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SPECIAL ARTICLE

Guidelines for treatment of severe sepsis/septic shock —
tissue perfusion assessment

Diretrizes para tratamento da sepse gravelchoque séptico - avaliagio

da perfusio tecidual

ABSTRACT are fundamental for appropriate

therapy. It is clear that hypoperfusion
Sepsis is a very frequent condition patients should be hemodynamically
and causes high mortality rates optimized; therefore, recognition
and healthcare costs; it is the main of hypoperfusion signs is one of the
cause of death in intensive care
units. Clear, improved prognosis

was shown for early diagnosed and

main therapeutic steps. This guideline
discusses the current literature and
available data regarding the evaluation

treated patients. Treatment guidelines of hemodynamic parameters.

INTRODUCTION

The impairment of the oxygen intake versus consumption balance is
one of the main mechanisms involved in sepsis-related organ dysfunctions.
Therefore, the identification of early hypoperfusion signs in patients
is very important for their appropriate care. For this, mixed (SvO,) or
central (SvcO,) venous oxygen saturation levels in addition to lactate levels
are currently the most widely used parameters assessed. These variables
provide for macro-hemodynamic evaluation; however, they fail to provide
regional perfusion or even microcirculation assessments. The questions
below address appropriately based responses to fundamental topics related
to perfusion assessment in severe sepsis and septic shock patients.

OBJECTIVE

This guideline aims to provide minimal guidance on the use of tissue
perfusion markers during hemodynamic resuscitation of severe sepsis
patients that is suitable for the Brazilian setting.

Description of evidence collection methods

The primary search was conducted using the MEDLINE database
via the PubMed medical bibliography search service. Using the MeSH
(Medical Subject Headings) interface, the following key words were used:
(severe sepsis OR septic shock AND central venous oxygen saturation OR
venous oximetry AND outcome), (severe sepsis OR septic shock AND
lactate OR lactic acid AND outcome) and (severe sepsis OR septic shock
OR circulatory failure OR shock AND central venous oxygen saturation
AND mixed venous oxygen saturation). Secondarily searched sources were
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Cochrane, Ovid and the Trip Database. The searches
were directed to deal with PI.C.O. (Population,
Intervention, Comparison and Outcome) methodology
structured questions.

Degree of recommendation and evidence strength

A: More consistent experimental or observational
studies

B: Less consistent experimental or observational
studies

C: Case reports (non-controlled studies)

D: Opinion without a critical evaluation, based on
consensus, physiological or animal model studies

1. Can systemic perfusion assessment based on
lactate evaluation provide a better prognosis for
severe sepsis and septic shock patients?

Global hypoxia occurring in
sepsis and septic shock comes from an association
between heterogeneous microvascular blood flow
distribution, low systemic flow (ischemic hypoxia)
and cell metabolism failure (cytopathic hypoxia).
Consequently, anaerobiosis and increased serum lactate
develop; this last symptom arises from several factors.
Lactate increase is very fast and is proportional to the
metabolic oxidative defect and shock severity(D)."
The prognostic value of serial lactate measurements
is well-established (D)®(B).? Lactate levels are a
better metric for prognosis evaluation than oxygen-
derived variables (B)© and the ‘lactime’ — the time
that lactate persists above 2 mmol/liter - was shown
to be predictive of death due to organ dysfunction in
sepsis patients (B).”

Septic patients who participated in the Early Goal-
Directed Therapy group showed serum lactate levels
significantly below those of the control group patients
at 6 hours (4.9 + 4.7 mmol/L vs. 4.3 + 4.2 mmol/L;
p < 0.01) and 72 hours (3.0 + 4.4 mmol/L vs. 3.9 +
4.4 mmol/L; p < 0.02) from the start of therapy (A).®

In addition to the observation of higher serum
lactate in non-survivors than in survivor patients (8.8
mmol/L vs. 6 mmol/L; p = 0.01), lactate clearance
was lower in non-survivor patients (12% vs. 38%;
p = 0.005). When low lactate clearance (< 10%)
patients were compared to high lactate clearance (>
15%) patients, increased risk of lower platelet counts,
partial thromboplastin time, use of vasopressor drugs
and Acute Physiologic Chronic Health Evaluation
IT (APACHE II) levels were observed after 12, 24
and 36 hours (B).” In addition, the risk of death

tissue severe

dropped by 11% for each incremental 10% lactate
clearance. After 6 hours of resuscitation, <10%
lactate clearance had a 44.7% sensitivity and 84.4%
specificity to predict hospital mortality (B).” These
findings are supported by the observation that failing
to achieve >10% lactate clearance results in a poorer
prognosis (B).1?

More recently, a randomized clinical trial compared
two early severe sepsis patients’ resuscitation (first
6 hours) protocols (B)."" The ‘ScvO, group’ (n =
150) was treated, targeting CVP, MBP and SvcO,
normalization. The ‘lactate clearance group’ (n
= 150) targeted CVP and MBP normalization in
addition to a >10% clearance of lactate. The overall
therapeutic measures were the same for both groups.
The in-hospital mortality for the ‘SvcO, group’ was
23% (95% CI 17%-30%), while that for the ‘lactate
clearance group’ was 17% (95% CI 11%-24%); the
difference did not reach the pre-defined boundary of
-10% in the intent-to-treat analysis (95% CI for a
6% difference -3% to 15%). These results show that
lactate as a therapeutic goal is not inferior to SvcO,.
However, this was a clinical trial in which a significant
portion of the patients had normal lactate and SvcO,
levels; therefore, it was difficult to externally validate
the findings.

In another randomized trial published in 2010,
lactate group patients were treated with a target lactate
clearance of > 20% for two hours during their first 8
hours following ICU admission (B)."? These patients
were given more fluids and vasodilators than the control
group patients; additionally, they were discontinued
earlier from inotropes and mechanical ventilation and
remained in the ICU for a shorter time period. In the
intent-to-treat analysis, the hospital mortality rate of
the control group was 43.5% (77/177) as compared
to 33.9% (58/171) for the lactate group (p = 0.067).
Adjusting for pre-defined risk factors, hospital mortality
was significantly lower in the lactate clearance group
(hazard ratio 0.61; 95%CI 0.43-0.87; p = 0.0006).
However, this study also evaluated other types of shocks
in addition to septic patients, again making an external
validation difficult.

Recommendations

e Initial lactate assessment has evident prognostic
implications, and lactate should always be measured
when sepsis is suspected (B).©”

e Lactate clearance of > 10% during the first 6
hours of hemodynamic resuscitation is related to a
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better prognosis. Serial lactate measurements during
hemodynamic resuscitation are more relevant for
prognosis than eventual measurements (B).%!?

2. May the evaluation of systemic perfusion using
a venous oxygen saturation assessment provide a
better prognosis in severe sepsis and septic shock
patients?

Venous oxygen saturation (SvO,) or central venous
oxygen saturation (ScvO,) reflect the oxygen intake
versus demand ratio and have been used as global
tissue oxygenation indicators in the treatment of
severely ill patients (B)."? Low SvcO, values indicate
low cardiac output (CO) after myocardial infarction
(C)," and are associated with increased post-operative
complications (B)."” Additionally, when diagnosed
by the ICU admission staff, low SvcO, values result in
increased mortality (B)."9

In the beginning of sepsis, the low CO secondary
to hypovolemia and/or myocardial dysfunction
(ischemic hypoxia) results in decreased SvcO, (D).
17 SvcO, may remain low, and lactate may remain
increased. However, mean blood pressure (MBP) is
stabilized at normal levels, showing that macrodynamic
normalization does not mean restored cell oxygen
metabolism (B).(®

In severe sepsis and septic shock patients with
twice the normal lactate levels or who are hypotensive,
it was shown that in addition to normalized central
venous pressure (CVP, maintained between 8 and 12
mm Hg), MBP (> 65 mm Hg) and urinary output (>
0.5 mL/kg/hour), the achievement of SveO, > 70%
within the first 6 hours of hemodynamic resuscitation
results in a 15% absolute mortality reduction. This
emphasizes the relevance of early tissue oxygenation
restoration (A).®

Recommendation

e In hyperlactemic patients (lactate > twice the
normal level), SvcO, normalization-focused therapy
results in significant mortality reduction (A).®

3. Can central venous oxygen saturation (SvcO,)
replace mixed venous oxygen saturation (SvO,)?

SvO, changes reflect the overall oxygen intake
(DO,) versus use (VO,) balance, configuring a tissue
oxygenation index even without cardiac output (CO)
or DO, and VO, determination (D)."” DO, and
VO, values from CO monitoring are similar to those
from SvcO,-guided therapy (A).?” SvO, measurement
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has diagnostic, prognostic and therapeutic values
in myocardial infarction patients (B),*” in major
surgeries (B),"” in clinical intensive care units (ICUs)
(C),#? after heart surgery (A)®® and in vascular (B),??
lung transplantation (C),*” trauma (B)?%(C)“" (D),
cardiogenic shock(B)?”?” and septic shock (B)©"3?
patients.

However, pulmonary artery catheters (PAC) are
not free of complications. Conversely, central venous
catheters (superior vena cava) are associated with
lower costs and fewer complications and are used as
routine care.

Therefore, SvcO, is currently seen as a simple
alternative for global tissue hypoxia detection and
therapeutic guidance. As with SvO, SvcO, also reflects
the DO, versus VO, balance and may be used as a
sequential DO, indicator and to guide the hemodynamic
therapy (B).MV

However, some trials have clearly shown no numerical
equivalence between SvO, and SvcO, levels (D)!"”(B).®*
39 Absolute SvcO, levels were not sufficiently similar to
SvO, values for tissue oxygen extraction calculations (A).
@9 Also, SvcO, values were observed to be (on average)
5% above SvO, values, likely due to less oxygenated
blood from the coronary sinus (B).®¥ More recently,
absolute SvO, and SvcO, values were shown to have no
numerical equivalence (B).®%3

Although isolated SvO, and SvcO, values are not
interchangeable, sequential analyses (trends) have
shown consistent parallelism between SvO, and SvcO,
levels in different clinical conditions (D). Equally,
for therapeutic decision making, SvO, trend analysis
may be replaced by SvcO, trend evaluation (B).®¥

Recommendations

e Absolute numerical SvcO, and SvO, values are
not equivalent (B).3-3¢

e The analysis of SvO, trends may be replaced by
SvcO, trends during hemodynamic resuscitation (B).5%
SvO, 2 65% or SvcO, = 70% are recommended for the
first 6 hours of severe sepsis or septic shock patients’ re-
suscitation (D).®”

4. Is continued SvO, evaluation better than
intermittent evaluation?

It is reasonable to wonder whether SvO, variations
may reflect the real-time oxygen intake versus use ratio.
SvO, changes may reflect cardiac output changes and
allow immediate therapeutic measures. Continued
SvcO, monitoring was used targeting > 70% values

Rev Bras Ter Intensiva. 2011; 23(1):6-12



Guidelines for treatment of severe sepsis

during the first 6 hours of severe sepsis or septic shock
patients’ treatment, with significant mortality reduction
(A).® In children and adolescent patients with septic
shock, continued SvcO, monitoring was a determinant
for improved prognosis (A).® No information is
available on prognostic implications of the therapeutic
use of continued versus intermittent SvO, or SvcO,
assessment. Therefore, it is not possible to state whether
intermittent assessment is either equivalent or inferior
to continued evaluation.

Recommendations

e SvcO, assessment during the first 6 hours
of severe sepsis or septic shock patients’ care may
guide the therapy and result in significantly reduced
mortality (A).®

e There are no data to conclude that continued
assessment is better than intermittent assessment,
although the first allows easier therapeutic target
(optimization within 6 hours) achievement.

5. Do regular intervals of lactate measurements
have a prognostic implication in severe sepsis
patients? How frequently should it be tested?

Increased plasma lactate is clearly associated with a
poorer prognosis in septic shock patients; the duration
of increased plasma lactate is associated to poorer
prognosis as well (B).*” Lactatemia was assessed
at admission (baseline) and after 6 hours of clinical
management, and the survivors’ group was shown to
have 38.1 + 34.6% lactate clearance versus only 12.0 +
51.6% for the non-survivors group (p = 0.005) (B).1?
Also, after 6 hours, patients surviving severe sepsis or
septic shock had more reduced lactatemia as did those
in the Early Goal-Directed Therapy patients’ group
(A).®

Recommendations

e Serial lactate assessment at baseline and after 6
hours of hemodynamic resuscitation has prognostic
relevance and should be used (A).®

e Subsequent lactate measurements at 6-hour
intervals may be required for eventual therapeutic
refinement.

6. Do regional perfusion assessment devices,
such as gastric tonometry, have a prognostic
implication?

The concept of fluids inside hollow viscera having
O, and CO, tensions close to these viscera tissues is

well-established (D).®? In tissue dysoxia conditions,
CO, builds up in tissues due to two main mechanisms:
blood flow stagnation (failing to ‘wash’ peripheral
CO,) and buffering of [H+] ions from anaerobic ATP
with tissue-abundant bicarbonate. In this context,
gastric tonometry - a technique using gastric probes
with distal CO,-permeable balloons - provides intra-
luminal CO, values that may be directly compared to
arterial CO, levels (CO, gap) or used to calculate the
intra-mucosal pH (pHi) using the Henderson-Hassel-
balch equation. This distal balloon, usually made of
silicon, may be filled with either saline or air; in this
last case, CO, can be automatically measured with a
specific device, sparing laboratory testing of the saline
solution.

Two hundred sixty patients admitted to the ICU
with an APACHE II score between 15 and 20 were
evaluated (A)“” - all of them with gastric tonometers
- and the usual hemodynamic management (control
group) was compared to a pHi drops-guided proto-
col (protocol group). In the protocol group’s patients
with over 0.10 unit drops or pHi < 7.35, measures
for increased tissue oxygen intake were used, such as
saline fluid infusion and/or dobutamine. The survival
of patients admitted with pHi < 7.35 was similar for
both protocol and control groups (37% vs. 36%, res-
pectively), while for patients admitted with normal
pHi, the survival was significantly higher in the pro-
tocol patients relative to the control group (58% vs.
42%; p < 0.01).

However, when 210 patients with a mean APACHE
IT score of 24 were compared, once pHi < 7.35 was
reached, usual or colloid and dobutamine infusion
therapy patients had a similar 30-day mortality (43.7%
for usual therapy versus 40.2% for intervention groups)
(A).<41)

Intra-mucosal acidosis (reduced pHi) and intra-
mucosal hypercarbia (widened CO, gap) are gastric
mucosa dysoxia markers and are morbidity and
mortality predictors in critically ill patients (B).“**Y
Gastric PCO, was measured with an air tonometer in
95 patients on admission and 24 hours later, and pHi
was significantly higher both on admission and after
24 hours in survivor versus non-survivor patients

(B).

Recommendation

e Gastric tonometry is not recommended as a
therapeutic guidance. Patients with no pHi or CO,
gap normalization have a poor prognosis.
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7. Do devices for microcirculation perfusion
assessment have a prognostic implication?

Marked capillary blood flow changes are part of severe
sepsis and associated organ dysfunction pathophysiology.
Using an orthogonal polarized spectral (OPS) imaging
technique for assessment of sublingual microcirculation,
50 severe sepsis patients and a healthy volunteers/non-
infected ICU patients cohort were analyzed (B).“¢
Using a semi-quantitative microcirculation assessment,
a significantly reduced vascular density and perfused
small vessels (< 20 um) ratio (from 90% to 48%) was
identified, in volunteers and non-septic patients versus
severe sepsis patients. These perfusion changes were
more marked in the non-survivor patients.

With this same technique, 49 septic shock patients
were evaluated, in whom assessments were conducted
every 24 hours until shock resolution. Microcirculatory
changes improved quickly in the survivors but persisted

in those who eventually died from multiple organ
dysfunction (B).“”

Westphal GA, Gongalves AR, Caldeira Filho M,
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Recommendation

e Severe sepsis patients’ prognosis is worse when
microcirculation changes persist. Currently, no specific
therapeutic protocol is available for these changes.

RESUMO

A sepse tem alta incidéncia, alta letalidade e custos ele-
vados, sendo a principal causa de mortalidade em unidades
de terapia intensiva. Estd claramente demonstrado que pa-
cientes reconhecidos e tratados precocemente tem melhor
prognéstico. A formulagio de diretrizes de tratamento ¢é
fundamental para a adequagdo desse tratamento. Pacientes
com claros sinais de hipoperfusio devem ser submetidos a
otimizagio hemodinimica. Assim, o reconhecimento dos
sinais de hipoperfusio ¢ um dos principais passos do trata-
mento. A presente diretriz aborda as evidéncias disponiveis
na literatura em relacio aos principais parimetros hemodi-
nimicos utilizados atualmente.
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