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Objective: To compare early goal-directed therapy (EGDT) ‘with’
and 'without’ intermittent superior vena cava oxygen saturation
(ScvO,) monitoring in pediatric septic shock.

Design: Open label randomized controlled trial.
Setting: Pediatric intensive care unit in a tertiary care center.

Participants: Children aged 1 month to 12 year with septic
shock.

Intervention: Patients not responding to fluid resuscitation (up
to 40 mL/kg) were randomized to EGDT ‘with’ (n=59) and ‘without’
(n=61) ScvO, groups. Resuscitation was guided by ScvO,
monitoring at 1-hour, 3-hour, and later on six-hourly in the ‘with’
ScvO, group, and by clinical variables in the ‘without' ScvO,
group.

Outcome: Primary outcome was all-cause 28-day mortality.
Secondary outcomes were time to and proportion of patients
achieving therapeutic endpoints (at 6 hours and PICU stay), need

for organ supports, new organ dysfunction (at 24 hours and
PICU stay), and length of PICU and hospital stay.

Results: The study was stopped after interim analysis due to
lower mortality in the intervention group. There was significantly
lower all-cause 28-day mortality in EGDT with ScvO, than
without ScvO,, group [37.3% vs. 57.5%, adjusted hazard ratio
0.57, 95%CIl 0.33 to 0.97, P=0.04]. Therapeutic endpoints were
achieved early in ‘with’ ScvO, group [mean (SD) 3.6 (1.6) vs. 4.2
(1.6) h, P=0.03]. Organ dysfunction by sequential organ
assessment score during PICU stay was lower in ‘with’ ScvO,
group [median (IQR) 5 (2,11) vs. 8 (3,13); P=0.03]. There was no
significant difference in other secondary outcomes.

Conclusion: EGDT with intermittent ScvO, monitoring was
associated with reduced mortality and improved organ
dysfunction in pediatric septic shock.
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orldwide, sepsisin childrenisasignificant

cause of mortality [1,2]. Despite the

understanding of septic shock and novel

therapeutic strategies, the mortality rateis
reported upto 20%in high-incomeand 57%inlow-middle
incomecountries (LMICs) [3-5]. The pediatric septic shock
guideline has been extrapolated from adult studies, but
significant pathophysiological differencesexist bet-ween
adultsand children[6]. Early goal-directed therapy (EGDT)
has been reported to be associated with reduced mortality
in adult septic shock [7]. EGDT approach involves
adjustmentsin cardiac preload, after-load, and contractility
to balance oxygen supply with oxygen demand [6,7].
Hemodynamic assessment based on clinical findings,
central venouspressure (CV P), and urine output may fail to
detect persistent global tissue hypoxia[7].

Superior vena cava oxygen saturation (ScvO,) is a
surrogate marker of cardiac index, and it is one of the
targets to be achieved during hemodynamic stabilization
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[7]. Few studies examined therole of ScvO, monitoringin
pediatric septic shock [4,5]. However, thereare constraints
inadopting EGDT in LMICs, despite therecommendation
of surviving sepsis campaign [4]. There are significant
differencesin the organizational structure of critical care
and demographic characteristicsbetween highand LMIC.

Editorial Commentary: Pages1117-18

Limited studies in pediatric septic shock reported a
favorable outcome in EGDT [5,8]. The crucia need to
reduce septic shock mortality, and the paucity of high-
quality controlled studiesin children warrants examining
the role of EGDT in LMICs [9]. Hence, this study was
conducted to compare EGDT with and without intermittent
ScvO, monitoring in pediatric septic shock anditseffect on
all-cause 28-day mortality.

METHODS

Thisopen-label randomized controlled trial was conducted
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inthe pediatricintensive careunit (PICU) of atertiary care
center from September, 2015to June, 2019. The study was
approved by theinstitutional ethics committeeand written
informed consent was obtained from parents/caregivers.
Children aged 1 month to 12 years diagnosed with septic
shock and who continued to have impaired perfusion
despitefluid bolus (up to 40 mL/kg) withinthefirst hour of
resuscitation were included in the study. Septic shock,
sepsis, and organ dysfunction were defined as per the
international pediatric sepsis consensus conference [10].
Fluid bolus was discontinued, if clinical signs of fluid
overload (hepatomegaly, basal lung crepitation)
developed. Childrenwith contraindication toinsertion of a
central venous catheter (CVC), cardiac disease, severe
malnutrition, and referred withaCV Cin-situ and/or already
received morethan 6 hoursof carewere excluded.

Computer-generated block randomization with a
variable size of blocks was generated by a person not
directly involvedinthestudy. Individual assignmentswere
kept in serially numbered, opaque sealed envelopes
(SNOSE). The investigator opened the envelopes, and
eligible patients were enrolled sequentially. The study
intervention was not blinded because of the nature of the
interventions. However, the person handling the dataand
the statistician were blinded for treatment assignment
during the analysis. The assignment was disclosed after
finalizing thefirst draft of theresults.

Before starting the trial, we conducted multiple
discussion sessions among investigators, resident
doctors, and nursing staff about the nature of thetrial, its
components, and how EGDT hadto bedelivered. Thebasic
concept of EGDT wasadopted from Rivers, eta. [7], and
the concept of without ScvO,, monitoring was adopted
from Sankar, et al. [5]. Supplemental oxygen and mechanical
ventilation were administered based on clinical need. CVC
wasinserted in all patientsin the internal jugular vein by
study investigators. A 5Fr CV C was used for infants and
younger children and 7Fr for older children. The CVCtip
position was confirmed at thejunction of the superior vena
cava and right atrium by ultrasound and X-ray. ScvO,
valueswere analyzed using ablood gasanalyzer withaco-
oximetry module (Cobas b221 blood gas system, Roche
Diagnostics). Vaues of ScvO, were recorded in both
groups, but they were not used to guidetreatment in EGDT
thewithout ScvO, group.

INEGDT with ScvO, group, resuscitation was carried
out as per the protocol (Web Fig. 1a). After achieving
target CVP and mean arteria blood pressure (MABP) by
fluid and vasoactive drugs, the ScvO, >70% was targeted
and estimated at enrollment, 1, 3, and every 6-hourly.
Epinephrinewastheinitial choicefor cold shock and nor-
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epinephrine for a warm shock. Packed red blood cells
(PRBC) was transfused when ScvO2 was <70%, and
hematocrit was<30% during thefirst hour of resuscitation.
If ScvO, remained <70% even after PRBC transfusion,
dobutamine was started and titrated according to
hemodynamic parameters. InEGDT without ScvO, group,
resuscitation wascarried out as per the protocol (Web Fig.
1b). After achieving target CVPand MABP by fluidsand
vasoactive drugs, the arterial lactate level wastargeted to
<1.6mmol/L. If thearterid lactatewas>1.6 mmol/L, PRBCs
and inotropic support were provided. L actate valueswere
obtained at enrollment, 1 hour, 3-hour, and then every 6-
hourly. In both groups, the additional choice of
vasopressor, inotropic agents, and fluid boluswas decided
according to the hemodynamic parameters, CVP, ScvO,/
lactate values, and type of shock. The therapeutic
endpointsof septic shock were defined ascapillary refill of
<2 second, normal blood pressure for age, normal pulses
with no differential between peripheral and central pulses,
warm extremities, urine output >1 mL/kg/hour, normal
mental status (without sedation), arterid lactate<1.6 mmol/
L or decreasing trend and ScvO, saturation >70% [5,11].
The only difference between the two groups was that the
ScvO, >70% wasthefinal therapeutic endpointin EGDT
with ScvO, group, whereas ScvO, was not used as a
therapeutic endpoint in the without ScvO, group. The
standby extracorporeal membrane oxygenation (ECMO)
service was not available in our unit. After achieving the
therapeutic endpoints, patientswere monitored and if any
waorsening occurred, the protocol was repeated as per the
assigned group. Details of hourly hemodynamic
parameters, investigationsand interventionswerenoted in
apredesigned proforma.

Our primary outcomewas all-cause 28-day mortality.
Secondary outcomes were time to and proportion of
patients who achieved therapeutic endpoints (at 6-hour
and PICU stay), need for organ supports (mechanical
ventilation, vasoactive support, and rena replacement
therapy-RRT), new organ dysfunctions (at 24-hour and
PICU stay by sequentia organ failure assessment score-
SOFA, Pediatric Logistic Organ Dysfunction-(PeL OD)
score, and length of PICU and hospital stay.

Unpublished data from our center from January —
December 2014 and Sankar, et al. [5] reported a 55%
mortality rateinthe EGDT without ScvO, group and 30%
mortality ‘with’ ScvO, group [5]. With the assumption of
25% absol uterisk reduction in theintervention group and
95% power, a phaerror of 5%, wecal culated the samplesize
of 110ineach group (total of 220), including a10% attrition
rate (nQuery Advisor+nTerim 3.0). Theseresultsassumed
that two sequential tests at equally spaced intervals were
made. The study progression was monitored by the
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independent data monitoring and ethics committee. An
independent statisti cian who was also aphysician analyzed
the datain a blinded manner. The trial had to be stopped
after an interim analysis of 120 patients contended lower
mortality in the intervention group. The power of the
study decreased from 95% to 80% with atwo-sided a pha
error of 5% after theplannedinterimanalysis.

Satistical analysis: Data was analyzed according to the
assigned group (intention to treat analysis). Kolmogorov-
Smirnov Z-test was used to check the distribution of data.
Normally distributed continuous data were compared by
Student t-test and by Mann-Whitney U test if skewed data.
Chi-squaretest or Fisher exact test wereused for analyzing
qualitative data. Kaplan-Meier survival estimateswith log-
rank test was used for time to event analysis. Cox
proportional hazard analysis was done to adjust the
predefined variables (age, sex, shock type-compensated/
hypotensive). Relative risk and hazard ratio with 95%Cl
were calculated as necessary. The general linear model-
repeated measuresanaysisof variance (RM-ANOVA) was
performed to compare the trends of the first 72-hour of
hemodynamic and laboratory variables in the study
groups. The missing values in the data (amounting to
9.8%) duringtheRM-ANOVA analysiswerehandled using
the last observation carried forward (LOCF) method. All
the tests were two-tailed, and a P value <0.05 was
considered statistically significant. IBM SPSSversion 20.0
(SPSSiInc.) and Epi Info7(7.0.9.7, CDC) wereused for data
analysis.

RESULTS

Of the 131 eligible children screened, 120 wererandomized
and analyzed (59in‘with’ ScvO, group and 61in*without'

ScvO,) (Fig. 1). No protocol violationwas noted. Baseline
characteristicsof boththegroupsareshowninTablel. The
most common focus of infection was pulmonary (n=67,
55.8%), followed by bloodstreaminfections(n=20, 16.7%).
Culturewerepositivein 34 (28.3%) patients, and the most
common gram-negative and gram-positive organisms
isolated were Pseudomonas aeruginosa (31.4%) and
Saphylococcus aureus (14.3%), respectively. A
significantly higher number of children received
dobutamineinthe EGDT with ScvO, group (61% vs. 33%,
P=0.002); no significant differencewas seenintheneed for
other interventions(Tablel ).

Theoverall al-cause 28-day mortality ratewas47.5%
(n=57). EGDT with ScvO, group had 20.1% absolute
reduction in all-cause 28-day mortality which was
significant than EGDT without ScvO, group [37.3%, n=22
vs. 57.4%, n=35; RR (95%Cl) 0.66 (0.45-0.97); P=0.028] and
adjusted hazard ratio 0.57 (0.33-0.97), P=0.038] (Tablel I |
and Fig. 2). Thenumber needed totreat was5 (2.7-38.6). In
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EGDT with ScvO, group, the mean time to achieve all
therapeutic endpoints at 6-hour (P=0.035) and the SOFA
scorecalculated daily (24 hrs) (P=0.039) wassignificantly
lower than the without ScvO, group. No significant
differencewasnoted in other secondary outcomes (Table
I11). Seven patients had minor bleeding at thesiteof CVC
placement (3with ScV O, and 4 without ScvO, groups). No
seriouscomplicationsoccurred likesignificant bleeding, air
leak, or other CV C-related complications.

DISCUSSION

In our study, EGDT with intermittent ScvO, guided
management in pediatric septic shock was associated with
20.1% absol utereduction of dl-cause 28-day mortality than
without ScvO, monitoring. Both the meantimeto achieve
all therapeutic endpoints at 6 hours, and the SOFA score
weresignificantly lower inEGDT with ScvO, group. ScvO,
isasurrogate marker of oxygen utilization at thetissuelevel.
Hence, targeting ScvO, >70% ensures adequate
microcirculation and organ perfusion [5-8]. American
College of Critica Medicine (ACCM) guidelines
emphasized using ScvO, >70% as atherapeutic endpoint
in pediatric and neonatal septic shock [6].

Screenedfor éigibility
(n=170)

Excluded (n=39)

8 Contraindicationto CVC

—| 7 Severemalnutrition

10 Cardiacillness

14 Resuscitation received outside

| Eligible(n=131) |

5 Refused consent
6 Logisticissues

| Randomization (n = 120) |

N
J J
59 Assignedto EGDT 61 Assignedto EGDT
‘with’ SevO,, ‘without’ ScvO,
59 Received assigned 61 Received assigned
intervention intervention
J J
59 Included 61 Included
inanalysis inanalysis

CVC-central venous catheter, EGDT-early goal directed therapy,
ScvO,-superior vena cava oxygen saturation.

Fig. 1 Study flow chart.
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Table| Baseline Characteristics of the Study Participants

Characteristics EGDT (with EGDT (without
ScvO2) group  ScvO2) group
(n=59) (n=61)
Age, mo? 12 (7-39) 12 (4-54)
Males 31(52.5) 29(47.5)
PRISM 1112 17(13-21) 16 (13- 23)
PeLOD? 12(8-24) 16(11-23)
SOFA2 8(5-13) 9(6-13)
Transferred from
Pediatric emergency 42(71) 43(71)
Pediatricward 10(17) 13(21.3)
Others 7(12) 5(8.2)
Prior antibiotic therapy 27 (46) 33(54)
Focusof infection
Lung (pneumonia) 34(57.6) 33(54.1)
Bloodstream infection 8(13.6) 12(19.7)
Abdominal infection 6(10.2) 6(9.8)
Skinand muscul oskel etal 6(10.2) 5(8.2)
infection
Central nervous system 2(3.9) 1(1.6)
infection
Renal systeminfection 1(1.7) 1(1.6)
Without focus 2(3.49) 3(4.9
Cold shock 54 (91.5) 53(87)
Warm shock 5(8.5) 8(13)
Hypotensive shock 38(64.4) 41(67.2)
Compensated shock 21(35.6) 20(32.8)
Clinical and laboratory parameters
Mean arterial blood pressure, 52 (13) 49(13)
mmHgP
Central venous pressure, 8.3(2) 8.3(1.9)
cmH20P
Hemoglobin, gm/dLP 8.7(2.1) 9(2.1)
Hematocrit, %P 26.2(6.4) 26.8(6.5)
Lactate, mmol/LP 46(3.1) 4.6(2.9)
ScvO2, %P 66.3(10.4) 64.7 (10.8)
Scv02 <70% 43(73) 46 (75.4)
ScvO2 among patient 61.4(6.5) 60.2(7.4)
with <70%P
Culture positive 18(31) 16 (26.2)

Values presented as no. (%) except 2median (IQR) or Pmean (SD).
EGDT-early goal-directed therapy, ScvO,-superior vena cava
oxygen saturation, PRISM-pediatric risk of mortality, PeLOD-
pediatric logistic organ dysfunction, SOFA-sequential organ
failure assessment.

Previousreports[5,8] also reported mortality reduction
similar to oursin the ScvO, group. However, the patient
population in our study was sicker than those in the
previous study [8]. Thetimely administration of bundled
care is the cornerstone for improved outcomes in septic
shock. InEGDT with ScvO, group, the meantimetakento

INDIAN PEDIATRICS

1127

19

Tablell Treatment and Hemodynamic Variablesin theTwo
Study GroupsDuringtheFirst 72Hours

Parameter EGDT (with EGDT (without
SovO2) group ScvO2) group
(n=59) (n=61)
Timetofirst antimicrobial 24(12) 22(11)
dose, min®
Bolusreceived, mL/kgP 64.8(27.1) 65.4(29.9)
Needfor colloids 5(8.3) 9(14.8)
Need for any vasopressor 55(93.2) 57(93.4)
Need for dobutamine® 36 (61) 20(33)
Needfor milrinone 10(17) 5(8.2)
Inotropic score? 23.3(1.8) 22.7(1.8)
Vasoactive-Inotropic score?  35.6 (3.7) 37.4(3.6)
Needfor PRBC 33(56) 24(39.3)
PRBCtransfused, mL/kg®2  19.2(7.7) 18.4(10.7)
Need for FFP 7(11.9) 9(14.8)
Needfor platel et 10(17) 11(18)
concentration
Received steroid 26(44.1) 29(47.5)
Fluid balance (%FO)2 0.70(0.50) 0.74(0.39)
Mean arterial blood pressure? 57.3 (1.6) 57.3(1.6)
Central venous pressure, 8.7(0.2) 8.9(0.2)
cmH,0P
Scvo, (%)P 70.4(1.5) 65.1(1.5)
Lactate, mmol/LP 4.1(0.6) 4.6(0.6)
Delta-lactateat 6h,2mmol/L - 0.43(1.24) 0.65(2.72)

Data presented as no. (%) except @mean (SD) or Pmean (SE).
EGDT- early goal-directed therapy, ScvO,-superior vena cava
oxygen saturation, PRBC-packed red blood cell, FFP-fresh
frozen plasma, %FO-percentage fluid overload. P=0.002,
4P=0.012, ®P=0.007.

achieve therapeutic endpoints at the first 6-hour was
significantly lower, and the ScvO, values (0 to 6-hour and O
to 72-hour) were significantly higher. Thus, our study
showed that ScvO,, monitoring helps early recognition of
septic shock and guides interventions to correct this
pathophysiol ogy, thereby improving outcomes, similar to
previous work [5,8]. The mortality rate in our study was
amost the same as previously reported [7]. However, in
three major controlled trialsin adults[12-14] conductedin
high-income countries, no difference in mortality was
found by theEGDT compared with usual careand protocol-
based standard therapy, respectively. Their low baseline
mortality could be oneof thereasonsfor thisdifference.

Timely administration of resuscitation bundle and
targeting tissue perfusion variable, namely ScvO, in
septic shock has been associated with improved organ
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Tablelll OutcomeComparison of Primary and Secondary Between the Two Sudy Groups
Outcome EGDT (with EGDT (without  Relativerisk P value
ScvO2) group ScvO2) group (95% ClI)
(n=59) (n=61)
Primary outcome
All cause 28-d mortality 22(37.3) 35(57.4) 0.66 (0.45-0.97) 0.028
Secondary outcomes
Achieved therapeutic endpoint at 6h 37(62.7) 33(54.1) 1.16(0.86-1.57) 0.34
Timeto achievetherapeutic endpointsduring 6h, h2 3.6(1.6) 4.2(1.6) - 0.03
Achieved therapeutic endpoints during PICU stay 45(76.3) 38(62.3) 1.22(0.96-1.56) 0.097
Timeto achieve therapeutic endpoints during PICU stay, h? 6.3(8.1) 7(11.1) - 0.77
Organ support
Need for invasiveventilation 45(76.3) 45(73.8) 1.03(0.84-1.27) 0.75
Duration of ventilation, d° 4(3-7) 4(2-7) - 0.72
Average Vasoactive-inotropic score (first 7d)2 30(25.6) 31.5(22.9) - 0.73
Need for renal replacement therapy 11(18.6) 10(16.4) 1.14(0.52-2.48) 0.75
New organ dysfunction
Patients with new-onset organ dysfunction 25(42.4) 30(49.2) 0.86(0.58-1.28) 0.45
No. of new organ dysfunction® 2(1-3) 2(1-2) - 0.68
PeLOD score
At 24hP 12(8-24) 16 (11-23) - 0.21
During PICU stay? 8(3-18) 13(4-20) - 0.17
SOFA Score
At 24h 8(5-13) 10(6-14) - 0.08
During PICU stay? 5(2-11) 8(3-13) - 0.04
Duration
PICU stay, d® 5(3-9) 5(2-10) - 0.72
Hospital stay, d® 8(6-13) 7(4-13) - 0.40

All data presented as no. (%) except @mean (SD) or Pmedian (IQR). EGDT-early Goal-Directed Therapy, ScvO, - superior vena cava oxygen
saturation, Cl-confidence Interval, PeLOD-pediatric Logistic Organ Dysfunction score, SOFA-sequential Organ Failure Assessment, PICU

-pediatric intensive care unit.

dysfunction and reduced mortality [5,15]. Otherwise,
inadequate resuscitation leads to progressive organ
dysfunction and death [16]. We found that new-onset
organ dysfunction was similar in study groups; however,
during PICU stay, the SOFA scorewassignificantly lower in
EGDT with ScvO, group. This contrasts to previous
pediatric studies that have reported a lower new-onset
organdysfunctionin EGDT with ScvO, group [5,8].

Inour study, the need for vasoactivetherapy and blood
transfusionweresimilar in both groups; however, the need
for dobutamine was higher in EGDT with ScvO, group.
Previous adult and pediatric studies reported a higher
proportion of patients receiving both inotropic and blood
transfusion in the ScvO, targeted group [7,8]. This could
be due to sepsis-associated myocardial dysfunction in
septic shock [5-8]. We used the same blood transfusion
threshold (10 g/dL) in both study groups. A similar
observationwasreported by Sankar, et a. [5]. Theneedfor
other interventions was similar in both groups including
fluid bolus, ventilation, and additional vasoactivetherapy.

INDIAN PEDIATRICS

1128

=
=
]
3
w
‘s
£
o
©
a
2
o
0.2 adjusted hazard ratio 0.57, 95%CI 0.33 to 0.97, P=0.038
0.0 T T T T T T T
0 4 8 12 16 20 24 28
Time (days)

Fig. 2 Kaplan-Meier survival curve showing mortality up to 28-day in
the study groups.
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organ dysfunction.

WHAT IS ALREADY KNOWN?

« Limited studies on early goal-directed therapy in pediatric septic shock reported reduced mortality and improved

WHAT THIS STUDY ADDS?

« Early goal-directed therapy with intermittent superior vena cava oxygen saturation monitoring reduces mortality
and improves organ dysfunction in pediatric septic shock.

In our study, the baseline lactate was higher and the
declining trend wassignificantly morein EGDT with ScvO,,
group, which contrastswith previous studies[5,8]. Hence,
targeting the ScvO, with an inotropic agent and bundle
caremight improvethemyocardia contractionand optimize
tissue perfusion.

The limitations of the study were that ScvO,, was not
monitored continuously. However, recent studies have
showed non-inferiority of intermittent ScvO, monitoringin
pediatric septic shock [17]. It is a single center, and our
basdinemortality washigh, which limitsthegenerali-zation
of our resultsto other settings. The strengths of our study
arethat it enrolled children with varioustypesof infections
presenting as septic shock, measurement of ScvO, was
done using blood gas analyzer with aco-oximetry module,
which contrastswith the previous study [5]. Futurestudies
in different settings are required to validate the
generdizability of our results.

Our study concludes that EGDT with intermittent
ScvO, monitoring (and targeting ScvO2 >70%) was
associated with reduced mortality and improved organ
dysfunctionin pediatric septic shock.

Acknowledgments: We acknowledgethe contribution of Mrs. S.
Raja Deepa, B.Com, MCA (JPMER), Puducherry for data
handling, review, and editing of the manuscript; Dr. Muthu
Chidambaram, MD, DM, Assistant Professor, Depart-ment of
Pediatrics, SaveethaMedical College, Chennai, Tamil Nadu, for
critical comment on the manuscript; Mr. Rakesh Mohindra
(Punjab University, Chandigarh) and Mrs. Thenmozhi M, M.Sc,
Ph.D., (Senior Demonstrator, CMC, Vellore) helping with
statistical analysis and Mrs. Harpreet Kaur (Punjab University,
Chandigarh), and Mrs. Neelima Chadha (Tulsi Das Library,
PGIMER, Chandigarh) helping with themedical literature search.
Note: The preliminary data were presented at the 30th Annual
Meeting of the European Society of Paediatric and Neonatal
Intensive Care (ESPNIC 2019), held at Salzburg, Austria, June 18
-21,2019.

Ethical clearance: Institutional Ethics committee, JPMER;
No.JIP/IEC/2015/16/598, dated June 25, 2015.

Contributors: RR: had full accessto all the datain the study and
took responsibility for theintegrity of thedataand the accuracy of
the data analysis; RR, SM: study concept and design; PJ, PS:
acquisition, analysis, or interpretation of data; PJ: drafting of the

INDIAN PEDIATRICS

1129

first manuscript; RR: critical revision of the manuscript for
important intellectual content; RR, SM: study supervision. All
authors approved thefinal version of the manuscript.

Funding: IPMER intramural research grant (J P/RES/INTRA-
DM-M.CH/01/2015-16 and JP/RES/ INTRA-DM-M.CH/
Phasel/Grant 2/01/2016-17) to SM/RR.

Conflict of interests: None stated.

Note: Additional material related tothisstudy isavailablewiththe
onlineversion at www.indianpediatrics.net

REFERENCES

1. CarcilloJA. Reducingthegloba burden of sepsisininfantsand
children: A clinical practiceresearch agenda. Pediatr Crit Care
Med. 2005;6:S157-64.

2. ReinhartK, DanielsR, Kissoon N, et a. Recognizing sepsisas
aglobal hedth priority - A WHO resolution. N Engl JMed.
2017;377:414-7.

3. AngusDC, Linde-ZwirbleWT, Lidicker J, et a. Epidemiology
of severe sepsisin the United States: Analysis of Incidence,
Outcome, and Associated Costs of Care. Crit Care Med.
2001;29:1303-10.

4. OliveiraCF, Nogueirade SaFR, OliveiraDS, et d. Time- and
fluid-sensitive resuscitation for hemodynamic support of
children in septic shock: barriersto theimplementation of the
American College of Criticdl Care Medicine/Pediatric
Advanced Life Support guidelinesinapediatricintensvecare
unitinadevel opingworld. Pediatr Emerg Care. 2008;24:810-5.

5. Sankar J, Sankar MJ, Suresh CP, et a. Early goal-directed
therapy in pediatric septic shock: Comparison of outcomes
‘with’ and ‘without’ intermittent superior venacaval oxygen
saturation monitoring: A prospective cohort study. Pediatr Crit
CareMed. 2014; 15:e157-67.

6. DavisAL, CarcilloJA, AngaRK, et a. American College of
Criticdl Care Medicine Clinical Practice Parameters for
hemodynamic support of pediatric and neonatal septic shock.
Crit CareMed. 2017;45:1061-93.

7. Rivers E, Nguyen B, Havstad S, et a. Early goal-directed
therapy in the treatment of severe sepsisand septic shock. N
Engl IMed. 2001;345:1368-77.

8. deOliveiraCF, deOliveiraDS, Gottschald AF, et al. ACCM/
PAL Shaemodynamic support guidelinesfor paediatric septic
shock: Anoutcomescomparison with and without monitoring
central venous oxygen saturation. Intensive Care Med.
2008;34:1065-75.

9. AngusDC, Barnato AE, Bell D, etd. A systematic review and
meta-analysisof early goal-directed therapy for septic shock:
the ARISE, ProCESS and ProM|Se Investigators. Intensive

VoLUME 58—DECEMBER 15, 2021



22

10.

11.

12.

13.

INDIAN PEDIATRICS

CareMed. 2015;41:1549-60.

Goldstein B, Giroir B, Randolph A. International Pediatric
SepsisConsensus Conference: Definitionsfor sepsisand organ
dysfunctionin pediatrics. Pediatr Crit Care Med. 2005;6:2-8.
Dellinger RP, Levy MM, Rhodes A, et al. Surviving sepsis
campaign: | nternational guidelinesfor management of severe
sepsis and septic shock: 2012. Crit Care Med. 2013;41:
580-637.

ARISE Investigators, ANZICS Clinical Trials Group, Peake
SL, et a. Goal-directed resuscitation for patients with early
septic shock. N Engl IMed. 2014;371:1496-506.

Pro Cl, Yealy DM, Kellum JA, et al. A randomized trial of
protocol-based care for early septic shock. N Engl J Med.
2014;370:1683-93.

14.

15.

16.

17.

EARLY GoAL DIRECTED THERAPY IN SEPTIC SHOCK

Mouncey PR, Osborn TM, Power GS, et al. Tridl of early, god-
directed resuscitation for septic shock. N Engl J Med.
2015;372:1301-11.

Weiss SL, Peters MJ, Alhazzani W, et a. Surviving Sepsis
Campaigninternational guideinesfor themanagement of septic
shock and sepsis-associated organ dysfunction in children.
Pediatr Crit CareMed. 2020;21:e52-€106.

Bateman RM, Walley KR. Microvascular resuscitation as a
therapeuticgoa in severesepsis. Crit Care. 2005;9:S27-32.
Huh JW, Oh BJ, Lim CM, et a. Comparison of clinica
outcomes between intermittent and continuous monitoring of
central venous oxygen saturation (ScvO2) in patients with
severe sepsis and septic shock: A pilot study. Emerg Med J.
2013;30:906-9.

1130

VoLUME 58—DECEMBER 15, 2021



JAIN, ETAL.

Children wmmmm seplic shock Children weth fluid refractory septic shock
{up 10 40 mikg fluid bolus) {up to 40 mikg fuid bolus)
Insertion of central venous catheter & Insertion of central venous catheter &
artenal line artenial line

l |
'—ﬁ Central venous pressure Im‘ —“ Central venous pressure Im'

+| Fluid bolus at 20 mikg »| Flud bolus at 20 mikg
i = 5

-

Mean arterial blood pressure . Mean artenal prassure o
[enatea e :jm )

Appropriate ; Agproprate
e, o) | o || [reme] ]
Superior vena cava owygen [ <70% || Transfusion of PREC |( <70% || HPCY > 30%, Lactate >1§ | | Transfusion of PRBC | PCV > 30%,
saturation | i PCV < 30% Dobutaring o POV <20% 5 || petans
£18er
@.‘ S6v0: 270% Sev0: 270% detangrend [ |aciates16

A Futher observation B Futher observaon

Web Fig. 1 (a) Early goal-directed therapy with superior vena cava oxygen saturation protocol; (b) Early goal-directed
therapy without superior vena cava oxygen saturation protocol.
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