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Tissue ischemia microdialysis assessments
following severe traumatic haemorrhagic shock:
lactate/pyruvate ratio as a new resuscitation end
point?
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Abstract

Background: Intensive care of severe trauma patients focuses on the treatment of haemorrhagic shock. Tissues
should be perfused sufficiently with blood and with sufficient oxygen content to ensure adequate tissue oxygen
delivery. Tissue metabolism can be monitored by microdialysis, and the lactate/pyruvate ratio (LPR) may be used as
a tissue ischemia marker. The aim of this study was to determine the adequate cardiac output and haemoglobin
levels that avoid tissue ischemia.

Methods: Adult patients with serious traumatic haemorrhagic shock were enrolled in this prospective observational
study. The primary observed parameters included haemoglobin, cardiac output, central venous saturation, arterial
lactate and the tissue lactate/pyruvate ratio.

Results: Forty-eight patients were analysed. The average age of the patients was 39.8 ± 16.7, and the average ISS
was 43.4 ± 12.2. Hb < 70 g/l was associated with pathologic arterial lactate, ScvO2 and LPR. Tissue ischemia (i.e., LPR
over 25) developed when CI ≤ 3.2 l/min/m2 and Hb between 70 and 90 g/l were observed. Severe tissue ischemia
events were recorded when the Hb dropped below 70 g/l and CI was 3.2-4.8 l/min/m2. CI ≥ 4.8 l/min/m2 was not
found to be connected with tissue ischemia, even when Hb ≤ 70 g/l.

Conclusion: LPR could be a useful marker to manage traumatic haemorrhagic shock therapies. In initial traumatic
haemorrhagic shock treatments, it may be better to maintain CI ≥ 3.2 l/min/m2 and Hb ≥ 70 g/l to avoid tissue
ischemia. LPR could also be a useful transfusion trigger when it may demonstrate ischemia onset due to low local
DO2 and early reveal low/no tissue perfusion.
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Background
Trauma is a serious cause of morbidity and mortality. In
adults up to 40 years of age, polytrauma is the most fre-
quent cause of death [1]. The overall mortality rate in
severely injured patients is approximately 30% [1], and
following haemorrhagic shock, a loss of more than 40%
intravascular volume can result in irreversible shock and
death if it is not treated effectively [2].
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Intensive care focuses on haemorrhagic shock and
trauma-induced coagulopathy treatments during initial
care. Shock is primarily a microcirculatory disorder, in
which the oxygen supplied to tissues does not meet their
metabolic demand, causing tissue ischemia. Manifest and
occult shock is the result of decreased oxygen delivery due
to low cardiac output and/or low oxygen content to
tissues. Tissue ischemia may then develop, potentially
causing multi-organ failure [3]. The physiological response
to traumatic distress is intended to ensure oxygen delivery
to vital organs, such as the brain and heart, by the central-
isation of circulation and hyperdynamic circulation (i.e.,
high cardiac output). Distressed tissues with inadequate
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oxygen and substrate delivery react by switching their me-
tabolism to the anaerobic pathway; lactate production in
tissue is also proportional to the amount of energy pro-
duced [4,5]. To avoid tissue ischemia and microcirculatory
dysfunction, shock treatments must be effective, quick
and as aggressive as possible to provide sufficient oxygen
to distressed tissues. The global oxygen delivery (DO2) is
determined by the haemoglobin concentration (Hb) and
its saturation (SaO2), the amount of dissolved oxygen in
the plasma and the cardiac output (CO); this can be
defined by DO2 = COx(HbxSaO2x1.34 + PaO2x0.003).
Tissues should be perfused with sufficient blood and oxy-
gen content to ensure adequate tissue oxygen delivery;
however, tissue requirements could differ from the global
DO2 value. Monitoring tissue conditions could provide
information about shock resolutions more quickly and
precisely than global parameters, which include arterial
lactate, ScvO2, Hb and CO levels. Tissue ischemia is
poorly assessed by commonly used perfusion markers,
and more detailed monitoring could be beneficial.
Haemostatic resuscitation, which is the primary treat-

ment for haemorrhagic shock, attempts to restore and
sustain tissue perfusion using an appropriate amount of
fluid, transfusion and vasopressor administration; it also
emphasises effective clotting and not impairing bleeding
by increasing inadequate arterial pressure [6,7]. Resuscita-
tion guidelines have been developing particularly in the
field of transfusions and fluids. Metabolic monitoring
could be beneficial for the evaluation of resuscitation effi-
ciency. New markers of ischemia could also help in
decision-making processes.
Tissue ischemia is one of the primary causes of multi-

organ dysfunction due to shock, which increases mortality
[3]. Tissue conditions are not usually observed by trad-
itional monitoring techniques, which typically only observe
global parameters. Monitoring of tissue metabolisms could
provide more precise assessments for shock management.
Tissue metabolisms could be monitored by microdialysis.
The lactate/pyruvate ratio (LPR) is a tissue ischemia
marker [8], and LPR ≥ 25 indicates the onset of anaerobic
metabolism [9]. The observed population consisted of se-
vere blunt trauma patients, between 18 and 60 years of age
with ISS > 25 and a blood loss estimated over 1 litre,
who were admitted to the Emergency Department
(ED). Measured parameters were of LPR, haemoglobin,
cardiac output, arterial lactate and ScvO2. The aims of
this study were to determine the adequate cardiac out-
put and amount of haemoglobin required to prevent
tissue ischemia; the study aims to define the association
between the lactate/pyruvate ratio (LPR) on the haemo-
globin (Hb) and the cardiac output (CO) or cardiac
index (CI). The authors also compare LPR with arterial
lactate and ScvO2. Adequate Hb and CI levels to avoid
tissue ischemia were determined as outcomes.
Methods
Severe blunt trauma patients with ISS > 25 between 18 and
60 years of age were enrolled in this prospective observa-
tional study between 2010 and 2013. Minimum required
amount of 40 patients were enrolled due to preliminary
power analysis. All participants presented with serious
traumatic haemorrhagic shock with an estimated blood
loss exceeding 1 l and hypotension (MAP ≤ 60 mm Hg).
They were admitted to the Ostrava University Hospital
Level 1 Trauma Centre Emergency Department as an
inclusion criterion. Exclusion criteria included paediatric
patients, penetrating trauma, non-serious haemorrhagia
(blood loss up to 1 litre), ISS ≤ 25, no hypotension (MAP >
60 mm Hg), different ICU (non study) admission, dead in
ED and dead within 6 hours from admission to ED; under-
going surgery was not an exclusion criterion. Monitoring
was initiated as soon as possible and no later than 6 hours
from admission. Study patients underwent prehospital
care, ensuring treatment and transport. Diagnostic and
therapeutic interventions were followed at the trauma
centre according to the best clinical practises.
The observed parameters included haemoglobin concen-

tration (Hb, haemoglobin g/l), central venous saturation
(ScvO2, %), arterial lactate (L, mmol/l), cardiac output as
cardiac index (CI, cardiac index, l/min/m2), and tissue lac-
tate and pyruvate levels, which are displayed as the lactate/
pyruvate ratio (LPR). The authors also recorded age, ISS,
gender, weight, height, pre-hospital care time, and care
time in the ED, theatre (if surgery was performed), and
ICU. Haemoglobin, central venous saturation and arterial
lactate were measured immediately after ED admission
using a biochemical analyser (Roche Cobas b221 OMNI S)
at 8-hour intervals but also at least three times for two
hours following the administration of blood products.
Cardiac output (CO) analysis was performed with a
haemodynamic monitor (LiDCO Rapid), which analysed
pulse characteristics in the arteria radialis beat-to-beat.
Hourly CO averages were also recorded. Tissue monitoring
was performed by extracellular fluid collected by a micro-
dialysis probe inserted into certain tissues. Extracellular
fluid samples were analysed in a biochemical bedside ana-
lyser. Tissue monitoring was performed using a CMA 60
microdialysis probe (CMA Microdialysis AB, Stockholm,
Sweden), which was placed into each patient’s deltoid
muscle. The authors used CMA Perfusion Fluid T1 dialysis
solution (i.e., a lactate-free Ringer solution), and perfusion
was accomplished with a CMA 106 pump at a constant
flow of 0.3 μL/min. Subsequent analyses were performed
with a CMA Iscus Flex analyser (CMA Microdialysis AB)
using a set of reagents for the analysis of the lactate, pyru-
vate, glycerol and glucose levels (CMA Reagent Set A).
These tissue values were analysed at 1-hour intervals. The
data analysed included only those from the first 24 hours
after trauma because shock is always eliminated after this
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period. All Hb, CI, ScvO2 and L levels were assigned to the
corresponding LPR for the same moment in time for all
patients. Then, data from all patients were divided into
groups, which were created according to Hb and CI
values: Hb ≤ 70 g/l; Hb 70-90 g/l; Hb ≥ 90 g/l and CI ≤
3.2 l/min/m2 (i.e., “low”); CI 3.2-4.8 l/min/m2 (i.e., “nor-
mal”); and CI ≥ 4.8 l/min/m2 (i.e., “supranormal”). The
measured variables (i.e., LPR, ScvO2 and arterial lactate)
were also assigned to the created groups.
The study was performed in a single centre at the

University Hospital in Ostrava. The Ethics Committee of
the University Hospital Ostrava in the Czech Republic
approved the study, which conformed to the tenets of
the Declaration of Helsinki. Each of the awake and con-
scious study subjects signed the Informed Consent Form
approved by the Ethics Committee of the University
Hospital Ostrava. The Ethics committee waived the need
to sign the Informed Consent in unconscious study sub-
jects, who were unable to sign it.
The authors used R software (version 2.15.2) to perform

the statistical analyses in this study. Missing values were
extrapolated using a linear approximation with respect to
measurement's date and time. The resulting p-values were
adjusted for multiple comparisons using the Kruskall-
Wallis test. Figure 1.

Results
The authors observed an association between LPR on
haemoglobin, cardiac output, ScvO2 and arterial lactate
Figure 1 Flow diagram of the study.
levels in the 48 patients. The authors analysed 967 re-
cords of LPR and the appropriate markers. The median
time of pre-hospital care was 58 minutes; in the ED, pa-
tients spent 90 minutes, and the median time in theatre
was 140 minutes. The average and median ages were
39.8 ± 16.7 and 36 years, respectively; the average and
median ISS were 43.4 ± 12.2 and 43; and the average Hb
was 97.70 ± 18.67 g/l Tables 1, 2 and Figure 2.
Monitored values during the first 24 hours after trauma

are displayed in Table 2 and Figure 2. The median L,
ScvO2 and LPR values and their association with Hb
groups are also shown. Hb < 70 g/l was associated with
pathologic arterial lactate, ScvO2 and LPR values. Patho-
logic arterial lactate in all Hb groups in the first 24 hours
after trauma was observed, but higher Hb was associated
with lower L. When Hb 70-90 g/l and Hb ≥ 90 g/l, ScvO2

and LPR was found to be normal Table 3 and Figure 3.
According to the concurrent values of Hb and CI, values

of LPR are shown in Table 3 and Figure 3. Tissue ischemia
developed when a low CI and haemoglobin between 70
and 90 g/l were observed. Severe tissue ischemia was reg-
istered when haemoglobin levels dropped below 70 g/l
with a normal CI; CI above 4.8 l/min/m2 was not associ-
ated with tissue ischemia, even at haemoglobin values
below 70 g/l. Note that CI below 3.2 l/min/m2 with con-
comitant haemoglobin values below 70 g/l were observed
only in a few measurements; the statistical significance of
LPR in these cases could thus not be determined. Another
view of the data is shown in Figure 4, which displays



Table 1 Demographics description of study population

Median Percent

Age (years) 36

ISS 43

Male gender 83

Weight (kg) 82

Height (cm) 178

Pre-hospital care (minute) 58

ED care (minute) 90

Theatretime (minute) 140

ICU stay (days) 10.5
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cardiac output, haemoglobin and ScvO2 in association to
LPR category (i.e., non-ischemic, border and severe
ischemic LPRs). All results were statistically significant
(p < 0.05) Figure 4.

Discussion
Severe trauma patient transfusion management is chal-
lenging; the identification of both occult and inad-
equately resuscitated shock is a major clinical problem
with traditional markers. Additionally, occult shock can
present with normal global haemodynamics [10]. Severe
polytrauma patient triage is crucial for good decision
making regarding massive transfusion protocol (MTP)
activation, which improves trauma haemorrhage out-
comes [11]. Transfusion recommendations in trauma
management attempt to maintain haemoglobin levels at
70-90 g/l [7]. Transfusions can be life saving but may
also cause serious complications (i.e., TRALI, DIC, etc.)
[12,13]; inadequate transfusion and over-transfusion
(Hb ≥ 110 g/l) are also harmful [14]. Fewer transfusions
can lead to low DO2 with global or local (i.e., different
local DO2 in tissues and organs according to local perfu-
sion) ischemia development with regard to oxygen con-
sumption. Many articles have discussed the benefits of the
restriction transfusion strategy compared with liberal
transfusions [14]. Haemoglobin could not be evaluated
separately in traumatic haemorrhagic shock treatments;
however, other markers may account for patient comor-
bidities (i.e., coronary disease), age and clinical status. Hb
Table 2 Association of L, ScvO2 and LPR to Hb groups

Hb groups L ScvO2 LPR

g/l mmol/l Percent Dimensionless

median IQR median IQR median IQR

<70 5.538 5.036 65.00 16.47 28.66 26.08

70 - 90 3.105 4.095 73.7 17.72 16.02 7.68

>90 2.3 3.072 77.7 11.52 17.16 9.83

Hb, hemoglobin (g/l); L, arterial lactate (mmol/l); ScvO2, central venous oxygen
saturation(%); LPR, lactate/pyruvate ratio. Values are median ± interquartile
range (IQR) (p < 0.05).
targets could differ according to the treatment period; Hb
values of approximately 70 g/l could be low during initial
treatments, particularly with a low CI or with severe co-
morbidities. This value could be sufficient in the next
period of critical care, which starts after the initial shock
and bleeding are resolved. Higher haemoglobin levels in
the initial treatment period could reduce haemodilutions
and decrease any potential ischemia if re-bleeding occurs;
thus, mortality could be reduced [15]. Additional transfu-
sion benefits could include restored blood viscosity and
enhanced rheological properties of the blood. Transfusion
of PRBC, which are the most frequent transfusion media,
compared to fresh blood transfusions, may not provide
immediate increase of oxygen delivery to tissues primarily
due to transfusion storage length. A decrease in LPR could
delay an increase in haemoglobin levels for 7-10 hours,
and tissue ischemia could be eliminated over long time in-
tervals [16]. Similarly, this phenomenon could be observed
with LPR and ScvO2 trends, whereby a decrease in LPR
could delay an increase in ScvO2 for 10 hours [16]. The
average observed haemoglobin in the first 24 hours of this
study, which included the suspected haemoconcentration
period, were 97.70 ± 18.67 g/l; therefore, it could be specu-
lated that if this value was approximately 70 g/l, then tis-
sue ischemia could be eliminated at a much later period,
and organ dysfunction could be worsened.
Additionally, fluid administration, which is a core

treatment for shock and hypovolemia for preserving
effective haemodynamic functions and tissue perfusion,
has limits and adverse effects. Excessive fluid amounts
lead to diluted coagulation factors, hypothermia [17] and
endothelial glycocalyx damage [18]. Hypervolemia and
fluid overload also lead to interstitium expansion. These
influence the transcapillary gas and substrate exchange
and decrease oxygen transport to tissues [19]. Hypovol-
emia leads to vasoconstriction and microvasculatory
blood flow restriction, which cause ischemia due to low
oxygen and substrate delivery [19]. Tissue perfusion
could be altered with the administration of vasoactive
agents, and knowledge of metabolic tissue conditions
(i.e., LPR) during haemostatic resuscitation could help
guide treatment.
Lactataemia evaluation in shock is typically difficult in

practice; elevated arterial lactate levels are associated
with increased mortality and morbidity [7], and lactate
normalisation is one of most frequent resuscitation tar-
gets. Arterial lactate could be elevated without clinical
signs of shock but could also be an indication of on-going
ischemia [20]. In contrast, during a shock state, lactate
could accumulate in low or non-perfused tissues, and
serum levels could be falsely determined to be low. After
tissue perfusion is restored, lactate levels increase as a sign
of reperfusion, and high lactate levels could be connected
with normal aerobic metabolism. The normalisation of



Figure 2 Association of L, LPR and ScvO2 to Hb groups. Hb, hemoglobin (g/l); L, arterial lactate (mmol/l); ScvO2, central venous oxygen
saturation(%); LPR, lactate/pyruvate ratio.
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lactate values depends on the hepatic clearance of lactate
or its consumption in tissues, which could also decrease
during shock. It is expected that lactate levels will follow
the oxygen debt, but in some clinical conditions, lactate
levels may normalise without the resolution of tissue
oxygen debt [21]. There are also a number of non-
ischemic factors that elevate lactate levels (e.g., stress
and catecholamines) [22]. Arterial lactate levels should,
therefore, be critically evaluated because assessment of
the lactate levels alone fails to discriminate between
ischemia and aerobiosis [23].
The measurement of LPR could be more useful than

that of arterial lactate levels alone when discriminating
between occult shock with ischemic tissue conditions
and aerobic metabolism. LPR may be used as an early
indicator of emerging ischemia during shock [24,25] and
could also help to discriminate between elevated ische-
mic or non-ischemic lactate levels and to distinguish
between the anaerobic aspects of hyperlactataemia [26].
Table 3 Association of lactate/pyruvate ratio (LPR) on
hemoglobin (Hb) and cardiac index (CI) groups
simultaneously

Hb groups

CI groups g/l

l/min/m2 <70 70 - 90 >90

Median IQR Median IQR Median IQR

<3.2 29.13 22.05 17.88 12.28

3.2-4.8 50.04 1.02 15.81 7.18 16.19 9.03

>4.8 10.54 3.29 14.76 4.24 15.67 7.27

CI, cardiac index (l/min/m2); Hb, hemoglobin (g/l); LPR, lactate/pyruvate ratio.
Values are median ± interquartile range (IQR) (p < 0.05).
Hyperlactataemia with elevated LPR levels is associated
with higher mortality than hyperlactataemia with nor-
mal LPR levels [26]. LPR levels over 25 indicate anaer-
obic metabolism onset [9] and are a more precise
marker of ischemia than lactate levels alone [27].
Figure 3 Association of LPR (axis X) on Hb and CI groups
simultaneously (axis Y). CI, cardiac index (l/min/m2); Hb, hemoglobin
(g/l); LPR, lactate/pyruvate ratio.



Figure 4 Association of CI, Hb and ScvO2 on LPR devided to non-ischemic (<25), border ischemic (25-30) and severe ischemic (30<).
CI, cardiac index (l/min/m2); Hb, hemoglobin (g/l);); ScvO2, central venous oxygen saturation(%); LPR, lactate/pyruvate ratio.

Burša et al. BMC Anesthesiology 2014, 14:118 Page 6 of 8
http://www.biomedcentral.com/1471-2253/14/118
ScvO2 is a frequently used marker that is useful in
guiding fluid, catecholamine and transfusion therapy
[28]. It is a global parameter of the oxygen extraction
sum from the blood, and therefore, normal values do
not exclude severe local tissue damage or regional tissue
ischemia. It is expected that low ScvO2 could reflect low
DO2. The most respected target value for shock resuscita-
tion is an ScvO2 value above 70% [29]; however, emerging
ischemia originates at the cellular level, and changes in
the LPR value could precede that in the ScvO2 value by 10
or 11 hours [16]. A low ScvO2 could lead to DO2 manipu-
lation, but a normal or high ScvO2 could lead to false
satisfaction due to treatment, allowing background cell
dysfunction to occur.
Haemodynamic monitoring of CO is typically the next

most frequent measurement in the evaluation of traumatic
haemorrhagic shock. Trauma patients may have a low CI
in the first hours after trauma (i.e., the ebb phase of
shock). Tachycardia could then occur to preserve CI
during hypovolemia, and later, CI rises to supranormal
values to act as a physiologic reserve marker and as a
compensatory reaction to overcoming distress (i.e., the
flow phase of shock). In contrast, a normal CI value may
not ensure adequate tissue perfusion [10]. Many authors
have examined the evaluation of the VO2/DO2 relation-
ship. A normalised VO2 seems to be essential for organism
recovery, and oxygen supply independency is a key strategy
for haemodynamic optimisation [30]. Increasing DO2 to
supranormal values, however, was found to be beneficial in
some studies [31], but not in others [32]. Additionally, ex-
cessive oxygen supply may be deleterious due to ineffective
metabolic costs; however, it may be reasonable to increase
the DO2 to 20% above the critical DO2 value (i.e., the limit
of DO2/VO2 dependency) [30]. Velmahos GC demon-
strated that patients who achieved supranormal haemo-
dynamic parameters (i.e., CI > 4.5 l/min/m2, DO2I >
600 ml/min/m2 and VO2I > 170 ml/min/m2) after severe
trauma had better outcomes than patients who did not
achieve those limits [31]. A spontaneously high DO2 could
be used as a simple physiologic reserve marker and a pre-
dictor of outcomes. An excessive artificial increase in DO2

without a functional organism reserve could be detrimental
[31]. Resuscitation efforts should be limited to what is only
necessary with respect to human variability [33].
In this study, Hb < 70 g/l (i.e., without a CI distinction,

whereby different CI are included) was associated with
pathologic lactate, ScvO2 and LPR values; therefore,
treatment interventions or more intensive monitoring
were inevitable (Table 2.). Pathologic blood lactate levels
in all Hb intervals were also observed and certainly in-
fluenced the reduced lactate clearance during the first
24 hours after trauma.
To eliminate tissue ischemia (i.e., normalise LPR), it is

rational to increase the DO2, but only in patients with Hb
values of 70-90 g/l and a low CI; with a normal CI and
Hb < 70 g/l; or, most likely, with a low CI and Hb < 70 g/l
(Table 3.). An artificial CI increase to supranormal values
could be beneficial, but only if it is accomplished when
Hb < 70 g/l to avoid an ischemic LPR; however, potential
adverse vasoactive medication effects may occur. It may
be beneficial to transfuse to Hb 70-90 g/l and a normal
CI, which will also lead to a normal LPR. An ischemic
LPR with supranormal CI values was not observed,
supporting the benefits of the physiologic reaction to
trauma discussed above. Increasing a low CI to normal is
rational in patients with Hb levels at 70-90 g/l and most
likely <70 g/l. In cases where Hb > 90 g/l, the increase of a
low CI to normal levels leads to a decrease in LPR;
however, the LPR in both of these situations is under the
ischemic threshold. A low CI should be avoided.
To avoid tissue ischemia, transfusions are applicable in

patients with Hb < 70 g/l and a normal CI and most
likely in low CI cases as well. An Hb increase to over
90 g/l could only be warranted when patients have a low
CI; however, it is preferable to increase a low CI. With
regard to LPR, it was shown that supranormal CI levels
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could be used to treat tissue ischemia, but the artificial
elevation of CI could be dangerous [31]. Another re-
quirement is to adequately correct the blood oxygen
content using not only Hb but also SaO2 and PaO2.

Limitations
This study has several limitations. Tissue monitoring in
the early phase of management of severe trauma patients
is typically difficult. In this timeframe, physicians employ
several necessary interventions, including diagnostic and
therapeutic methods. The observations of this study
were performed in addition to and did not influence the
standard care of the examined critically ill patients; tissue
monitoring was begun within 6 hours after admission.
The study was performed in full working Trauma centre.
The authors enrolled only 48 patients, and each patient
was enrolled by a physician associated with this study.
The authors also had limited human and economic
resources. The study was financial supported partially by a
grant, and certain technical problems with encountered
with equipment during testing.

Conclusion
LPR is shown to be a useful marker to manage traumatic
haemorrhagic shock therapies. LPR is the result of cell
metabolic functions and thus reflects the sum of all inter-
ventions. LPR target therapies could be better than trad-
itional management, which use other global markers that
only assume good tissue conditions; tissue conditions
could be directly monitored by the proposed method. In
initial traumatic haemorrhagic shock treatments, it may
be better to maintain CI ≥ 3.2 l/min/m2 and Hb ≥ 70 g/l.
Additionally, LPR may be very important and useful as a
transfusion trigger in normal or low CI situations with de-
creased haemoglobin; it could be used to predict the onset
of ischemia due to low local DO2 levels and effectively
reveal low tissue perfusion.

Abbreviations
CO: Cardiac output; PaO2: Partial pressure of oxygen in arterial blood;
Hb: Haemoglobin; LPR: Lactate/pyruvate ratio; CI: Cardiac index; SaO2: Arterial
saturation of oxygen; PRBC: Packed red blood cells; MTP: Massive transfusion
protocol; TRALI: Transfusion-related acute lung injury; ScvO2: Central venous
oxygen saturation; VO2: Oxygen consumption; DO2: Oxygen delivery;
VO2I: Oxygen consumption index; DO2I: Oxygen delivery index; L: Arterial
lactate; ISS: Injury severity score; ED: Emergency department;
DIC: Disseminated intravascular coagulation.

Competing interests
First two authors are funded by the Internal Grant Agency of the Ministry of
Health of the Czech Republic. The authors declare no other competing interests.

Authors’ contributions
FB - conception and design, data collection and analysis, manuscript writing
and final approval of the manuscript. LP - conception and design, financial
support, final approval of manuscript. JM - data analysis, critical revision and
final approval of the manuscript. PS - data analysis, critical revision and final
approval of the manuscript. PŠ - critical revision and final approval of the
manuscript. All authors have substatially contributed to the conception and
design of the study, read and then approved the final manuscript.
Acknowledgments
The authors with to thank Michal Burda from IT4Innovations Division,
University of Ostrava, Institute for Research and Applications of Fuzzy
Modelling, Department of Biostatistics, Czech Republic for statistical
processing. The authors would also like to express their gratitude to the staff
of the intensive care unit at KARIM, University Hospital Ostrava, Czech
Republic, for their help collecting and analyzing the data.
Source of funding
Project is partially funded by the Resort Programme of Science and
Development - MZ III for the period of 2010-2015, from the Internal Grant
Agency of the Ministry of Health of the Czech Republic: NT11371-5/2010
“Metabolic Response of the Organism in Polytraumas”, principle investigator
Leopold Pleva, MD, CSc.; co-investigators Filip Burša, MD; Tomáš Olos, MD;
Jan Jahoda, MD; Roman Kula, MD CSc.; Vaclav Prochazka, MD, PhD; and Ivo
Kopáček, MD.

Author details
1Department of anesthesiology and intensive care medicine, University
Hospital Ostrava, Faculty of Medicine Universitas Ostrava, 17. listopadu 1790,
Ostrava-Poruba, Czech Republic. 2Traumatology Centre, University Hospital
Ostrava, Faculty of Medicine Universitas Ostrava, 17. listopadu 1790,
Ostrava-Poruba, Czech Republic.

Received: 1 September 2014 Accepted: 10 December 2014
Published: 15 December 2014
References
1. Schoeneberg C, Schilling M, Keitel J, Kauther MD, Burggraf M, Hussmann B,

Lendemans S: TraumaNetwork, Trauma Registry of the DGU®, Whitebook,
S3 Guideline on Treatment of Polytrauma/Severe Injuries: An Approach
for Validation by a Retrospective Analysis of 2304 Patients (2002-2011)
of a Level 1 Trauma Centre. Zentralbl Chir 2014, doi:10.1055/s-0033-
1360225.

2. Rush BF: Irreversibility in post-transfusion phase of hemorrhagic shock.
Adv Exp Med Bio 1971, 23:215–221.

3. Shoemaker WC, Appel PL, Kram HB: Tissue oxygen debt as a determinant
of lethal and nonlethal postoperative organ failure. Crit Care Med 1988,
16(11):1117–1120.

4. Barbee RW, Reynolds PS, Ward KR: Assessing shock resuscitation strategies
by oxygen debt repayment. Shock 2010, 33(2):113–122.

5. Bonanno FG: Physiopathology of shock. J Emerg Trauma Shock 2011,
4(2):222–232.

6. Dutton RP: Hemostaticresuscitation. British J Anesthesia 2012, 109(S1):i39–i46.
7. Spahn DR, Bouillon B, Cerny V, Coats TJ, Duranteau J, Fernández-Mondéjar

E, Filipescu D, Hunt BJ, Komadina R, Nardi G, Neugebauer E, Ozier Y, Riddez
L, Schultz A, Vincent JL, Rossaint R: Management of bleeding and
coagulopathy following major trauma: an updated European guideline.
Crit Care 2013, 17(2):R76.

8. Bursa F, Olos T, Pleva L, Kula R, Jahoda J, Procházka V, Kopácek I:
Metabolism monitoring with microdialysis in the intensive care. Cas Lek
Cesk 2011, 150(11):605–609.

9. Waelgaard L, Dahl BM, Kvarstein G, Tønnessen TI: Tissue gas tension and
tissue metabolites for detection of organ hypoperfusion and ischemia.
Acta Anaesthesiol Scand 2012, 56(2):200–209.

10. Suistomaa M, Uusaro A, Parviainen I, Ruokonen E: Resolution and outcome
of acute circulatory failure does not correlate with hemodynamics.
Critical Care 2003, 7:R52–R58.

11. Khan S, Allard S, Weaver A, Barber C, Davenport R, Brohi K: A major
haemorrhage protocol improves the delivery of blood component
therapy and reduces waste in trauma massive transfusion. Injury 2013,
44(5):587–592.

12. Hsu JM, Hitos K, Fletcher JP: Identifying the bleeding trauma patient:
predictive factors for massive transfusion in an Australasian trauma
population. J Trauma Acute Care Surg 2013, 75(3):359–364.

13. Elmer J, Wilcox SR, Raja AS: Massive transfusion in traumatic shock.
J Emerg Med 2013, 44(4):829–838.

14. Tien H, Nascimento B Jr, Callum J, Rizoli S: An approach to transfusion and
hemorrhage in trauma: current perspectives on restrictive transfusion
strategies. Can J Surg 2007, 50(3):202–209.

http://en.wikipedia.org/wiki/Transfusion-related_acute_lung_injury


Burša et al. BMC Anesthesiology 2014, 14:118 Page 8 of 8
http://www.biomedcentral.com/1471-2253/14/118
15. Morel N, Delaunay F, Dubuisson V: Management of bleeding following
major trauma: is a targethaemoglobin of 7 to 9 g/dl high enough?
Critical Care 2013, 17:442.

16. Burša F, Pleva L: Anaerobic metabolism associated with traumatic
hemorrhagic shock monitored by microdialysis of muscle tissue is
dependent on the levels of hemoglobin and central venous oxygen
saturation: a prospective, observational study. Scand J Trauma Resusc
Emerg Med 2014, 22(1):11.

17. Chappell D, Jacob M, Hofmann-Kiefer K, Conzen P, Rehm M: A rational
approach to perioperative fluid management. Anesthesiology 2008,
109:723–740.

18. Rhee P, Wang D, Ruff P, Austin B, DeBraux S, Wolcott K, Burris D, Ling G,
Sun L: Human neutrophil activation and increased adhesion by various
resuscitation fluids. Crit Care Med 2000, 28:74–78.

19. Nohé B, Ploppa A, Schmidt V, Unertl K: Volume replacement in intensive
care medicine. Anaesthesist 2011, 60(5):457–464. 466-473.

20. Meregalli A, Oliveira RP, Friedman G: Occulthypoperfusion is associated
with increased mortality in hemodynamically stable, high-risk, surgical
patients. Critical Care 2004, 8:R60–R65.

21. Sakr Y, Dubois MJ, De Backer D, Creteur J, Vincent JL: Persistent
microcirculatory alterations are associated with organ failure and death
in patients with septic shock. Crit Care Med 2004, 32(9):1825–1831.

22. Brucculeri S, Urso C, Caimi G: The role of lactate besides the lactic
acidosis. ClinTer 2013, 164(3):e223–e238.

23. De Backer D: Lactic acidosis. Intensive Care Med 2003, 29:699–702.
24. Ohashi H, Kawasaki N, Fujitani S: Utility of microdialysis to detect the

lactate/pyruvate ratio in subcutaneous tissue for the reliable monitoring
of haemorrhagic shock. J Smooth Muscle Res 2009, 45(6):269–278.

25. Larentzakis A, Toutouzas KG, Papalois A, Lapidakis G, Doulgerakis S, Doulami
G, Drimousis P, Theodorou D, Katsaragakis S: Porcine model of
haemorrhagic shock with microdialysis monitoring. J Surg Res 2013,
179(1):e177–e182.

26. Dimopoulou I, Nikitas N, Orfanos SE, Theodorakopoulou M, Vassiliadi D, Ilias I,
Ikonomidis I, Boutati E, Maratou E, Tsangaris I, Karkouli G, Tsafou E, Diamantakis
A, Kopterides P, Maniatis N, Kotanidou A, Armaganidis A, Ungerstedt U:
Kinetics of adipose tissue microdialysis-derived metabolites in critically ill
septic patients:associations with sepsis severity and clinical outcome. Shock
2011, 35(4):342–348.

27. Suistomaa M, Ruokonen E, Kari A, Takala J: Time-pattern of lactate and
lactate to pyruvate ratio in the first 24 hours of intensive care
emergency admissions. Shock 2000, 14(1):8–12.

28. Tánczos K, Molnár Z: The oxygen supply–demand balance: a monitoring
challenge. Best Pract Res Clin Anaesthesiol 2013, 27(2):201–207.

29. Della Rocca G, Pompei L: Goal-directed therapy in anesthesia: any clinical
impact or just a fashion? Minerva Anestesiol 2011, 77(5):545–553.

30. Caille V, Squara P: Oxygen uptake-to-delivery relationship: a way to assess
adequate flow. Crit Care 2006, 10(3):S4.

31. Velmahos GC, Demetriades D, Shoemaker WC, Chan LS, Tatevossian R, Wo
CC, Vassiliu P, Cornwell EE 3rd, Murray JA, Roth B, Belzberg H, Asensio JA,
Berne TV: Endpoints of resuscitation of critically injured patients: normal
or supranormal? A prospective randomized trial. Ann Surg 2000,
232(3):409–418.

32. Hayes MA, Timmings AC, Yau EH, Palazzo M, Hinds CJ, Watson D: Elevation
of systemic oxygen delivery in the treatment of critically ill patients.
N Engl J Med 1994, 330:1717–1722.

33. Sisak K, Manolis M, Hardy BM, Enninghorst N, Bendinelli C, Balogh ZJ: Acute
transfusion practice during trauma resuscitation: who, when, where and
why? Injury 2013, 44(5):581–586.

doi:10.1186/1471-2253-14-118
Cite this article as: Burša et al.: Tissue ischemia microdialysis
assessments following severe traumatic haemorrhagic shock: lactate/
pyruvate ratio as a new resuscitation end point? BMC Anesthesiology
2014 14:118.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Results
	Discussion
	Limitations

	Conclusion
	Abbreviations
	Competing interests
	Authors’ contributions
	Source of funding
	Author details
	References

