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    Abstract      Introduction : External lumbar drainage (ELD) of 
cerebrospinal fl uid (CSF) in posttraumatic refractory intra-
cranial hypertension (ICHT) is controversial. We report our 
experience of ELD in ICHT associated with acute distur-
bance of CSF fl ow within subarachnoid spaces (SASs). 
 Materials and Methods : Four adult patients admitted to the 
neurointensive care unit for severe TBI who presented with 
secondary ICHT are retrospectively reported. When refrac-
tory to second-tier therapy, if external ventricular drainage 
were not possible or failed, and in the absence of an indica-
tion for craniotomy to treat a mass lesion or decompressive 
craniectomy, we assessed the evolution of CSF volume 
within cranial SAS and checked the presence of basal cis-
terns and the absence of tonsillar herniation to evaluate inter-
est in and the safety of ELD.  Results : As second-tier therapy 
failed to lower intracranial pressure (ICP; mean ICP 37 ± 
5 mmHg), and computed tomography (CT) showed abnor-
mally enlarged cranial SAS following traumatic subarach-
noid hemorrhage, patients received ELD. ICP decreased, 
with immediate and long-term effect (mean ICP 5 mmHg ± 
2 mmHg). There were no complications to report.  Discussion : 
Acute traumatic external hydrocephalus may explain some 

of the specifi c situations of secondary increased ICP, with a 
“normal” CT scan, that is refractory to medical treatment. In 
these situations, lumbar drainage should be considered to be 
a safe, minimally invasive, and effective surgical option.  

  Keywords     Traumatic brain injury   •   Head trauma   •   Traumatic 
subarachnoid hemorrhage   •   Intracranial pressure   
•   Intracranial hypertension   •   Second-tier therapy   •   External 
lumbar drainage   •   External hydrocephalus   •   Posttraumatic 
hydrocephalus  

      Introduction 

 Management of traumatic brain injuries (TBIs) remains a 
major neurocritical care (NCC) issue. In particular, main-
taining appropriate cerebral perfusion pressure (CPP) to 
guarantee a steady cerebral blood fl ow (CBF) can be chal-
lenging when intracranial pressure (ICP) rises. 

 Our attention has recently been focused on a few cases of 
a secondary increase in ICP that becomes refractory to stan-
dard NCC, several days after the initial TBI and contrasting 
with a paradoxical “normal” cranial computed tomography 
(CT) scan (with no brain edema, no mass lesion, and visible 
sulci and basal cisterns). These observations are in accor-
dance with other studies describing the limits of cranial CT 
to evaluate ICP level [ 1 – 3 ]. Thus, in the four reported 
patients, “normal” head CT scan was associated with severe 
refractory intracranial hypertension (ICHT). 

 For decades, lumbar puncture has been strictly contrain-
dicated in situations of increased ICP. However, the data sup-
porting this concept are quite old [ 4 ,  5 ] (even if a few other 
old data report safe indications [ 6 ]). The fi rst use of lumbar 
drainage to treat ICHT was published in the 1990s [ 7 ]. 
During the past decade, large series were published, confi rm-
ing the safety of this option for treating different situations 
involving ICHT [ 8 – 15 ]. 
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 We report our experience of the use of external lumbar 
drainage (ELD) of cerebrospinal fl uid (CSF) to treat some of 
the precisely selected patients in whom we suspected acute 
disturbance of CSF fl ow within the subarachnoid spaces 
(SASs) as a cause of secondary refractory ICHT.  

    Materials and Methods 

 We retrospectively analyzed four adult cases (two women, 
two men, mean age 53.5 ± 7 years) admitted to our NNC unit 
for TBI between November 2010 and September 2013, with 
a mean initial Glasgow Coma Scale (GCS) score of 10 (±1). 
All patients presented delayed (mean delay 8 ± 3 days) ICHT, 
which worsened their level of consciousness and required 
them to be sedated. They received continuous ICP monitor-
ing by means of an intraparenchymal probe (Codman; 
Johnson & Johnson, MA, USA) and benefi ted from fi rst-tier 
therapy when ICP increased above 20 mmHg and/or to main-
tain adequate CPP; above 60 mmHg, according to BTF/
AANS 2007 guidelines [ 16 ], and adjusted by regular 
dynamic autoregulation assessments). If this fi rst line of 
treatment failed, patients were scanned to rule out any indi-
cation for craniotomy to enable mass lesion evacuation, for 
decompressive craniectomy (consensual discussion between 
the neurosurgical and NCC teams), and to reevaluate the pos-
sibility of external ventricular drainage (EVD). Then, they 
received a burst suppression barbiturate coma and mild 
hypothermia (33–35 °C) as second- tier measures. When this 
maximal conservative treatment failed, patients were scanned 
again to reevaluate standard surgical options. In the absence 
(or failure) of these indications, we paid special attention to 
the presence of SAH on initial cranial CT and to the evolu-
tion of SAS volume between the admission and the last cra-
nial CT. We also checked radiological conditions previously 
described by Münch et al. [ 11 ]: the presence of basal cisterns 
and the absence of tonsillar herniation. Afterward, if these 
opportune conditions were met, and if CSF volume within 
the SAS had paradoxically increased in that context of ICHT, 
a tunneled lumbar drain (Codman) was introduced by a neu-
rosurgeon through a Tuohy needle into the SAS at the L4–L5 
or L5–S1 level, at the bedside in the NCC unit, after acute 
osmotherapy, in the lateral/supine position (to limit pressure 
gradients between the cranial and spinal SAS to avoid the 
risk of downward herniation). A careful initial CSF with-
drawal was achieved at a slow rate (mL by mL), in the pres-
ence of the attending neurosurgeon and intensivist, with a 
continuous papillary examination. When ICP and/or CPP 
reached an adequate level, the patient was repositioned with 
head  elevation and the sterile collecting system of CSF drain-
age was fi xed 20 cm above the tragus to maintain safe, con-
tinuous CSF drainage. Lumbar CSF output and pressure 

were monitored every hour to avoid the risk of overdrainage 
and pressure gradients.

       Results 

 In all cases, the maximal medical intensive therapy failed to 
lower ICP (mean ICP 37 ± 5 mmHg), initial cranial CT 
showed traumatic SAH and the last CT scan showed no mass 
lesion, small ventricles, abnormally enlarged cranial SAS, 
visible basal cisterns, and no tonsillar herniation (Fig.  1 ). 
In 1 patient EVD insertion failed; in the 3 others, no EVD 
placement was achieved because of the small ventricle size. 

 The 4 patients received ELD. This procedure resulted in 
the immediate and long-lasting control of ICP (mean ICP 
5 ± 2 mmHg; Fig.  2 ). None of the patients presented any 
other episodes of uncontrolled ICHT during their stay in the 
NCC unit. The need for sedation and other medical measures 
to lower ICP dropped dramatically, immediately after the 
drainage. After a short period of steady low ICP/adequate 
CPP, a weaning trial was achieved and the lumbar drain was 
removed. None of the 4 patients received a permanent CSF 
shunt. We had no complications to report; in particular, no 
pupillary changes, no subdural bleeding, no infection, and no 
occlusion of the catheter. Early outcome at ICU discharge 
was favorable in the 4 cases (mean modifi ed Rankin Scale 
[mRS] = 2 ± 1).

       Discussion 

    Therapeutic Strategies in Posttraumatic 
Refractory Raised ICP 

 First-tier treatment of traumatic raised ICP can be consid-
ered to be consensual [ 16 ]. However, the management of 
ICHTs that are refractory to these initial measures remains 
controversial. Thus, physicians no longer have to choose 
between uncertain solutions. 

 The effi ciency and safety of medical solutions (in particu-
lar the use of barbiturate coma and mild therapeutic hypo-
thermia) are regularly discussed. Similarly, except for the 
EVD and the evacuation of mass lesions, the surgical options 
also remain uncertain. The place of decompressive craniec-
tomy in the management of traumatic ICHT is highly contro-
versial, since the conclusions of the only two published 
randomized prospective trials ([ 17 ,  18 ] are still extensively 
discussed [ 19 – 21 ]. In any case, it is important to highlight 
the very high morbidity/mortality rate in these situations of 
uncontrolled ICP, despite second-tier measures. 
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 Lumbar drainage in raised ICP is also highly controver-
sial and has previously received strong criticism [ 22 ]. Most 
authors recommend the placement of an EVD before 
ELD. We strongly agree on this concept and, as far as possi-
ble, we use EVD fi rst. But in the cases reported here, EVD 
insertion failed in 1 case and was not achieved in the 3 others 
because of the small ventricle size. 

 A few publications described CSF lumbar drainage with-
out prior EVD, with encouraging results [ 23 ,  24 ]. Our report 
tends to confi rm a possible safe use of lumbar drainage to 
treat ICHT without prior EVD. But, contrary to these authors, 
our decision to treat patients with ELD without prior EVD 
was fi rst based on a presumed pathological mechanism of 
ICHT (described afterward) and not on every situation of 
raised ICP with “safe criteria” as described by Münch et al. 
[ 11 ] (the presence of basal cisterns and the absence of tonsil-
lar herniation).  

a

c d

b  Fig. 1    Example of a cranial CT 
scan showing an abnormal 
accumulation of cerebrospinal 
fl uid (CSF) within the 
subarachnoid spaces (SAS; 
presumed acute posttraumatic 
external hydrocephalus) 
simultaneous with a secondary 
rise in intracranial pressure 
(ICP). ( a ) At the time of the 
admission cranial CT scan, ICP 
was presumed to be relatively 
low according to clinical (awake 
patients) and transcranial 
Doppler fi ndings. ( b ) The last CT 
scan before lumbar drainage, 
performed when a rise in ICP 
(mean ICP 37 ± 5 mmHg) became 
refractory to fi rst- and second-tier 
therapies shows an abnormal 
accumulation of CSF within the 
SAS ( white arrows ). The 
examination also shows small 
ventricles, predicting diffi culties 
and limited effi ciency of 
extraventricular drainage (EVD) 
insertion. ( c ) Presence of basal 
cisterns ( white arrows ) and ( d ) 
the absence of tonsillar herniation 
( white arrows )       
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  Fig. 2    Example of ICP monitoring during placement of an external 
lumbar drain. Careful initial CSF withdrawal was achieved at a slow 
rate (mL by mL), in the presence of the attending neurosurgeon and 
intensivist, with a continuous papillary examination. When ICP and/
or cerebral perfusion pressure (CPP) reached an adequate level, the 
patient was repositioned with head elevation and the sterile collect-
ing system of CSF drainage was fi xed 20 cm above the tragus to 
maintain safe continuous drainage. Lumbar CSF output and pressure 
were monitored every hour to avoid the risk of overdrainage and 
pressure gradients       
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    CSF Outfl ow Disturbance as a Cause 
of Secondary Raised ICP After TBI 

 Secondary ICHT may affect a signifi cant proportion of 
patients with TBI. Bruce and colleagues [ 25 ] reported 28 % 
secondary ICHT among 49 head-injured patients. In an 
analysis of 201 TBI, Stocchetti et al. [ 26 ] described a high-
est mean ICP in 85 patients between days 3 and 4 and in 41 
patients after day 4. These specifi c patterns of rising ICP 
were associated with worse outcomes. 

 Various pathophysiological elements have been previ-
ously described in these specifi c patterns of secondary raised 
ICP [ 25 ,  27 ]: severe cerebrovascular congestion (described 
as “hyperemic syndrome”), edema in relation to different 
mechanisms (delayed ischemic insult, hyponatremia, trau-
matic vasospasm), delayed traumatic hemorrhage, and 
hyperleukocytosis. 

 However, we did not found any data concerning acute or 
subacute CSF fl ow impairment following head trauma. 
Literature concerning posttraumatic hydrocephalus [ 28 – 34 ] 
is heterogeneous (in particular incidence of 0.7 to 45 % has 
been reported) and concern mostly patients with a late diag-
nosis (several weeks after the head trauma). Traumatic SAH 
is reported to be a major risk factor. 

 In our observation, a mild traumatic SAH was present on 
every initial CT scan. The paradoxical accumulation of CSF 
around the brain at the same time as a rise in ICP leads us to 
suspect acute impairment of CSF fl ow within the SAS. The 
immediate and long-lasting effi cacy of ELD in controlling 
ICP tends to reinforce our hypothesis.   

    Conclusion 

 Overall, even if further data are needed to confi rm the patho-
physiological hypothesis, we assume that certain situations 
of secondary ICHT after TBI with traumatic SAH could be 
understood to be acute external hydrocephalus. In these very 
specifi c situations, lumbar drainage of CSF should be con-
sidered a safe and effective treatment for ICHT that is refrac-
tory to fi rst- and second-tier medical measures, and is less 
invasive than other surgical options (in particular, decom-
pressive craniectomy).     

  Confl ict of Interest   None.  
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