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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
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BACKGROUND: Complications from major surgery are undesirable, common, and potentially

avoidable. The long-term consequences of short-term surgical complications have recently been
ognized to have a profound influence on longevity 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 morbidity by deliberately and preemptively manipulating perioperative hemodynamics. Early
studies had a high controlgroup 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 'ruII and subjected to quantifiable analysis, subgroup analysis, and sensitivity

: ESULTS Therp were EE! studies identified, 23 of which reported surgical complicatiors:
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 [QE‘*'
CUFITIIEIPFI..E |nt¢=nral] of 0.48 [0.33-0.78]; P = 0.0002) and surgical mmpl :atmnq {odds r;

0. C P < 0.0004). Subgroup analysis showed : T mortality
for t:tudles- using a pulmondn,r artery catheter, supranormal resuscitation target': studies using
cardiac index or oxygen delivery as goals, and the use of fluids and inotropes as opposed to ﬂuu:ln
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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c a rlol

Recognize decreased mental status and perfusion
Begin high flow O,. Establish IV/IO access

Initial resuscitation: Push boluses of 20 oc/kg isotonic

saline or colloid up to & over 60 co'kg until pe

unless rakes or hepatomegaly develop

inotrope

Correct hypoglycemia & hypocalcemia. Begin antibiotics

shock not reversed?
B

Fluid refractory shock: Begin isotrope IV/10

central acce:
d shock by

al dopamine

ncphrine

se warm shock by titrating central norepincphrine

shock not reversed?

Catecholamine resistant shock: Begin hydroconisone
if at risk for absolute adrenal insufficicncy

[ —
Monitor CVP in PICU, attain normal MAP-CVP & ScvO, > 70%

- ~

Cold shock with
normal blood pressure:
Titrate fluid & epincphrine,

SevO> T0%, Hghe> 10g/dl

Add vasodilator with volume
loading (sitrosovasodilators,
milrininone, imrinone, & others)
Consider kevosimendan

Cold shock with
low blood pressure:
1. Titrate fluid & cpincphrine,
Sev0> 70%, Hgb > 10 g/dl
2. 1f SevO) still< 70% 2. 1f still hypotensive
% consider norepinephrin
3. 1f Sev0 still < 70%

dobutamine, milripfone

Warm shock with
low blood pressure:

ScvOy> 0%,
2. If still hypotensive
consider vasopressin
erlipressin of angioteasin

3. 1f SevOy still < 70%

enoximone or levglimendan

shock not reverfed?

Persistent catecholamine resistant shock: R

iCout and correct pericardial effusion, pacumothora,

Sintoabdomingl orcsure > 12 mm/tie

I Consider pulmonary antery, PICCO, oc F

fluid, INOErope . YVasopressor

) catheter, &/or doppler ultrasound to guide
asodilator and hormonal therapies

Goal C1.> 3.3& < 6.0 L/min/'m?

shock not reversed?

—~———
Refractory shock: ECMO

If 20d PIV stant

Titrate fluid & norcpincphrine,

Oboymatb
HeobxoanMoCTb
kaTeTepusaumu JIA
(PICCO) nnu
NpoBeaeHNS
nonnep-Y3WM ans
yrpaBneHus
WHAY3NOHHOW,
WHOTPOIHOW,
Ba30MPECCOPHOMN,
rOPMOHanbHON
Tepanue

Bredy 1, Carcillo JA, Choong K et al
(2009) Chinical practice parameters for
hemodynamic support of pediatric and
neonatal patients in septic shock: 2007
update from the American College of
Crtical Care Medicine. Crit Care Med
IT:666-688
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[TonnaTnonormyHoCTb
reMoaMHaMUYECKNX HapYLLEHMI
Y HOBOPOXAEHHbIX
HopmanbHbin ypoBHb ALl B
PaHHUI HEOHATANbHbIN
nepwon?

TpyOHOCTb paHHEN AMArHOCTUKM
LLIOKa

He3penocTtb MexaH1M3MOB
ayToperynsauum opraHHoro
KpoBoToKa y aeteit ¢ OHMT

HenpuMeHUMoCTb
LIabnoHHOro noaxoaa K
NEeYeHNo

Puck nepeoueHku
apTepuanbHON rMnoTeH3nn
HeobxoanmocTb KOMNIEKCHOM
OL|EHKM MoKasaTeneu
reMoanHaMuKy
[1peapacnonoxeHHOCTb K
HapYyLUEHUIO MO3rOBOro
KpoBOOBpaLLEHNs 1
BO3HMKHOBEHMIO BXKK



MOHUTOPUHT cepaeYHOro BbIbpoca

AHanu3 nornoweHns Nérkumm razoobpasHoro UHAUKaTopa

(N|C0) JAMA. 2005 Oct 5;294(13):1664-70.
Impact of the pulmonary artery catheter in critically ill patients:
meta-analysis of randomized clinical trials.

= He NPUMEeHUM npu HapyweHuu eeHmusnsauuu u JI6204YH020 Shah MR1, Hasselblad V, Stevenson LW, Binanay C,
O'Connor CM, Sopko G, Califf RM.
2a3006meHa

MynbmoHanbHasa Tepmogentouns (katetep CeaH-laHua) u A meta-analysis of 13 randomised
TpaHcnynbMoHanbHas Tepmouuntouus (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

i increased use of inotropes and vasodilators
AHanu3 ¢opMbI NyNbCOBON BOJTHbDI in PAC patients

- N02PEeWHOCMU U3MepeHUs NPuU Hanuyuu wyHma

- mpebyemcs kamemepu3ayus apmepuu

AHanu3s nynbcoebIx KoniebaHul 31ekmponpoe8oodHocCMu
mkaHelu — mempanonspHas UPI'T

Jxokappauorpadmsa

USCOM - tpaHcTOpaKanbHoe n3amMepeHne CKOpoCTH
KPOBOTOKA BbIHOCALLUX TPAKTOB NPaBOro 1 yIeBOro
Joe Brierley

)KGHWJ,O‘IKOB C nomoLblo 3¢d)eKTa ﬂOﬂﬂepa Consultant PICU Great Ormond Street Hospital, London



Ixokapauorpadnyecknm MOHUTOPUHT
reMogMHaMunKu

® [loTOK KpOBW B BEPXHEW Moson BeHe -
SVC flow (cepaeyHbIn BbIOPOC)
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® CreneHb KonnabypoBaHWs HUKXHEN g
romnomn BeHbl Ha BAOXe (MpeaHarpyska)

Ll A A aa AA wa AN AR

il iy W VYWYV

® [lonocTb NEBOro Xenyaoyka — - . s
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YnbTpa3BYyKOBOE UCCIIEA0BAHE NETKNX

 [InarHocTuka anbBeONSAPHON KOHCOMMAALMM U
NHTEPCTULIMANBHOTO CUHAPOMA
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Ultrasonography for the assessment @ e o
of lung recruitment maneuvers :
Gerardo Tusman', Cedilia M. Acosta and Mauro Costantini
DO 1011864 130880150025 1 ;K.mpu .
| | T T
Respiratory variation in carotid peak systolic @
velocity predicts volume responsiveness in
mechanically ventilated patients with septic
shock: a prospective cohort study

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 MakcumarbHas CKopoCTb

Pmn CpeaHuii rpagneHT gaBrneHus
Vi MHTerpan ckopocTn KpoBOTOKa
HR YacToTta cepauebunenus

MD PacctosiHne B MUHyTY

ET% Bpems Bbibpoca B npoueHTax
B Bpemsa notoka

SV O6bem Bbibpoca

SVI NHaoekc obbema Bbibpoca

CO CepaeyHbi BblIbpoc

SYAY M3meHeHne obbema Bbibpoca
Cl CepaeyHbi nHOEKC

INO MHOTDOMHBIN NHOEKC

SVR CuctemHoe cocyamcToe conpoTmBeHne
SVRI SVR Index

PKR COOTHOLLEHWNE NOTEHLMANBHOW U KUHETUYECKOW SHEPTU
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PREGNANCY April 2015 Volume 5, Issue 2,
VYEPER TENINON Pages 193-197
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An International Journal 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 :
. . . . 100 I
time, b-type natriuretic peptide and central venous pressure b =
. . . . . 75 s
as predictors of fluid responsiveness in septic shock: fie) i

. . . 50+
a preliminary evaluation.

! Heart
:Fallure
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D. J. STURGESS*, R. L. S. PASCOEY, G. SCALIAL, B. VENKATESHS§
Department of Intensive Care, The Wesley Hospital, Brisbane, Queensland, Australia
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FTe (ms) FiGURE 3: Correlation between B-type natriuretic peptide CVP (mmHg)

FIGURE 2: Correlation between corrected flow time and subsequent
change in stroke volume. Line of best fit (r=-0.81, P=0.004).
FTIc=corrected flow time, ASV%=percent change in stroke
volume following fluid challenge.

concentration and subsequent change in stroke volume. Line of
best fit (r=-0.3, P=0.4). Correlation coefficient and
statistical significance unaffected by omission of outlier
(BNP=2757 pg/ml). BNP=B-type natriuretic peptide, ASV%
=percent change in stroke volume following fluid challenge.

FiGURE 4: Correlation between central venous pressure and
subsequent change in stroke volume. Line of best fit (r=-04,
[P=0.2). CVP=central venous pressure, ASV%=percent change in
stroke volume following fluid challenge.

Koppensuus FTc ¢ oteetom Ha UT: r=-0,81 Koppensiuns B-NUP c oteeTom Ha UT: r=-0,3 Koppensuws LIB ¢ otBetom Ha UT: r=-0,4




ardiac output measurement in newborn intants
using the ultrasonic cardiac output monitor: an
assessment of agreement with conventional
echocardiography, repeatability and new user
experience

Neil Patel,! Melissa Dodsworth,Z John F Mills?

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

HenpaBunbHoe nonoxexue

naTumka Table 1 Heart rate, valve diameter, velocity time integral (VTI) and

ventricular output data for USCOM and conventional echocardiography

HenpanmbeM Yrosmn HakJ1oHa (ECHO)

Owwnbka B onpeneneHnm .
Conventional
OnaMeTpa KriarnaHHOro Kosibua USCOM ECHO p Value

Heart rate (bpm) 137 (16) 137 (15) 0.95
: . : : Pulmonary valve diameter {cm) 0.70 {0.07) 0.76 (0.08) =0.0001
curacy in the device alone. Error may De 1ntroduced

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- )

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 dlameteiﬁ 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 biclogical 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




2284 Chin Med J 2011:124(15):2284-2289

Original article

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

HE Shao-ru, 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. LV-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 fo 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.

Age in hours Age in hours
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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/min/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 CL This noninvasive
modality is an accurate and safe alternative to PAC.
© 2008 Elsevier Inc. All rights reserved.

2

Cardiac Index (fit/min/n) by PA catheter

s a0 as 50 ss a0 as 7.0

Cardiac Index (iit/min‘m’) by Doppler UTS

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

120 nccneposanuid y 31 nauneHTa xupyprwdeckoro OUT
Koppensuma Cl PAC vs USCOM r=0,93, p<0.0001




Hindawi Publishing Corporation
Critical Care Research and Practice
Volume 2012, Article ID 270631, 5 pages
doi:10.1155/2012/270631

TasLE 1: Patient characteristics.

Ch HICQZ S tu dy Standard deviation

— I i
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

ICU characteristics
SAPS II score 43 2360

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  3-17

! Medical Department I1, Ludwig Maximilian University of Munich, Campus Grofhadern, Marchioninistrafe 15, Norepinephrine 0.5mg/h  0.1-3.0
81377 Munich, Germany Mechanically ventilated 70

2 Medical Department 111, Ludwig Maximilian University of Munich, Campus Grofshadern, Marchioninistrafie 15, 0, 0.5 0.3-1.0
81377 Munich, Germany ]

3 Department of Anesthesia II, Ludwig Maximilian University of Munich, Campus Grofhadern, Marchioninistrafe 15,
81377 Munich, Germany

4 Medical Department I, Ludwig Maximilian University of Munich, Campus Groffhadern, Marchioninistrafie 15,
81377 Munich, Germany

[TpocnekTnBHOE 0bCcepBaLMOHHOE
uccnegoBaHue B Hekapauonornyeckom OUT y
95 NaUNeHToB C CENTUYECKNM LLOKOM

CO PiCCO (L/min)

10

Koppensuus cepaeyHoro Bbiopoca, O USCOM (Limin

M3MepeHHOI'O USCOM n P|CCO = r=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
multiples).
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Recognize decreased perfusion, cyanosis, and RDS
Maintain airway and establish access according to NRP guidelines

Initial resuscitation: Push boluses of 10 co/kg motonic
saline or colloid up 1o 60 co/kg until perfusion improves,
unless hepatomegaly develops
Correct hypoglycemia & hypocalcemia. Begin antibiotics
Begin prostaglandin until ductal-dependent lesion is ruled o

shock not reversed?
B
Fluid refractory shock: Tirate dopamine 59 meg/kg/min
Add dobutamine up to 10 meg/kg/min.
shock not reversed?
Fluid refractory dopamine-resistant shock: Tirate epineparine 0.05 10 0.3 mg Ag/'min
shock not reversed?
—~————
Catecholamine resistant shock: Montor CVP in NICU,
attain normal MAP-CVP & SevO) > 70%,

> ]
SVC flow > 40 mL/Kg/min or CI 3.3 L'm=/min

- ~

0-5 MUHYT
»  PacnosHatb HapyLueHus nepgysnn, Hanuuve
Unarosa n P1C
* [logoepxatb NPOXOAUMOCTb [blXaTemnbHbIX NyTen
*  HanaguTb BEHO3HbIA JOCTYN

5-15 MuHyT
*  Bbomoc 0,9% NS unu konnoug no10 mn/kr go 60
MII/KI MOKa He BOCCTAHOBUTCS Nepdy3ns Mnm He
BO3HUKHET renaTomerasnms.
*  Koppekums runornukeMumn/runokanbLmemMmnm
*  Havano Ab Tepanuu
»  TutpoBanue Pg noka He Byget ucknioveH 13 BI1C

Cold shock with Cold shock with
normal blood pressure & low blood pressure & 15-60 MUH.
evidence of poor LV function evidence of RV dysfunction &
If ScvOr< 70% If PPHN with ScvOa< 704 Ecnu wok He YCTPaHEH — pe3ucmeHmHbIU K UHd)y3uu
SVC flow < 40 mlL/Kg/'min SVC flow < 40 mL/Kg'min WOK:
" y ¢ InOtropes 1o \ee
or Cl <33 L/m=/mn, «'wl( l}(ll lll m=/mun - L;z'\::": 7“‘,.‘ P + ﬂOﬂaMMH [5-9]
add vasodilator add mhaled mitric oxade, . S ,
(otrosov asoduatons, melrimmone ) consider mxlnrnnc‘ SVC flow > 30 mlﬁ K\ min i ID|O6yTaMMH |D|O [‘I 0]
with volume loading consider inhaled lHoprost & C1 33 L/'m*/'mun
oc IV adenosine
shock not reversed?
. v
Refractory shock: Rule out & correct pericardial effusion, pncumothorax, 15-60 MuH Ecnn ok He YCTPaHeH — pe3ucmeHmHbIU K
Use hydrocortisone for absolute adrenal insufficiency. and T3 for hypothyroidism UHd)y3uu u donaMUHy WoK:

Begin pentoxifylline if VLBW newbom. Consider closing PDA if hemodynamically significant

+ agpeHanuH [0,05-0,3]

shock not reversed?
B

ECMO

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



0 min

S min

Department

Emergency

Recognize decreased perfusion, cyanosis, and RDS
Maintain airway and establish access according to NRP guidelines

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

shock not reversed?
B

Fluid refractory shock: Tirate dopamine 59 megkg'n
Add dobutamune up to 10 meg/'kg/'nun,

shock not reversed?
‘v‘

Fluid refractory dopamine-resistant shock: Turate gfincphnine 005 10 0.3 mcg/'kg/'min

SVC flow > 40 mLbefminor C1 33 L m2/min

\ B i e —— ¥
Cold shock with Cold shock with Warm shock with
normal blood pressure & low blood pressure & low blood pressure:
evidence of poor LV function evidence of RV dysfunction add volume & norcpinephring.
If S¢ vO)< 720% If PPHN with S¢ vOh< 0% Consider vasopressin,
SVC flow < 40 ml/Kg/min SVC flow < 40 mL/Kg'min terhipressan, or angiotensin
. ) ) use inotropes to keep
or C1 <33 L/m*/min. or Cl < 3.3 L/m*/mun ScvO» > 70%..
add vasodilator add mmhaled mitric oxade, e iz 5 .
(nitrosovasodilators, mulrininoss) consider milninone, SVC flow > 30 '"'\ Kg/'mi
with volume loading consider inhaled lloprost & Cl 33 L/m ' min

or IV adenosine

shock not reversed?
-~

Refractory shock: Rule out & correct percardial effusion, pncumothorax,
Use hydrocortisone for absolute adrenal insufficiency, and T3 for hypothyroidism

Begin pentoxifylline 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, cyanosis, and RDS
Maintain airway and establish access according to NRP guidelines

S min Initial resuscitation: Push boluses of 10 co'kg sotonic

saline or colloid up to 60 co/kg until perfusion improves,
unless hepatomegaly develops
Correct hypoglycemia & hypocalcenmia. Begin antibiotics
Begin prostaglandin until ductal-dependent lesion is ruled out

shock not reversed?
———

Fluid refractory shock: Tivate dopamine 59 meg/kg/'min
Add dobutanmune up to 10 meg/kg/min

Department

Ecnu wok He ycTpaHeH —

shock not reversed?

— peghpakmepHbIii WOK:
Fluid refractory dopamine-resistant shock: Tirate epinephrine 0.05 10 0.3 mcg/kg/'min MCKﬂl'OLlMTb u yCTpaHI/ITb

shock not reversed? .
- - ﬂepl/lKap,Ell/laﬂbeIVI

' Catecholamine resistant shock: Monitor CVP in NICU, Bb|ﬂ0T/ﬂHeBMOT0paKC
HasHaunTb rMapoKOPTU3OH

Emergency

attain normal MAP-CVP & SevO) > 0%,

SVC flow > 40 mLKgminor C1 33 L m=/min

~ [o6asuTb T3 Npu Nogo3peHnn Ha
- o oy rMNoTUPeos3

Cold shock with ' Cold shock with Warm with
normal blood pressure & low blood pressure & low bl pressure: Haanb BBeadeHne
evidence of poor LV function evidence of RV dysfunction add volype & norepinephrine v
If SevO< 70% If PPHN with ScvO< 704 Ansider vasopressing, neHTMKCMq)V”-InMHa y pleTeM C OHMT
SVC flow < 40 ml/Kg/'min SVC flow < 40 mL/Kg'min fiprossan, or angiotensin O6nyMaTb HeO6XOﬂMMOCTb
Cleinl ) Cl<3al ’ use inotropes to keep
or Cl <33 L/m*/min or Cl < Jm*=/min "
' ScvOy > 70%.,
add vasodilator add mhaled nmitric oxxde, : » N 4 s :'BaKpI:’ITI’/Iﬂ r3 q)Arl
(nitrosovasodiiatons, mulominone) consider milnnong, SVC flow > 40 ml« k)‘ -
with volume loading conssder mhaled [fHeost & Cl 33 L/m*'min

or IV adegfine

shock not #eersed?
R

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

Use hydrocortisone for absolute adrenal insufficiency, and T3 for hypothyr ECHM LLOK HE yCTpaHeH i
Begin pentoxifylline if VLBW newbom. Consider closing PDA if bes famically significant SKMO

shock not ieetTsed?
~ -

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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v
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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 IVAO acc

Initial resuscitation: Push boluses of 20 co/kg is
saline or colloid up to & over 60 cc
unleas rakes or beg
Correct hypoglycemia & hypocalcemia. Begin antibiotics
shock not reversed?
———
Fluid refractory shock: Begin isotrope IV/10
IVAIOIM

shock not reversed?
——
Catecholamine resistant shock: Begin bydroconisone

if at risk for absolute adresal insufficiency

—
Monitor CVP in PICU, attain normal MAP-CVP & ScvO, > 70%

- >
Cold shock with Cold shock with
normal blood pressure: low blood pressure:
I Titrate fluid & epincphrine, 1. Titrate fluid & cpincphrine,
b 10g/dl Sev0> 70%, Hgb > 10 g/dl

2. 1f SevO) stille 7% 2. If still hypotensive

shock not reversed?
e

Persistent catecholamine resistant shock: Rule out and gferect pericardial effusion, pacumothorax

S intoabdominal Doy Lo oundle

I(-...Mk: pulmonary artery. PICCO. or FATD catheter, &/or doppler ultrasound to guide

fluid. inotrope.. vasopressor. vasodilator and hormonal therapics
— —

Goal C1.> 33& <60 L/minm?2

shock not reversed?

~————"
Refractory shock: ECMO

O6oymatb
HeobxoaMMOoCTb
kaTeTepmsauum J1A
(PICCO) nnu
npoBedeHust gonnep-
Y3W pns ynpasneHus
VHY3MOHHOM,
WHOTPOMHOW,
Ba30MpPeCCOPHON,
FOPMOHasIbHOM
Tepanuen

Bredy 1, Carcillo JA, Choong K et al
(2009) Chinical practice parameters for
hemodynamic support of pediatric and
neonatal patients in septic shock: 2007
update from the American College of
Crtical Care Medicine. Crit Care Med
IT:666-688
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@ CrossMark

ORIGINAL ARTICLE

Validation of an Ultrasound Cardiac Output Monitor as a Bedside

Tool for Pediatric Patients

Fernando Beltramo' + Jondavid Menteer'? » Asma Razavi' » Robinder G. Khemani'? -
Jacqueline Szmuszkovicz'* « Christopher J. L. Newth™ - Patrick A. Ross'*

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-
siion 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.
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SVRI Waod Units (PAC Thermodilution)

Scatterplot of Cardiac Output
PAC Thermodilution against USCOM

USCOM: PAC Thermodilution: r = 0.87, r* =0.76

Outlier removed from calculation
USCOM: PAC Thermodilution: r = 0.96, * =0.93

Cardiac Output Limin (USCOM)

Scatterplot of SVRI
PAC Thermadilution against USCOM

USCOM:PAC Thermodilution: r = 0.87, * = 0.76

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

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

45




Llenn nccnegosaHns

® OueHKa AnHaMMKK NoKasaTenen reMoanHammnKkn B paHHIM

HeOHaTanbHbIN NEPUOA Y 3A0POBbIX HOBOPOXAEHHBIX U NaLMEHTOB
OPWUTH

® QueHKa reMoanHaMnUYecKnX dPMEKTOB PECNMPATOPHON Tepanun y
HOBOPOXAEHHbIX

® [nddepeHumpoBaHHas OLEeHKa reMoANHaMIKI C Y4ETOM KPOBOTOKA B
COCyaax rofoBHOIO MO3ra, NOYEYHbIX 1 OPbIKEEYHBIX apTEPUAX



[lnHamuKa nokasaTenen KOHTPAKTUIILHOCTM MUOKapaa Y 340POBbIX
HOBOPOXAEHHBIX B 1-5 A€Hb XU3HM

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

p=0,02

p=0,04




[InHamuKa nokasaTenen NocTHarpy3ky y 300pOBbIX HOBOPOXAEHHbIX B
1-5 OEHb XN3HW

PKR Systemic Vascular Resistance Index, d.s.crmm?

p=0,01 p=0,023




[InHamuKa nokasartenen remoauHamukn y HeJOHOLIEHHbIX aeten B 1-5
NEHb XU3HW

-----n

ms

SV,
mi/m2

SMiI

Cl,
I/min/m2

SVRI

d.s.cm-5m2

PKR

DO2,
ml/min

362+70

2349

0,68+0,36

3,1+08

1453+827

39+23

90+33

354455

20+8

0.72+0,55

2,7+0,3

1498+407

37+23

75+20

369+48

1943

0,59+0.17

2.840,34

1382+407

3149

83+15

399+30

1943

0,62+0.27

2,9+0,6

13824743

48+16

74+16

380+26

1743

0,43+0.11

2,9+0,6

1620+218

49+19

98+17




[InHamuka nokasaternen npegHarpysku y 340poBbIX HOBOPOXAEHHBIX U
HEeOHOLLUEHHbIX AeTeNn B 1-5 AeHb XNU3HW

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

T preterm neonates
P * p<0,05
™ term neonates

Tid




[InHamuka nokasaTenien NocTHarpy3ky y 300P0BbIX HOBOPOXAEHHbIX U
HEeOHOLLEHHbIX AeTen B 1-5 AeHb

Systemic Vascular Resistance Index (SVRI), d.s.cm®m? PKR

™ preterm neon
prete eonates p=0,02

M term neonates

MR



[InHamuka nokasaTernen KOHTPaKTUNLHOCTY MUOKapAa Y 300P0BbIX
HOBOPOXAEHHbIX 1 HEOOHOLIEHHbIX AeTen B 1-5 A€Hb

Smith Madigan Inotrop Index (SMl) (mediana), Cardiac index (CI) (mediana), |/min/m?

W/m?

~ preterm neonates
*p=0,008

™ term neonates

{11

*p=0,006

i}




[InHamuKka nokasatenen OOCTaBkM KMCIopoaa Y 340POBbIX
HOBOPOXAEHHbIX 1 HEOOHOLUEHHbIX AeTen B 1-5 AeHb
(mediana), ml/min

~ preterm neonates

* p<0,05

™ term neonates

1114



[oka3aTenu reMogMHaMUK/ Y HeJOHOLIEHHbIX AeTel B
3aBICUMOCTI OT METOZa PECMpPaTopHOI Tepanum

MeTon NBI/ KucnopoaHble P
pecnupaTopHoil NCPAP KaHIIM Unn macka
Tepanum

n 22 28
FTc, ms 330459 388+41
SVI, ml/m2 1343 18+4

SMI 0,41+0,09 0,57+0,21
Cl, l/min/m2 2,2+0,6 4,5+89
SVRI, d.s.cm-5m2 1652+734 1509+537
PKR 60+20 50+22




[Toka3aTenu remoaMHaMmnK1 Y JOHOLIEHHbBIX AETEN B MPU
nposeaeHun MBJ1 (6e3 kaTexonammnHOB) MO CPABHEHMIO CO

300POBbIMA AETbMU

MeTon
pecnmpaTopHoi
Tepanuu

n

FTc, ms
SVI, ml/m2

SMI
Cl, I/min/m2
SVRI, d.s.cm-5m2
PKR

B 3A0poBble P
[IOHOLLUEHHbIE AeTH

13 18
351+66 375+53
22+9 27+8
0,7+0,34 0,8+0,49
3,2+1,3 3,6+1,2
2099+242 1229+400
52+17 35+12




[Tokasatenu remoamHamukmn y nauueHtos OPUTH B 3aBucrmocTm
OT NPOBEAEHNA MHOTPOMHOW Tepanuu

MeToq WHoTponHas WHoTponHas P
pecnupaTopHoil Tepanus Tepanus He
Tepanuu npoBoAunack npoBoAMnach

n 12 15
FTc, ms 367+57 371+48
SVI, ml/m2 25+8 1816

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




['emoauHaMmka npu NpoBeAeH!N TepaneBTNYecKoy
MNOTEPMUK Y HOBOPOXKAEHHBIX C acduKCuen

CuHycoBasi bpaavkapams
YanuHenue nutepsana QT

TpaH3nTOpHas Mwemmns
MUokapaa

CHWXeHWe YyBCTBUTENBHOCTY
KaTeXonaM1HOBbIX PELIENTOPOB

[leroyHas runepTeH3ns

HapyLeHne ayToperynauum
MO3roBOro KpoBOTOKA

«PockoLuHas» nepdysna mosra



*w
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®

®

MeToabl HEeMHBA3NBHOIO MOHWUTOPWUHIA reMoanHaMnK 1npu

NpoBEeAEHNN Tepal'leBTI/I‘-IeCKOI7I TMNoTEPMnKU
USCOM

OLieHKa KPOBOTOKA B COCY/1aX rOfIOBHOrO MO3ra C NOMOLLL0 METoaa Aornneporpadum

oXxoKapauorpadust — CpaBHUTENbHASA OLIEHKA CEpAEYHOro BbiIbpoca 1 NOTOKa KPOBM B
BEPXHeW nonov BeHe

Oxokapaunorpadmsi — onpeaeneHne gasneHus B J1A

KanHorpadgws

Near-infrared spectroscopy (NIRS)

sx382.2.388 §s gsp

.
8w
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[InHamunka cepaeyHoro nHaekca y HoBOpoXAeHHbIx ¢ '3 npu
npoBeAeHUN TepaneBTUYECKON MNoTeEPMIM

(CI), I/min/m?
p=0,002
4,5 1
ALl p:0003 p:0,012
< e i
3,5 -
mr

Control

2,5 -
TH

1,5 -

0,5 - 24
0 . T

Day 1 Day 4




1800 -

1600 -

1400 -

1200 -

1000 -

800

600 -

400 -

200 -

OvnHamuka SVRI y HoBopoxaeHHbIX ¢ '3 npu nposeaeHum

Tepal'leBTl/ILIeCKOI7I TMNoTepMnn

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

p=0,023

p=0.041

Day 1

Day 4

Control
TH



[InHamMmka MHOTPOMHOIO MHAEKCA Y HOBOPOXAEHHBIX ¢ 19 npu

0,8
0,7
0,6 1
0,5 1
0,4 1
0,3 1
0,2 1

0,1

NnpoBEAEHNN TepaﬂeBTMLleCKOVI rTMnoTepMnin

Smith Madigan Inotropic Index (SMII)

IDEVAL

Day 4

Control
TH



KnuHnyeckumn cnyvau 4

PebéHok I1, 38 Hen., 3140 r
Anrap 2/4/6

TpaHcnoptuposaH B OlL ans
npoBeseHVst 0BLLEN TMNOTEPMUM
B BO3pacTe 3 4acoB

Jlaktat 6,8 Mmonb/n

[1paBOCTOPOHHSSA MHEBMOHMS

['pynna pucka peanunsauu
LIMBW




190 |
SV 20

INO 0,71
Cl 13 V
SVRI 2931 4
PKR 20

Koppekuust Tepanuu 2 bontoca no

10 mn/kr

14 | 21

0,31 |, 0,5 V

1,7 | 2,7

2075 4 1372

57 1 33
Oobytamut [10] OobytamuH [10]
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2 cyTkM Xu3Hm (11.11.15)
OonamuH [10] + agpeHanuH [1]
NaktaTt 8,4 Mmons/n

TponoHuH 373 Hr/mn, KOK-MB 298,4 E
(N=20)

Sv02 99%
LOnypes 1 mn/kr/vyac
Havano corpeBaHus

[KT >10 Hr/mn, CPB nonoxuTenbHbIN

FTc
SV
INO
Cl
SVRI
PKR

Koppekums
Tepanuu

16:24

287 |
24

04
25 V
772 |,
10 ¥

4 6ontoca no 10
MI/KT
+ HopaapeHanH

17:43




® 3 cyTku xu3Hm (12.11.15)
® AgpeHanuH [0,09], HopagpeHanuH [1,3], aobyTamuH [13] + rMapOKOPTU30H + Na3nKe
® [Jlaktat 5,5 Mmonb/n

® [lnypes 4 mn/kr/vac

10:00 14:09 23:19
FTc 420 465 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 AnpenanuH [0,09] ApnpenanuH [0,07] AnpexanuH [0,00]

P R L



® 4 cyTkn xu3Hm (13.11.15)

® [lobytamuH [13], appeHanuH [0,06], HopaapeHanuH [1,3] + rnapoOKOPTM3OH

® [JlaktaT 6,3 MMonb/n

FTc

SVI

INO

Cl

SVRI

PKR

Koppekums Tepanuu

9:16
367
26
0,56
3,8
735
14 |
HopappeHanuH [1,9]

13:41
330
19
0,96
2,5
2725 4
57

HopapapeHanuH [1?3]

18:06
313
23
1,3
3,6
1887 4
30
AnpexanuH [0,04]




® OHTepanbHOE KOPMJIEHUE C S CYTOK

® OKCTYOMpOBaH Ha 7 CyTKY

FTc 367 458 421

Svi 22 22 22

INO 0,88 0,88 0,71

Cl 2,6 2,2 3,5
SVRI 2346 1 2429 1 1396
PKR 51 1 52 4 42
Koppekuus Tepanuu OTmeHa agpeHanuHa HopaapeHanuH [0,03] [OobytamuH [4]




3aknto4yeHune

@ Lok y HOBOPOXAEHHBIX MOXET NPOTEKaTh B BUAE Pa3NNYHbIX,
HEPEeAKO YepeyHoLLMXCS rEMOAVHAMUYECKIX BApUAHTOB

® [lpun neveHum Lwoka 06 bem OONOCHON MHAY3MOHHOM Tepanum 1 403
MHOTPOMHBIX 11 BAa30MPECCOPHbIX NPenapaToB cneayeT
«TUTPOBATbY B COOTBETCTBUW C MOKA3ATENSMM NPEAHArPY3KH,
KOHTPaKTUMBHOCTW 1 MOCTHArPYy3Ku

® [lns npoBedeHNst MOHUTOPUHIA NOKa3aTenen remoauHamumKy
ONTUManbHO COYETAHUE KNMHMYECKMX AaHHBIX, Ix0-KI n USCOM
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