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A Systematic Review and Meta-Analysis on the Use
of Preemptive Hemodynamic Intervention to Improve
Postoperative Outcomes in Moderate and High-Risk
Surgical Patients

Mark A. Hamilton, MRCP, FRCA, Maurizio Cecconi, MD, and Andrew Rhodes, FRCP, FRCA

LleneHanpaeneHHas

OnTUMM3aLMS
reMoanMHaMuKN B
npeaonepaLnoHHOM
nepuoge y NaumeHToB
XVMPYPru4eckoro
npodouns npueena K
CHVKEHWIO 00LLEN
neTansbHOCTH U
XMPYPrUYecKuX
OCJI0XHEHNM

. ________________________________________________________________________________________________________}
BACKGROUND: Complications from major surgery are undesirable, commeon, and potentially

avoidable. The long-term consequences of short-term surgical complications have recently been
ognized to have a profound influence on lengevity and quality of life in survivors. In the past
30 years, there have been a number of studies conducted attempting to reduce surgical mortality
and moerbidity by deliberately and preemptively manipulating perioperative hemodynamics. Early
studies had a high control-group mortality rate and were criticized for this as being unrepresen-
tative of current practice and raised opposition to its implementation as routine care. We
performed this review to update this body of literature and to examine the effect of changes in
current practice and quality of care to see whether the conclusions from previous quantitative
analyses of this field remain valid.
METHODS: Randomized clinical trials evaluating the use of preemptive hemodynamic interven-
tion to improve surgical outcome were identified using multiple methods. Electronic databases
(MEDLINE, EMBASE, and the Cochrane Controlled Clinical Trials register) were screened for
potential trials, reference lists of identified trials were examined, and additional sources were
sought from experts and industry representatives. Identified studies that fulfilled the entry criteria
were E\dITIIFIEIj in ’rull and subjected to quantifiable analysis, subgroup analysis, and sensitivity

: ESULTS Therp were 2[! studies identified, 23 of which reported surgical complications:
total, the 29 trials involved 4805 patients with an overall mortality of 7.6%. The use of
preemptive hemodynamic intervention significantly reduced mortality (pooled odds ratio [q':‘%'
CUFITIIEIPFI..E |n‘u=nral] of 0.48 [0. 33 0.78]; P=10 U{}I )2) and surgical compli :atmnq (odds
=0 ) s mortality
for t:tudles- IJ‘:II'IE, a pulmondn,r drterv cathptpr supranormmal resuscitation t'argetf- studies using
cardiac index or oxygen delivery as goals, and the use of fluids and inotropes as opposed to ﬂuu:IE-
alone. By contrast, there was a signlﬁcant reduction in morbidity for each of the 4 subgroups
analyzed.
CONCLUSION: The use of a preemptive strategy of hemodynamic monitoring and coupled
therapy reduces surgical mortality and morbidity. (Anesth Analg 2011;112:1392-402)
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MOHWTOPUHTI CepaeyHOro Bbibpoca

AHanus nornoweHusa NErkMmmn razoobpasHoro MHANKaTopa

(NlCO) JAMA. 2005 Oct 5;294(13):1664-70.
Impact of the pulmonary artery catheter in critically il patients:
meta-analysis of randomized clinical trials.

- He NPUMEHUM NpuU HapyWweHUU 8 eHMUISYUU U JIE204HO20 Shah MRL, Hasselblad V, Stevenson LW, Binanay C,

233006MeHa O'Connor CM, Sopko G, Califf RM.
MynbmoHanbHas Tepmogentouns (katetep CaH-laHua) u A meta-analysis of 13 randomised
TpaHcnynbMoHanbHas Tepmoumnioums (PICCO) controlled trials between 1985 and 2005

studying PAC use in 5,051 critically ill
patients found no mortality
benefit or reduced in hospital stay despite an

5 increased use of inotropes and vasodilators
AHanu3 dpopmbl NyNbLCOBOMN BOSHbI in PAC patients

- N02PEeWwHOCMU U3MEPeHUs NpuU Hanu4yuu WyHma

- mpebyemcs kamemepu3sayus apmepuu

AHanu3 nynbcoebIx KonebaHull 31ekmponpoeodHocmu
mkaHel — mempanonsipHas UPI'T

Jxokapauorpadums

USCOM - TpaHcTOpaKanbHoe n3mepeHue CKOpoCTH
KPOBOTOKA BbIHOCALLMX TPAKTOB NPaBoro 1 yieBoro il
oe Brierley

)Keﬂy,U,O‘-IKOB ¢ noMmoLiblo 3¢¢9KT3 ﬂOﬂﬂePa Consultant PICU Great Ormond Street Hospital, London
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YnbTpa3BYyKOBOE UCCIIEA0BAHE NETKNX
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Effective and Timely Evaluation of Pulmonary Congestion:
Qualitative Comparison Between Lung Ultrasound and
Thoracic Bioelectrical Impedance in Maintenance

Hemodialysis Patients

Carlo Donadio, MD, Laura Bozzoli, MD, Elisa Colombini, MD, Giovanna Pisanu, MD,
Guido Ricchiuti, MD, Eugenio Picano, MD, PhD, and Luna Gargani, MD

(Medicine 94(6):e473)




Ultrasound Cardiac Output Monitor (USCOM Pty Ltd, Sydney, Australia)

Vpk MakcmmarnbHas CKOpOCTb

Pmn CpeaHui rpagmveHT gasneHus
Vi WHTerpan ckopocTu KpOBOTOKA
HR YacToTta cepguebnenuns
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An Intermational Joumnal of Women's Cardiovascular Health

Assessment of total vascular resistance and total body water in
normotensive women during the first trimester of pregnancy. A key for the

prevention of preeclampsia
G.M. Tiralongo et all, Italy

Introduction. Maternal cardiovascular system adapts to pregnancy, thanks to complex physiological mechanisms that involve cardiac output, total
vascular resistance and water body distribution. Abnormalities of these adaptive mechanisms are connected with hypertensive disorders.

Objective. To identify patients at a high risk of developing hypertensive complications of pregnancy during the first trimester of pregnancy, through the
use of non-invasive methods such as USCOM (Ultrasonic Cardiac Output Monitor) and Bioimpedance.

Materials and methods. We enrolled 120 healthy normotensive women during the first trimester of pregnancy obtaining all measurements with the
USCOM system and Bioimpedance.

Results. 20 patients were excluded for a bad USCOM signal. The remaining patients (n = 100) were retrospectively divided into two groups: Group A
(n=75) TVR < 1200 dynes s cm-5, Group B (n = 25) TVR > 1200 dynes s cm-5. No statistically significant difference was identified in terms of water
distribution, Fat Free Mass, Systolic/Diastolic Blood Pressure, Heart Rate, Hematocrit, Flow Time Corrected and Water Balance Index between the
two groups.

Conclusions. High TVR during the first weeks of gestation may be an early marker of cardiovascular maladaptation more than the evaluation of water
distribution and, in particular, with respect to the single blood pressure assessment. Moreover lower values of Inotropy Index could be an indicative of
the worst cardiac performance.
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A comparison of transcutaneous Doppler corrected flow
time, b-type natriuretic peptide and central venous pressure
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as predictors of fluid responsiveness in septic shock: (mie} -
a preliminary evaluation.
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ardiac output measurement in newborn infants
using the ultrasonic cardiac output monitor: an
assessment of agreement with conventional
echocardiography, repeatability and new user
experience

Neil Patel,! Melissa Dodsworth, John F Mills?

- Arch Dis Child Fetal Necnatal Ed published online July 6, 2010
MprymnHbI OLLINBOK M3MepeHus: doi: 10.1136/adc.2009.170704

HenpaBunbHoe nonoxeHue

natumka Table 1 Heart rate, valve diameter, velocity time integral (VTl) and

ventricular output data for USCOM and conventional echocardiography

Henpanmbem YroJi HakJioHa (ECHO)

Owwnbka B onpeneneHunu .
Conventional
OnaMeTpa KranaHHOoro KosribLa USCOM ECHO p Value

Heart rate (bpm) 137 (16) 137 (15) 0.95
Curacy 1n the USCOM device alone. LITor may be introduced Pulmonary valve diameter (cm) 0.70 (0.07) 0.76 (0.08) <0.0001

by mal-positioning of the Doppler sample, failure to minimise Aortic valve diameter (cm) 0.66 (0.07) 0.75 (0.07) <0.0001
angles of insonation of the Doppler beam, and in tracing out Pulmonary valve VTI (cm) 21 (4) 15(3) <0.0001
of VTIs. VTI measurements by USCOM exceeded those mea- i

sured by ECHO, suggesting a consistent over-measurement Aortic valve VTl (cm) 17(3) 13(3) <0.0001

of USCOM VTI, or under-measurement of ECHO VTI. There RVO (ml/kg/min) 338 (83) 279(70) =0.0001
may.also[be error in valve dxameteiﬁ measurement by ECHO (as LVO (ml/kg/min) 233 (57) 251 (70) 0.07
previously noted by Hudson er al'*) and in the valve diameter

estimations by the USCOM (which are based on an algorithm 111 (83) 30 (57)
employing echocardiographic measurements in infants and LVO within pairs (ml/kg/min)

children!®). Temporal and biological variation in cardiac output
may also contribute to measurement error. Intra-observer var- All data are mean (SD).

iability (repeatability) gives some quantification of this mea- LVO, left ventricular output; RVO, right ventricular output; USCOM, ultrasonic

surement error, and was slightly higher for USCOM than for cardiac output monitor.
conventional ECHO. Nevertheless, the repeatability of both
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Original article

Accuracy of the ultrasonic cardiac output monitor in healthy term
neonates during postnatal circulatory adaptation

HE Shao-mu, ZHANG Cheng. LIU Yu-mei, SUN Yun-xia, ZHUANG Jian, CHEN Ji-mei, Veronica M. Madigan,
Brendan E. Smith and SUN Xin

Conclusions Normal neonatal hemodynamic values, as indicated by USCOM, were established. L\-Cl measurement
showed excellent agreement with published echocardiographic studies. RV-Cl was constant and exceeded L\/-CI for all
three days of this study. It may be falsely high due to flow velocity measurement errors arising from the pulmonary branch
arteries, and may represent a limitation of the USCOM method. The progressive rise of arterial pressure and SVRI
despite a declining LV-Cl may indicate functional closure of the ductus arteriosus, with the greatest change occurring
within the first 24 hours. Evidence of closure of the foramen ovale was not observed.
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Noninvasive Doppler ultrasonography for assessing
cardiac function: can it replace the Swan-Ganz catheter?

Saurabh Jain, M.D., Alexander Allins, M.D.*, Ali Salim, M.D., Amir Vafa, M.D.,
Matthew T. Wilson, M.D., Daniel R. Margulies, M.D.

Department of Surgery, Cedars-Sinai Medical Center, 8700 Beverly Blvd., 8215 NT, Los Angeles, CA 90048, USA

KEYWORDS:
Cardiac index;
Pulmonary artery
catheter;

Cardiac function;
Noninvasive;
Doppler ultrasound

Abstract

BACKGROUND: Cardiac function, including cardiac index (CI), traditionally has been measured by
a pulmonary artery catheter (PAC). A noninvasive alternative for measuring cardiac function would
offer obvious advantages.

METHODS: A prospective study of trauma and nontrauma patients was performed in a surgical
intensive care unit over a 3-month period. CI was determined using both a standard PAC and a
continuous-wave Doppler ultrasound (UTS). The study had 2 phases: phase I was nonblinded and phase
IT was blinded; the correlation between UTS- and PAC-derived CI was assessed.

RESULTS: A total of 120 paired measurements of CI were observed in 31 patients. The UTS-derived
CI measurements showed agreement with PAC measurements in both phase [ and phase II of the study
with a bias of .06 L/imin/m® + .4 L/min/m>. Paired measurements correlated well in both phase I (r =
97, R2 = .95, P < .0001) and phase II (r = .93, R2 = .86, P < .0001) of the study.

CONCLUSIONS: Doppler UTS correlates well with PAC measurements of CIL. This noninvasive
modality is an accurate and safe alternative to PAC.
© 2008 Elsevier Inc. All rights reserved.
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Cardiac Index (/it'min/n) by PA catheter
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Cardiac Index (iiwmin/o®) by Doppler UTS

CI determined with the PAC versus the Doppler UTS. The scatter plot and fitied regression line for phase II.

» 120 nccneposanuit y 31 naumeHTa xupyprwdeckoro OUT
» Koppensauus CI PAC vs USCOM r=0,93, p<0.0001
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TasLE 1: Patient characteristics.

Cliﬂfcal S fM d_y Standard deviation

— T 1
n=70 Value/median range (+/SD)

Cardiac Output Measurements in Septic Patients: Comparing Baseline characteristics
the Accuracy of USCOM to PiCCO Age 45 years

Gender 45m/25 f
ICU characteristics
SAPS I score 43 23-60

Sophia Horster,! Hans-Joachim Stemmler,? Nina Strecker,? Bp (systolic.) 124mmilg  94-170
Florian Brettner,’ Andreas Hausmann,? Jitske Cnossen,? Klaus G. Parhofer,! BP (diastolic) S8mmHg  37-70

Thomas Nickel,* and Sandra Geiger? HR 97bpm  53-142
CVP l0mbar 317

! Medical Department II, Ludwig Maximilian University of Munich, Campus Grofhadern, Marchioninistrafle 15, Norepinephrine 0.5mg/h  0.1-3.0
81377 Munich, Germany Mechanically ventilated 70

? Medical Department I1I, Ludwig Maximilian University of Munich, Campus Grofhadern, Marchioninistrafie 15, fi0, 0.5 0.3-1.0
81377 Munich, Germany N

I Department of Anesthesia II, Ludwig Maximilian University of Munich, Campus Grofhadern, Marchioninistrafle 15,
81377 Munich, Germany

4 Medical Department I, Ludwig Maximilian University of Munich, Campus Grofhadern, Marchioninistrafe 15,
81377 Munich, Germany

 [lpocnekTuBHOE 0OCEpBaLMOHHOE
nccnegosaHve B Hekapauonornyeckom OUT y
99 NaLWEHTOB C CENTUYECKUM LLOKOM

COPiCCO (Limin)

° KOppGﬂﬂLl,VIFI cepaeyHoro Bb|6pOCa, cc-) USCOM (L/min)
M3MepeHHOFO USCOM n PlCCO = I’:0,89 Figure 1: Correlation of CO measurements by USCOM and PiCCO

(median CO USCOM 6.55L/min +2.19, median CO PiCCO
6.5L/min +2.18; r = 0.89) (increased size of points which are
mudltiples).




Recognire decreased perfusion, cvanosis, and RDS
Maintain airway and establish access according o NRP guidelines

Initial resuscitation: Push boluses of 10 co/kg isotomic
saline or colloid up to 60 cc/kg until perfusion improves.,
unless ':'ll"_T.I:!HI".cl:.li_\ develi |]n
Correct ||.:-F||1:|_‘|:|¢L'|I||. & hy e walce CEn antibaics
Begin prostaglandin until ductal-dependent lesion is ruled ous

Department

shock nol reversed?

Fluid refractory shock: ¢ dop e 5-9 meg/kg/min

Fluid refractory dopamine-resistant shock: Tarate epinephrine 005 10 0.3 meg
shock not reversed?
eyt

r resbstant shock: Monstor CVIP in NICU,
attain normal MAP-CVP & SevlOs > T0%.,

Emergency

SVC Mow > 40 mL/Kg/minor Cl 3.3 1 m='min
- i
Cold shock with . Cold shock with
normal blood pressure & low blood pressure &

evidence of poor LY Tunction evidence of RV dysfunction
If ScvOa< 70% If PPHN with ScvOo«< 0%
SVC flow < 40 mL/Kg'min SVC flow < 40 mLKg'min

. . 4 - - pd U §n “.r”l\i."lll ccp
or C1 < 3.3 L/'m=/min or U1 < VA L) m=/rmun Scwl > TO0%

SVC flow = M0 mil H:

add vasodilstor add imhaled mitric oxide,
[ET LS L s, I T consider |I1i|r|f'l"l|||:. =
with vodume k ading conssder inhaled Hoprost & C1 3.3 L'mv='min

o IV adenosine

shock not reversed?
R
Refractory shock: Rule out & comect pericardial effusion, pncumothorax,
Use hydroconisone for ahsolute adrenal insufficie and T7 for hypothyrosdism

Begin pentoxifyiline if VLBW newbom. Consider closing PDA il hemodynamically significant

shack not reversed?!
el g
ECMO

0-5 MuHyT
e PacnosHatb HapyLleHus nepdysuu, Hanuuve
UmaHosa u PC
e [lopoepxatb NPOXOAUMOCTb AbIXaTenbHbIX NyTen
e HanaguTb BeHO3HbIN AOCTYN

5-15 MuHyT
e Bontoc 0,9% NS unu konnoung no10 mn/kr go 60
MJI/KI NOKa He BOCCTAHOBMTCS nepdy3ns Unm He
BO3HUKHET renatoMeranus.
»  Koppekuus runornnkeMum/runokanbLmemMmum
e Hayvano AB Tepanuu
»  TwutpoBaHue Pg noka He 6yaeT nckntoveH 13 BIC

15-60 MuH.
Ecnu Wwok He ycTpaHeH — pe3ucmeHmHbIU K UHGy3uu
WOK:

+ gonamuH [5-9]
+ pobytamuH fo [10]

15-60 MuH ECnu LWIOK He yCTpaHeH — pe3ucmeHmHbIU K
UHGbY3uu u donaMmuHy WOK:
+ agpeHanuH [0,05-0,3]

Clinical practice parameters for hemodynamic support of pediatric and neonatal septic shock: 2007 update from the ACCM: Neonatal. Brierley,

J, Carcillo J etal. Crit Care Med 2009 Vol. 37
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Rcuj_'ln.'..‘ decreased perfusion, cyvanosis, and RDS
Maintain airway and establish access according to NRP guidelines

Initial resuscitation: Push boluses of 10 co'kg msotonic
saline or colloid up to 60 co/kg until perfusion improves,
unless hepatomegaly developn
Correct hypoglycemia & hypocalcemia. Begin antibiotics
Begin prostaglandin until ductal-dependent lesion is ruled out

shock not reversed?
Bl
Fluid refractory shock: Tirate dopamine 59 mog/kg'n

Add dobutamine up to 10 meg/kg/min,

shock not reversed?

Fluid refractory dopamine-resistant shock: Tirate gfincphnne 0.05 10 0.3 mg kg 'min

— _
Cold shock with Warm shock with

low blood pressure & low blood pressure:
evidence of RV dysfunction add volume & norcpincphring.
If PPHN with ScvOr< 704

SVC flow < 40 mL/Kg'min

Cold shock with
normal blood pressure &
evidence of poor LV function
If SevOor< 70%

SVC flow < 40 mL/Kg/'min

Comider vasopressin,
lerhipresaan, or angotensifl
use inotropes to keep
SovO > T0%
SVC flow > 30 mL/Kg'mi
3
& C1 3.3 L/'m*='min

. >
or Cl < 3.3 L/m*=/min
add mmhaled nitric oxade,

- - '
or Cl < 3.3 L/m*/min,

add vasodilator
{ nutrosoy asodilators, muelnminose ) consider milnnone,
conssder inhaled lloprost

or IV adenosine

with volume loading

shock not reversed?
B

Refractory shock: Rule out & correct percardial effusion, pncumothorax,
Use hydrocortisone for absolute adrenal insufficiency, and T for hypothyroidism

Begin pentoxifyiline if VLBW newbom. Consider closing PDA if hemodynamically significant)

shock not reversed?
e

ECMO

Clinical practice parameters for hemodynamic support of pediafric and neonatal septic shock:
update from the ACCM: Neonatal. Brierley, J, Carcillo J et al. Crit Care Med 2009 Vol. 3/
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0 min Recognize decreased perfusion, cyvanosis, and RDS

- Maintain airway and establish access according o NRP guidelines
s
Y Smi
B o Initial resuscitation: Push boluses of 10 co'kg isotonic
i saline or colload up to 60 co/'kg unil perfusion improves.,
- unless hepatomegaly developn
a Correct hypoglycemia & hypocalcemia. Begin antibiotics
a Begin prostaglandin until ductal-dependent lesion is ruled out
« 15 min shock not reversed?
= B
: Fluid refractory shock: Titrate dopamine 5-9 mog/kg/'min
: Add dobutamune up to 10 meg/kg/'nun. EC”M LLIOK He yCTpaHeH
= shock not reversed? v 1
" ~—— pegpakmepHbIU WOK:
: Fluid refractory dopamine-resistant shock: Tirate cpincphnne 005 1o 0.3 megkg/'min MCK”l‘OLlMTb " yCTpaHVITb
. . ? ~
: shock not reversed nepukapananbHbIn
= Catecholamine resistant shock: Monitor CVP in NICU. BbINOT/MHEBMOTOPAKC
a » | MAP-CVP & ScvO %,
— 2> HasHaunTb rMaopoKOPTM3OH
SVC flow > 40 ml/Kg/min or Cl 3.3 L'm=/min

. [o6aButb T3 Npn Nogo3peHNn Ha
- o Ay rnoTUpeos

Cold shock with ' Cold shock with ' Warm with
normal blood pressure & low blood pressure & low blgA&l pressure: Haanb BBEOEHNE
evidence of poor LV function evidence of RV dysfunction add volupfe & norcpinephrine v
If ku():c 0% If PPHN with ScvO2< 704 gasider vasopressin, ﬂeHTVlKCVI(bVIJ'IJ'IVIHa y DleTeM C OHMT
SVC flow < 40 mL/Kg/min SVC flow < 40 mL/Kg'min Tiipressan, of angiolensin O6ﬂ|yMaTb HGOGXO,EI,VIMOCTb
S 3 11 2 use inOotropes to keep
or Cl <33 L/m=/min, -!((I(. L/m m.u‘ Scv0) > 0%, 3aKprTI/I$| |—3 (DA|-|
add vasodilator add mhaled nitric oxade, i - :
{ tronos asodilators, maelrininonse ) consider milnpone, SVC flow > 40 'n" k}-' min
with volume loading consder mhaled [fHeost & C1 31 L/'m*='min

or IV adegfine

shock not #eersed?
7""‘

Refractory shock: Rule out & correct pericardial effusion, pacumothorax,

Use hydrocortisone for absolute adrenal insufficiency, and T3 for hypothyvigs ECHM LLIOK He yCTpaHeH =
Begin pentoxifylline if VLBW newbomn. Consider closing PDA if b Tamically sigmficant 3KMO

shock not ietTsed”
ECMO

Clinical practice parameters for hemodynamic support of pediafric and neonatal septic shock: 2007
update from the ACCM: Neonatal. Brierley, J, Carcillo J et al. Crit Care Med 2009 Vol. 37
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GUIDELINES

Surviving Sepsis Campaign: International
Guidelines for Management of Severe Sepsis
and Septic Shock, 2012

Recognize decreased mental status and perfusion
Begin high flow O,. Establish V0 sccess

Initial resuscitation: Push boluses of 20 co/kg is
saline or colloid up 1o & over 6 cc
unlkeas rakes or hepatoe
Corect hypoelycemia & hy pocalcemia. Be,
shock not reversed?
Fluid refractory sheck: Begin inotrope V10

shock not reversed?
—
Catecholamine resistant shock: Begin hydmoonisone

o at risk for absolute adresal insufficiency

—
Maonitor CVP in PICU. attain normal MAP-CVP & Scv04 > 70%

h, -
Cold shock with Cold shock with
normal blood pressure: low blood pressure:
|. Tirate flukl & epincphrine phrine,
L ) g/dl

shock not reversed?

Persistent catecholamine resistant shock: Rule out and gffrect pericandial effusion, preumothorax,

& ipinabdomingl presine12 mmie

Consider pulmonary anery. PICCO, or FATD cath of doppler ultrasound 1o guide
fluid. inotrope. vasopressor. vasodilatc nonal therapics
Goal C.1.> 3.3& <6.0 L/'min/'m

shock not reversed?

———
Refractory shock: ECMO

Oboymatb
HEOOX0AMMOCTb
kaTeTepusauum J1A
(PICCO) nnm
NPOBEAEHNSA Aonnep-
Y3W pns ynpasnexus
WHY3NOHHOW,
WHOTPOMHOM,
Ba30MpeccopHoNn,
FOPMOHarbHOM
Tepanuen

Bnedy J. Carcillo JA, Choong K et al
(2009) Clinical practice parameters for
hemodynamic support of pediatric and
neonatal patients m septic shock: 2007
update from the American College of
Cnncal Care Medicine. Crit Care Med
IT:666-688
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ORIGINAL ARTICLE

Validation of an Ultrasound Cardiac Output Monitor as a Bedside
Tool for Pediatric Patients

Scatterplot of Cardiac Output
PAC Thermodilution against USCOM

Fernando Beltramo® - Jondavid Menteer'” - Asma Razavi' - Robinder G. Khemani'? « T Ty ey
Jacqueline Szmuszkovicz'? « Christopher J. L. Newth™ - Patrick A. Ross'”*

Quitlier remaved from calculation
USCOM: PAC Thermodilution: r = 0.98, r* =0.93
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Cardiac Output Limin {USCOM)

USCOM against PAC thermodilution. USCOM is a reliable
tool to assess hemodynamic status in pediatric patients with
no intracardiac shunts. The leaming curve for skill acqui-
sition is very short. Further studies are needed to validate
its usefulness in neonates, patients with congenital heart
defects, and in pediatric patients with both high and low
cardiac outputs as in shock states.

Scatterplot of SVRI
PAC Thermodilution against USCOM

USCOM:PAC Thermodilution: r = 0.87, 2 = (.76

Outlier remaved from calculation
USCOM:PAC Thermodilution: r = 0.89, r* = 0.79

SVRI Wood Units (PAC Thermodilution)

15 20 25 30 35 40
SVRI Wood Units (USCOM)




Llenun nccnegosaHug

® OueHKa AnHaMKKK NoKasaTeNEeN reMoANHAMUKK B PaHHUI

HeoHaTalbHbIV NEPUOA Y 300POBbIX HOBOPOXAEHHBIX 1 NaLMEHTOB
OPWUTH

® OueHka remoanMHamnyecknx 3 deKToB pecnmpaTopHon Tepanim y
HOBOPOXOEHHbIX

® [nddhepeHLmpoBaHHas OLEHKa reMOANHAMUKI C Y4ETOM KPOBOTOKA B
COCyAaX rofoBHOrO MO3ra, NOYEYHbIX 1 OPbIKEEYHbIX apTEPUAX



[vHamuka nokasatenen KOHTPaKTUILHOCTM MUOKapAa Y 3A0POBbIX
HOBOPOXAEHHBIX B 1-5 AeHb XW3HU

Smith Madigan Inotrop Index (SMII), W/m? Cardiac index (Cl), I/min/m?
p=0,04

p=0,02

p=0,04




[vHamuka nokasatenen NocTHarpy3k1 y 340P0BbIX HOBOPOXAEHHbLIX B
1-5 OeHb XU3HW

PKR Systemic Vascular Resistance Index, d.s.cm-m2

p:0,0l p:0’023




[InHamuKa nokasatenen remoguHamukn y HeOHOLLEHHbIX AeTen B 1-5
NEHb XN3HW

—————n

ms

Cl,
I/min/m2

SVRI

d.s.cm-5m2

PKR

DO2,
ml/min

362+70

23+9

0,68+0,36

3,1+08

1453+827

39+23

90+33

354+55

20+8

0.72+0,55

2,740,3

1498+407

37+23

15+20

369+48

1943

0,59+0.17

2.840,34

1382+407

31+9

83+15

399+30

19+3

0,62+0.27

2,940,6

13824743

48+16

14+16

380+26

1743

0,43+0.11

2,940,6

1620+218

49+19

58+17




[InHamuka nokasatenen npegHarpy3ku y 340POBbIX HOBOPOXAEHHbIX U
HEOOHOLLEHHbIX AeTen B 1-5 OeHb X13HK

Stroke volume index (SVI) (mediana), ml/m? Systolic flow time (FTc) (mediana), ms

 preterm neonates
® term neonates

T

* p<0,05




[InHamuka nokasatesieit MOCTHArPy3k1 y 300PO0BbLIX HOBOPOXKAEHHbIX U
HEeJOHOLLUEHHbIX AeTen B 1-5 oeHb

Systemic Vascular Resistance Index (SVRI), d.s.cmm? PKR

" preterm neonates

p=0,02

m term neonates

MR



[InHamuKa nokasatenen KOHTPaKTUILHOCTM MUOKapaa Y 300POBbIX
HOBOPOXAEHHbIX 1 HeOHOLUEHHbIX AETEN B 1-5 AeHb

Smith Madigan Inotrop Inzdex (SMII) (mediana), Cardiac index (CI) (mediana), I/min/m?
W/m

 preterm neonates

*p=0,008

® term neonates




[InHamuKa nokasatenen OOCTaBKM K1cnopoda Yy 300POBbIX
HOBOPOXAEHHbIX 1 HEOHOLUEHHbIX AETEN B 1-5 AeHb
(mediana), ml/min

"~ preterm neonates

* p<0,05

™ term neonates

1

]



[loka3aTenu reMoanMHaMUK/ Y HEAOHOLIEHHBIX AETel B
3aBUCKMOCTM OT METO[a PECTIMPATOPHON TEpPaNN

Metoz
PecnMpaTopHoiA
Tepanuu

n

FTc, ms
SVI, ml/m2

SMil
Cl, l/min/m2
SVRI, d.s.cm-5m2
PKR

NBI/ KucnopoaHble P
NCPAP KaHHNN U1 macka

22 28
330459 388+41
13+3 18+4
0,41+0,09 0,57+0,21
2,240,6 4,5+8,9
1652+734 1509+537
60+20 50+22




[Toka3aTenu reMoAnHaMmKK y JOHOLIEHHBIX AETEN B Npw
npoeeaeHun /BJ1 (6e3 kaTexonamMmmMHOB) MO CPABHEHWIO CO

340POBbIMA AETbMU

MeTop
PeCnMpaTopHOA
Tepanum

n

FTc, ms
SVI, ml/m2

SMlI
Cl, l/min/m2
SVRI, d.s.cm-5m2
PKR

MBI 300poBble P
OOHOLLEHHbIE AETY

13 18
351466 375453
2249 27+8
0,7+0,34 0,8+0,49
32413 3,6+1,2
2099+242 1229+400
52+17 35+12




[Tokasatenu remoamHamukmn y nayneHtos OPUTH B 3aBucumocTm
OT NPOBEAEHNA MHOTPOMHOW Tepanuu

MeToq MHoTponHas HOTpOnHas P
pecnupaTopHou Tepanus Tepanus He
Tepanum npoBoAMnach npoBoannach

n 12 15
FTc, ms 367+57 371+48
SVI, ml/m2 25+8 18+6

SMll 0,74+0,32 0,56+0,2
Cl, [/min/m2 3,43+1,2 3,471+,8
SVRI, d.s.cm-5m2 2040+249 1533+489




['emoauHamumKa npy npoBeaeHnn TepaneBTNYECKOM
MNOTepMmUN y HOBOPOXAEHHBIX C aCcUKCUEN

CuHycoBas bpaaukapaus
YanvuHexue nHtepsana QT

TpaH3UTOpHas NeMmns
MUoKapaa

CHWKEHMEe YyBCTBUTENBHOCTY
KaTexonaMy1HOBbIX PELIENTOPOB

JleroyHas runepTeH3ns

HapyLueHne ayToperynauum
MO3roBOro KPOBOTOKA

«PockoluHas» nepdysns Mosra
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MeToabl HEMHBA3MBHOIO MOHWUTOPWHIA reMOoANHaMUKU Mpn

NpoBEAEHUN TGpHI’IGBTVI‘-IGCKOVI TMNOTEPMUN
USCOM

OLeHKa KPOBOTOKa B COCY/Jax FOMOBHOMO MO3ra C MOMOLLbI0 MeTofa Aorrneporpadium

OXoKapamorpadusi — CpaBHUTENbHASA OLIEHKA CEpAEYHOro BbiIbpoca 1 NOTOKa KPOBU B
BEPXHeW Nosfon BeHe

OxokapAanorpadmst — onpeaeneHne aaeneHus B J1A

KanHorpagus

Near-infrared spectroscopy (NIRS)




[nHamuka cepaeyHoro MHaekca y HoBopoXaeHHbIx ¢ '3 npu

4,5 -

3.5

ZALS) |

155t

0,5 -

npoBeaeHnn TepaﬂeBTMLIeCKOVI TMNoTepMnin

(CI), I/min/m?
p=0,002
p=0.003 p=0,012
<=
_—
Day 1 Day 4

Control
TH
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400 -

200

OnHamuka SVRI y HoBopoxXaeHHbIX ¢ '3 npu nposeaeHnm

TepaﬂeBTquCKOﬂ rTMnNoTepMnn

Systemic Vascular Resistance Index (SVRI), dyn s cm™

p=0,023

p=0.041

Day 1

Day 4

Control
TH



[InHammka MHOTPOMHOIO MHAEKCA Y HOBOPOXAEHHBIX € M3 npu

0,8 -

0,7 A

0,6 1

0,5 -

0,4 -

0,3 A

0,2 A

0,1 A

NpoBeJeHNV TepaneBTUYECKON MnoTepmMum

Smith Madigan Inotropic Index (SMil)

Day 1

Day 4

Control
TH



KnuHnyeckunmn cnyvam 4

PebéHok 1, 38 Hen., 3140 r
Anrap 2/4/6

TpaHcnoptuposaH B OlL ans
npoBeaeHns 0BLLEN TMMOTEPMUM
B BO3pacTe 3 4acoB

Nakrtat 6,8 Mmmonb/n

[paBOCTOPOHHSAS MHEBMOHMS

['pynna pucka peanusauum
LIMBW




_ 11:46 13:35 16:32

190
SVI 20
INO 0,71
Cl 1.3
SVRI 2931
PKR 20

Y
14 | 21
0,31 |, 0,5 V
J 1,7 | 2,7
A 2075 4 1372
57 1 33

Koppekuus Tepanum 2 bontoca no Oobytamuh [10] Oobytamux [10]
10 mn/kr
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2 cyTku xu3um (11.11.15)
[OonamuH [10] + agpeHanuH [1]
Naktat 8,4 Mmornb/n

TponoHuH 373 Hr/mn, KOK-MB 2984 E
(N=20)

Sv02 99%
LOunypes 1 mn/kr/yac
Hauano corpeBaHus

[KT >10 Hr/mn, CPB nonoxuTenbHbIn

16:24 17:43
FTc 287 |
SV 24
INO 04 V
Cl 25 V

SVRI 772 |

PKR 10 ¥

Koppekuust 4 6ontoca no 10
Tepanuu MI/KT
+ HopagpeHasiH




® 3 cyTku xn3Hm (12.11.15)
® AppenanuH [0,09], HopagpeHanuH [1,3], AobyTamuH [13] + ruapoKOPTMSOH + N1a3nKe
® [laktat 5,5 MMosb/n

% [lnypes 4 mn/kr/vac

10:00 14:09 23:19
FTc 420 T 465 1 374
SV 23 22
INO 0,72 0,85 0,55
Cl 2.8 4,2 3,1
SVRI 1997 4 1330 1136
PKR 53 1 26

Tepanus AppeHanut [0,09]

. 1:]'|--‘i

e




® 4 cytkn xm3mm (13.11.19)
® [lobytamuH [13], agpeHanuH [0,06], HopagpeHanuH [1,3] + rmapoKopTM3OH

® Jlaktart 6,3 MMoOnb/n

9:16 13:41 18:06
FTc 367 330 313
SVI 26 19 23
INO 0,56 0,96 1,3
Cl 3,8 2,5 3,6
SVRI 735 2725 4 1887
PKR 14 |, 57 30

Koppekuus tepanum HopagpeHanuH [1,5] HopagpeHanuH [1?3] AnpeHanuH [0,04]




® OHTeparnbHOe KopMIIeHue C 5 CyTOoK

® OKCTybMpoBaH Ha 7 CYTKM

| wau1s [ 151115 | 161115
FTc 367 458 421

S\ 22 22 22

INO 0,38 0,88 0,71

Cl 2,6 2.2 3,5

SVRI 2346 2429 1396

PKR 51 1 52 4 42
Koppekuusi Tepanum ~ OTmeHa agpeHanuHa HopagpeHanuH [0,03] [obytamuH [4]

1,2
1,0

| 08




3aknto4yeHune

% Lok y HOBOPOXAEHHBIX MOXKET MPOTEKATD B BUAE PA3NNYHbIX,
HepeaKo YEPEAYOLLNXCS TeMOAMHAMMNYECKUX BApUaHTOB

® [lpn nevyeHun woka oo bem BOSOCHOMN MHAY3MOHHOW TEpann 1 003
WHOTPOMHBIX 1 BA30MPECCOPHbIX NPenapaToB crneayet
«TUTPOBATb» B COOTBETCTBUM C NOKA3aTENAMM NpeaHarpys3Ku,
KOHTPaKTUMBHOCTM M MOCTHArpy3Kku

® [lns npoBeaeHNst MOHUTOPWHra NnokasaTtenen reMoanHaMuKy
ONTMManbHO COMETAHNE KMMHMYECKNX AaHHBIX, OX0-KI 1 USCOM
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