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Abstract 

Background  External lumbar drainage (ELD) of cerebrospinal fluid may help control intracranial pressure follow-
ing a traumatic brain injury. We aimed to assess the efficacy and safety of ELD in post-traumatic intracranial hyperten-
sion (IH).

Methods  This retrospective monocentric cohort study was conducted in the trauma critical care unit of the regional 
Level-I trauma centre between January 2012 and December 2022. All traumatic brain injury patients with IH 
(≥ 22 mmHg despite optimal sedation) were included. Data collection focused on the duration and management 
of IH, complications related to ELD, and outcomes (6-month Glasgow Outcome Scale [GOS]). The influence of ELD 
on the duration of IH was assessed using a multivariable Cox regression analysis, while its impact on the 6-month GOS 
(“unfavourable outcome” GOS 1–3, “good outcome” GOS 4–5) was evaluated using a multivariable logistic regression 
analysis.

Results  Ninety patients (mean age 37 [SD, 16], injury severity score [ISS] 29 [IQR, 24–34]) were analyzed dur-
ing the study period. Of these, 50 (56%) benefited from an ELD during their hospitalization (ELD group). The IH 
duration was significantly reduced in the ELD group (hazard ratio [HR] 1.74 [95% confidence interval (CI) 1.05–2.87; 
p = 0.03]). One patient (2%) experienced a cerebral herniation following ELD placement, and two others (4%) devel-
oped device-associated meningitis. The ELD group was significantly associated with a lower likelihood of an unfavour-
able outcome (OR 0.32 [95% CI 0.13–0.77]; p = 0.011) compared to the no ELD group.

Conclusion  ELD appears in our cohort to be a safe and effective strategy to control post-traumatic IH, 
with an acceptable benefit-risk ratio. Our analysis even suggests a potential outcome improvement in patients treated 
by ELD compared with those having no cerebrospinal fluid drainage.
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Background
Despite numerous advances in recent years, traumatic 
brain injury (TBI) remains a major public health and 
socioeconomic issue worldwide. The attributable mortal-
ity of severe TBI (sTBI) is estimated to range from 7 to 
39%, depending on the severity [1, 2]. Furthermore, TBI 
is linked to a significant rate of lifelong disability among 
survivors. Accordingly, more than half of patients expe-
riencing a sTBI will either die from it or survive with 
severe disabilities [3, 4].

Management of sTBI patients involves rapid haemo-
dynamic and ventilatory stabilization, monitoring of 
intracranial pressure (ICP), and a tier-based approach 
structured to reduce intracranial hypertension while 
preventing secondary brain injury. This approach allows 
clinicians to escalate treatments in a systematic way. 
Monitoring and management of ICP is thus a crucial 
therapeutic objective. An increase in ICP is indeed cen-
tral to the pathophysiological mechanisms of the injuries 
worsening following trauma; most TBI patients sustain-
ing an unfavourable outcome experienced intracranial 
hypertension (IH) during the early phase of their man-
agement [5].

Most international guidelines [6] have thus integrated 
CSF drainage as a first-line therapy to treat IH when ini-
tial standard medical therapies have failed. Although 
the benefits in terms of outcome have not been clearly 
established, CSF drainage is widely used in a TBI con-
text to avoid more invasive therapeutic options such as 
barbiturate-induced coma, hypothermia, or decompres-
sive craniectomy. Regarding the pressure–volume ratio 
in the skull, withdrawing a small amount of CSF can sig-
nificantly reduce ICP according to the Monro-Kellie doc-
trine. The gold standard for CSF drainage in TBI patients 
is ventriculostomy, also known as external ventricular 
drainage (EVD). However, EVD placement may be chal-
lenging or even infeasible in TBI patients with small ven-
tricles or a shifted midline, making this clinical practice 
underused for controlling IH [7]. A CSF migration is 
thus observed in case of traumatic cerebral oedema from 
the lateral ventricles towards the subtentorial spaces 
and subarachnoid cisterns, making lumbar drainage an 
interesting alternative to EVD when CSF circulation is 
preserved.

External lumbar drainage (ELD) is technically sim-
pler and can reduce most complications associated with 
ventriculostomy by avoiding the cerebral tissue. Obser-
vational retrospective studies evaluating ELD suggest 
it may be safe and effective in TBI patients when its use 
is appropriate [8, 9]. Some works in a traumatic con-
text, with nevertheless methodological limitations, sug-
gest that ELD would be associated with a lower ICP and 
a good long-term outcome [10]. Otherwise, in patients 

affected by an aneurysmal subarachnoid haemorrhage, a 
recent study also demonstrated a better neurological out-
come at 6 months using prophylactic ELD [11]. A good 
global functional outcome should account for meaning-
ful recovery, not just survival, and RESCUE-ICP trial [12] 
helps shift the focus toward interventions that improve 
both survival and quality of life. It appeared therefore 
important to assess in the traumatic context the rele-
vance of an ELD strategy using a comparative group and 
a global functional endpoint.

The present study aimed to assess the efficacy and 
safety of a standardized protocol with CSF drainage with 
ELD to control ICP in sTBI patients. A secondary objec-
tive was to assess the influence of ELD on late neurologi-
cal recovery.

Methods
Study design and setting
This monocentric cohort study was conducted over 10 
years, between January 2012 and December 2022, in the 
trauma critical care unit of Lapeyronie University Hos-
pital (Level-I Regional Trauma Centre – Montpellier, 
France – OcciTRAUMA network). All trauma patients 
suspected to have sustained severe trauma by a prehospi-
tal medical team were directly admitted to the emergency 
room of this unit, following the French guidelines for 
prehospital medical triage [13]. Retrospective identifica-
tion of the study population was allowed by the trauma 
registry of our institution. For this retrospective analysis, 
patients consent was not considered as necessary by our 
local ethical committee.

Study population
The present study included all patients experiencing IH 
following a TBI. ICP was defined as elevated when its 
value exceeded 22 mmHg for at least 5 min with no stim-
ulus, despite the optimization of sedation, correction of 
secondary brain insults and requiring additional specific 
therapy to control it.

Minors, patients with incomplete medical records, 
and those who prematurely died in the 48 h following 
admission or underwent an early decompressive craniec-
tomy were excluded. Patients who had EVD were also 
excluded.

Management of patients
During the study period, all TBI patients benefited from 
standardized management according to international 
guidelines [14]. All patients undergoing ICP monitor-
ing with an intraparenchymal probe were sedated and 
mechanically ventilated. Maintaining normocapnia and 
normoxia was a central goal during their initial manage-
ment. Insulin was administered to control serum glucose 
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levels between 7 and 10 mmol/L. Patients were posi-
tioned supine with a 30-degree head-up tilt. Cerebral 
perfusion pressure (CPP) was maintained between 60 
and 70 mmHg according to guidelines through vasoactive 
support with norepinephrine and, if necessary, plasma 
volume expansion with crystalloids [15]. The CPP could 
be adjusted via regular dynamic autoregulation assess-
ments if necessary. For all patients, a cerebral CT scan 
was systematically performed on admission and 48–72 h 
after the injury to monitor lesion progression. Additional 
CT scans could be performed more closely based on clin-
ical evolution or in cases of high risk of haemorrhage or 
complications.

Lumbar CSF drainage
ELD was introduced in 2012 as a rescue procedure for 
IH. It was thus used to reduce ICP to physiological lev-
els when all conventional therapeutic procedures failed 
and in the absence of CT scan contraindications (i.e., no 
discernible basal cisterns, midline shift > 10mm, presence 
of tonsillar herniation or significant mass lesion). Timing 
of ELD insertion was decided according to a local stand-
ardized protocol described in the Additional file 1. Since 
January 2018, a unit protocol was established to deter-
mine ELD indications, promote its use, and standardize 
the timing of its placement. This protocol was based on a 

CT scan classification according to several criteria, such 
as the amount of sub- and supratentorial CSF reserves, 
the presence of extra-axial haematomas or haemorrhagic 
contusions, and the obliteration of the basal cisterns. 
This classification integrated seven grades to allow the 
identification of the benefit-risk ratio for CSF drainage 
via the lumbar route. Homogeneous or inhomogene-
ous IH mechanisms and the potential for CSF drainage 
determined the possibility of ELD and its recommended 
timing (Fig.  1). To ensure the safety of procedure and 
to exclude a potential contraindication, a CT scan per-
formed within the last 12 h and a coagulation status were 
necessary.

To avoid risks of cerebral hypotension and downward 
herniation caused by an excessive initial CSF withdrawal, 
our protocol recommended several safety measures asso-
ciated with ELD placement. Firstly, ELD should be per-
formed in the lateral position to limit pressure gradient 
between the spinal and cranial subarachnoid spaces. Sec-
ondly, ELD catheter should be inserted quickly into the 
needle after obtaining CSF reflux to reduce the drained 
volume. Thirdly, once the patient was repositioned with 
head elevation, a careful CSF withdrawal was achieved 
when the patient was repositioned in supine position, 
around 1 ml/minute, until ICP reaches the target level. 
Fourthly, a continuous bilateral pupillary examination 

Fig. 1  Classification of intracranial CSF reserve. ELD: External lumbar drainage, CSF: Cerebrospinal fluid, CT: Computed tomography, ICP: Intracranial 
pressure, IH: Intracranial hypertension
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was performed during initial CSF subtraction and then 
every hour. Thereafter, nurse protocol to control CSF 
drainage during critical phase was applied once the cath-
eter was connected to a sterile collection bag allowing 
to collect, to measure and to set the pressure gradient of 
drainage. The drainage system was initially positioned 
15 cm above the tragus to maintain safe and continuous 
drainage and was subsequently adjusted depending on 
the ICP targets. The target range for ICP was typically set 
between 10 and 20 mmHg. If the ICP remained above 20 
mmHg, the drainage pressure gradient was increased by 
lowering the drainage level by -5 cm  H2O. Conversely, 
if the ICP dropped below 10 mmHg, the drainage was 
immediately stopped. When ICP increased to 15 mmHg, 
the drainage system was opened again and pressure gra-
dient was reduced by increasing the drainage level by + 5 
cm H2O. In case of pupillary changes, the drainage was 
immediately stopped, and a brain CT scan was quickly 
performed. The lumbar CSF flow and pressure were 
monitored by nurses hourly to avoid the risk of overd-
rainage. If the CSF drainage rate was more than 10 ml per 
hour, the level of drainage was increased by + 5 cm H2O. 
Weaning from ELD could be envisaged when the ICP 
remained within normal values for at least 12 h continu-
ously with a + 20 cm H2O drainage level. A clamping test 
for 24 h was then attempted and a CT scan performed to 
confirm the absence of ventricular dilatation. ELD could 
be removed in the case of good clinical evolution.

Data collection
The primary demographic data, Glasgow Coma Scale 
(GCS) on admission, cranial CT scan findings, and ini-
tial treatments, were documented for each patient. The 
Abbreviated Injury Scale (AIS) was calculated for each 
anatomical area, including the head, face, thorax, abdo-
men, extremities, and skin. All surgical interventions 
were collected. The ICP status was also recorded before 
and after implementing lumbar drainage. All CT scans 
were analyzed retrospectively for the present study by a 
radiologist blinded to the clinical outcome. All admission 
CT scan were analyzed to determine the Marshall score. 
Moreover, patients were classified according to our clas-
sification of the intracranial CSF reserve presented in 
Fig. 1. Seven grades are described, considering the pres-
ence of an intracranial injury, as well as the volumes of 
the basal cisterns and the lateral ventricles.

The occurrence and duration of IH phenomena were 
defined. The delay and duration of the ELD procedure 
were obtained in medical reports, as well as the initial 
volume of CSF drained. Any complications associated 
with lumbar drainage, such as infections, catheter occlu-
sion, pupillary status, and cerebral complications, were 

also collected based on nurse ICU sheets and medical 
reports. All interventions to reduce the ICP, including 
measures to control body temperature, osmotherapy, and 
barbiturate administration, were also documented. Addi-
tionally, the duration of mechanical ventilation, sedation, 
and the length of stay in the ICU were collected. Finally, 
the neurological recovery of all patients was determined 
at ICU discharge and 6 months after the trauma, using 
the Glasgow Outcome Scale (GOS). This assessment was 
obtained from medical records.

Study definitions
The threshold used for the treatment of intracranial 
hypertension was 22 mmHg as recommended by the lat-
est edition of Brain Trauma Foundation [14].

TBI severity was classified according to the GCS: mild 
TBIs had a GCS score of 14–15, moderate TBIs a GCS 
score of 9–13, and sTBI a GCS score of 3–8.

The critical CSF reserve represented the grade of our 
intracranial CSF reserve classification at the onset of IH.

The neurological outcomes were categorized based on 
the GOS [16]. Patients with GOS 4–5 were considered as 
having a “good outcome”, while those with GOS 1–3 were 
classified as having an “unfavourable outcome”.

Statistical analysis
The studied patients were initially divided into two 
groups, ELD and no ELD. Their clinical characteristics 
were initially presented and compared. Quantitative data 
were expressed as means (standard deviation [SD]) or 
median (interquartile range [IQR]) and compared using 
Student or Mann–Whitney U tests. Qualitative data were 
expressed as numbers (percentages) and compared using 
chi-square or Fisher tests.

Since the ELD and no ELD groups were not randomized 
and cannot be considered comparable, a propensity score 
was determined for each patient to account for potential 
confounding risk factors and reduce the expected selec-
tion bias. A logit score was thus established by multivari-
able logistic regression predicting ELD placement. This 
logistic model included the following variables deter-
mined a priori: age, diabetes insipidus, initial Marshall 
score, critical CSF reserve, osmotherapy, worst GCS, 
injury severity score (ISS), Simplified Acute Physiology 
Score (SAPS II), Revised Trauma Score (RTS), chest AIS, 
abdominal AIS, head AIS, face AIS, extremities AIS, skin 
AIS, mean arterial pressure, presence of tension pneu-
mothorax on admission, or initial transfusion volume. 
This propensity score was compared between two groups 
as a quantitative variable and was also used as an adjust-
ment variable in multivariable analysis to predict IH con-
trol and outcome.
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Kaplan–Meier analysis was used to compare the cumu-
lative incidence of normalization of ICP between the 
ELD and no ELD groups to study the delay in reaching 
IH control. Considering that early death was a possible 
clinical outcome and informative censoring, the Fine and 
Grey method was applied, classifying all dead patients as 
patients with persistent IH. The comparison between the 
groups was performed using the Grey test, which incor-
porates this competitive risk. Additionally, Cox propor-
tional hazard regression analysis was conducted to assess 
whether an ELD was associated with faster normaliza-
tion of ICP. The crude hazard ratio (HR) of ELD was pro-
vided with its 95% confidence interval (CI). Multivariable 
adjustment was then performed for potentially confus-
ing risk factors determined a priori: age, initial Marshall 
score, initial and critical CSF reserve, GSC, ISS score, 
Simplified Acute Physiology Score, Revised Trauma 
Score, Trauma Injury Severity Score, chest/abdominal/
extremities AIS score, mean arterial pressure, pneumo-
thorax, initial transfusion, ventilation before admission, 
and the propensity score.

The influence of ELD on the final neurological recov-
ery was ultimately assessed using a multivariable logistic 
regression analysis to predict the 6-month GOS (good 
outcome). Odds ratios (ORs) for ELD were thus provided 
with their 95% CI. Similarly to the previous analysis, 
multivariable adjustment was conducted using the same 
potentially confusing risk factors determined a priori, 
including the propensity score.

All statistical analyses were conducted using the soft-
ware SAS online. A p-value below 0.05 was considered 
statistically significant.

Results
Study population
Between January 2012 and December 2022, 367 patients 
were admitted to our trauma centre with a sTBI. Among 
them, 104 patients surviving 48 h following admission 
experienced IH. Fourteen patients were excluded from 
the analysis due to an early decompressive craniectomy 
or an external ventricular drain (Additional file 2). A total 
of 90 patients were thus included in the study analysis. 
The mean age was 37 (SD, 16), and the majority were 
male (84%). The median GCS score was 6 (IQR, 3–8), 
and the median ISS was 29 (IQR, 24.5–34). The prehos-
pital rate of mechanical ventilation was 84%. All patients 
had a head AIS ≥ 3, with a third (33%) having an extremi-
ties AIS ≥ 3, a quarter (27%) having a chest AIS ≥ 3 and 
one-tenth (10%) having an abdominal AIS ≥ 3. The most 
common cerebral injuries observed on the initial CT scan 
were subarachnoid haemorrhages (82%), cerebral contu-
sions (80%), and subdural haematomas (70%). Addition-
ally, 15 patients (17%) presented with brain herniation 

on admission. The median Marshall Score on admis-
sion CT-scan was 2 (IQR, 2–3). According to the CSF 
reserve classification, half of the patients were classified 
on admission as grade 1 or 2 (25% and 30%, respectively). 
Demographic data and patient characteristics are sum-
marized in Table 1. Nine patients (10%) underwent early 
neurosurgery (eight craniotomies to evacuate extra-axial 
haematoma and one depressed skull fracture reduction). 
Thirty-four patients (38%) received osmotherapy during 
pre-hospital phase or in the emergency room.

During their ICU stay, 50 patients (56%) received an 
ELD (Additional file  1). No significant differences were 
found between the ELD and no ELD groups in terms 
of GCS, initial cerebral injuries, CSF reserve, or treat-
ments. The AIS scores were comparable between the two 
groups, except for face AIS, which was higher in the no 
ELD group (Table 1).

IH occurrence
The median duration between admission and the onset 
of IH was 2 days (IQR, 1–5 days) for the overall popula-
tion. In 50% of the patients, IH occurred within the first 
2 days following admission, regardless of the group. IH 
occurred within 8 days of hospitalization for all patients 
except one (Additional file  3). No significant difference 
was found between the ELD and no ELD groups in terms 
of IH onset (3.5 days [IQR, 1.5–5.5 days] versus 2.5 days 
[IQR, 1–6 days], respectively; p = 0.58).

Intracranial CSF reserve on CT scan
On IH onset, 55% of patients were classified as grade 1 or 
2 and 19% as grade 3 or 4 for the intracranial CSF reserve 
on the CT scan. As expected, grades 6 and 7 were more 
common in patients in the no ELD group (29% [9/40] ver-
sus 6% [3/50], respectively; p = 0.022). Other grades were 
comparable between the two groups (Additional file 4).

ELD use
The median day of ELD placement was 6 days (IQR, 3‒8 
days) following admission. All ELD were placed between 
the Day 1 and the Day 15. Only one patient (2%) in the 
ELD group failed in IH control, leading to brain death 
despite receiving maximal treatment. The median dura-
tion of CSF drainage was 8 days (IQR, 6‒12 days). The 
median daily CSF volume drainage was 66 mL/day (IQR, 
8‒875 mL/day; Table 2).

ICP control and ELD
Using the Fine and Grey method, considering the com-
peting risk of death, the ELD group experienced a sig-
nificantly faster correction of IH (p = 0.025, Fig.  2). 
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Table 1  Baseline demographic and clinical characteristics of the 90 patients studied

ELD (n = 50) No ELD (n = 40) Overall (n = 90) p value

Gender, n (%) 0.65

Male 43 (88%) 33 (82%) 76 (84%)

Female 7 (14%) 7 (17%) 14 (16%)

Age (years), mean 36,7 37.5 37

Glasgow coma scale, n (%) 0.70

13–15 6 (12%) 5 (12%) 11 (12%)

9–12 3 (6%) 5 (12%) 8 (9%)

6–8 20 (40%) 13 (32%) 33 (37%)

3–5 21 (42%) 17 (42%) 38 (42%)

AIS, n (%)

Head AIS > 3 50 (100%) 40 (100%) 90 (100%) 1

Face AIS > 3 8 (16%) 14 (35%) 22 (24%) 0.04

Chest AIS > 3 14 (28%) 10 (25%) 24 (27%) 0.75

Abdominal AIS > 3 7 (14%) 2 (5%) 9 (10%) 0.15

Extremities AIS > 3 21 (42%) 9 (22%) 30 (33%) 0.05

Skin AIS > 3 10 (20%) 3 (7%) 13 (14%) 0.09

Severity scores, mean

Simplified Acute Physiology 50.7 51.7 51.2

Injury Severity 30.2 32.8 31.5

Revised Trauma 5.3 4.9 5.1

Initial Marshall CT Score, n (%) 0.22

Score 1 0 (0%) 0 (0%) 0 (0%)

Score 2 36 (72%) 22 (55%) 58 (64%)

Score 3 2 (4%) 5 (12%) 7 (8%)

Score 4 3 (6%) 3 (8%) 6 (7%)

Score 5 1 (2%) 1 (3%) 2 (2%)

Score 6 8 (16%) 9 (22%) 17 (19%)

Initial cerebral injury, n (%)

Basal skull fracture 16 (32%) 18 (45%) 34 (38%) 0.21

Cranial vault fracture 16 (32%) 20 (50%) 36 (40%) 0.08

Extra-dural hematoma 11 (22%) 12 (30%) 23 (26%) 0.38

Subdural hematoma 36 (72%) 27 (67%) 63 (70%) 0.16

Subarachnoid hemorrhage 41 (82%) 33 (82%) 74 (82%) 0.95

Cerebral contusion 40 (80%) 32 (80%) 72 (80%) 1

Diffuse axonal injuries 10 (20%) 7 (17%) 17 (19%) 0.76

Midline shift > 5 mm 2 (4%) 4 (10%) 6 (7%) 0.49

Brain herniation 5 (10%) 10 (25%) 15 (17%) 0.06

Initial CSF reserve, n (%) 0.16

Grade 1 14 (28%) 9 (22%) 23 (25%)

Grade 2 18 (36%) 9 (22%) 27 (30%)

Grade 3 6 (12%) 4 (10%) 10 (11%)

Grade 4 5 (10%) 2 (5%) 7 (8%)

Grade 5 2 (4%) 5 (12%) 7 (8%)

Grade 6 3 (6%) 8 (20%) 11 (12%)

Grade 7 1 (2%) 3 (7%) 4 (4%)

Initial treatment, n (%)

Neurosurgery 4 (8%) 5 (12%) 9 (10%) 0.48

Osmotherapy upon admission 17 (34%) 17 (42%) 34 (38%) 0.41

Diabetes insipidus, n (%) 17 (34%) 15 (37%) 32 (36%) 0.73

Propensity score, median [IQR] 0.17 [− 0.62;1.46] − 0.62[− 1.4;0.04] 1.15 [0.07;1.76] < 0.0001
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Similarly, Cox regression analysis demonstrated a sig-
nificant association between ELD and a reduced dura-
tion of IH; the crude HR for the correction of IH was 
1.74 (95% CI 1.05–2.88; p = 0.03). This significant asso-
ciation was still observed after adjusting for many con-
founding factors, such as age, GCS, RTS, SAPS II, ISS, 
chest/abdominal/extremities AIS, mean arterial pres-
sure, and admission pneumothorax (Fig. 3).

Safety of ELD
In the ELD group, one patient was classified as grade 7 
for an intracranial CSF reserve (2%) developed after ELD 
placement and a central herniation leading to brain death 
within hours. An increase in a subdural haematoma was 
also observed in one patient (2%). The other complica-
tions related to ELD were a catheter occlusion requir-
ing replacement of a lumbar drainage system in seven 
patients (14%) and a confirmed CSF infection in two 
patients (4%).

Neurological outcome and ELD
At ICU discharge, only four patients (4%) were classified 
as GOS 4 or 5, 63 patients (70%) GOS 2 or 3, while 23 
patients (26%) were dead. The respective values 6 months 
after the trauma were 55 (62%), 10 (11%), and 25 (28%; 
Fig.  4). Patients with a good outcome at 6  months were 
significantly more numerous in the ELD group than in 
the no ELD group (72% versus 48%, p = 0.012).

Following the same trend, ELD was associated in logis-
tic regression analysis with a lower likelihood of an unfa-
vourable outcome at 6 months (crude OR, 0.32 [95% CI 
0.13 to 0.77]; p = 0.011). This significant association was 
still observed after adjustment with all confounding vari-
ables, except for the propensity score (Fig. 3).

Discussion
In this retrospective study that studied a population of 
367 sTBI over 10 years, we have described a safe and effi-
cacy use of ELD in case of IH, with an acceptable rate of 
complications (4% of infections and 2% cerebral hernia-
tion) and a faster normalization of ICP. Furthermore, per-
cutaneous placement of ELD and lumbar CSF drainage 
were associated in our analysis with a reduced likelihood 
of an unfavourable outcome at 6  months in compari-
son with a standard strategy without CSF drainage. This 
statistical association was observed after adjustment 
by most of confounding factors. Our findings support a 
favourable benefit-risk ratio of ELD in the management 
of IH in sTBI when it is included in therapeutic bundle 
and with a strict protocol. However, our conclusions 
should be interpreted cautiously because of the retro-
spective design of study and since our control group did 
not included CSF drainage by EVD.

Table 1  (continued)
AIS, Abbreviated Injury Scale; CSF, Cerebrospinal fluid; CT, Computed Tomography; ELD, External lumbar drainage

Table 2  Data concerning ELD and related complications

ELD, External lumbar drainage; CSF, Cerebrospinal fluid

ELD placed after injury (day) 6.32

ELD duration (day) 9.36

Mean CSF flow (mL/d)

The first 24 h 43.6

Per day until removal 59.7

Complications, n (%)

Pupillary changes 1 (2%)

ELD obstruction requiring catheter replacement 7 (14%)

Suspected CSF infection 2 (4%)

Subdural bleeding 1 (2%)

Cerebral herniation 1 (2%)

Fig. 2  Evolution of intracranial hypertension. Cumulative 
incidence of correction of IH in the groups with ELD (blue) 
and without (orange). The comparison between the groups 
was performed using the Grey test, which incorporates 
the competitive risk of death. ELD: External lumbar drainage, ICP: 
Intracranial pressure, IH: Intracranial hypertension
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CSF drainage in TBI
CSF drainage plays a central role in the management 
of IH in severely brain-injured patients. The SIBICC 
guidelines recommend thus CSF drainage through a 
ventriculostomy as a first-tier therapy in the consensus-
based algorithm [6]. However, in 2017, Cnossen et al. 
[7] revealed that EVD was poorly used in neurotrauma 
centres: in 27% as first-tier treatment of IH and in 33% 
as second-tier therapy. Several reasons may explain this 

underuse; firstly, the insertion of an EVD can be chal-
lenging or even infeasible in TBI patients with small 
ventricles or a midline shift. Secondly, even when ven-
tricular dimensions are suitable for ventricular drainage, 
studies have reported 57% misplacement without neu-
ronavigation [17]. Thirdly, placement and removal of an 
EVD risk haemorrhage, which may affect its efficacy or 
patient outcome. Finally, many concerns exist about the 
risk of [18]. EVD-related ventriculitis is indeed known to 

Fig. 3  Influence of ELD on ICP control (left) and Influence of ELD on outcome (right). Hazard ratio with its 95% confidence interval 
for the correction of IH. Odds ratio with its 95% confidence interval for the unfavourable outcome. Crude effect is presented as well as those 
adjusted for various confounding factors. AIS: Abbreviated Injury Scale, CSF: Cerebrospinal fluid, ELD: External lumbar drainage, ISS: Injury severity 
score, ICP: Intracranial pressure, IH: Intracranial hypertension, MAP: Mean arterial pressure

Fig. 4  ICU and long-term outcomes. Distribution of patients’ GOS in the ELD and the no ELD groups, at ICU discharge (bottom) 
and 6 months after the trauma (top). A GOS of 4–5 was considered a "good outcome," while GOS of 1–3 was considered a "worst outcome." 
GOS: Glasgow Outcome Scale, ICU: Intensive care unit, ELD: External lumbar drainage
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generate increased morbimortality, longer hospitaliza-
tion, and higher healthcare costs [19]. Moreover, scien-
tific evidence in the literature indicates the added value 
of ventricular CSF drainage in TBI patients is limited 
[14]. Therefore, it appears legitimate to explore reliable 
alternative approaches to CSF drainage during the man-
agement of traumatic IH.

Lumbar CSF drainage
Several experts have proposed ELD in TBI patient as an 
alternative to CSF drainage because of its technical sim-
plicity. Different studies have thus reported a low com-
plication rate for the ELD procedure, also suggesting its 
potential efficacy in IH control. However, works focused 
on the traumatic context studied small populations and 
did not include a control group [8]. Moreover, the studied 
populations were highly heterogeneous, justifying further 
studies to guarantee safe use. In contrast with previous 
works, the present study included a homogenous popula-
tion (i.e., patients with traumatic IH) and a control group. 
Thus, we observed that ELD enables a faster reduction in 
ICP than a strategy without CSF drainage. The findings 
are concordant with the existing literature [8–10]. Ginalis 
et al. indeed demonstrated in a meta-analysis that ELD 
allowed a rapid and prolonged control of IH, decreas-
ing the need for sedatives, paralytics, and osmotherapy 
[8]. This decrease in the “hypertension dose” has been 
well-associated in many studies with neurological prog-
nostic and overall outcome. Moreover, ELD strategy was 
observed in several studies to be associated with high 
rates of favourable outcome, with 62% of sTBI achieving 
a favourable outcome at five years in the study by LLom-
part-Pou et al. [10]. Similarly, our analysis found that in 
case of IH, ELD was associated with better outcomes 
compared to the absence of CSF drainage (72% of good 
outcome at 6  months versus 48%). This statistical asso-
ciation was also observed in multivariable analysis after 
adjustment by most of confounding factors. The adjust-
ment with the propensity score had the same trend, but 
with a probable lack of statistical power.

Safe use of ELD
Several concerns are widespread regarding the lumbar 
CSF withdrawn in the presence of IH; the main one is the 
risk of central herniation. However, studies supporting 
this contraindication are old, conducted when CT scans 
and ICP monitoring were unavailable, and report uncon-
trolled CSF withdrawal in patients suffering from cer-
ebral tumours with clinical signs of herniation [20–22]. 
More recent studies have demonstrated that in patients 
with elevated ICP, the risk of cerebral herniation associ-
ated with ELD was low if CT conditions were respected 
[23, 24]. CT criteria have been employed in various 

studies [23, 25] since Munch et al. [26] first described 
them, resulting in a low rate of complications. Expect-
edly, CSF subtraction leads to a slight displacement of 
brain structures toward the drained space. Therefore, it 
is necessary to verify the absence of mass lesions, clear 
visualization of basal cisterns, and a midline shift of less 
than 10  mm. With inhomogeneous IH, a large mass, 
deviation, or herniation, these phenomena will logically 
increase with CSF drainage, regardless of the route. The 
only patient experiencing cerebral herniation in our study 
corresponded to this case and had a CT contraindication 
for ELD (grade 7). Furthermore, CSF overdrainage may 
be avoided in determining the drainage pressure gradient 
by adjusting the drainage level in relation to the foramen 
of Monro. Therefore, our work introduced a CSF reserve 
classification detailed in Fig.  1 to assess the risk associ-
ated with ELD. This CT scan classification is based on 
criteria such as the presence and nature of intracranial 
injuries, the volume of basal cisterns and lateral ventri-
cles, and the presence of a cerebral herniation. Our clas-
sification enables the determination of the intracranial 
CSF reserve and the graduating risk of herniation. This 
image-based scoring system will require external valida-
tion. Another non-negligible risk of ELD placement is the 
CSF infection, with an observed rate of 4% in our study. 
This incidence was similar to those reported in the litera-
ture with ELD use, ranging from 4 to 7% [9, 27].

Study limitations
Several potential limitations must be mentioned. Firstly, 
the retrospective data collection could have led to miss-
ing data. However, only one patient was excluded from 
our study due to incomplete information, minimizing 
any potential impact on the results. The location of our 
study at a single centre limits the extrapolation of our 
findings. Prospective multicentre studies would help to 
limit interpretation bias by establishing precise and reli-
able standards of care for ELD and control groups, deter-
mining timing of ELD use, and integrating ELD with 
various clinical practices across different trauma centres. 
Secondly, the control group in our analysis had no CSF 
drainage. Therefore, our results highlight the influence 
of CSF drainage and not only that of the lumbar route. 
A control group receiving external ventricular drainage 
would enable assessment of the specific influence of the 
lumbar route. Thirdly, CT scan follow-up was conducted 
in our series in accordance with the recommendations or 
when clinical situation required imaging control. How-
ever, closer monitoring would probably offer a better 
understanding of pathophysiological mechanisms and 
consequences of CSF drainage. Fourthly, ELD has con-
traindications that were listed in our unit protocol. There-
fore, a difference between the two groups is expected, 
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making a possible interpretation bias. We attempted to 
reduce this potential risk with a multiple variable adjust-
ment including the propensity score, however an inter-
pretation bias may still exist. Anyway, it is interesting to 
note that the observed difference between the ELD and 
no ELD groups is lower than that expected. This is prob-
ably due to the progressive implementation of ELD pro-
tocol in the first part of study period, making these two 
groups more comparable. Moreover, admission Marshall 
score were comparable between the two groups. Fifthly, 
ICP threshold defined into the recommendations has 
changed during the study period from 20 to 22 mmHg. 
This could have slightly influenced treatment deci-
sions and outcomes. Instead of using a defined intrac-
ranial pressure threshold, it would also have been more 
interesting to consider cumulative ICP burden. Sixth, 
although 6-month functional outcome is commonly used 
to assess the prognosis of TBI patients, a longer follow-
up would have allowed drawing more robust conclusions. 
The extended version of the GOS could also have pro-
vided a more detailed assessment of 6-month outcome. 
Furthermore, GOS, extracted from medical records, were 
not established by a blinded neurologist that might intro-
duce a misclassification bias.

Conclusion
ELD appears in our cohort to be a safe and effective 
intervention in sTBI patients with intracranial hyper-
tension. A strict compliance with CT scan indications 
before its placement and withdrawal modalities would 
guarantee safe use and a limited risk of complications, 
especially central herniation. Our findings suggest a sig-
nificant association between ELD and a better outcome 
at 6  months in comparison with the absence of CSF 
drainage. However, the present work suffers from meth-
odological limitations that require some caution. Pro-
spective studies are therefore necessary to validate this 
strategy and recommend increased use of ELD in a trau-
matic context.
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