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Abstract Purpose: More than a
disorder of macrocirculation, sepsis is
a disease affecting the microcircula-
tion and the tissue metabolism.
In vivo microdialysis (MD) is a bed-
side technique that can monitor tissue
metabolic changes. We conducted
this study aiming (1) to assess whe-
ther patients at different sepsis stages
present with different MD-assessed
tissue metabolic profiles and (2) to
determine if different underlying
types of infections and implicated
pathogens are associated with dis-
similar metabolic alterations.
Methods: We studied 90 mechani-
cally ventilated patients, 65 with
septic shock and 25 with severe sep-
sis. An MD catheter was inserted in
the subcutaneous adipose tissue of the
upper thigh and interstitial fluid
samples were collected along with
arterial blood samples every 4 h for a
maximum of 6 days. Lactate, pyru-
vate, glycerol, and glucose
concentrations were measured.
Results: During the study period,
patients with septic shock had higher
MD-assessed glycerol (P = 0.009),
glycerol gradient (P = 0.016), and
glucose (P = 0.004) than patients
with severe sepsis, whereas tissue
lactate, lactate gradient, and pyruvate

dropped significantly with time
(P = 0.007, \0.001, and \0.001,
respectively) in both patient groups
without any observed between-group
difference. In addition, there was no
between-group difference in their
tissue lactate/pyruvate ratio on any
day, nor did the ratio decrease sig-
nificantly with time. Compared with
pneumonia patients, and despite sim-
ilar baseline clinical characteristics,
those suffering from intra-abdominal
infections showed a pattern of higher
and progressively increasing tissue
levels of glucose (P = 0.001) and
glycerol (P = 0.001). Finally,
patients harboring Gram-positive
infections had higher tissue levels of
glycerol (P = 0.027) and glycerol
gradient (P = 0.029) than patients
with Gram-negative infections.
Conclusions: MD can detect tissue
metabolic abnormalities that differ in
relation to the sepsis stage and the type
of underlying infection or responsible
pathogen. Some of the MD-assessed
abnormalities are not reflected by
conventional blood measurements and
possess prognostic potential. It
remains to be determined if this type of
metabolic monitoring can find clinical
applications in the wide population of
septic critically ill patients.
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Introduction

Clinicians are trained to manage sepsis by focusing on its
macrocirculatory effects (i.e., restoration of blood pressure
drop); however, sepsis is also a disorder of the microcir-
culation [1] and the cellular metabolism [2]. Even though
the bedside evaluation of these less obvious derangements
has been historically considered difficult and not clinically
useful, recently the diagnostic and therapeutic targeting of
the microcirculation distinct from the macrocirculation has
been shown to improve outcome in sepsis [3, 4].

The microdialysis (MD) technique was developed
35 years ago [5] and proved its value in several preclinical
and clinical applications [6]. Even though MD is widely
used in neurointensive care [7], its application in the
intensive care setting has focused either on subpopulations
of critically ill patients [8, 9] or measurement of tissue
antibiotic levels [10]. In a recently published review [11],
MD was the technique with the smallest evidence base.
However, MD has been lately attracted renewed interest.
Specifically, MD-measured lactate at the quadriceps mus-
cle has been proposed to be an important metabolic signal in
septic shock patients [12], whereas an increased muscle-to-
serum lactate gradient in patients with severe sepsis may be
a beacon of progression to septic shock [13].

Subcutaneous adipose tissue (SAT), a probably more
convenient site to place an MD device than the muscle
[13] or the rectal lumen [14], has been historically viewed
as an inert tissue merely storing energy. Nevertheless, it
was lately recognized that adipose tissue alterations may
be important during the course of critical illness [15].
Until recently, the sepsis-induced metabolic alterations at
the SAT level had been studied by means of the MD
technique only in small-scale investigations [16]. Our
research group showed in a pilot study that MD could be
safely applied at the bedside and detect metabolic per-
turbations in the SAT of septic patients [17].

In order to further expand our experience with micro-
dialysis in septic patients, we conducted this study aiming
(1) to assess whether patients at different sepsis stages
present with different MD-assessed metabolic profiles, (2)
to examine whether different infections have various effects
on MD-monitored tissue parameters, and (3) to determine if
Gram-positive infections are associated with different
metabolic profiles than Gram-negative infections. As a
secondary aim of this research project, we investigated if
MD-derived parameters may serve as mortality predictors.

Methods

Study population

The study was approved by the hospital’s ethics commit-
tee and informed consent was obtained from patients’
relatives. This prospective, observational study included a

convenience sample of critically ill, septic patients admit-
ted to the 25-bed mixed adult ICU of a university hospital
between March 2008 and October 2010. A patient was
included in the study if he/she met the inclusion criteria and
the operators (MT and AD) for MD catheter placement
were present in the ICU in the first 24 h of the septic syn-
drome. There were no exclusion criteria.

Microdialysis technique

A microdialysis catheter (CMA 60, CMA Microdialysis
AB, Stockholm, Sweden) was inserted upon sepsis onset
(defined as day 1) into the upper thigh’s SAT. Sampling
was performed six times per day for a maximum of 6 days
after sepsis onset and samples were analyzed for lactate,
pyruvate, glycerol, and glucose by an automatic analyzer.
The physicians responsible for patients’ care were una-
ware of the MD results.

Data collection: definitions

Upon study entry, we recorded for each patient relevant
demographic and physiologic data and employed estab-
lished metrics and definitions [18–20].

Statistical analysis

Results are presented as means ± standard deviation (SD),
medians (interquartile range, IQR), and counts (percent-
ages), as appropriate. Group comparisons were performed
by the Fisher’s exact test or Mann–Whitney test, as
appropriate. All statistics were two-tailed and P \ 0.05 was
considered statistically significant in all analyses.

Mixed model analysis was performed using SPSS 15.0
(SPSS Inc., Chicago, IL, USA) and the rest of the sta-
tistical analysis was performed with SigmaPlot 11.0
(Systat, San Jose, CA, USA). Figures were created using
GraphPad Prism 5.00 for Windows (GraphPad Software,
San Diego, CA, USA).

Additional information on the study population,
microdialysis technique and measurements, data collec-
tion and definitions, statistical analysis, and results and
discussion is given in the electronic supplementary
material (ESM).

Results

Study population

We studied 90 septic patients. The details of their baseline
characteristics are depicted in Table 1 and the ESM. Ten
nonseptic/uninfected ICU patients meeting only systemic
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inflammatory response syndrome (SIRS) criteria were
added in a post hoc analysis and served as the control group.

Comparison between patients with septic shock
and severe sepsis

Lactate

Mixed model analysis showed that tissue lactate level did
not differ when comparing patients with septic shock with

those experiencing severe sepsis, whereas it dropped
significantly with time (P = 0.007) in both groups
(Fig. 1a). On the contrary, blood lactate differed between
the two groups for the whole study period (P = 0.014)
(Fig. 1b).

The adipose tissue–blood lactate gradient was not
different between the two septic groups, whereas it
decreased significantly with time (P \ 0.001) (Fig. 2a).
Additional information on the results regarding the tis-
sue–blood lactate gradient is given in the ESM.

Table 1 Baseline characteristics of the study population

Variables Whole cohort
(n = 90)

Septic shock
(n = 65)

Severe sepsis
(n = 25)

P*

Demographic data
Age (years) 63.04 ± 17.18 64.78 ± 16.16 58.52 ± 19.21 0.12
Gender (male/female) 59/31 42/23 17/8 0.76

Clinical data
Comorbidities
Hypertension 44 (48.89) 33 (50.76) 11 (44.0) 0.73
CAD/CHF 35 (38.89) 29 (44.61) 6 (24.0) 0.12
Diabetes mellitus 23 (25.56) 18 (27.69) 5 (20.0) 0.63
COPD 15 (16.67) 12 (18.46) 5 (20.0) 0.67
Chronic renal insufficiency 13 (14.44) 10 (15.38) 3 (12.0) 0.94
Cirrhosis 5 (5.56) 3 (4.61) 2 (8.0) 0.91
Malignancy 23 (25.56) 18 (27.69) 5 (20.0) 0.63

Acute illness
APACHE II score 20.0 (16.0–23.0) 21.0 (18.7–24.0) 16.0 (13.7–18.0) \0.001
SOFA score 8.0 (6.0–10.0) 9.0 (7.0–10.0) 5.00 (3.0–7.0) \0.001
Mechanical ventilation (%) 100 100 100 1.00
Noradrenaline infusion rate (lg/min) NA 7.75 (3.60–14.12) NA NA

Type of infection
Pneumoniaa 47 (52.22) 29 (44.61) 18 (72.0) 0.036
Intra-abdominal infection 15 (16.67) 14 (21.53) 1 (4.0) 0.092
Skin/soft-tissue infection 4 (4.44) 4 (6.15) 0 (0) 1.00
Other infectionsb 8 (8.88) 6 (9.23) 2 (8.0) 1.00
Mixed/combined infections 11 (12.22) 7 (10.77) 4 (16.0) 0.49
Unspecified infections 5 (5.56) 5 (7.69) 0 (0) 0.31

Vital signs
Temperature (�C) 36.4 (35.8–37.8) 36.5 (35.8–37.8) 36.4 (35.9–37.9) 0.82
Heart rate (beats/min) 101.4 ± 26.4 104.8 ± 26.5 92.5 ± 24.2 0.05
Mean arterial pressure (mmHg) 73.7 ± 13.0 70.8 ± 12.0 81.3 ± 12.7 \0.001

Laboratory data
PaO2/FiO2 206.6 ± 88.7 197. 9 ± 81.9 229.0 ± 102.7 0.14
WBC count (cells/ml) 13,475 ± 8,171 13,904 ± 8,901 12,362 ± 5,879 0.42
Hemoglobin (g/dl) 9.75 ± 1.99 9.55 ± 2.07 10.31 ± 1.69 0.11
C-reactive protein (mg/l) 146.0 ± 105.0 130.0 (73.0–206.5) 117.0 (55.9–221.5) 0.68
Blood lactate (mmol/l) 1.36 (0.93–2.22) 1.56 (1.13–2.33) 0.95 (0.79–1.19) \0.001

Outcomes
Mortality
28-day 38 (40.0) 32 (49.23) 6 (24.0) 0.034
90-day 53 (55.78) 43 (66.15) 10 (40.0) 0.032

ICU length of stay (days) 20.0 (9.7–41.0) 18.0 (9.0–40.2) 25.5 (13.0–46.0) 0.33

Data are presented as means ± SD, medians (interquartile range),
or counts (percentages) as appropriate
APACHE acute physiology and chronic health evaluation, CAD/
CHF coronary artery disease/congestive heart failure, COPD
chronic obstructive pulmonary disease, ICU intensive care unit, NA
not applicable, PaO2/FiO2 ratio of the partial pressure of arterial O2

to the fraction of inspired O2, SOFA sequential organ failure
assessment, WBC white blood cell
* Comparisons between septic shock and severe sepsis patients

a Among pneumonia patients, there were 19 patients with com-
munity-acquired pneumonia (CAP), 2 patients with health-care-
associated pneumonia (HCAP), 21 patients with hospital-acquired
pneumonia (HAP), and 5 patients with ventilator-associated pneu-
monia (VAP)
b Three patients with endocarditis, two with bacteremia of unclear
source, one with urinary tract infection, one with encephalitis, and
one with tracheobronchitis

1758



On day 1, there was a significant correlation between
tissue lactate and blood lactate (r = 0.48, P \ 0.001), tis-
sue glucose (r = 0.32, P \ 0.05), and norepinephrine
infusion rate (r = 0.28, P \ 0.05). On days 2–6, correla-
tion between tissue and blood lactate slightly improved
(r = 0.52–0.60, P \ 0.001). There was no correlation with
SOFA, APACHE II, and mean arterial pressure (MAP).

Pyruvate

Patients with septic shock had numerically higher MD-
assessed tissue pyruvate than patients with severe sepsis
during each one of the six study days. Mixed model
analysis showed that tissue pyruvate dropped significantly
with time (P \ 0.001) in both groups without any
observed between-group difference.

On day 1, tissue pyruvate had a significant correlation
with tissue lactate (r = 0.74, P \ 0.001), tissue glucose
(r = 0.43, P \ 0.001), and tissue glycerol (r = 0.44,

P \ 0.001). It also correlated with the norepinephrine
infusion rate (r = 0.23, P \ 0.05) but not with the MAP
(r = 0.05, P = 0.64).

Lactate/pyruvate (L/P) ratio

There was no difference between patients with septic
shock and severe sepsis regarding their tissue L/P ratio on
any day, nor did the ratio decrease significantly with time.
The L/P ratio for the whole study cohort was 20.46
(15.57–26.63) on day 1 and decreased nonsignificantly
until the end of the study. There was no correlation of L/P
ratio with SOFA, APACHE II, MAP, and norepinephrine
infusion rate.

Glycerol

Patients with septic shock had higher MD-assessed tissue
glycerol than patients with severe sepsis during each one

A

B

Fig. 1 a Microdialysis-assessed tissue lactate in patients with
septic shock versus severe sepsis. b Blood lactate in patients with
septic shock versus severe sepsis

A

B

Fig. 2 a Lactate gradient in patients with septic shock versus
severe sepsis. b Glycerol gradient in patients with septic shock
versus severe sepsis
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of the six days of the study (Fig. 3). Mixed model analysis
revealed that in septic shock patients MD glycerol
increased throughout the study period, whereas it
remained stable in severe sepsis; the difference was sta-
tistically significant (P = 0.009). There was also a trend
for higher blood glycerol levels among septic shock
patients but this did not reach statistical significance
(P = 0.075).

Tissue glycerol showed a weak correlation with blood
glycerol (r = 0.29, P = 0.008), norepinephrine infusion
dose (r = 0.39, P \ 0.001), and APACHE II score
(r = 0.27, P = 0.01) on day 1 and a trend to correlation
with SOFA on day 1 (r = 0.18, P = 0.08) that became
significant on day 2 (r = 0.23, P = 0.029). It also cor-
related with tissue glucose (r = 0.43, P \ 0.001), tissue
lactate (r = 0.43, P \ 0.001), and tissue pyruvate
(r = 0.44, P \ 0.001).

Mixed model analysis showed that the tissue–blood
glycerol gradient was significantly higher (P = 0.016) in
the septic shock group throughout the study (Fig. 2b).
Additional information on the results regarding the tis-
sue–blood glycerol gradient is given in the ESM.

Glucose

Tissue glucose was significantly higher among septic
shock patients compared with the severe sepsis patients
(P = 0.004) throughout the study period (Fig. 4). Blood
glucose was also higher in septic shock patients but the
difference was not statistically significant. MD-assessed
glucose correlated with the administered insulin dose and
the blood glucose throughout the study period. Specifi-
cally, tissue glucose was lower than blood glucose on
each one of the study days. Finally, on day 1 it showed
significant correlation with each one of the MD-measured
parameters.

Comparison between septic patients
with or without bacteremia

Compared with nonbacteremic patients (n = 67), patients
with bacteremia (n = 23) had higher SOFA (9.35 ± 2.12
vs. 7.19 ± 3.05; P = 0.002) and APACHE II scores
(21.61 ± 3.58 vs. 18.76 ± 5.47; P = 0.022) on day 1.
There was no appreciable difference in any of the MD-
assessed markers except for a slight increase in the blood
lactate levels [1.42 (1.16–2.84) vs. 1.23 (0.87–2.13)
mmol/l; P = 0.042] in the bacteremic group. Interest-
ingly, bacteremic patients with pneumonia (n = 10) had
significantly higher tissue glycerol levels [421.00
(231.00–513.60) vs. 191.67 (134.80–341.23) lmol/l; P =
0.049] than nonbacteremic pneumonia patients (n = 37)
on day 1, even though they did not differ either in blood
glycerol levels or in SOFA/APACHE II scores.

Comparison between septic patients with different
underlying infections

Even though there was no between-groups difference,
intra-abdominal infection (IAI) patients showed a pattern
of progressively increasing tissue levels of glucose and
glycerol compared with a pattern of stable values in
pneumonia patients (Fig. 5a, b). This pattern mirrored the
evolution of blood glucose and glycerol levels in the first
days of the septic syndrome. Mixed model analysis
revealed that IAI versus pneumonia infections were
associated with higher blood lactate levels throughout the
study (P = 0.045). Overall, IAI patients were in a more
severe condition; more IAI patients presented with septic
shock than pneumonia patients (93.3 vs. 62.5%, P =
0.026) even though they did not differ in age (63.06 ±
16.80 vs. 65.60 ± 15.60 years; P = 0.60), gender (males
60 vs. 72.9%; P = 0.35), APACHE II (21.27 ± 4.30 vs.
19.44 ± 5.70; P = 0.26), and SOFA scores (8.80 ± 3.47
vs. 7.17 ± 2.76; P = 0.07).

Fig. 3 Evolution of microdialysis-assessed tissue glycerol in
patients with septic shock versus severe sepsis

Fig. 4 Evolution of microdialysis-assessed tissue glucose in
patients with septic shock versus severe sepsis
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The comparison between patients with CAP versus
those with HCAP/HAP/VAP did not reveal any difference
either in clinical characteristics or in tissue or blood
metabolic parameters.

Comparison between septic patients harboring Gram
(?) versus Gram (-) infections

There were 34 microbiologically confirmed Gram (-) and
10 Gram (?) infections. Even though there were no
between-group differences in clinical characteristics
(namely, age, gender, SOFA, and APACHE II scores)
on day 1, patients with Gram (?) infections demon-
strated higher tissue glycerol levels (422.76 ± 240.76 vs.
256.86 ± 188.39 lmol/l; P = 0.027) and glycerol gradient
(397.16 ± 236.87 vs. 232.07 ± 191.56 lmol/l; P = 0.029)
than those with Gram (-) infections. Of note, blood glyc-
erol levels did not differ between the two groups.

Comparison between survivors and nonsurvivors

Univariate analysis showed that among all clinical vari-
ables, SOFA (P = 0.0001) and APACHE II (P = 0.003)

scores, septic shock (P = 0.034), infection type (pneu-
monia), and norepinephrine infusion rate (P = 0.003)
were associated with 28-day mortality; the same was true
for the following metabolic markers: MD-derived L/P
ratio (P = 0.025), glycerol (P = 0.10), and blood glyc-
erol (P = 0.049) (all performed on day 1) (Table 2). In
two multiple logistic regression analyses, we separately
included SOFA and APACHE II scores in combination
with the relevant variables emerging from the univariate
analysis. There was no appreciable collinearity (with
tolerance ranging from 0.522 to 0.944 and variance
inflation factor ranging from 1.058 to 1.915). The back-
ward elimination technique revealed that the MD L/P
ratio remained significant in both multivariate analyses.
Specifically, model 1 included MD L/P ratio (OR =
1.042; 95% CI 1.002–1.082) and norepinephrine infusion
rate (OR = 1.105; 95% CI 1.033–1.182) and model
2 included MD L/P ratio (OR = 1.040; 95% CI
1.003–1.079) and SOFA score (OR = 1.450; 95% CI
1.168–1.800). Nevertheless, neither model was associated
with a significantly larger area under the curve (AUC)
than SOFA score alone (Fig. 1 in ESM).

Comparison between patients with severe sepsis/septic
shock versus patients with SIRS

The relevant data are presented in the ESM.

Discussion

Our study demonstrated that critically ill patients with
septic shock differed from those with severe sepsis in
MD-assessed SAT glycerol, glycerol gradient, and glu-
cose, whereas lactate, lactate gradient, pyruvate, and L/P
ratio were quite similar. Moreover, compared with the
whole cohort of pneumonia patients, and despite similar
baseline clinical characteristics, those suffering from IAI
or bacteremic pneumonia had different tissue metabolic
profiles. This was also the case for the comparison
between patients with Gram-positive versus Gram-nega-
tive infections. Finally, tissue-derived L/P ratio was an
independent predictor for 28-day mortality.

We found that MD-monitored lactate and pyruvate
levels were higher—albeit in a not statistically significant
way—in patients with septic shock compared with those
with severe sepsis. These two tissue biochemical markers
showed a good correlation with each other and changed in
parallel which is not surprising considering that lactate
production is biochemically associated tightly with
pyruvate changes. In cases of insufficient oxygen supply,
pyruvate is preferentially converted to lactate; this is why
lactate is generally viewed as a marker of tissue ischemia
and hypoxia. However, lactate can also be produced by

A

B

Fig. 5 a Microdialysis-assessed tissue glycerol in patients with IAI
versus pneumonia. b Microdialysis-assessed tissue glucose in
patients with IAI versus pneumonia
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overactivation of the glycolytic pathway that leads to
proportional increases of pyruvate and lactate in patients
with septic shock [12]. We should additionally note that
although adipose tissue is considered to contribute sig-
nificantly to lactate production in healthy subjects [21],
there is some controversy regarding the site of increased
lactate production in sepsis. For example, Martinez et al.
[16] found a tissue–blood lactate gradient that was
essentially zero and concluded that adipose tissue does
not play a role in the development of hyperlactatemia in
critically ill septic patients. That study included only five
septic patients and is not in accordance with our findings.

It is known that lipolysis releases glycerol and free
fatty acids, a biochemical process that is under the control
not only of the sympathetic system and insulin [22] but
also of cytokines [23]. In our study, glycerol was found to
be the most consistently elevated tissue marker and, thus,
clearly differed between patients with septic shock and
severe sepsis. Lind and Lithell [24] studied a heteroge-
neous population of 44 ICU patients and showed that
blood glycerol level correlated with disease severity. In
addition, it was significantly elevated in septic patients
compared with nonseptic ones and improved the predic-
tive ability of the APACHE II score. Less is known about
tissue glycerol in septic patients. In the study by Martinez
et al. [16], septic patients had higher tissue glycerol levels
as well as tissue–blood glycerol gradients than healthy
subjects. This is in keeping with the results of this study

and our previous research project [17]. In that study, we
additionally found that tissue glycerol was higher com-
pared with blood glycerol during the whole study period.
This may probably be attributed to ongoing lipolysis.
Another interpretation of the increased tissue glycerol
levels might be widespread cell membrane disintegration
because glycerol is a component of cell membranes.
Regardless of the underlying mechanisms, tissue glycerol
seems to be a stress response marker. It is noteworthy
that—contrary to the lactate gradient—glycerol tissue-to-
blood gradient was almost always positive and increased
during the 6-day study period. This suggests that a
decrease in the lactate recovery rate is not an explanation
for the diminution over time of lactate gradient and also
implies that the glycerol gradient is an interesting marker
of in vivo lipolysis.

Previous epidemiological studies conducted in the
ICU setting have shown that although respiratory tract
infections are more common, IAIs may be more severe
[25]. Our study corroborates these findings because more
patients with IAI had septic shock upon study entry. In
addition, our data provide the first indirect evidence that
the underlying type of infection and the implicating
pathogen may be associated not only with different
stimulation patterns of the immune system [26, 27] but
also with various metabolic alterations.

The limitations of our study should be acknowledged.
First, we did not perform any direct measurements of

Table 2 Univariate analysis of factors associated with 28-day mortality

Variables Survivors (n = 52) Nonsurvivors (n = 38) P OR (95% CI)

Demographic data
Age (years) 61.48 ± 19.20 65.28 ± 13.91 0.31 1.01 (0.99–1.04)
Gender (male/female) 36/16 23/15 0.39 0.68 (0.28–1.64)

Clinical data
APACHE II score 18.00 ± 4.85 21.52 ± 5.00 0.003 1.17 (1.06–1.29)
SOFA score 6.57 ± 2.66 9.34 ± 2.65 0.0001 1.51 (1.22–1.86)
Septic shock 33 (63.46) 32 (84.21) 0.034 3.07 (1.09–8.68)
NIR (lg/min) 2.59 (0.0–6.48) 10.29 (2.29–14.25) 0.003 1.09 (1.03–1.17)

Type of infection
Pneumonia 32 15 0.04 0.41 (0.17–0.96)
IAI 6 9 0.13 2.38 (0.77–7.38)

Blood chemistry on day 1
Lactate (mmol/l) 1.36 (0.95–2.18) 1.31 (0.90–2.32) 0.78 0.97 (0.78–1.21)
Glycerol (lmol/l) 17.00 (13.00–24.00) 24.00 (14.75–40.25) 0.049 1.02 (1.00–1.05)
Glucose (mmol/l) 7.86 ± 2.06 7.98 ± 2.26 0.78 1.00 (0.99–1.01)

MD-assessed parameters on day 1
Lactate (mmol/l) 2.80 (1.81–4.15) 3.22 (1.70–4.28) 0.24 1.09 (0.94–1.27)
Pyruvate (lmol/l) 162.57 ± 90.23 158.18 ± 135.84 0.86 0.99 (0.99–1.01)
Lactate/pyruvate 17.85 (14.23–24.45) 22.75 (18.59–35.35) 0.025 1.04 (1.00–1.07)
Glycerol (lmol/l) 276.58 ± 180.53 353.52 ± 256.07 0.10 1.00 (1.00–1.01)
Glucose (lmol/l) 5.03 ± 3.15 5.84 ± 3.46 0.26 1.08 (0.95–1.23)

Tissue–blood gradients on day 1
Lactate gradient (mmol/l) 1.43 (0.56–2.54) 0.80 (0.38–1.98) 0.74 0.97 (0.81–1.16)
Glycerol gradient (lmol/l) 253.89 ± 183.86 325.12 ± 251.55 0.14 1.00 (1.00–1.01)

Data are presented as means ± SD, medians (interquartile range), or counts (percentages)
APACHE acute physiology and chronic health evaluation, CI confidence intervals, MD microdialysis, OR odds ratio, NIR noradrenaline
infusion rate, SOFA sequential organ failure assessment
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blood flow or substrate kinetics. Second, we did not
perform arterial and microdialysis urea measurements as a
check for the MD probe recovery function. Therefore, we
cannot exclude the possibility that occasional probe dys-
function might be responsible for the negative gradients
observed in some patients. However, the glycerol gradient
was found to be negative only once. In addition, the L/P
ratio calculation from the simultaneous sampling and
measurement of lactate and pyruvate would not be
expected to be changed by probe dysfunction as both
metabolites would be affected to a similar degree. Third,
for obvious logistic and cost concerns, we placed only one
MD catheter per patient in the SAT of the upper thigh and
cannot be certain if the same metabolic alterations would
be evident in other body sites. Fourth, the choice of a 4-h
sampling schedule, even though more convenient for
routine monitoring, might not have detected the effects of
short-term interventions (escalation of a vasopressor
agent [28], fluid challenge [29], etc.) on microcirculatory
and tissue metabolism functions; however, the detection
of these effects was not among our study goals. Fifth, we
included both lean and obese patients with potentially
different patterns of adipose tissue blood flow and

metabolism. Finally, we cannot extrapolate our findings to
other subpopulations of critically ill patients because we
restricted our analysis to the septic patients and did not
use a control group of sufficient sample size.

Conclusions

Our data suggest that among septic ICU patients in vivo
microdialysis detects tissue metabolic abnormalities that
might differ in relation to the sepsis stage and the type of
underlying infection or responsible pathogen. Because
microdialysis has not been sufficiently studied in sepsis,
we consider it at present useful only as a research tool.
Additional work will be necessary to determine if
microdialysis can find clinical applications in the man-
agement of septic patients.
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