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Abstract

Background Intracranial multimodality monitoring (iMMM) is increasingly used in acute brain-injured patients; however,
safety and reliability remain major concerns to its routine implementation.

Methods We performed a retrospective study including all patients undergoing iMMM at a single European center between
July 2016 and January 2020. Brain tissue oxygenation probe (PbtO,), alone or in combination with a microdialysis catheter
and/or an 8-contact depth EEG electrode, was inserted using a triple-lumen bolt system and targeting normal-appearing at-
risk brain area on the injured side, whenever possible. Surgical complications, adverse events, and technical malfunctions,
directly associated with iMMM, were collected. A blinded imaging review was performed by an independent radiologist.
Results One hundred thirteen patients with 123 iMMM insertions were included for a median monitoring time of 9 [3—14]
days. Of those, 93 (76%) patients had only PbtO, probe insertion and 30 (24%) had also microdialysis and/or iEEG moni-
toring. SAH was the most frequent indication for IMMM (n =60, 53%). At least one complication was observed in 67/123
(54%) iMMM placement, corresponding to 58/113 (51%) patients. Misplacement was observed in 16/123 (13%), resulting
in a total of 6/16 (38%) malfunctioning PbtO, catheters. Intracranial hemorrhage was observed in 14 iMMM placements
(11%), of which one required surgical drainage. Five placements were complicated by pneumocephalus and 4 with bone
fragments; none of these requires additional surgery. No CNS infection related to iMMM was observed. Seven (6%) probes
were accidentally dislodged and 2 probes (2%) were accidentally broken. Ten PbtO, probes (8%) presented a technical mal-
function after a median of 9 [ranges: 2-24] days after initiation of monitoring and 4 of them were replaced.

Conclusions In this study, a high occurrence of complications related to iMMM was observed, although most of them did
not require specific interventions and did not result in malfunctioning monitoring.

Keywords PbtO, - Acute brain injury - Monitoring - Complications

Introduction

Mejdeddine Al Barajraji and Elisa Bogossian equally contributed
as first authors. Acute brain injury (ABI), such as traumatic brain injury

(TBI) and subarachnoid hemorrhage (SAH), is an impor-
tant cause of mortality, morbidity, and economic burden
worldwide [1, 2]. Monitoring of neurological function in
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before irreversible damage occurs, to individualize and
guide patients’ care and to assess the effects of specific
therapies [3].

Clinical examination is not always reliable in this set-
ting, as some patients might be heavily sedated [4]. As such,
specific neuro-monitoring tools can help to manage second-
ary brain injuries in these patients. In particular, invasive
intracranial pressure (ICP) and derived cerebral perfusion
pressure (CPP) are the cornerstone of neuro-monitoring in
severe ABI patients, as reported by current guidelines [5],
although mainly based on observational studies conducted
in TBI patients [6—8]. Indeed, a randomized control trial has
failed to show any benefit of invasive ICP monitoring com-
pared to clinical and imaging monitoring [9]. Moreover, in
the era of precision medicine, a simplistic “one size fits all”
strategy based only on fixed ICP/CPP target is not sufficient
to optimize brain function; a complex tailored strategy for
brain-injured patients based on multimodality monitoring
and personalized integration of an array of data may be more
adequate [10].

Intracranial multimodality monitoring (iMMM) has been
implemented in many institutions, combining ICP monitor-
ing with brain tissue oxygenation (PbtO,) probes, micro-
dialysis catheters (i.e., to assess cerebral metabolism), and
intracortical or surface electroencephalography (iEEG, to
detect seizures or cortical spread depolarizations) [10, 11].
However, considering the unknown clinical significance of
iMMM, concerns have been raised about its invasiveness,
safety, and technical reliability [4, 12].

As such, we aimed to evaluate a single-center experience
about surgical placement and related complications, man-
agement, technical malfunctions, and adverse events of an
iMMM implementation in ABI patients.

Methods
Study population

All patients who underwent ICP monitoring combined with
iMMM (i.e., PbtO, + MD and iEEG) placement at a single
European academic center, accounting for a total of 35 inten-
sive care beds, between July 2016 and January 2020 were
eligible for the study.

The study protocol was approved by the institutional
review board (P2020/019), which waived the need for writ-
ten consent. Medical charts and brain imaging were retro-
spectively reviewed for data collection.

Invasive multimodality monitoring

A triple-lumen bolt allowing the insertion of a PbtO, probe
(IM3.ST_EU, Integra LifeSciences Corporation, Plainsboro,
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NJ, USA), alone (from July 2016 to December 2018) or in
association (from January 2019 to January 2020) with an
8-contact depth EEG electrode (Dixi Medical, Besancon,
France) and a microdialysis catheter (M-Dialysis, Solna,
Sweden), was placed in the operating room by a neurosur-
geon in patients with ABI (i.e., TBI, SAH, or intracranial
hemorrhage, ICH), who had indications for ICP monitor-
ing (i.e., abnormal CT-scan findings and a Glasgow Coma
Score on admission <9). The triple-lumen bolt placement
is shown in Fig. 1.

A single 1-g dose of cefazolin was administered before
incision with no continuation of prophylactic antibiotic
afterwards. The bolt was positioned 1.5 cm anteriorly from
the Kocher’s point, targeting normal-appearing brain area
of the injured side or, in case of surgical constraints (i.e.,
need for craniectomy, large intracranial hematoma, large
hydrocephalus) in the contralateral side. In case of aneu-
rysmal SAH, the bolt was positioned on either the ipsilat-
eral side of the aneurysm (i.e., anterior circulation) or on
the right side (i.e., no aneurysm identified or aneurysm
located in the posterior circulation). For patients with
delayed clinical deterioration without previous iMMM,
the bolt was placed ipsilateral to the cerebral vasospasm

ZaN

Fig.1 Schematic illustration of the triple-lumen iMMM bolt place-
ment with its three probes (PbtO,, microdialysis, and EEG). Creation:
original content, using commercially available photo editing soft-
ware: Adobe Photoshop CS 6, artist: Mrs Virginie Chatzopoulos
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and/or “at-risk” area, as suggested by cerebral CT-scan
perfusion. Drilling was performed using a manual crani-
otome assembled to a 5.3-mm twist drill-bit specifically
designed. External ventricular drain (EVD) or intraparen-
chymal ICP monitoring was inserted through an adjoining
distinct burr hole located at the Kocher point.

Data collection and definitions

Demographics, indications for iMMM, severity scores on
admission (Glasgow Coma Scale [13]; Acute Physiologic
Assessment and Chronic Health Evaluation—APACHE—
II score [14]; and Sequential Organ Failure Assessment—
SOFA—score [15]), and hospital mortality were collected.
Unfavorable neurological outcome was defined as a Glas-
gow Outcome Scale of 1-3 at hospital discharge. Working
hours were defined from 8 am to 6 pm, Monday to Friday
(excluding public holidays).

To describe iMMM-related events, surgical complica-
tions, adverse events, and technical malfunctions were
retrieved from medical records. Surgical complications
were defined as (a) misplacement; (b) intracranial hemor-
rhages (ICH); (c) bone fragments (i.e., small bone chips
within the path of the device); (d) pneumocephalus; and
(e) central nervous system (CNS) infections. Probe loca-
tion in the subcortical anterior frontal area was considered
“optimal.” Misplacement was therefore identified as non-
optimally located probes, i.e., extra-axial, cortical matter,
deep gray matter, paraventricular, or intraventricular loca-
tions; ICH, bone fragments, and pneumocephalus were
identified on cerebral CT-scans performed after iMMM
implementation, which were reviewed by a radiologist
blinded to the outcome of the patient. Also, ICH were
classified as grade I (i.e., < 1 mL hemorrhage at any loca-
tion along the iIMMM), grade II (i.e., 1 mL hemorrhage at
any location along the iMMM), or grade III (i.e.,> 1 mL
hemorrhage at any location along the iMMM or in the
ventricle but contiguous to the catheter tip), adapting a
proposed classification for EVD-related hemorrhages [16].
CNS infections were defined as meningitis, encephalitis,
and/or ventriculitis with microbiological documentation
on CSF samples and local skin infection and/or material
culture of iMMM, as defined by the CDC/NHSN crite-
ria [17] of hospital-acquired infections. Adverse events
included accidental dislodgement or breaking of any
probe or bolt device, requiring replacement or withdrawal.
“Technical malfunction” was defined in the absence of
any surgical complication and inconsistent PbtO, values
with the absence of PbtO, response to the increase of
the fraction of inspired oxygen to 100% for 15 min (i.e.,
increase < 10 mmHg).

Statistical analysis

Descriptive statistics were computed for all study variables.
A Kolmogorov—Smirnov test was used and histograms and
normal-quantile plots were examined to verify the normality
of the distribution of continuous variables. Discrete vari-
ables were expressed as counts (percentage) and continuous
variables as means + SD or median [25th—75th percentiles].
Demographics and clinical differences between subgroups
of patients (TBI vs non-TBI patients; iMMM with complica-
tions vs. no complication; iMMM placement in non-working
hours vs. working hours; iMMM placement under antiag-
gregant/anticoagulant therapy vs. others; PbtO, alone vs
PbtO, +iEEG/MD) were assessed using chi-square, Fish-
er’s exact test, Student’s 7-test, or Mann—Whitney U test, as
appropriate. A p <0.05 was considered statistically signifi-
cant. All descriptive statistics and statistical analyses were
performed using “R” version 3.6.1.

Results
Study population

A total of 305 patients with an acute brain injury patients
were admitted over the study period, of whom 135 had a
GCS <9 on admission and 113 patients (median age 52
[41-62] years; 57/113, 50% male sex) underwent 123
iMMM placements during the study period; of those, 93
(76%) patients had only PbtO, probe insertion and 30 (24%)
had also microdialysis and/or iEEG monitoring. ICP was
monitored in all patients. SAH was the most frequent indica-
tion for IMMM (n=56, 50%); 35 (31%) patients had TBI.
Median GCS on admission was 7 [1, 2, 5, 7-9, 11, 12, 18].
The main characteristics of the study population are shown
in Table 1.

iMMM and complications

The median duration of iMMM was 9 [3-14] days. Among
the 10 patients that required a second iMMM (i.e., due to
complications/malfunctioning in 9 and due to delayed new
deterioration in 1), the placement occurred after 7 [3-9]
days and numerically more frequent in SAH patients (n=06)
than others (ICH, n=2; TBI, n=2). At least one compli-
cation was observed in 67/123 (54%) iMMM placement,
corresponding to 58/113 (51%) patients. No significant dif-
ferences were observed between patients showing at least
one iMMM-related complication when compared to others
(Table 1).

Misplacement was observed in 16/123 (13%) iMMM
placements, consisting of 5 extra-axial (i.e., 4 subdural and
1 subarachnoid), 7 intra-axial (i.e., 6 paraventricular and
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Table 1 Characteristics of the study population, according to the occurrence of intracranial multimodal monitoring (iMMM) complications

ALL (n=113) Without complications (n=55) With complications (n=58) P value

Demographics

Male sex, n (%) 57 (50) 28 (51) 29 (50) 0.99

Age, median (IQR) 52 [41-62] 52 [42-60] 53 [41-65] 0.56
Comorbidities

At least one comorbidity, n (%) 50 (44) 26 (47) 24 (41) 0.57

Arterial hypertension, n (%) 28 (25) 13 (24) 15 (26) 0.83

Diabetes, n (%) 10 (9) 6(11) 4(7) 0.52

Chronic heart disease, n (%) 13 (12) 7(13) 6 (10) 0.77

Previous neurological disease, n (%) 54) 2(4) 309 0.99

COPD, n (%) 8(7) 509 3(5 0.48

Liver cirrhosis, n (%) 2(2) 0 23 0.50

Cancer, n (%) 6(5) 4(7) 2(3) 0.43

Chronic renal disease, n (%) 212 1(2) 1(2) 0.99
ICU admission

APACHE 1I score, median (IQR) 19 [14-22] 20 [15-23] 18 [14-21] 0.38

SOFA score, median (IQR) 9 [6-11] 9 [5-10] 9 [7-11] 0.32

Admission GCS, median (IQR) 7(3-11] 6 [3-11] 8 [4-12] 0.12
Underlying ABI 0.28

TBIL n (%) 3530 17 (31) 18 (31)

SAH, n (%) 56 (50) 29 (53) 27 (47)

ICH, n (%) 20 (18) 7(13) 13 (22)

Medical, n (%) 2(2) 2(4) -
During ICU stay

Vasopressors, n (%) 110 (97) 55 (100) 55 (95) 0.24

Inotropic agents, n (%) 36 (32) 15 (27) 21 (36) 0.32

Mechanical ventilation, n (%) 113 (100) 55 (100) 58 (100) 0.99

Renal replacement therapy, n (%) 3(3) 0 3(5) 0.99
QOutcomes

ICU length of stay, days 15 [9-23] 13 [7-20] 18 [11-30] 0.03

Hospital length of stay, days 26 [13-53] 29 [13-55] 22 [11-51] 0.38

Hospital Mortality, n (%) 54 (48) 30 (55) 24 (41) 0.19

Unfavorable neurological outcome, 73 (65) 42 (76) 30 (53) 0.02

n (%)

COPD, chronic obstructive pulmonary disease; /CU, intensive care unit; TBI, traumatic brain injury; /CH, intracranial hemorrhage; SAH, suba-
rachnoid hemorrhage; SOFA, sequential organ failure assessment; APACHE, acute physiology and chronic health evaluation; /QR, interquartile

range

one in deep gray matter), and 4 intraventricular probes. The
5 extra-axial probes and the single probe placed deeply in
the gray matter were malfunctioning; all 6 paraventricular
probes were functioning and gave consistent PbtO, values.
The 4 intraventricular probes were successfully repositioned
(with reliable PbtO, values) by unscrewing the bolt and
at the bedside without complications, resulting in a total
of 6/16 (38%) malfunctioning PbtO, catheters in case of
misplacement.

ICH was observed in 14 iMMM placements (11%),
including 7 tract hemorrhages (6%, all grade I; 3 of those
PbtO, catheters were also malfunctioning), 5 extra-dural
hematomas (4%, all grade II; of which one required surgical

@ Springer

drainage—one PbtO, catheters was malfunctioning), and 2
distal probe tip hematomas (2%, all grade I; no PbtO, cath-
eter was malfunctioning). Only 2/14 (14%) patients who
experienced ICH were under antiaggregant/anticoagulant
therapy (OR for increased risk of ICH 0.74 [0.15-3.58],
p=0.7 vs. patients without antiaggregant/anticoagulant
therapy).

Five placements were complicated by pneumocephalus
(4%, one PbtO, catheter was dysfunctional) and 4 with bone
fragments (3%, one PbtO, catheter was dysfunctional); none
of these complications required additional surgery. No CNS
infection related to iMMM was observed. Seven (6%) probes
were accidentally dislodged, and in 1 patient, the probe was
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replaced; 2 probes (2%) were accidentally broken and no
replacement was performed.

Ten PbtO, probes (8%) presented a technical malfunc-
tion (i.e., not attributable to surgical complications/adverse
events) after a median of 9 [ranges: 2-24] days after initia-
tion of monitoring and 4 of them were replaced. All com-
plications are summarized in Table 2. Table 2 also shows a
comparison between normally functioning probes (n=101)
and dysfunctional probes (n=22). The association of several
complications is depicted in Fig. 2.

iMMM and complications in subgroups

The distribution of complications was similar in TBI and in
non-TBI patients. Similarly, there were no differences in the
rate of complications according to the time of iMMM place-
ment (non-working hours vs. working hours). There were no
significant differences in the rate of complications between
iMMM with only PbtO, monitoring compared to iMMM
including PbtO,, microdialysis, and/or iEEG (47/93, 51%
vs. 20/30, 65%, p=0.22). These data are shown in Table 3.

Discussion

In this study, we observed that surgical complications and
adverse events were common after iMMM placement, in
particular probe misplacement and small-volume intrac-
ranial hemorrhage. No infection related to iMMM was
observed. The only misplacement was significantly associ-
ated with malfunctioning probes. No significant association
of iMMM-related complications was found with underly-
ing ABI indication, timing of placement, antithrombotic

MISPLACEMENT
(n=16)

Dislodgement
Breaking
(0=7)

Fig.2 Association of multiple surgical complications and adverse
events. ICH, intracranial hemorrhage; PN, pneumocephalus; BF, bone
fragment. Creation: original content, using commercially available
text editing software: Microsoft Word version 16.46

regimens, and modalities of iMMM. Also, the neurological
outcome was worse in patients without complications.

The most investigated surgical complications related to
iMMM are probe misplacement and intracranial hemor-
rhage. Placement of PbtO, probes outside the white matter,
within a lesion, or within a ventricle may yield irrelevant
brain oxygen measurement and would result in additional
costs (i.e., for probe replacement and/or because of lack

Table 2 Complications, adverse, and probe dysfunction events related to the placement of invasive multimodal neuro-monitoring (n=123)

All probes Normally functioning Mal functioning probes  p-value
(N=123) probes (N=111) (N=22)
Surgical complications
Misplacement, n (%) 16 (13) 10 (10) 6 (27) 0.03
Intracranial bone fragments 4(3) 33) 1(5) 0.71
Pneumocephalus 5@) 44) 1(5) 0.90
CNS infection, n (%) 0 0 0 -
Intracranial hemorrhage, n (%) 14 (11) 10 (10) 4 (18) 0.27
Other complications
Technical malfunction, n (%) 10 (8) 0 10 (45) -
Adverse events
Accidental dislodgement, n (%) 7 (6)
Breaking of any probe or bolt device, n (%) 2(2)
Replacement required, n (%) 10 (8)

CNS, central nervous system
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31) P value

Combined (n=

alone
(n

22) Pvalue PbtO,

AP/AC (N

P value No AP/
AC

ing hours

N

hours

N

37) P value Non-working Work-

=86) TBI(N

Non-TBI (N

Table 3 Occurrence of complications according to some patients’ characteristics at the moment of invasive multimodal monitoring (iMMM) placement

@ Springer

92)

102)

WN=

=77)

46)

0.22

12 (55) 0.99 47 (51) 20 (65)

0.27 55 (55)

22 (48)

45 (58)

0.99

20 (54)

47 (55)

At least one complication,

n (%)
Misplacement, n (%)

0.35
0.26
0.10
0.51
0.37
0.45

2(7)
2(7)

14 (15)
22)
22)

0.30
0.99

0.58

15

0

15 (15)

4(4)

0.99
0.99
0.65
0.98
0.26
0.14
0.72

6 (13)
1(2)
1(2)
5(1D)
1(2)
2(4)
49

10 (13)
34)
4(5)

0.39
0.99
0.99
0.76
0.44
0.99
0.72

3(8)
1(3)
13)
5(14)
3(8)

13 (15)
34)
4(5)

Bone fragments, n (%)

3(10)
2(7)

12)
209
2(10)
1(5)
5(23)

5(5)

Pneumocephalus, n (%)

ICH, n (%)

12 (13)

44

0.99

12 (12)
5(5)
1(1)

9(12)
6 (8)

9(11)
4(5)
22)

3(10)
13)
3(10)

0.35
0.32

Dislodgement, n (%)
Breaking, n (%)

1 (1)
6 (7)

0.69

0.009

4(4)

5()

2(5)

7(8)

Replacement required, n

(%)

Technical malfunction, n

0.27

5(11) 050  6(7) 4(13)

5()

0.50

5(11)

5()

0.99

3(8)

7(8)

(%)

CNS, central nervous system; 7BI, traumatic brain injury; AP, anti-platelet; AC, anticoagulant

of an adequate monitoring tool to guide interventions).
Misplacement rates ranged from 0 to 14.3% across dif-
ferent studies [4, 12, 18-20] and varied depending on the
targeted area of the brain (i.e., higher when the target was
contusional than healthy brain area). In our cohort, 13% of
iMMM placement was associated with probe misplacement.
Although this is quite higher than in most previous reports,
we investigated a heterogeneous cohort of patients with dif-
ferent forms of ABI, while most of the other studies focused
on TBI patients. Moreover, potential differences in base-
line population characteristics and neurosurgical approach
to iMMM implementation would provide significant bias
to adequately compare these data to previous studies. Of
note, our results compared for the first time traumatic and
non-traumatic brain injury. Also, subgroup analyses of risk
factors for the occurrence of iMMM-related complications
were performed. It still remains difficult to put these findings
in perspective and compare iMMM-related complications
with those occurring during an ICP monitoring placement,
as these may depend on the type of catheter inserted (i.e.,
intraparenchymal vs. EVD) as well as the experience of the
operator, and range between 8 and 45% [21].

ICH rates due to iMMM placement ranged between 0
and 40.5% in different series [4, 12, 18-20]. Of note, imag-
ing review, time from insertion to complication, and defini-
tion of ICH were often not comprehensively described. In
our series, the ICH rate of 11% was relatively low, using
an independent radiologist who blindly reviewed systematic
postoperative imaging, including immediate post-placement
but also delayed imaging studies. Only one case required
surgical drainage (i.e., a compressive right parasagittal extra-
dural hematoma). Dings et al. [18] described a similar case
of ICH due to placement of the PbtO, probes close to the
sagittal sinus, which should require particular attention from
physicians placing iMMM. Foreman et al. [12], after review-
ing 42 post-placement CT-scans of quadruple-lumen bolts,
presented the highest ICH rate (40.5%); this rate dropped to
7.1% when tract hemorrhages were excluded. Large prospec-
tive multicentric registries according to predefined guide-
lines and definitions of complications, including different
types of ABI populations, are required to better describe
iMMM-related complications, to evaluate the potential role
of the underlying ABI disease, and to compare the occur-
rence of these complications with the ones related to the use
of ICP monitoring.

We observed no infection related to the iMMM place-
ment. In fact, infections due to this type of intraparenchymal
monitoring appear to be rare: in the largest series available
including 501 patients, only one infection was reported [4].

Accidental dislodgement and probe breaking are usu-
ally reported, ranging from 5.9 to 7.4% and from 2.5 to
4.5%, respectively [4, 12, 18-20]. Whether these compli-
cations occur because of agitation or discomfort, during
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daily standard interventions (i.e., changes in bed position-
ing, physical therapy) or during transport (i.e., to perform
brain imaging or other diagnostic/therapeutic procedures)
remains unclear from our retrospective data. Neurocritical
patients often require great manipulation and transportation
which may make them vulnerable to these adverse events
[12]. An interesting dynamic approach to adverse events
was proposed by Foreman et al. [12], who quantified sudden
stops of data recording as discontinuations, resulting either
from dislodgement or unplugging by time tracking them as
one-off events rather than only reporting their occurrence.
During a median monitoring time of 97 h, device discontinu-
ation was noted in 25/43 (58%) patients and concerned the
combined ICP/PbtO, probe in 7 (16%) cases, with a total
of 4% of the recorded data considered unusable. They also
found a significant association between discontinuation and
the number of patient trips for procedures or imaging.

Finally, despite complications and technical malfunc-
tioning, iIMMM appears to be safe, as only one additional
surgery with no subsequent short-term neurological seque-
lae was observed. Moreover, hospital mortality was similar
between patients with and without complications. Interest-
ingly, patients with complications present a significantly
better neurological outcome. As most of these complica-
tions are not clinically relevant (i.e., a non-functional cath-
eter does not influence per se patients’ outcome) or quite
minimal (small ICH or bone fragments may not result in
significant brain damage), this incidental statistical finding
may not be of importance. Furthermore, potential biases
and uncontrolled confounding factors may contribute to it.
For instance, ICU length of stay was significantly shorter in
the group of patients without complications—mortality was
not significantly higher. It can be hypothesized that these
patients had not sufficient time to develop such events and
be diagnosed (e.g., immortal time or survivorship biases).
Finally, potential interactions between the diagnosis of com-
plications and the neurocritical management of patients may
be missed in this retrospective analysis. The data collection
did not include additional relevant information, which could
have been helpful to further characterize the outcome dif-
ference, although this was beyond the scope of the study.
Importantly, 10 (8%) probes presented a technical malfunc-
tion independently from other complications and, in some
cases, this occurred within the first week of monitoring.
The additional costs for probe replacement as well as the
immediate loss of relevant monitoring data in these patients
should also be further evaluated in larger cohorts, as it might
be important information for centers who would decide to
implement iMMM in their routine practice.

This study has some limitations due to its monocentric
retrospective design, which limits the generalization of the
main findings and implies that some complications might
have been underdiagnosed. Also, we did not specifically

investigate the long-term effects of the reported complica-
tions. Moreover, the role of neurosurgeons’ skills was not
considered in the analysis as iMMM placement was per-
formed by rotating residents supervised by senior neurosur-
geons with no main operator clearly identified into medical
charts. Second, we used a triple-lumen bolt device placed
into the operating room and our findings do not apply to
other possible solutions (i.e., double-lumen bolts or subcu-
taneous tunelization without a bolt) or setting (i.e., place-
ment into the ICU and/or by a non-neurosurgeon). Third,
the PbtO, was the sole modality concerned by technical mal-
function report, as being the only one used in clinical routine
(i.e., microdialysis and iEEG data were only collected for
research purposes).

Conclusions

iMMM placement including PbtO, monitoring was asso-
ciated with several mild complications but had an accept-
able short-term safety profile in our institution. These data
underline the need to standardize the reporting of technical
and surgical iMMM complications to better evaluate its risk/
benefit ratio. International collaboration through prospec-
tive multicentric data collection according to well-defined
complications would promote the optimal use of iMMM.
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