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Abstract
Background

External lumbar drainage remains a controversial therapy for medically refractory intracranial hypertension in patients with acute
TBI. This systematic review sought to compile the available evidence for the e�cacy and safety of the use of lumbar drains for ICP
control.

Methods

A systematic review of the literature was performed with the search and data extraction performed by two reviewers independently
in duplicate.

Results

Nine independent studies were identi�ed enrolling 230 patients, 159 with TBI. E�cacy for ICP control was observed across all
studies, with immediate and sustained effect, reducing medical therapy requirements. Lumbar drainage with medical therapy
appears effective when used alone and as an adjunct to ventricular drainage. Safety reporting varied in quality. Cerebral herniation
(with unclear relationship to lumbar drainage) was observed in 14/230 patients resulting in one incident of morbidity without
adverse patient outcome.

Conclusions

The available data is generally poor in quality and volume, but supportive of e�cacy of lumbar drainage for ICP control. Few
reports of adverse outcome are suggestive of, but are insu�cient to con�rm, safety of use in the appropriate patient and clinical
setting. Further large prospective observational studies are required to generate su�cient support of an acceptable safety pro�le.

Introduction
Established management practices for moderate and severe traumatic brain injury (TBI) are centred on minimising secondary
injury through normalising intracranial homeostasis. This is achieved through a therapeutic paradigm principally centred on the
avoidance of raised intracranial pressure (ICP) and maintenance of cerebral perfusion pressure (CPP)[12]. Contemporary ICP
management strategies utilise a sequential escalation of therapeutic intensity until ICP control is achieved, with protocols based on
the Brain Trauma Foundation (BTF) guidelines[12]. Initial medical treatments for intracranial hypertension include: sedation, mild
hypocapnia and hyperosmolar therapy. Where intracranial hypertension is refractory to these interventions, therapies including
diversion of cerebrospinal �uid (CSF), barbiturate coma and decompressive craniectomy can be considered.

CSF diversion to manage raised ICP is classically understood in terms of the Monro-Kellie doctrine.[18, 25] The principle states that
diversion (or buffering) of one constituent of the intracranial compartment (i.e. CSF) permits increasing volume of other
constituents (i.e. parenchymal oedema in response to trauma). CSF can be removed from the system through two principle access
points: (1) a ventriculostomy in the lateral ventricle connected to an external ventricular drain (EVD); or (2) a lumbar catheter
connected to an external lumbar drain (ELD). CSF drainage can be achieved intermittently through discrete episodes of volume-
controlled drainage, or continuously by permitting uninterrupted pressure-controlled drainage[30].

Traditionally, CSF diversion in TBI is achieved through a ventriculostomy. Siting a ventriculostomy also permits measurement of
intraventricular pressure by transduction of a closed drain, though in recent years ICP monitoring has more commonly been
achieved through intraparenchymal monitoring via a transcranial access device or  “bolt”[7]. Practice varies from centre to centre,
and between adults and paediatrics, with the usage of EVD monitoring and drainage being a more common practice in paediatric
trauma centres[32], but less so in adults[16].

ELD originated in 1963 as a means for reducing cerebral tension intraoperatively[36], and has become an established method of
CSF diversion in a variety of settings[8], including: post-traumatic CSF leak[5, 10], normal pressure hydrocephalus assessment[3],
skull base surgery[33, 38], and in thoracoabdominal aortic surgery to reduce spinal cord ischaemia[15]. The use of ELD is
traditionally considered controversial for use in patients suffering TBI. This is due to the potential risk of iatrogenic transtentorial
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herniation, as demonstrated by historical examples of  herniation after lumbar puncture in patients with raised ICP[14, 17, 23, 29]. In
other contexts of intracranial hypertension, the use of ELD has been successfully adopted, including in bacterial and cryptococcal
meningitis[2, 39] and subarachnoid haemorrhage (SAH)[27, 28, 34]; achieving similar ICP control to ventriculostomy drainage
without signi�cant complication rates.

Rationale:

Lumbar drainage represents a potential alternative means of CSF diversion to ventriculostomy due to avoidance of the passage of
a drain through cerebral parenchyma. Insertion of a lumbar drain is a technically and logistically simpler procedure, particularly in
patients with TBI whom often have small lateral ventricles rendering insertion of EVD challenging or not possible. Whilst thought to
also achieve ICP control, concerns regarding the safety of lumbar drainage lie in the possible complication of cerebral herniation
with associated morbidity and mortality. There is no systematic review of the evidence in the literature available to summarise the
safety and e�cacy of external lumbar drainage for ICP control in TBI.

Objectives:

Our objective is to systematically evaluate the available literature examining the use of external lumbar drainage of CSF for
refractory intracranial hypertension in traumatic brain injury (TBI). Speci�cally, we seek to summarise the available evidence for: (1)
the e�cacy of the use of external lumbar drains in control of refractory intracranial hypertension in TBI; and (2) the safety of
external lumbar drainage in acute TBI. 

Methods
A systematic review of the literature was performed following the methodology of the Cochrane Handbook for Systematic
Reviewers and presented in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA)
[24].

The primary review questions determined by the authors were: 

(1) Is CSF diversion via an external lumbar drain a safe procedure in TBI?

(2) Does CSF diversion via an external lumbar drain effectively control intra cranial hypertension in TBI?

Secondary review questions determined by the authors were:

(3) What selection/exclusion criteria are utilised for patient selection to determine appropriate candidates for external lumbar
drainage?

(4) Are there any established protocols for the use of external lumbar drainage  for the control of ICP in TBI?

Inclusion Criteria:

Population:

The population of interest were human subjects with moderate or severe TBI, inclusive of both adult and paediatric populations.

Intervention:

The intervention considered is CSF diversion via an ELD.

Outcome measures:

The outcome measures of interest were ICP control, CPP optimisation and the safety pro�le of the intervention. A considered
secondary outcome measure was any appropriate measure of functional outcome post-injury. Acceptable indices of ICP/CPP
control considered are: (1) direct measurement pre- and post- drainage and (2) indirect outcome measures of reduced incidence of
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requiring osmotic therapy, hyperventilation, or more invasive surgical procedures (external ventricular drainage or decompressive
craniectomy).

Setting:

Given the intensive monitoring required to gain the above data such studies would be in the intensive care unit or neurosciences
critical care settings. 

Methodology:

Any research methodology in humans was considered for inclusion, including observational studies and case series/reports.

Exclusion Criteria:

Studies conducted in animal models or in vitro human models were excluded. Studies which recorded the variables of interest, but
did not report su�cient data on these variables for our research questions were also excluded.

Information Sources:

We systematically searched the following databases, from their respective inception to September 2020: Medline, Embase,
Cochrane Central, NICE Evidence, Google Scholar and Web of Science. Reference lists of pertinent review articles on the topic were
hand-searched for suitable articles. Reference lists of identi�ed articles for inclusion were also hand-searched for suitable articles.
 See appendix 1 for an example search strategy.

Study Selection:

Studies were independently screened for inclusion by two reviewers, utilising a referential standardised proforma. Eligibility for
study inclusion was de�ned as: a study of human patients with TBI, with the measurement of intracranial pressure via
intraparenchymal or intraventricular pressure monitor, with insertion of an external lumbar drain for the purposes of CSF drainage
with the therapeutic aim of ICP/CPP control.

Data Extraction:

Data were extracted from included reports by two reviewers: conducted independently in duplicate, using piloted forms. Data
extracted included; study characteristics, patient demographics, number of patients, ICP measurement method and frequency,
external lumbar drainage timing and drainage protocol, patient selection/exclusion criteria, ICP/CPP control outcome, avoidance of
treatment intensity level escalation, functional outcome. 

Risk of Bias in Individual Studies:

Two reviewers assessed the risk of bias of each individual study using the RTI item bank[35], with discrepancies discussed with a
third party.

Synthesis of Results:

The heterogeneous nature of data collection and analysis methods precludes our ability to combine and synthesise results. As
such a descriptive summary will be presented.

Results
Study Selection:

A search of the literature pertaining to lumbar drainage in TBI yielded 610 results. After the removal of duplicates, 453 research
items were screened against the inclusion criteria. 27 full text items were retrieved for eligibility assessment, of which 12 studies
were considered to ful�l the criteria (Figure 1). 
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Of the 12 research items eligible for inclusion[1, 6, 37, 9, 19–22, 26, 28, 34], all were published articles. Three of these articles
included data presented in previously published articles: Munch et al., 2001 data were later published in Tuettenberg et al., 2009;
Murad et al., 2008 data were later published in Murad et al., 2012; and Baldwin et al., 1991 data were later published in Levy et al.,
1995. The most recent publications were included in the full qualitative synthesis; prior publications were not included to avoid
duplicate reporting of data. 

Study and Patient Demographics:

Three articles were presented as case series [1, 19, 22] with another presented as a case report and accompanying case series[37].
Five studies were presented as observational studies: three retrospective [9, 20, 21]and two prospective[28, 34]. Three studies
utilised a mixed cohort of patients with TBI and aneurysmal subarachnoid haemorrhage (SAH) and/or intracerebral haemorrhage
(ICH)[21, 28, 34] with six studies including only patients with TBI[1, 9, 19, 20, 22, 37]. One study included only paediatric
patients [19], seven studies included only adult patients[1, 9, 20–22, 28, 37] and one included adults and children[34]. In total, 230
patients were included in the studies, of which 159 were patients with TBI. The demographics of included patients are reported in
Table 1. Due to the manner in which the results were reported, the present authors were unable to delineate results pertaining only
to TBI patients in the studies using a mixed cohort; as such the results will be presented together, noting where a mixed cohort is
implicated where the results of these studies are discussed. Manet et al., 2016[22] and Manet et al, 2017[21] utilised a sub-cohort,
including only patients with features of external hydrocephalus.

Whilst our exclusion criteria resulted in removal of studies which achieved CSF diversion through EVD alone, �ve of the nine studies
included patients with an EVD in addition to ELD. In three studies, all participants had both EVD and ELD[19, 28, 37] with EVD
preceding ELD, two studies had a mixed cohort of ELD with and without EVD[21, 34]. Llompart-Pou et al., 2011[20] included two
patients (of 30) who received an EVD though it is not clear whether the insertion of EVD preceded that of ELD. Patients in the
remaining studies had ELD alone, with patients included in Manet et al, 2016[22] only receiving ELD where EVD insertion had failed
or was contraindicated.

Eight studies only included patients with either: no surgical intracranial lesion or a surgical intracranial lesion post-evacuation; in
one study this was not speci�ed[1].  All study protocols only instigated CSF diversion where medical management options had
failed, all specifying at least hyperventilation and osmotic therapy in their ICP management protocols. Six studies indicated use of
barbiturate coma[1, 19, 20, 22, 34, 37] and �ve indicated use of hypothermia[1, 20–22, 37]. Four studies indicated use of ventricular
drainage prior to ELD[21, 28, 34, 37] where possible.

E�cacy:

All studies reported a marked reduction in ICP after CSF diversion with an ELD. Individual study results are reported in Table 2. The
three studies[9, 20, 34] reporting outcome of statistical tests of this effect all reported statistically signi�cant reduction in ICP after
introduction of lumbar drainage.  Of four studies[1, 19, 28, 34] presenting data or observations on the effect of lumbar drainage on
CPP, all reported a positive effect. Four studies presented observations on the effect of lumbar drainage on treatment intensity or
requirement for other ICP lowering therapies[1, 21, 28, 34]. All four reported a bene�cial effect on the requirement of other therapies
after institution of lumbar drainage.

Safety

Of 230 patients, there were 14 reports of either radiological or clinical signs of cerebral herniation after insertion of ELD (Table 3).
One study[34] reported 12 of the 14 incidences of cerebral herniation, but the relationship between development of
clinical/radiological signs of cerebral herniation and the introduction of lumbar drainage is not described. One of these episodes
was reported as occurring due to the iatrogenic disconnection and uncontrolled drainage from the lumbar drain, and the patient
survived without neurological de�cit. In the eight patients of these 12 who subsequently died, the authors did not attribute any
death to, or as a complication of lumbar drainage. There were two further incidences of herniation reported in the included
literature, one patient exhibited only radiological signs[9] (bilateral uncal herniation), and one patient developed a �xed dilated pupil
four hours after insertion of ELD which returned to normal after surgery and the patient made a “good neurological recovery”[28]. 
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There were 9 reported incidences of central nervous system (CNS) infection in the included studies. A further six patients had a
positive cerebrospinal �uid culture sample which was treated as contaminant. 7/9 CNS infection cases were reported to have both
EVD and ELD in situ. There were 20 incidences of lumbar drain failure requiring revision. Eleven patients were reported to require
long term CSF diversion with insertion of a CSF shunt.

Eight studies reported functional outcomes [1, 9, 19–22, 34, 37], and one reported mortality alone[28]. No study explicitly reported a
case whereby a complication from use of lumbar drain contributed to mortality or poor neurological outcome. 

CT criteria

Seven of the nine studies stipulated requirement of a CT head prior to proceeding with insertion of an ELD[1, 9, 20–22, 34, 37]. Two
studies required this in the preceding 24 hours[1, 20], and one in the preceding 8 hours[9]. All studies requiring CT described
imaging criteria[1, 9, 20–22, 34, 37], all including discernible basal cisterns and absence of a surgical mass/cerebral herniation.
Three studies also included the requirement of midline shift of < 10mm [1, 20, 21]. Manet et al, 2017[21] used the presence of “a
gradual development of subdural or subarachnoid collections located in the sylvian and/or interhemispheric �ssures and/or
cortical sulci” as evidence of external hydrocephalus and thus inclusion in their study. Bauer et al., 2017[9] proposed and utilised a
scoring system based on the patency of the prepontine and quadrigeminal cisterns, and absence of uncal and foraminal herniation
on the pre-procedural imaging. 

ELD drainage protocol

Eight studies utilised an ELD in all patients [1, 19–22, 28, 34, 37]. One study used a single lumbar puncture or intermittently open
drainage in four of nine patients[9]. Of the eight studies which utilised only ELD, six used protocols with a continuous drainage
strategy[1, 19–22, 34]. One study[28] used varying methods, either continuous pressure controlled drainage or �xed drainage at 10
ml/hr. One did not state their drainage protocol[37]. Four studies describe an initial high drainage protocol until ICP control was
achieved, with intensive pupillary examination[19, 21, 22, 34], two of which were in external hydrocephalus. Further details of
speci�c drainage protocols are available in Appendix 2. 

Risk of bias assessment

Due to the observational design of the included studies, risk of bias was deemed low to moderate in all studies. The risk of bias
where considered moderate was on the basis of poor intervention detail or outcome reporting. 

Discussion
The aim of this systematic review was to evaluate the available e�cacy and safety data regarding the use of lumbar drainage for
ICP control in TBI. The literature identi�ed represents a small evidence base supporting the e�cacy of lumbar drainage, where 9
independent studies observed the effects in 159 patients with TBI (230 patients overall). Other than infection, need for drain
revision and transient mydriasis, one incident of morbidity (not affecting neurological outcome) was reported in these studies;
though this is suggestive of safety of ELD in TBI, the small cohort is insu�cient to conclusively con�rm it.

E�cacy:

The data presented in the included studies supports the e�cacy of lumbar drainage for ICP control as an adjunct to best medical
therapy where optimal medical management has failed. Every study reported a bene�cial effect for ICP control overall, with all of
those performing statistical analysis �nding a signi�cant reduction in ICP following ELD insertion. Studies reporting mean
reduction values utilised data one hour before and after commencing lumbar drainage, which unanimously con�rmed an
immediate effect. The positive effects on reducing need for medical interventions such as osmotic therapy are also encouraging,
and were observed in all four studies reporting this outcome. The effect has been observed, though only reported for small numbers
of patients, with increasing e�cacy up to three days after instigation of lumbar drainage[1]. Together with one hour pre- and post-
ELD ICP readings, the effect of lumbar drainage appears to be both immediate and sustained.
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A signi�cant reduction in ICP was reported in four studies which included ventriculostomy drainage prior to lumbar drainage[21, 28,
34, 37], suggesting that ELD offers both a bene�t when used as the sole modality of CSF diversion, and additional bene�t when
used in combination with EVD.

Functional outcomes were not considered as a marker of “e�cacy”, rather ICP control can be considered as a surrogate marker of
potentially  improving functional outcome due to the association of intracranial hypertension and poor outcome[4]. The numbers
enrolled in these combined studies are by far insu�ciently powered to assess for an effect on functional outcome. 

Safety:

The available data identi�ed by this systematic review is insu�cient to draw �rm conclusions on the safety pro�le of ELD in
management of raised ICP in TBI, however the included studies here have not reported incidents of the usage of ELD directly
contributing to mortality. A single case of ELD usage has been reported to result in pupillary changes requiring urgent surgery with
good neurological recovery). However, the absence of signi�cant complications in a series of 159 patients with TBI is unlikely to
generate su�cient con�dence to assuage the reservations held by some neurosurgical centres. In the single reported case of
cerebral herniation requiring surgery, this was urgently recognised and appropriately managed resulting in good neurological
recovery. Despite historical concerns of “coning” from lumbar puncture or drainage, the results suggest that in the modern intensive
care unit, there is su�cient clinical monitoring to facilitate early recognition of cerebral herniation through clinical and radiological
assessment and prompt remedial action. 

Whilst a high mortality rate is not justi�cation for therapeutics with the potential for harm, the alternative to lumbar drain is
typically insertion of EVD or decompressive craniectomy, neither of which can be considered to be low morbidity. Whilst not robust,
the results here are suggestive of a low to very low risk of severe morbidity or mortality as a result of ELD. When considering
surgical risk, ELD offers the potential bene�t of achieving ICP control without the need for decompressive craniectomy. 

Infection rates of the included studies were 3.9%, though some incidences of infection were in patients with both EVD and ELD.
This incidence is similar to that reported in the literature, with infection rates of ELD reported as 4.2-7%[13, 31] and EVD reported as
7-9%[11, 31].

CT criteria:

Given the concern of obliterated basal cisterns preventing CSF movement across the foramen magnum, considered patient
selection would be a necessary component of implementing lumbar drainage. Patient selection on the basis of radiological criteria
was common to most of the included studies. A number of the included studies refer to the protocol in Munch et al, 2001 to cite the
earliest example, though Willemse et al 1998 include a similar protocol: discernible basal cisterns and absence of surgical mass
lesions. Absence of tonsillar herniation, midline shift of less than 10 mm, and patency of prepontine and interpeduncular cisterns
have been more recent additions. Due to the low complication rate, it would be di�cult to identify which protocol is the optimal for
safety in patient selection. Further details of the radiological features of those with transient mydriasis are not available to make a
post-hoc assessment of which further features transpired to be associated with risk. 

Drainage strategies:

Drainage strategies varied amongst studies, with insu�cient data reporting to draw conclusions regarding the optimal protocol.
The protocols where described adopt broadly similar strategies: greater drainage permitted to achieve ICP control (<20 mmHg), with
subsequent “maintenance” drainage (ICP in the region of 10-20 mmHg) and closure of the drain where ICP was low (<10 mmHg).
Pressure settings of the ELD varied widely between 0 cm above the foramen of Monro (FOM) and 20 cm above. The study reporting
a �xed dilated pupil four hours after ELD insertion allowed free drainage at 0 cm[28]; a strategy which physiologically would permit
continued drainage in the context of early cerebral herniation. Similarly, Tuettenberg et al., observing 12 episodes of unilateral
mydriasis in their mixed TBI/SAH cohort, permitted free drainage at 5 cm above the FOM. Differing strategies for drainage should
also consider nursing practicalities: continuous drainage at lower pressure settings is more likely to result in high volume outputs
between nursing monitoring intervals. 
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When considering physical and biomechanical aspects of drainage, a minimum volume is required to produce an acceptable
ICP/CPP for the purpose of optimising perfusion and minimising the requirement for intervention. Therefore a sliding scale hourly
drainage target, with an arbitrary maximum per hour of 10 ml may provide an attractive safe starting point in the views of the
authors. Physically the volume of any potentially herniated neuro-axial tissue cannot exceed that of the volume of �uid drained,
supporting further the likely safety of small incremental drainage as opposed to open pressure regulated drainage where
theoretically no limit on the volume of drained �uid or herniating tissue exists.

Concomitant EVD:

As outlined above, ELD appears to offer additional bene�t when used as an adjunct to EVD in ICP control. In the largest included
study[34] 84/100 patients had received ventricular drainage prior to ELD which had failed to control their ICP, though it is not
speci�ed in the methods whether ventricular drainage continued once ELD was inserted. Given that the concerns surrounding
lumbar drainage are centred on a pressure gradient across the foramen magnum, simultaneous EVD and ELD drainage
theoretically reduces the risk of this occurring. However, this study reported a relatively high rate of signs of cerebral herniation
(with unclear timing in relation to ELD).

ELD or EVD:

The prospect of utilising ELD instead of, or as an adjunct to, EVD in selected patients has some potential bene�ts. The procedure
itself can usually be achieved more quickly, without need for transfer to an operating theatre. As observed by Manet et al[22],
lumbar drainage also presents an opportunity for CSF diversion in a subset of patients for whom insertion of EVD is
contraindicated or where insertion has failed. The prevalence of “slit” ventricles in the TBI cohort with intracranial hypertension
presents a further technical challenge. As described above, ELD appears to be bene�cial for ICP control where ventricular drainage
has been established. 

Limitations:

The limitations of the present study are primarily due to the heterogeneity of both the included studies and the data which they
have presented. Exclusion of studies with a mixed cohort of brain injury aetiology and adult/paediatric cohort would have further
narrowed the low patient and study numbers available for consideration by this study. As such we have included these, particularly
given the necessity to be comprehensive when considering the intervention’s safety pro�le. Further to this, even with these
inclusions, the numbers of patients and studies are low, though identifying paucity in the literature serves as an outcome of this
review. The detail in reporting of potential complication events was variable but generally poor. This is in part likely to be related to
the incidence of clinical and radiological evidence of “coning” being a potential part of the natural history of severe TBI with
refractory intracranial hypertension. As such we have only considered complications to be related to lumbar drainage where the
respective authors have themselves reported these events to be as a consequence of lumbar drainage. Given the heterogeneity of
cohorts and data reporting, it was not deemed suitable nor bene�cial to perform a meta-analysis and a narrative review of the data
is inherently limited in the conclusions which it may draw.

Implications:

Whilst this data cannot con�rm a safety pro�le, this review con�rms e�cacy of ELD in ICP control. There remains equipoise
regarding the use of ELD or EVD in the management of medically refractory intracranial hypertension in trauma. The authors
advocate further large-scale multi-centre prospective observational studies to gain su�cient data to explore the safety of ELD in
this context. 

Conclusion
The literature appears to support the e�cacy of lumbar drainage in ICP control where medical management has failed, though the
data on its safety is encouraging but insu�cient to draw conclusive recommendations. The e�cacy and safety pro�le of ELD in
comparison to EVD is not known, though ELD appears to be bene�cial for ICP control both alone and where EVD has failed.
Although the evidence base is insu�cient to draw �rm conclusions, based on the available evidence there is no clear indication that
the complication rates of ELD are greater than those of EVD. Further large prospective observational studies are required to
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generate su�cient support of an acceptable safety pro�le, with the possibility of subsequent randomised controlled studies to
ultimately assess therapeutic parity. 

Declarations
Funding:

None to declare.

Competing interests:

The authors declare that there is no con�ict of interest.

Availability of data and material:

Available on request

Code availability:

N/A

Authors’ contributions:

All authors contributed substantially to the work. All authors were responsible for concept and approved the manuscript. AS, WC,
YC and ET performed the literature search, data extraction and risk of bias assessments. DD and AB provided critical support and
oversight. AS drafted the �nal manuscript, critically revised by WC, YC, ET and DD.

Ethics approval:

N/A

Consent to participate

Not applicable

Consent for publication

Not applicable

References
1.       Abadal-Centellas JMJM, Llompart-Pou JA, Homar-Ramirez J, et al (2007) Neurologic outcome of posttraumatic refractory
intracranial hypertension treated with external lumbar drainage. J Trauma - Inj Infect Crit Care 62(2):282–286

2.       Abulhasan YB, Al-Jehani H, Valiquette MA, McManus A, Dolan-Cake M, Ayoub O, Angle M, Teitelbaum J (2013) Lumbar
drainage for the treatment of severe bacterial meningitis. Neurocrit Care 19(2):199–205

3.       El Ahmadieh TY, Wu EM, Kafka B, et al (2020) Lumbar drain trial outcomes of normal pressure hydrocephalus: A single-center
experience of 254 patients. J Neurosurg 132(1):306–312

4.       Åkerlund CA, Donnelly J, Zeiler FA, et al (2020) Impact of duration and magnitude of raised intracranial pressure on outcome
after severe traumatic brain injury: A CENTER-TBI high-resolution group study. PLoS One 15(12):e0243427

5.       Albu S, Florian IS, Bolboaca SD (2016) The bene�t of early lumbar drain insertion in reducing the length of CSF leak in
traumatic rhinorrhea. Clin Neurol Neurosurg 142:43–47



Page 10/16

6.       Baldwin HZ, Rekate HL Preliminary experience with controlled external lumbar drainage in diffuse pediatric head injury.
Pediatr Neurosurg 17(3):115–120

7.       Bales JW, Bonow RH, Buckley RT, Barber J, Temkin N, Chesnut RM (2019) Primary External Ventricular Drainage Catheter
Versus Intraparenchymal ICP Monitoring: Outcome Analysis. Neurocrit Care 31(1):11–21

8.       Basauri LT, Concha-Julio E, Selman JM, Cubillos P, Rufs J (1999) Cerebrospinal �uid spinal lumbar drainage: indications,
technical tips, and pitfalls. Crit Rev Neurosurg 9(1):21–27

9.       Bauer M, Sohm F, Thomé C, Ortler M (2017) Refractory intracranial hypertension in traumatic brain injury: Proposal for a novel
score to assess the safety of lumbar cerebrospinal �uid drainage. Surg. Neurol. Int. 8:

10.     Bell RB, Dierks EJ, Homer L, Potter BE (2004) Management of cerebrospinal �uid leak associated with craniomaxillofacial
trauma. J Oral Maxillofac Surg 62(6):676–684

11.     Bota DP, Lefranc F, Vilallobos HR, Brimioulle S, Vincent JL (2005) Ventriculostomy-related infections in critically ill patients: A
6-year experience. J Neurosurg 103(3):468–472

12.     Carney N, Totten AM, Ullman JS, et al (2016) Guidelines for the Management of Severe Traumatic Brain Injury 4th Edition. 

13.     Coplin WM, Avellino AM, Kim DK, Winn HR, Grady MS (1999) Bacterial meningitis associated with lumbar drains: A
retrospective cohort study. J Neurol Neurosurg Psychiatry 67(4):468–473

14.     Duffy GP (1969) Lumbar Puncture in the Presence of Raised Intracranial Pressure. Br Med J 1(5641):407–409

15.     Fedorow CA, Moon MC, Mutch WAC, Grocott HP (2010) Lumbar cerebrospinal �uid drainage for thoracoabdominal aortic
surgery: Rationale and practical considerations for management. Anesth Analg 111(1):46–58

16.     Griesdale DEGG, McEwen J, Kurth T, Chittock DR (2010) External Ventricular Drains and Mortality in Patients with Severe
Traumatic Brain Injury. Can J Neurol Sci 37(1):43–48

17.     Hepburn H (1938) The risk of spinal puncture. Can Med Assoc J 39:449–50

18.     Kellie G (1824) An account of the appearances observed in the dissection of two of the three individuals presumed to have
perished in the storm of the 3rd, and whose bodies were discovered in the vicinity of Leith on the morning of the 4th November
1821 with some re�ect. Transac Med Chir Soc Edinburgh 1:84–169

19.     Levy DI, Rekate HL, Cherny WB, Manwaring K, Moss SD, Baldwin HZ (1995) Controlled lumbar drainage in pediatric head
injury. J Neurosurg 83(3):453–460

20.     Llompart-Pou JA, Abadal JM, Perez-Barcena J, et al (2011) Long-term follow-up of patients with post-traumatic refractory
high intracranial pressure treated with lumbar drainage. Anaesth Intensive Care 39(1):79–83

21.     Manet R, Payen JF, Guerin R, Martinez O, Hautefeuille S, Francony G, Gergele L (2017) Using external lumbar CSF drainage to
treat communicating external hydrocephalus in adult patients after acute traumatic or non-traumatic brain injury. Acta Neurochir
(Wien) 159(10):2003–2009

22.     Manet R, Schmidt EA, Vassal F, Charier D, Gergele L, R. M, E.A. S, F. V, D. C (2016) CSF lumbar drainage: A safe surgical option
in refractory intracranial hypertension associated with acute posttraumatic external hydrocephalus. Acta Neurochir Suppl 122:55–
59

23.     Masson C (1927) The dangers of diagnostic lumbar puncture in increased intracranial pressure due to brain tumor, with a
review of 200 cases in which lumbar puncture was done. Res Nerv Ment Dis Proc 8:

24.     Moher D, Liberati A, Tetzlaff J, Altman DG (2009) Preferred reporting items for systematic reviews and meta-analyses: The
PRISMA statement. BMJ 339(7716):332–336



Page 11/16

25.     Monro A (1783) Observations on the structure and function of the nervous system. 

26.     Münch EC, Bauhuf C, Horn P, et al (2001) Therapy of malignant intracranial hypertension by controlled lumbar cerebrospinal
�uid drainage. Crit Care Med 29(5):976–981

27.     Murad A, Ghostine S, Colohan ART (2008) Controlled lumbar drainage in medically refractory increased intracranial pressure.
A safe and effective treatment. Intracranial Press Brain Monit XIII Mech Treat 102(102):89–91

28.     Murad A, Ghostine S, Colohan ARTT (2012) A case for further investigating the use of controlled lumbar cerebrospinal �uid
drainage for the control of intracranial pressure. World Neurosurg 77(1):160–165

29.     Nash C (1937) Cerebellar herniation as a cause of death. Ann Otol Rhinol Laryngol 46:673–680

30.     Nwachuku EL, Puccio AM, Fetzick A, Scruggs B, Chang Y-FF, Shutter LA, Okonkwo DO (2014) Intermittent versus continuous
cerebrospinal �uid drainage management in adult severe traumatic brain injury: assessment of intracranial pressure burden.
Neurocrit Care 20(1):49–53

31.     Schade RP, Schinkel J, Visser LG, Van Dijk MC, Voormolen JHC, Kuijper EJ (2005) Bacterial meningitis caused by the use of
ventricular or lumbar cerebrospinal �uid catheters. J Neurosurg 102(2):229–234

32.     Shore PM, Thomas NJ, Clark RSBB, et al (2004) Continuous versus intermittent cerebrospinal �uid drainage after severe
traumatic brain injury in children: Effect on biochemical markers. J Neurotrauma 21(9):1113–1122

33.     Tan J, Song R, Huan R, Huang N, Chen J (2020) Intraoperative lumbar drainage can prevent cerebrospinal �uid leakage
during transsphenoidal surgery for pituitary adenomas: A systematic review and meta-analysis. BMC Neurol. doi: 10.1186/s12883-
020-01877-z

34.     Tuettenberg J, Czabanka M, Horn P, et al (2009) Clinical evaluation of the safety and e�cacy of lumbar cerebrospinal �uid
drainage for the treatment of refractory increased intracranial pressure: Clinical article. J Neurosurg 110(6):1200–1208

35.     Viswanathan M, Berkman ND, Dryden DM, Hartling L (2013) Assessing risk of bias and confounding in observational studies
of interventions or exposures: further development of the RTI item bank. Methods Res Rep 13-EHC106-:1–49

36.     Vourc’h G (1963) Continuous cerebrospinal �uid drainage by indwelling spinal catheter. Br J Anaesth 35(2):118–120

37.     Willemse RB, Egeler-Peerdeman SM (1998) External lumbar drainage in uncontrollable intracranial pressure in adults with
severe head injury: A report of 7 cases. In: Marmarou A, Bullock R, Avezaat C, Baethmann A, Becker D, Brock M, Hoff J, Nagai H,
Reulen HJ, Teasdale G (eds) Intracranial Press. Neuromonitoring Brain Inj. Springer-Verlag Wien, Free Univ Amsterdam Hosp, Dept
Neurosurg, NL-1007 MB Amsterdam, Netherlands. Willemse, RB (corresponding author), Free Univ Amsterdam Hosp, Dept
Neurosurg, POB 7057, NL-1007 MB Amsterdam, Netherlands., pp 37–39

38.     Xiaoming X, Zhu Y, Hong Y (2020) E�cacy and safety of intraoperative lumbar drain in endoscopic skull base tumor
resection: A meta-analysis. Front Oncol. doi: 10.3389/fonc.2020.00606

39.      Zhang Q, Li H, Zhang K, et al (2019) Lumbar drainage for the treatment of refractory intracranial hypertension in HIV-
negative cryptococcal meningitis. Future Microbiol 14(10):859–866

Tables
Table 1. Characteristics of patients in included studies.
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Authors Cohort n = TBI
n

Other
n

Mean
initial
GCS

Mean age Gender
F:M

Inclusion
Criteria

Exclusion
Criteria

Abadal
Centellas et
al, 2007

Adults, TBI 17 17 0 8 32.5 ±
13.3

4:13 Refractory ICP
after �rst and
second level
measures

CT criteria 

Bauer et al,
2017

Adults, TBI 8 8 0 10.1* 54.1 (27
-70)

2:6 Refractory ICP
with either small
ventricles or
high ICP
disproportionate
to CT

CT criteria

Levy et al,
1995

Children, TBI 16 16 0 6.2 Not stated 5:11 Considered if
sustained ICP
>25 on
aggressive
medical therapy

Nil stated

Llompart
Pou et al,
2011

Adults, TBI 30 30 0 9 34.9±12.5 5:25 Refractory ICP
after �rst and
second level
measures

CT criteria

Manet et al,
2016

Adults, TBI

(EH)

4 4 0 10 53.5±7 2:2 Failure of
maximal
medical
management
and not suitable
for or failed
EVD, with
increasing
volume of CSF
in SAS
paradoxical to
ICHT

CT criteria, no
mass lesion or
CT factors
indicating
craniotomy or
decompressive
craniectomy

Manet et al,
2017

Adults,
TBI/SAH/ICH
(EH)

33 22 11
(SAH
n=10,
ICH
n=1)

7.9 51
(median)
(34-61) 

Not
available

External
hydrocephalus
from acute
brain injury,
refractory ICP
with
radiological
evidence of
external
hydrocephalus

CT criteria

Murad et al,
2012

Adults,
TBI/SAH

15 10 5
(SAH)

6.8 36.9 (19-
60)

3:12 Aged 18-99 with
ventriculostomy
catheter, ICP
>20mmHg no
longer
responsive to
medical criteria

Unevacuated
focal mass
lesion, patients
transferred
with lumbar
drains

Tuettenberg
et al, 2009

Adults,
TBI/SAH

100 45 55
(SAH)

7±4
(TBI
6.4±3)

43.7 (TBI
37.6±18.1)

Not
available

Ongoing ICP
>20, EVD in situ,
CT parameters
and acceptable
clotting

Nil stated

Willemse,
1998

Adults 7 7 0 6 26 (21-35) 3:4 Lumbar
drainage was
only instituted
in the absence
of focal mass
lesions and with
discernible
basilar cisterns
on

Nil stated
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computerized
tomography
(CT) scan.

TOTAL   230 159 71          

*excluding missing data for one patient with unknown initial GCS, TBI = traumatic brain injury, SAH = subarachnoid haemorrhage,
ICH = intracerebral haemorrhage, EH = external hydrocephalus, GCS = Glasgow coma scale, EVD = external ventricular drain, ICP =
intracranial pressure, CT = computed tomography.

Table 2. E�cacy measures of ELD reported by included studies.
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Authors Cohort EVD? ELD
volume
drained

Effect on ICP CPP control
outcomes

Prevention of
TIL escalation?

Abadal
Centellas et
al., 2007

n =17 (adults,
TBI)

No Initial
drainage
of CSF to
low ICP as
described
was 8.0 +/-
5.7 mL.

Mean ICP before and 1 hour after
placement of ELD was 30.9 +/-
7.9 and 14.1 +/- 5.9 mm Hg.
Excellent/good control of ICP
achieved in 76% by day 1 and
94% by day 3.

Improvement
in CPP in all
patients. 

Excellent control
of ICP (no
mannitol or
hypertonic saline
used over 24hr
period) in 94%
day 3 post ELD

Bauer et al.,
2017

n = 8 (adults,
TBI)

No 23.5 ml/24
h (mean,
SD 16.41,
range 0–
40 ml)

Lumbar CSF removal led to a
reduction of ICP in all patients
Mean ICP was 22.3 mmHg (SD
3.0) before CSF drainage and
was 13.9 mmHg (SD 4.7) after
drainage (P = 0.002).

Not
documented

Not reported

Levy et al.,
1995 

n=16
(children,
TBI)

Yes in
all

Not stated 14 of the 16 children had an
abrupt and lasting decrease in
ICP after placement of the lumbar
drain, which obviated the need for
continued aggressive medical
therapy

CPP
improved in
one case,
otherwise
not
documented.

Not reported

Llompart
Pou et al.,
2011

n=30 (adults,
TBI)

No Not stated ICP before and one hour after
ELD placement was 33.7±9.0 and
12.5±4.8 mmHg respectively, a
decrease in ICP of 21.2±8.3
mmHg (P <0.0001)

Not
documented

Not reported

Manet et
al., 2016

n= 4 (adults,
TBI, EH)

No Not stated This procedure resulted in the
immediate and long-lasting
control of ICP

Not
documented

Not reported

Manet et
al., 2017

n=33 (adults,
TBI/SAH/ICH,
EH)

Mixed
(8 of
33)

Median
CSF �ow
was 119
ml (96–
280) per
day

The ELD procedure led to a
marked averaged reduction of ICP
over the following 6 h by 16
mmHg (13–24), from 25 mmHg
(20–31) before to 7 mmHg (3–
10) after ELD

Not
documented

Sedation was
reduced in 25
patients (75%)
within the 24 h
after ELD
insertion.

Murad et
al., 2012

n=15 (adults,
TBI/SAH)

Yes in
all

Not stated Reduced from mean of 28.2 mm
Hg +/- 6.5 to 10.1 +/- 7.1

CPP
increased
from 76.7
mmHg +/-
19.8 to 81.2
+/-10.2

Reduced
patients
requiring
boluses of
osmotic therapy
from 12/15 to
1/15.

Tuettenberg
et al., 2009

n=100
(adults,
TBI/SAH)

Mixed
(84 of
100)

Not stated Signi�cant reduction in ICP from
32.7 ± 10.9 to 13.4 ± 5.9 mm Hg
(p < 0.05)

Increase in
CPP from
70.6 ± 18.2
to 86.2 ±
15.4 mm Hg
(p < 0.05).

All modalities
reduced except
hyperventilation

Willemse,
1998

n = 7

(adults, TBI)

Yes in
all

Not stated Five of the seven patients had a
lasting decrease in ICP after
lumbar drainage and survived.

Not
documented

N/A

TBI = traumatic brain injury, SAH = subarachnoid haemorrhage, ICH = intracerebral haemorrhage, EH = external hydrocephalus, GCS
= Glasgow coma scale, EVD = external ventricular drain, ICP = intracranial pressure, CT = computed tomography

Table 3. Adverse events and complications reported in included studies. 
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Authors Cohort EVD? CSF infections LD
revisions

Number
requiring
a shunt

Cerebral
herniation
post-
ELD?

Details

Abadal
Centellas et
al., 2007

n =17 (adults,
TBI)

No 0 (3
contaminants)

2 (5
blockages)

0 n = 0 No pupil changes in
24 hours post
insertion

Bauer et al.,
2017

n = 8 (adults,
TBI)

No None stated None stated None
stated

n = 1

 

One patient showed
an uncal herniation on
both sides after
lumbar CSF
withdrawal without
mydriasis or other
clinical signs of
cerebral herniation

Levy et al.,
1995 

n=16
(children, TBI)

Yes in all None stated None stated 3 n = 0 Two patients had �xed
and dilated pupils
prior to ELD insertion,
remained so after
lumbar drainage
commenced.

Llompart
Pou et al.,
2011

n=30 (adults,
TBI)

No 1 (4 with
positive
cultures, 3
contaminant)

4 (8
obstruction)

3 n = 0 No pupil changes in
48 hours post
insertion

Manet et
al., 2016

n= 4 (adults,
TBI)

No 0 0 0 n = 0 N/A

Manet et
al., 2017

n=33 (adults,
TBI/SAH/ICH)

Mixed
(8/33)

1 0 5 n = 0 N/A

Murad et
al., 2012

n=15 (adults,
TBI/SAH)

Yes in all 0 None stated None
stated

n = 1 Fixed dilated pupil
four hours after ELD
insertion, which
returned to normal
after surgery hours

Tuettenberg
et al., 2009

n=100
(adults,
TBI/SAH)

Mixed
(84/100)

7 (all also had
EVD)

14/100 None
stated

n = 12 No relationship to ELD
described. All had
unilateral mydriasis.
4/12 survived.  Three
patients died from
cerebral herniation
secondary to
intracranial
hypertension, three
had devastating injury
prior to ELD, one died
from pulmonary
embolism, one died
from cerebral
infarction. No reports
of morbidity or
mortality directly from
ELD.

Willemse,
1998

n = 7 (adults,
TBI)

Yes in all None stated None stated None
stated

n = 0 N/A

TBI = traumatic brain injury, SAH = subarachnoid haemorrhage, ICH = intracerebral haemorrhage, EH = external hydrocephalus, GCS
= Glasgow coma scale, EVD = external ventricular drain, ICP = intracranial pressure, CT = computed tomography

Figures
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Figure 1
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