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ock isastate of cellular energy failureresulting
fromthelack of adequate oxygen delivery. Shock
result from multiple pathogenic pathways
ncluding hypovolemia, poor myocardial con-
tractility, and failure of the regulation of vascular tone.
Shock, especialy due to sepsis, has a high case fatality
rate. Careful monitoring of at-risk neonates, early detec-
tion, and rapid initiation and titration of therapy can
improvethe outcome of neonateswith shock. A number of
clinical (heart rate, pulsevolume, blood pressure, capillary
refill time, core-peripheral temperature difference, urine
output), non-invasive bedside (perfusionindex (P1), plethys-
mography variability index (PV1), functiona echocardio-
graphy measurements), and laboratory (blood pH, lactate
levels, mixed venous oxygen saturation) measurement are
used for the detection and management of shock. How-
ever, no singlemeasure hasbeen found to be sensitiveand
specificfor detection of shock. Following questionsdrive
the choice of an appropriate measure for detection of
shock and titration of therapy:

* Inneonatesat risk of shock, which measureisan early
and sensitive marker of tissue hypoperfusion so that
the state of shock can be detected before decom-
pensation?

* Once treatment of shock isinitiated, which measure
can beusedfor titration of therapy?

» For the given measure, what are the normative values
or therapeutic targets for neonates born at different
gestationsand of different postnatal ages?

* What is the reference standard against which the
candidate measures for detection of shock must be
tested?

The Pl and PVI measured by pulse oximeter have been
suggested asan objective assessment of the pul satileflow of
blood in periphera arteries and the flow variability during
breathing [1]. A large study in hedthy term neo-nates
reported amedian (IQR) valueof 1.7 (1.18t0 2.50) for PI [2].
Preterm neonates have lower values. Presence of patent
ductusarteriosus(PDA) or measurement inaproneposition
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are associated with higher Pl. In this issue of the journal,
Sharma, et al. [3] present the utility of PI, PVI, and serum
lactate levels in diagnosis of hypotension (invasive mean
blood pressure <5th percentile). Authors have used fixed
valuesof 0.455, 23.5, and 4.65, respectively tolabel thetest
as'positive.” Correlation between these measuresand mean
blood pressure was found to be weak to moderate and the
diagnostictest characteristicsof theindividua testswereless
than optimal with highest positive predictive vaue being
51.7% for serum lactate [3]. This is not unexpected.
Hypotension in neonates can result from varied causes
including asphyxia, sepsis, extreme prematurity, PDA, and
fluid deficit. These causes have overlapping patho-
physiogica pathwaysand neonatesmay present withillness
at different stages of shock and compensatory response[4].
Therefore, a single measure is unlikely to be superior to
multi-modal  monitoring for detection of tissue

hypoperfusion.

Of the various measures, low blood pressure or
hypotension is one of the commonest indication of ini-
tiation of therapy for shock. Hence, many studies have
used hypotension as a reference standard to evaluate the
performance of other measures. However, blood pressure
aone is an inadequate marker of tissue perfusion [5].
Although, normative values have been suggested,
evidencelacksabout the threshol d bel ow which treatment
should be started or the blood pressure values that should
betargeted whiletitrating thetreatment. Thereisalack of
agreement on the blood pressure levels below which
cerebral auto-regulation fails or reduced end-organ
perfusion occurs. Varioustherapeutic threshol ds suggested
include mean blood pressure lower than gestation at birth
plus postnatal age, mean blood pressurelower than 30 mm
Hg, and mean blood pressure lower than 5th percentile[6].
Uncertainty also prevails regarding the association
between treatment of low blood pressure (especially inthe
first 24-48 hours) and adverse outcome. Non-invasive
blood pressurelevel isdependent on cuff length and width,
and theinfant’slevel of alertness, resulting in large inter-
and intra-patient varia-tion. Relying only on blood
pressure can lead to under-treatment or over treatment.
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Other measures suggested to measure tissue perfusion
include cardiac output, superior venacava(SVC) flow and
tissue oxygen saturation or oxygen extraction (e.g.,
cerebral) measured by near infra-red spectroscopy (NIRS)
[5,7,8]. However, each of these have their own challenges.
Cardiac output infirst few daysafter birthisinfluenced by
presence of PDA and left ventricular output can
overestimate the systemic blood flow by upto 200%. SVC
flow is not affected by presence of PDA and has been
shown to be a better predictor of the development of
intraventricular hemorrhage and adverse neurodevel op-
ment outcome [5,9]. However, its routine bedside appli-
cation is challenged by need of technical expertise and
large inter-operator variability. Direct measurement of
tissue oxygenation status is promising but targeting
therapy to achieve‘normal’ tissue oxygenation hasnot led
toimprovement in clinical outcomes[10].

Giventhecurrent statusof evidence, neonatesat risk of
shock should continue to monitored using multiple
complementary measures. Abnormal values of morethan
one measure and trend over time are more important than
any singlemeasure.
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