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Introduction

Traumatic brain injury (TBI) remains a major cause of
morbidity and mortality worldwide. Nonmodifiable factors
such as initial injury severity, Glasgow coma score (GCS),
pupillary response, age, and presence of additional
physiologic derangements such as hypoxia or hypotension
predominantly affect the outcome in such cases.1,2

Secondary insults continue to take place after initial
injury and are important in determining outcome.3 The
management of patients with TBI currently focuses on
intracranial pressure (ICP) or cerebral perfusion pressure

(CPP) therapy.4–7 Although this approach is an important
component, ICP-based monitoring and treatment alone may
not be enough to modify TBI prognosis.8 In a recent meta-
analysis, the authors found that the current clinical
evidence does not indicate that ICP monitoring overall was
superior to no ICP monitoring in terms of the mortality of
TBI patients.9

Cerebral microdialysis (MD) has been in clinical use for over
a decade. However, its utility in neurointensive care has not yet
been established. ICP and CPP both have been said to correlate
with MD values.10 Current evidence is mostly based on small
scale studies. Dizdarevic et al showed in their recent study that
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Abstract Objective The aim of the study was to analyze the relationship of cerebral perfusion
pressure (CPP) and its relationship to microdialysis (MD) analysates and their role as
predictors of outcome in severe traumatic brain injury (TBI).
Methods A total of 41 patients with severe TBI who underwent decompressive
craniectomy were prospectively monitored with intracerebral MD catheters. The
relation between cerebral perfusion pressure and MD-measured interstitial brain
glycerol and lactate-pyruvate ratio (LPR) concentrations was studied.
Results Twenty-six (63.4%) patients had a good outcome in terms of GOS at
6 months whereas the rest (15 patients) had poor GOS at 6 months. There was
significant difference in mean CPP values between the two groups (p ¼ 0.000). In the
poor outcome group, the mean LPR was 80.16 as compared with a mean of 45.77 in
the good outcome group (p ¼ 0.00). Taking a cutoff of both LPR < 45 and
CPP > 70 mm Hg, a significant difference in outcome was seen (p ¼ 0.03).
Conclusion CPP seems essential to maintaining normal metabolism. Low CPP values
and high ICP values are associated with a poor outcome. MD variables glycerol and LPR
are dependent on CPP and are prognostic factors for the outcome.
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the modified Lund concept with bedside MD monitoring
showed better results compared with CPP-targeted therapy in
the treatment of comatose patients sustaining brain injury after
aneurysmal subarachnoid hemorrhage (SAH) and severe TBI.11

The study aimed to see the role of glycerol and lactate-
pyruvate ratio (LPR) monitoring in the brain parenchyma
region and its association with CPP for outcome
prediction.

Subjects and Methods

The study was conducted on 41 patients aged > 18 years
with severe TBI (Glasgow coma scale [GCS] � 8) who
presented to the emergency with a surgically treatable
lesion. Patients who were pregnant, had GCS ¼ 3 with fixed
dilated pupils, or hemodynamically unstable were not
enrolled in this prospective nonrandomized study. As part
of routine protocol, the patient underwent a noncontrast
computed tomography (NCCT) of the head at admission along
with assessment of other systemic injuries. Informed consent
and institute ethics review board permission were obtained
prior to inclusion in this study. The outcome was assessed
using the Glasgow outcome scale (GOS). GOS variable was
divided according to favorable and unfavorable outcomes.
GOS 4 and GOS 5 were considered as favorable outcome,
whereas GOS � 3 as an unfavorable one.

Patient Management
The study included patients of severe TBI with a surgically
treatable lesion and/or raised ICP/refractory intracranial
hypertension (subdural hematoma [SDH], contusions,
diffuse cerebral edema with refractory intracranial
hypertension: sustained rise in ICP > 20 mm Hg for over
30 minutes), who were subjected to decompressive
craniectomy with augmentation duraplasty. At the time of
dural closure, a single MD catheter CMA-70 (20-kDA
catheters) was inserted in the brain parenchyma at a depth
of 20 mm. These catheters were inserted under direct vision
in the cerebral tissue on the predominantly injured side at
the time of surgery. They were then connected to the
cerebral MD pump that was preloaded with central nervous
system (CNS) perfusion fluid. Seven patients had catheters
placed bilaterally. These included two patients undergoing
bifrontal decompressive craniectomy and five patients had
catheters inserted on the contralateral side through burr
hole at Kocher’s point. All patients also underwent
concurrent ICP monitoring using an intraparenchymal ICP
catheter–based monitoring. Postoperatively they were
managed in the neurointensive care unit. All patients were
managed as per standard treatment guidelines as given by
the Brain Trauma Foundation12 (BTF 2007). All patients also
had invasive arterial pressure monitoring. Postoperative
NCCT of the head was routinely done to confirm the
position of the catheter(s) in penumbra/intraparenchymally.

Cerebral Microdialysis
Depending on the availability of an appropriate analytical assay,
virtually any soluble molecule in the interstitial space fluid can

be measured by MD. The MD probes consist of a tubular
dialysis semipermeable membrane through which a solution,
usually devoid of the analyte of interest, is passed at a very slow
rate. With this perfusion into the extracellular tissue, the
analytes diffuse along their concentration gradient and can be
recovered. It is important to understand that the measured
values for interstitial products using MD vary with perfusion
rates. In our study, MD catheter probes (molecular weight
cutoff of 20 kDa, 10-mm membrane, CMA-70, CMA
Microdialysis, M Dialysis AB, Stockholm, Sweden) were placed
in the cerebral tissue on the predominantly injured side at the
time of dural closure. The probes were perfused with CNS
perfusion fluid at 0.3µL/min (P000151, CMA Microdialysis) and
samples collected for intracerebral glycerol and LPR every hour.
Concentrations of glucose, lactate, pyruvate, glutamate, and
glycerol in the microdialysate were analyzed using the CMA-
ISCUSflex MD analyzer (M Dialysis AB, Stockholm, Sweden).

MD catheter was kept in place for a minimum of 3 days
and up to a maximum of 5 days. Hourly data points were
recorded for each individual. A data point was defined as the
MD values acquired each hour in addition to the
neurophysiologic parameters from the multimodal brain
monitoring including ICP, CPP, mean arterial pressure (MAP),
and plasma glucose. Normative data for MD are dependent
on several technical factors, including the perfusion rate, MD
membrane, and duration of perfusion. Careful assessment of
the perfusion rate is required when comparing various
studies. With reduction in the perfusion rate to 0.3 µL/min,
the in vivo recovery increases. In keeping with the
international standards,13 the standard cerebral MD-based
biochemical values for reference are kept as

• Glycerol: 20–50 mM
• LPR: 15–20

All data were tabulated in MS Excel 2011 and analyzed
using SPSS v21 (IBM SPSS Statistics for Macintosh, Version
21.0. Armonk, NY: IBM Corp.). To calculate the correlation
between CPP and LPR at each data point, the Pearson’s
correlation coefficient was used with a one-tailed test of
significance. The biochemical values obtained during the
entire study period (3–5 days) were averaged to calculate
the overall mean values of CPP and LPR for each patient.
Fischer exact test (two-tailed) was applied to the qualitative
variables, and Student’s t-test was used for between-group
comparisons. Mann-Whitney U test was used to compare
postresuscitation GCS (PRGCS) between the groups.
Significance was assumed at p � 0.05.

Results

Demographic characteristics of the study cohort have been
shown in ►Table 1. The mean age of the patients enrolled in
the study was 33.4 (standard deviation [SD] ¼ 13.6) years
(range ¼ 18–85). There were 35 males and 6 females in this
group. The mean PRGCS was 6.02 (SD ¼ 1.54) (range ¼ 4–8)
(►Table 1).

The mean age for the unfavorable outcome group was 36.4
years (SD ¼ 17.5) and for the favorable outcome group was
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31.5 years (SD ¼ 10.8), the difference being not statistically
significant. The median PRGCS of the unfavorable outcome
group was 5 (mean ¼ 5.53; SD ¼ 1.64) and for the favorable
outcome group it was 7 (mean ¼ 6.3; SD ¼ 1.44). The groups
were comparable for age, sex, and PRGCS (►Table 2).

A total of 3,697 corresponding CPP and brain MD
readings were obtained. In our study, the mean CPP for
the whole cohort was 74.3 mm Hg (SD ¼ 14.05). In the poor
outcome group, 1,512 values were obtained with a mean
CPP of 71.3 (SD ¼ 13.77). In the good outcome group, 2,185
values were obtained with a mean CPP of 76.3 mm Hg
(SD ¼ 13.86). There was significant difference in mean CPP
values between the two groups (p ¼ 0.00). Taking mean CPP
of 70 mm Hg as a cutoff, the difference between the two
groups was significant in predicting outcome (p ¼ 0.05).
The mean ICP in the poor outcome group was 17.3
(SD ¼ 6.74) and in the good outcome group it was 14.6
(SD ¼ 8.27). The difference in the ICP between the two
groups was significant (p ¼ 0.00) (►Table 3).

Glycerol
In the poor outcome group, 1,373 values were available for
glycerol with a mean of 266.6 (SD ¼ 616.7). In the good
outcome group, 2,112 values were obtained with a mean
glycerol of 311.7 (SD ¼ 607.2). The difference between the
two groups was statistically significant (p ¼ 0.03). When
compared during the first 2 days of monitoring, the glycerol
levels were higher in the unfavorable outcome group (mean
220.9; SD ¼ 25.9) as compared with the favorable outcome
group (mean ¼ 191.8; SD ¼ 31.9). However, this difference
was not statistically significant.

Lactate-Pyruvate Ratio
In the poor outcome group, 1,354 values were available for
LPR with a mean of 80.2 (SD ¼ 320.3). In the good outcome
group, 2,047 values were obtained with a mean LP ratio of
45.8 (SD ¼ 169.8). The difference between the two groups
was statistically significant (p ¼ 0.01). Taking LPR < 45 as a
cutoff for mean LPR, the difference between the two groups
was not significant in predicting outcome (p ¼ 0.06).

However, taking both LPR < 45 and CPP 70 mm Hg as
cutoff, there was a statistical significance in predicting
outcome (p ¼ 0.03).

We also compared the maximum and minimum values of
the variables between the two groups. Although the good
outcome group showed higher maximum and minimum CPP
values, lower maximum and minimum ICP values, and lower
maximum and minimum LP ratios. However, none of these
differences was statistically significant (►Table 4).

Correlations of Cerebral Perfusion Pressure
CPP was seen to have an inverse correlation to LPR for the
whole cohort as would be expected with increased
perfusion (p ¼ 0.03). An inverse correlation was also seen
in the unfavorable outcome group (p ¼ 0.00). However, it
showed a positive correlation to glycerol, which cannot be
explained by simply increased perfusion (►Table 5).

Discussion

Cerebral blood flow remains constant over a wide range of
CPP under physiologic conditions as a result of the cerebral
autoregulatory mechanisms. In cases of severe TBIs, these
autoregulatory mechanisms may be altered. Depending on
the nature of the injury, that is, focal or diffuse, such changes
may be more localized or diffuse respectively.14 With such
changes, the cerebral blood flowmay reduce even in presence
of relatively normal CPP (50–70 mm Hg).15 However, it must
also be pointed out that not all reduction in cerebral blood
flow is ischemia. Ischemia occurs following a mismatch
between the cerebral blood flow and the metabolic
requirements of the affected tissue. Therefore, both
ischemia and decreased cerebral blood flow can occur even
with CPP � 65 to 75 mm Hg.16 Therefore, CPP alone is not a
reliable indicator to assess adequacy of the CBF in patients.

There remains no consensus for the ideal CPP values in
severe TBI. CPP values > 70 mm Hg or even 80 mm Hg may
be beneficial in terms of outcome. Some authors have
warned about a higher risk of acute respiratory distress
syndrome with a CPP > 70 mm Hg with no additional
benefit to outcome.17 A lower CPP goal of 60 mm Hg has
been endorsed by the American Association of Neurological
Surgeons and recently the Brain Trauma Foundation
suggested a general threshold in the realm of 50 to 70 mm
Hg.12 As a result, monitoring with other bedside tools
becomes necessary.

Table 1 Demographic profile of patients enrolled in the study

Mean Median SD N

Age 33.42 30 13.55 41

Sex (M/F) 35/6

Postresuscitation GCS 6.02 7 1.54

Outcome Good (GOS 4,5) 26 (63.4%)

Bad (GOS 1–3) 15 (36.6%)

Expired (GOS 1) 11 (26.82%)

Abbreviations: F, female; GCS, Glasgow coma scale; GOS, Glasgow outcome scale; M, male; SD, standard deviation.
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Table 2 Baseline characteristics and mean CPP and LPR values for each patient

S. No. Age Sex PRGCS Mean CPP Mean LPR GOS: good ¼ 1, bad ¼ 2 Injury

1 17 M 6 64.03 18.20 2 Parietal contusion

2 30 M 5 84.39 37.20 2 Frontal contusion þ SDH

3 85 M 7 80.13 38.52 2 Frontotemporal contusion

4 41 M 7 68.63 85.21 2 Temporal contusion

5 25 M 4 69.48 108.04 2 Frontal contusion þ SDH

6 35 M 7 82.92 47.46 2 FTP contusion þ SDH

7 24 M 4 66.27 75.18 2 Frontal contusion þ SDH

8 27 M 8 68.76 48.61 2 FTP contusion þ SDH

9 23 M 4 74.02 147.72 2 FTP contusion

10 50 F 7 76.64 79.92 2 Frontal contusion

11 40 M 8 53.04 50.84 2 FTP contusion þ SDH

12 60 M 4 69.43 27.49 2 Frontal contusion þ SDH

13 35 F 4 66.58 66.64 2 Frontal contusion þ SDH

14 26 M 4 55.39 409.65 2 Temporal contusion

15 28 M 4 87.68 36.89 2 FT contusion þ SDH

16 42 M 8 67.27 21.76 1 Frontal contusion

17 18 M 7 67.65 35.21 1 Frontal contusion þ SDH

18 35 M 7 87.92 45.53 1 Temporal contusion

19 64 F 8 74.87 32.56 1 FT contusion

20 45 M 4 65.08 131.72 1 Frontal contusion þ SDH

21 25 M 4 80.58 38.49 1 FP contusion þ SDH

22 35 M 6 74.60 3.89 1 Frontal contusion

23 16 M 5 69.36 69.44 1 FP contusion þ SDH

24 25 M 5 81.74 58.18 1 Frontal contusion

25 22 M 7 88.77 113.41 1 FTP contusions þ SDH

26 42 M 7 72.82 26.46 1 Frontal contusion þ SDH

27 43 M 8 77.19 40.85 1 Frontal contusion þ SDH

28 38 M 8 77.67 37.72 1 Frontal contusion þ SDH

29 36 M 5 65.01 31.53 1 Frontal contusion þ SDH

30 29 M 5 90.54 32.29 1 Frontal contusion þ SDH

31 23 F 5 73.16 40.71 1 FTP contusion þ SDH

32 38 F 8 56.03 25.13 1 FTP contusion þ SDH

33 28 M 7 88.5 49.16 1 FP contusion þ SDH

34 18 M 6 73.12 22.09 1 Temporal contusion

35 30 M 8 84.97 66.58 1 Frontal contusion þ SDH

36 18 F 7 79.53 34.69 1 Frontal contusion þ SDH

37 23 M 7 77.2 26.73 1 Frontal contusion þ SDH

38 30 M 4 83.23 28.68 1 Frontal contusion

39 27 M 7 67.79 21.04 1 Parietal contusion þ SDH

40 40 M 4 77.9 65.54 1 Frontal contusion

41 30 M 7 76.37 23.80 1 FTP contusion þ SDH

Abbreviations: CPP, cerebral perfusion pressure; F, female; FT, frontotemporal; FTP, frontotemporoparietal; GOS, Glasgow outcome score (1–
3 ¼ bad GOS, 4, 5 ¼ good GOS); LPR, lactate-pyruvate ratio; M, male; PRGCS, postresuscitation Glasgow coma score; SDH, subdural hematoma.
Note: Groups were similar for age (p ¼ 0.28 t-test), postresuscitation GCS (p ¼ 0.13 Mann-Whitney U test).

Indian Journal of Neurotrauma Vol. 13 No. 2/2016

A Prospective Observational Study of Microdialysis in Severe TBI Singla et al.62

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



One such bedside tool is MD. MD assumes importance as a
bedside tool to detect ischemia, cell breakdown, and to assess
the metabolic state of the injured brain.18–20 Abnormal LPR
has classically been defined as an LPR > 25.21 LPR >25 is
associated with worse outcome after TBI.22 Some authors
have also used an LPR > 40 as marker of cell energy crisis.21

In routine clinical practice, LPR > 35 to 40 has been used to
start therapeutic interventions.

Zauner et al23 showed in their study that a CPP of 70 mm
Hg was associated with an increase in brain tissue
oxygenation, brain glucose concentration, and a reduction in
brain lactate levels as measured by cerebral MD. Poon et al24

studied the concentrations of cerebral glucose, lactate,
glycerol, glutamate, and pyruvate, and found them to
correlate with CPP. They proposed an elevated critical CPP
threshold (70 mm Hg) for patients with head injuries to
prevent irreversible brain damage. Nordstrom et al7 showed
that significantly higher LPRs existed in pericontusional
tissues at CPP < 50 mm Hg as compared with CPP > 50 mm
Hg. However, no such difference was seen in the catheter
inserted in the normal brain tissue at these CPP cutoff values.
Thereby, they suggested that pericontusional brain was more
sensitive to changes of CPP. In our study too, a significant
difference can be seen in glycerol and LPR values taking a CPP
cutoff at 70 mm Hg.

Nelson et al25 demonstrated that patients with a CPP
� 70 mm Hg exhibited better prognosis in TBI. However, they
found no significant relation between MD values and outcome.
In addition, no correlation between CPP and MD variables was
found in their study.

Glycerol is an end product of phospholipid breakdown.
Degradation of cell membrane phospholipids leads to an
increase in free fatty acids concentration. It can thus be used
as a marker of membrane disintegration.26 It would be
expected that patients with TBI/other insults would have
higher levels of glycerol indicative of cell breakdown.

Peerdeman et al27 performed a prospective, observational
study, and found that serious secondary adverse events in TBI
patients were not associated with increased glycerol levels as
measured by cerebral MD. They speculated that monitoring the
interstitial brain glycerol was not useful in monitoring cell
damage and thereby could not help in preventing further
breakdown. In their study, a peak glycerol level > 150 μmol/L
was predictive of an unfavorable outcome. However,
Peerdeman et al described the insertion of the MD catheters
in relatively normal tissue in the brain. This could be one of the
reasons of not having got higher glycerol values that would
have been the case had they inserted them in the
pericontusional tissues. They also speculated that glycerol
probably was more indicative of the primary event because

Table 4 Maximum and minimum values

Maximum Minimum p Value

CPP (mm hg) Good GOS 102.1 (SD ¼ 14.6) 49.9 (SD ¼ 17.6) 0.22

Bad GOS 96.1 (SD ¼ 14.9) 43.3 (SD ¼ 11.6) 0.21

ICP (mm Hg) Good GOS 22 (SD ¼ 8.3) 7.7 (SD ¼ 5.4) 0.08

Bad GOS 26.7 (SD ¼ 7.7) 9.4 (SD ¼ 4.7) 0.31

LPR Good GOS 578 (SD ¼ 1,385) 14.1 (SD ¼ 11.2) 0.45

Bad GOS 968 (SD ¼ 1,870) 16.7 (SD ¼ 12.7) 0.51

Glycerol Good GOS 1,817 (SD ¼ 1,205) 1,050 (SD ¼ 1,339) 0.07

Bad GOS 11.8 (SD ¼ 25.3) 6.7 (SD ¼ 10.7) 0.46

Abbreviations: CPP, cerebral perfusion pressure; GOS, Glasgow outcome score; ICP, intracranial pressure; LPR, lactate-pyruvate ratio; MD,
microdialysis; SD, standard deviation.
Note: The maximum and minimum values of each variable were noted for each patient. The means of these values were compared between the two
groups. None of the differences were statistically significant.

Table 3 Levels of MD analysates glycerol and LPR in various groups

Group Variable CPP < 70 mm Hg CPP > 70 mm Hg p Value

Total (n ¼ 41) Glycerol 240.5 (SD ¼ 488.3) 330.2 (SD ¼ 672.9) 0.00

LPR 52.5 (SD ¼ 68.4) 44.4 (SD ¼ 56.9) 0.01

Good GOS (n ¼ 26) Glycerol 308.1 (SD ¼ 578.8) 322.9 (SD ¼ 623.9) 0.62

LPR 37.3 (SD ¼ 40.9) 41.5 (SD ¼ 51.7) 0.09

Bad GOS (n ¼ 15) Glycerol 182.7 (SD ¼ 385.9) 345.6 (SD ¼ 765.3) 0.00

LPR 65.4 (SD ¼ 83.0) 50.4 (SD ¼ 66.0) 0.00

Abbreviations: CP, cerebral perfusion; CPP, cerebral perfusion pressure; GOS, Glasgow outcome score; LPR, lactate-pyruvate ratio; MD,
microdialysis; SD, standard deviation.
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values were much higher on day 1 of monitoring in the poor
outcome group. Of the 4 patients with favorable outcome (GOS
5 and 4), none had a peak value of glycerol > 150 μmol/L,
whereas 6 out of 10 patients (60%) with an unfavorable
outcome had. They concluded that glycerol was more
dependent on primary trauma rather than being indicative of
secondary insults. Clausen at al28 also observed significantly
increased glycerol concentrations when PbtO2 was < 10 mm
Hg or when CPP was < 70 mm Hg in TBI patients.

In our study, contrary to expectations glycerol was
significantly higher in the good outcome group. During
the first 2 days of monitoring, the glycerol levels were
higher in the unfavorable outcome group as compared
with the favorable outcome group. We believe the higher
values of glycerol in the good outcome group are a result
of the longer monitoring of these patients. Because some
of the bad outcome group patients expired during their
course of monitoring, the cell breakdown products did not
reach as high values as they would during the course of
5 days.

An elevated LPR can be seen due to ischemia. During
episodes of ischemia, elevated lactate is accompanied by low
pyruvate and usually accompanied by low levels of cerebral
glucose and brain oxygen. LPRs during episodes of ischemia
have been reported to be > 40. Also, hyperglycolysis29 or
mitochondrial dysfunction can be another cause of increase
in LPR.30 In these cases, the increase in glycolytic rate causes
a massive production of lactate and increase in the LPR
although tissue pyruvate remains at a normal level or
increases slightly. Therefore, a high LPR is indicative of
both mitochondrial dysfunction and ischemia.

Nikaina et al31 showed that CPP and LPR have significant
effects on the long-term outcome prognosis after a
spontaneous cerebral hematoma. They took a cutoff CPP of
� 75.46 mm Hg and LPR � 36.05. A weak negative
correlation was also found between CPP and LPR in their
study, much similar to ours. Thereby, the key to finding
cutoffs of CPP may be found in keeping a favorable metabolic
profile, as indicated by low LPRs.

Parafarou et al32 in their study of TBI used a CPP
cutoff > 75 mm Hg, LPR < 37, and glycerol < 72 as markers
of good outcome. Our study shows somewhat similar results
(LPR � 45 and CPP � 70 mm Hg).

Keeping all the aforementioned literature in mind, we
agree that at present there is no consensus on the absolute
or trend values of MD variables. At this point of time, it may
be difficult to support a clinical decision making but may act
as a useful adjunct in neurointensive care following TBI. Our
study adds to growing evidence that LPR cutoff around 40 to
45 are predictive of outcome.

Limitations

This study has several important limitations. First is the lack of
contralateral catheters in all patients that would allow us to
compare changes in injured and normal brain. The study
only includes a subset of TBI patients who underwent
decompressive craniectomy. Including conservatively
managed patients could give a more comprehensive picture
of the pathophysiology in TBI. We did not have access to direct
measurements of cerebral blood flow, which would give us a
better idea of autoregulatory processes.

Conclusion

CPP monitoring is important for TBI since cerebral blood
flow is highly dependent on CPP below the lower limit of
cerebral autoregulation (CP p < 50 mm Hg). Our study
supports the view that higher CPP by its effect on
metabolic parameters, such as LPR, could be associated
with a better outcome. MD parameters can thereby be used
as a bedside tool to guide CPP targets and any interventions
while aiming for the best possible outcome.

Acknowledgment
The authors wish to thank staff nurse Ms. Jyoti Sohal (RN)
at our institute for handling the CMD machine in the
neurosurgery ICU.

Reference
1 Murray GD, Butcher I, McHugh GS, et al. Multivariable prognostic

analysis in traumatic brain injury: results from the IMPACT study.
J Neurotrauma 2007;24(2):329–337

2 Perel P, Arango M, Clayton T, et al; MRC CRASH Trial
Collaborators. Predicting outcome after traumatic brain injury:
practical prognostic models based on large cohort of
international patients. BMJ 2008;336(7641):425–429

3 McHugh GS, Engel DC, Butcher I, et al. Prognostic value of
secondary insults in traumatic brain injury: results from the
IMPACT study. J Neurotrauma 2007;24(2):287–293

4 Balestreri M, Czosnyka M, Hutchinson P, et al. Impact of intracranial
pressure and cerebral perfusion pressure on severe disability and
mortality after head injury. Neurocrit Care 2006;4(1):8–13

5 Portella G, Cormio M, Citerio G, et al. Continuous cerebral
compliance monitoring in severe head injury: its relationship
with intracranial pressure and cerebral perfusion pressure. Acta
Neurochir (Wien) 2005;147(7):707–713, discussion 713

Table 5 Correlation of various parameters with CPP

Variable Group Pearson correlation
coefficient

p Value

ICP Total �0.39 0.00

Good GOS �0.35 0.00

Bad GOS �0.42 0.00

Glycerol Total 0.04 0.04

Good GOS 0.003 0.89

Bad GOS 0.07 0.02

LPR Total �0.04 0.03

Good GOS 0.06 0.01

Bad GOS �0.14 0.00

Abbreviations: CPP, cerebral perfusion pressure; GOS, Glasgow
outcome score; ICP, intracranial pressure; LPR, lactate-pyruvate ratio.

Indian Journal of Neurotrauma Vol. 13 No. 2/2016

A Prospective Observational Study of Microdialysis in Severe TBI Singla et al.64

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



6 Lobato RD, Alen JF, Perez-Nuñez A, et al. [Value of serial CT
scanning and intracranial pressure monitoring for detecting new
intracranial mass effect in severe head injury patients showing
lesions type I–II in the initial CT scan]. Neurocir Astur Spain 2005;
16(3):217–234

7 Nordström CH, Reinstrup P, Xu W, Gärdenfors A, Ungerstedt U.
Assessment of the lower limit for cerebral perfusion pressure in
severe head injuries by bedside monitoring of regional energy
metabolism. Anesthesiology 2003;98(4):809–814

8 Chesnut RM, Temkin N, Carney N, et al; Global Neurotrauma
Research Group. A trial of intracranial-pressure monitoring in
traumatic brain injury. N Engl J Med 2012;367(26):2471–2481

9 Yuan Q, Wu X, Sun Y, et al. Impact of intracranial pressure
monitoring on mortality in patients with traumatic brain injury:
a systematic review and meta-analysis. J Neurosurg 2015;122(3):
574–587

10 Ståhl N, Mellergård P, Hallström A, Ungerstedt U, Nordström CH.
Intracerebral microdialysis and bedside biochemical analysis in
patients with fatal traumatic brain lesions. Acta Anaesthesiol
Scand 2001;45(8):977–985

11 Dizdarevic K, Hamdan A, Omerhodzic I, Kominlija-Smajic E.
Modified Lund concept versus cerebral perfusion pressure-
targeted therapy: a randomised controlled study in patients
with secondary brain ischaemia. Clin Neurol Neurosurg 2012;
114(2):142–148

12 Brain Trauma Foundation, American Association of Neurological
Surgeons, Congress of Neurological Surgeons. Guidelines for the
management of severe traumatic brain injury. J Neurotrauma
2007;24(Suppl 1):S1–S106

13 Reinstrup P, Ståhl N, Mellergård P, Uski T, Ungerstedt U, Nordström
CH. Intracerebral microdialysis in clinical practice: baseline values
for chemical markers during wakefulness, anesthesia, and
neurosurgery. Neurosurgery 2000;47(3):701–709, discussion
709–710

14 Bouma GJ, Muizelaar JP, Bandoh K, Marmarou A. Blood pressure
and intracranial pressure-volume dynamics in severe head
injury: relationship with cerebral blood flow. J Neurosurg 1992;
77(1):15–19

15 Jaeger M, Dengl M, Meixensberger J, Schuhmann MU. Effects
of cerebrovascular pressure reactivity-guided optimization of
cerebral perfusion pressure on brain tissue oxygenation
after traumatic brain injury. Crit Care Med 2010;38(5):
1343–1347

16 Coles JP, Steiner LA, Johnston AJ, et al. Does induced hypertension
reduce cerebral ischaemia within the traumatized human brain?
Brain 2004;127(Pt 11):2479–2490

17 Robertson CS, Valadka AB, Hannay HJ, et al. Prevention of
secondary ischemic insults after severe head injury. Crit Care
Med 1999;27(10):2086–2095

18 Andrews PJD, Citerio G, Longhi L, Polderman K, Sahuquillo J,
Vajkoczy P; Neuro-Intensive Care and Emergency Medicine
(NICEM) Section of the European Society of Intensive Care

Medicine. NICEM consensus on neurological monitoring in
acute neurological disease. Intensive Care Med 2008;34(8):
1362–1370

19 Oddo M, Villa F, Citerio G. Brain multimodality monitoring: an
update. Curr Opin Crit Care 2012;18(2):111–118

20 Messerer M, Daniel RT, Oddo M. Neuromonitoring after major
neurosurgical procedures. Minerva Anestesiol 2012;78(7):
810–822

21 Hillered L, Vespa PM, Hovda DA. Translational neurochemical
research in acute human brain injury: the current status and
potential future for cerebral microdialysis. J Neurotrauma 2005;
22(1):3–41

22 Timofeev I, Carpenter KLH, Nortje J, et al. Cerebral extracellular
chemistry and outcome following traumatic brain injury: a
microdialysis study of 223 patients. Brain 2011;134(Pt 2):484–494

23 Zauner A, Doppenberg E, Woodward JJ, et al. Multiparametric
continuous monitoring of brain metabolism and substrate delivery
in neurosurgical patients. Neurol Res 1997;19(3):265–273

24 Poon WS, Ng SCP, Chan MTV, Leung CHS, Lam JMK. Neurochemical
changes in ventilated head-injured patients with cerebral
perfusion pressure treatment failure. Acta Neurochir Suppl
(Wien) 2002;81:335–338

25 Nelson DW, Thornquist B, MacCallum RM, et al. Analyses of
cerebral microdialysis in patients with traumatic brain injury:
relations to intracranial pressure, cerebral perfusion pressure and
catheter placement. BMC Med 2011;9:21

26 Marklund N, Salci K, Lewén A, Hillered L. Glycerol as a marker for
post-traumatic membrane phospholipid degradation in rat brain.
Neuroreport 1997;8(6):1457–1461

27 Peerdeman SM, Girbes ARJ, Polderman KH, Vandertop WP.
Changes in cerebral interstitial glycerol concentration in head-
injured patients; correlation with secondary events. Intensive
Care Med 2003;29(10):1825–1828

28 Clausen T, Alves OL, Reinert M, Doppenberg E, Zauner A, Bullock R.
Association between elevated brain tissue glycerol levels and poor
outcome following severe traumatic brain injury. J Neurosurg
2005;103(2):233–238

29 Oddo M, Levine JM, Frangos S, et al. Brain lactate metabolism in
humans with subarachnoid hemorrhage. Stroke 2012;43(5):
1418–1421

30 Vespa P, Bergsneider M, Hattori N, et al. Metabolic crisis without
brain ischemia is common after traumatic brain injury: a
combined microdialysis and positron emission tomography
study. J Cereb Blood Flow Metab 2005;25(6):763–774

31 Nikaina I, Paterakis K, Paraforos G, et al. Cerebral perfusion
pressure, microdialysis biochemistry, and clinical outcome in
patients with spontaneous intracerebral hematomas. J Crit Care
2012;27(1):83–88

32 Paraforou T, Paterakis K, Fountas K, et al. Cerebral perfusion
pressure, microdialysis biochemistry and clinical outcome in
patients with traumatic brain injury. BMC Res Notes 2011;4;
(1):540

Indian Journal of Neurotrauma Vol. 13 No. 2/2016

A Prospective Observational Study of Microdialysis in Severe TBI Singla et al. 65

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.


