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BACKGROUND
• External ventricular drains (EVD) are used for cerebrospinal fluid (CSF) 

diversion and drainage in patients with subarachnoid hemorrhage (SAH) 
and in traumatic brain injury (TBI) for the evaluation and management 
of elevated intracranial pressure (ICP). 

• Patients with SAH or TBI may suffer from neurogenic pulmonary edema 
resulting in acute respiratory distress syndrome (ARDS).

• Central nervous system injury triggers a release of catecholamines that 
induce integrity changes to the endothelium of the pulmonary 
vasculature, resulting in pulmonary edema which may progress to ARDS 
[3]. 

• A common treatment for ARDS is prone positioning, which poses a risk 
of elevating ICP due to impaired jugular venous outflow [13].

• There is a paucity of reports concerning the concomitant use of EVD for 
ICP monitoring and CSF diversion in SAH or TBI patients who are prone 
positioned for the treatment of neurogenic ARDS, highlighting a need 
for our study. 

HYPOTHESIS 
With EVD placement, patients with SAH or TBI undergoing treatment for 
ARDS by prone positioning will not have experienced significant elevations 
in ICP.

METHODS
We conducted a retrospective chart review for case series of eight patients 
admitted to the Hackensack University Medical Center Surgical Intensive 
Care Unit between 2016 and 2019 with SAH or TBI. 

Inclusion Criteria
• Diagnosed with SAH or TBI confirmed by CT scan of the head without 

contrast 
• EVD was placed for neuromonitoring prior to the initiation of prone 

positioning 
• Patient was diagnosed with neurogenic ARDS with PaO2/FiO2 ratio of 

200 or less
• Patient had bilateral pulmonary infiltrates on frontal chest radiograph 
• Patient was turned to the prone position for treatment of ARDS 

Exclusion Criteria 
• Patient was not diagnosed with SAH or TBI
• Patient did not develop SAH or TBI 
• Patient did not develop neurogenic ARDS 
• Patient was not prone positioned 
• Patient did not have an EVD placed prior to prone positioning

The mean and standard deviation for ICP, cerebral perfusion pressure (CPP) 
and mean arterial pressure (MAP) were calculated for prone and supine 
positions. EVD output was recorded in mL/day, and mean output was 
calculated for each patient. Three independent t-tests were performed for 
ICP, CPP and MAP. p-values of LT 0.05 were considered statistically 
significant. 
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RESULTS
Six patients suffered SAH secondary to aneurysm rupture, arteriovenous 
malformation rupture, or intratumoral bleed. Two patients presented with SAH 
secondary to TBI. Patients that did not tolerate prone positioning for a 
minimum of 16 hours due to elevations in ICP had shorter proning sessions. 
Post-proning, patient 2 failed to have an improvement in neurologic 
examination and was transitioned to hospice care by family. Demographic and 
clinical characteristics are represented in Table 1. 

Table 3 shows the EVD output for each patient in milliliters per day (mL/day) 
for each day that the patient was turned to the prone position.
In Table 4, each patient’s average EVD output was represented as mean ±
standard deviation in mL/day.

DISCUSSION
• Patients had an average ICP value of approximately 12 mmHg, 

with no significant difference between either position of prone or 
supine. Therefore, the use of EVD to divert excess CSF to mitigate 
elevations in ICP as they occurred was successful. 

• An inverse relationship existed between the average prone CPP 
and average prone MAP. This relationship supports that despite 
neuromonitoring and CSF diversion with EVD, there existed a 
decrease in CPP with a resultant increase in MAP to maintain 
adequate cerebral perfusion in the prone patient. 
o The decrease that occurred in the average prone CPP 

remained slightly above the upper limit of normal for CPP of 
60 to 80 mmHg. 

o Adequate MAP was maintained in both conditions, with MAP 
values within the normal range of 70 to 100 mmHg [15]. 

o It can be deduced that there were limited adverse effects on 
cerebral blood flow while patients were in the prone position 
due to the maintenance of near-normal physiologic levels for 
CPP and MAP. 

• EVD output was reported in Table 3 and Table 4 to indicate 
patency of the drain. Patients 1 through 7 presented to our facility 
with acute, first-time intracranial pathology which may account 
for higher CSF output when compared to patient 8, who 
presented with a known history of an intracranial tumor further 
complicated by intraventricular hemorrhage resulting in SAH. 

• It was concluded that in each case, the EVD was patent since 
there was no statistically significant difference between ICP 
values for either position, indicating that the EVD was successful 
in mitigated elevations in ICP as they occurred. 

CONCLUSION 
The use of EVD was successful for monitoring ICP and CSF diversion 
to improve neurologic outcomes in prone patients with neurogenic 
ARDS secondary to SAH or TBI. 
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USE OF EXTERNAL VENTRICULAR DRAIN FOR MEASUREMENT OF INTRACRANIAL PRESSURE 
IN PRONE PATIENTS WITH NEUROGENIC ACUTE RESPIRATORY DISTRESS SYNDROME

Supine ICP values were not significantly different compared with prone ICP 
values. The mean CPP and mean MAP differed significantly between the two 
positions, see Table 2. 

Table 1. Patient demographic and clinical characteristics 

Table 2. Prone and supine mean ICP, CPP and MAP results

Table 3. EVD output in mL/day for each patient
Table 4. Mean EVD output 


