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Basics of changes in hemodynamic monitoring in sepsis care
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Sepsis is a life-threatening organ dysfunction caused by
a dysregulated host response to an infection, and septic
shock is a subset of sepsis in which profound circulatory,
cellular, and metabolic abnormalities occur, associated with
a greater risk of mortality compared to sepsis alone (1).
Septic shock should be considered a medical emergency,
and focus must be placed on timely intervention, including
early identification and treatment of the infection through
appropriate antimicrobial therapy, source control when
applicable, and reversal of hemodynamic instability through
fluid resuscitation and vasopressor use (2,3). However,
intravenous fluids and vasopressors could harm the patient.
Therefore, these therapies must be adjusted in response
to markers of resuscitation adequacy. In agreement with
these reports, the Surviving Sepsis Campaign (SSC) 2016
Guidelines have removed the standard goals, such as of
central venous pressure (CVP) and central venous oxygen
saturation (4). Removing the most specific endpoints
emphasize on the importance of serum lactate levels in
patient-specific customization of the hemodynamic therapy
and suggest performing hemodynamic resuscitation by
repeated measurement of the blood lactate levels every 2
to 4 hours until normalization (weak recommendation, low
quality of evidence) (4,5). Moreover, the Third International
Consensus Definitions for Sepsis and Septic Shock (Sepsis-3)
has included hyperlactatemia over 2 mmol/L in the revised
definition of septic shock (1,6,7).

While an elevated serum lactate level suggests tissue
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hypoperfusion (8), and lactate-guided resuscitation in early
sepsis showed non-inferiority in a randomized controlled
study (9), it can be elevated in conditions other than
tissue hypoperfusion, including increased adrenergic-
driven aerobic glycolysis and impaired lactate removal
(5,10). In other words, there is a risk of over-resuscitation
if hyperlactatemia in sepsis is associated with lactate
production or clearance rather than with hypoperfusion.
Moreover, lactate clearance is relatively slow in providing
timely feedback to clinicians regarding the treatment
outcome (11), and serum lactate measurements may not be
universally available, especially in the developing countries.
Therefore, investigating the alternative resuscitation targets
is an important research priority in sepsis.

Regarding the best resuscitation end point to assess
adequate tissue perfusion, the ANDROMEDA-SHOCK
randomized clinical trial in a recent issue of 74MA, in which
424 adults with septic shock were randomized to peripheral
perfusion-guided resuscitation using capillary refill time
(CRT) and lactate-guided resuscitation, postulated a
potential alternative to assess adequate tissue perfusion
in patients with early septic shock (12). The intervention
period was 8 hours after randomization. Lactate-guided
resuscitation represented the current guidelines and was
intended to titrating resuscitation based on the lactate
level measured every 2 hours, with a target of greater than
20% reduction of lactate every 2 hours or normalization of
the lactate level. CRT-guided resuscitation was guided by
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CRT measured every 30 minutes with a target of less than
3 seconds of CRT. The enrolled patients had typical
features of septic shock. Most patients (71%) were admitted
from the emergency department, and the common
infections were pneumonia and intra-abdominal infections.
The resuscitation protocol was a well-operable and stepwise
approach (step 1: fluid responsiveness; step 2: vasopressor
test; step 3: inodilator test) and could be applicable widely.
This protocol is meaningful in the view of using dynamic
variables to assess fluid responsiveness and guide additional
fluid therapy rather than a static variable, such as CVP.

The primary outcome was 28-day all-cause mortality.
The study showed 8.5% reduction (approximately 20%
of relative risk reduction) of mortality in the CRT-guided
resuscitation group (34.9% in the CRT group vs. 43.4%
in the lactate group, P=0.06), but without statistical
significance. The authors concluded that a resuscitation
strategy targeting normalization of CRT, compared to
a strategy targeting serum lactate levels, did not reduce
the 28-day all-cause mortality. Although this conclusion
suggests a negative trial, there is a concern regarding the
sample size calculation that this result could be significant
statistically if the sample size or magnitude of effect was
increased. The sample size of 420 patients was calculated
with 90% power to detect an absolute reduction rate of
15% for lack of previous data to calculate the power with
CRT. Although the authors’ assumption that 15% was the
smallest clinically important difference in 28-day mortality
between CRT and lactate-guided group made it a feasible
sample size, this raises an issue of underpowering to answer
the study question. The ANDROMEDA-SHOCK trial is
not a non-inferiority study concluding that CRT-guided
resuscitation is no worse than lactate-guided resuscitation,
but there was less organ dysfunction at 72 hours in the
CRT-guided group, as evidenced by mean 72-hour
sequential organ failure assessment (SOFA) scores of 5.6 vs.
6.6 [95% confidence interval (CI), -1.97 to -0.02; P=0.045].
CRT-guided resuscitation is unlikely to worsen the outcome
clinically. In other words, CRT-guided resuscitation is not
inferior to lactate-guided resuscitation.

The resuscitation measures were similar in both groups,
except for the resuscitation volume within the first 8 hours
[mean difference —408 (=705 to —100) mL]. This result
addressed that major therapies such as fluid administration
and vasopressor use might be similar, regardless of
the monitoring method. However, differences in the
resuscitation volume within the first 8 hours might be
attributed to the frequency of reassessment and persistent
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hyperlactatemia. The trend of reduction in mortality in
CRT-guided resuscitation was presumed to be for the same
reason. CRT was assessed every 30 minutes and lactate
every 2 hours. Skin perfusion is a flow-sensitive variable,
so it might respond rapidly following fluid loading in fluid
responsive patients. The study on evolution of perfusion
parameters during septic shock resuscitation demonstrated
that CRT showed the earliest normalization, and the
normal value of CRT (less than 3 seconds) at 6 hours was
independently associated with successful resuscitation,
defined as normalization of the lactate level (13). Other
studies including a cohort of surviving septic shock patients
confirmed that the normality of CRT increased from 46% to
70% in the patients after 2 hours of fluid resuscitation, while
the lactate level was normalized in only 52% of the patients
at 24 hours (14). This study could not be completely blinded
to the treating physician. Therefore, the treating physician
might have used both laboratory and physiologic parameters
in the intervention period. It can be presumed that frequent
reassessment in CRT-guided resuscitation and rapid response
of CRT might result in a more meticulous resuscitation
compared to lactate-guided resuscitation. Slow normalization
of lactate following fluid resuscitation and hyperlactatemia
from mechanisms other than tissue hypoperfusion could be
presumed to cause over-resuscitation in the early phase. The
SSC guideline also recommends frequent reassessment of
the hemodynamic status to guide the additional fluid therapy
following the initial fluid resuscitation (4).

CRT could be used as a target for fluid resuscitation
in septic shock because of the simplicity of its assessment,
bedside applicability, rapid recovery following fluid
resuscitation, and availability in a resource-limited setting.
A CRT >3.5 s indicates poor peripheral perfusion and,
if associated with hyperlactatemia, marked circulatory
failure (15). However, there are several limitations of CRT.
CRT measurement should be standardized, including the
application site, pressure time and method, and normal
value. In this study, authors standardized CRT assessment by
applying a microscope slide to the finger pulp for 10 seconds
of blanching and counting the time to reperfusion using a
chronometer. Quantitative CRT measured using a modified
pulse oximeter device can predict hyperlactatemia and
was suggested as an objective method to assess CRT (16).
Pressing the nail bed with 3-7 N (3 N is strength needed to
lift an object weighing 300 g) for 2 seconds was suggested
as the optimal pressing strength and time for measuring
CRT (17). Although authors claimed that training and
using a chronometer could reduce interrater variability, this
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problem should be considered (18).

In summary, the ANDROMEDA-SHOCK trial showed
that a resuscitation strategy targeting normalization of CRT,
compared to a strategy targeting serum lactate levels, did
not reduce the 28-day all-cause mortality; however, CRT
assessment can be conducted in a simple, inexpensive, and
standardized way and may play a role in the titration of fluids
and vasopressors during early resuscitation in septic shock,
especially in resource-limited settings. This study might
postulate the importance of basic care, clinical examination,
and frequent reassessment in the early resuscitation phase.
Future studies should be continued on the usefulness of the
physiologic parameters, including CRT as microcirculatory
resuscitation end points, in various shock states.
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