, positive predictive value;

VTI, velocity time interval; rv, respiratory variation; svv, stroke volume variation.
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Combination Assessment of Volume Status
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