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Abstract 

Background: Intracranial pressure (ICP) monitoring is central to the care of severe traumatic brain injury (TBI). Exter-
nal ventricular drains (EVD) allow ICP control via cerebrospinal fluid drainage, whereas intraparenchymal monitors 
(IPM) for ICP do not, but it is unclear whether EVD placement improves outcomes. To evaluate whether there exists a 
difference in patient outcomes with the use of EVD versus IPM in severe TBI patients, we conducted a retrospective 
cohort study using data from the Citicoline Brain Injury Treatment trial.

Methods: Adults with Glasgow Coma Score < 9 who had either an EVD or IPM placed within 6 h of study center 
arrival were included. We compared patients with EVD placement to those without on Glasgow Outcome Scale-
Extended (GOS-E) and neuropsychological performance at 180 days, mortality, and intensive care unit length of stay. 
We used regression models with propensity score weighting for probability of EVD placement to test for association 
between EVD use and outcomes. Of 224 patients included, 45% received an EVD.

Results: EVD patients had lower GOS-E at 180 days [3.8 ± 2.2 vs 4.9 ± 2.2, p = 0.002; weighted difference − 0.97, 95% 
CI (− 1.58, − 0.37)], higher in-hospital mortality [23% vs 10%, p = 0.014; weighted OR 2.46, 95% CI (1.20, 5.05)], and did 
significantly worse on all 8 neuropsychological measures. Additional sensitivity analysis was performed to minimize 
confounding effects supported our initial results.

Conclusions: Our retrospective data analysis suggests that early placement of EVDs in severe TBI is associated with 
worse functional and neuropsychological outcomes and higher mortality than IPMs and future prospective trials are 
needed to determine whether these results represent an important consideration for clinicians.
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Introduction
Background
Traumatic brain injury (TBI) is a major public health 
issue in the USA and globally. Over 2.5 million emer-
gency department (ED) visits, 250,000 hospitalizations 
and 50,000 deaths yearly are attributable to TBI in the 
USA [1]. In addition, brain injury results in significant 

financial burden to society with an estimated $13.1 bil-
lion in direct costs and $51.2 billion in indirect costs 
every year [2]. Complications from severe TBI remain 
substantial, with mortality rates as high as 40% despite 
improvements in critical care [3].

Intracranial pressure (ICP) monitoring is frequently 
employed to guide management of patients with severe 
TBI in high-income countries [4]. External ventricular 
drains (EVD) consist of a catheter placed into the lat-
eral cerebral ventricle, tunneled through the scalp, and 
connected to a drainage and pressure monitoring sys-
tem; removal of cerebrospinal fluid (CSF) through the 
catheter can be used to control ICP. Intraparenchymal 
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monitors (IPM) are placed into the brain parenchyma 
and provide accurate measurement of ICP, but do not 
allow for CSF drainage. Although EVDs are generally 
considered the “gold standard,” studies comparing EVD-
based management to intraparenchymal monitoring 
(IPM) techniques have produced variable results [5–8]. 
Current Brain Trauma Foundation (BTF) guidelines rec-
ommend ICP monitoring in the management of severe 
TBI but do not detail the choice of monitoring technique 
[9]. As these two monitoring approaches vary in terms 
of complications, cost, availability, and management dif-
ficulty, understanding their relationship with patient 
outcome is important. In the absence of randomization, 
observational analyses are confounded by various factors 
influencing the choice of monitoring technique in indi-
vidual patients, as well as the utility of EVDs as thera-
peutic devices outside of their monitoring capabilities. 
This study examines the impact on in-hospital TBI care 
and long-term functional outcomes of EVD versus IPM 
as the initial ICP monitoring modality in an attempt to 
provide meaningful clinical guidance in choice of ICP 
monitor.

Objectives
We chose to examine the data collected as part of the 
Citicoline Brain Injury Treatment Trial (COBRIT) as it 
represents carefully collected data from multiple centers 
with established care paradigms for severe TBI and, in 
the absence of a randomized controlled trial, represents 
the best available data for analysis [10]. We hypothesized 
that the choice of ICP monitor would not alter patient 
outcomes, either in hospital or at follow-up.

Methods
Study Design
Prospectively collected data from the COBRIT were ana-
lyzed retrospectively. All data analyses were approved by 
the University of Washington IRB. COBRIT was a rand-
omized, double-blind, placebo-controlled, multicenter 
trial of the effects of 90  days of citicoline on functional 
outcome in patients with complicated mild, moderate, 
and severe TBI [10]. Functional outcomes were assessed 
at 30, 90, and 180  days after the day of randomization. 
The primary outcome consisted of neuropsychological 
and functional measures analyzed as a composite meas-
ure using a global test procedure at 90  days. The trial 
showed no effect of citicoline on outcome,

Setting
Specific methodological details of COBRIT, including 
specific inclusion and exclusion criteria, were previ-
ously published [10]. Briefly, patients aged 18–70  years 
with nonpenetrating TBI were included. Computed 

tomography (CT) scans, vital signs, participant medi-
cal history, demographics, and injury information were 
obtained and reviewed prior to randomization. Informa-
tion concerning other medical treatments, including sur-
gical interventions, in-depth injury information, changes 
in clinical status, and vital signs, were collected within 
24 h after randomization (noted here as Day 1). Routine 
laboratories and vital signs were obtained throughout 
days 2 through 7 of the hospitalization.

Patient Selection
We compared severe TBI patients (Glasgow Coma Scale 
[GCS] < 9) who received an EVD within 6 h of arrival at 
the study hospital with or without an IPM, i.e., ICP mon-
itoring with simultaneous drainage or at least the pos-
sibility to do so, to those who received an IPM with or 
without a late (placed after 6 h of study hospital arrival) 
EVD, i.e., ICP monitoring with parenchymal monitor 
without simultaneous drain placement. The purpose of 
this limitation on time to EVD placement was to analyze 
the use of EVD versus IPM as an initial ICP monitoring 
device and to exclude EVDs that may have been placed 
at a later time for therapeutic CSF drainage in cases of 
refractory ICP. The choice of 6 h as a time window was 
done to try and include as many patients with severe 
TBI as possible in the analysis and based upon a rough 
estimation of the amount of time it takes for initial ED 
analysis to the decision of whether ICP monitoring is 
necessary. We identified 224 patients in total; 123 with 
no EVD placement within 6 h, and 101 patients with an 
EVD placed within 6 h either exclusively or in combina-
tion with an IPM.

Demographics and Injury and Clinical Characteristics
Early information extracted from the COBRIT database 
includes participant demographics (age, sex, race, His-
panic ethnicity), injury characteristics (presenting GCS, 
pupillary exam at presentation [i.e., number fixed and 
number dilated], findings on initial CT, acute injury scale 
[AIS] –Head,) and clinical data (surgical intervention 
[craniotomy or craniectomy], indicators of coagulopathy, 
including prothombin time [PT], partial thromboplastin 
time [PTT] and international normalized ratio [INR]).

Outcomes
Primary outcome was Glasgow Outcome Scale-Extended 
(GOS-E) at 180  days. Secondary outcomes included in-
hospital mortality, length of intensive care unit (ICU) 
stay, and measures of functional status and cognitive 
performance measured by neuropsychological tests per-
formed around 180  days after injury. Neuropsychologi-
cal testing included the California Verbal Learning Test, 
Controlled Oral Word Association Test, processing 
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speed index (PSI), Trails A and B, digit span, and Stroop 
I and II [10].

Statistical Analysis
We compared EVD patients to IPM patients with respect 
to demographics, injury characteristics, and clinical data 
using Fisher’s exact and Mann–Whitney tests as appro-
priate. Given that type of ICP monitoring was not ran-
domized, and the large number of potential predictors 
under consideration, we first used logistic regression to 
estimate the probability of receiving an EVD, the pro-
pensity model [11]. We considered all the variables men-
tioned above except PT, PTT and INR which had a high 
proportion of missing data and used forward selection 
with a significance cutoff of 0.30 to derive the propensity 
model. We used an unusually liberal variable inclusion 
cutoff because there is virtually no penalty for includ-
ing extra unrelated variables in the propensity model 
[12]. The propensity model for the entire group included 
race, GCS motor, GCS eye plus verbal, number of fixed 
pupils, and presence of an epidural hematoma (EDH). 
We used inverse probability weighting based on prob-
abilities from the logistic regression propensity model to 
decrease the confounding effect of imbalances in consid-
ered demographic and injury or clinical characteristics 
[13]. This method increases the weight of the data from 
participants who are under-represented in their treat-
ment group compared to those who are over-represented 
while keeping the overall sum of the weights (sample 
size) unchanged. For example, to even out the groups, 
whites who are over-represented in the No-EVD group 
would get weights under 1 if they were in that group 
while they would get weights over 1 if they were in the 
EVD group. Both unadjusted (data from each partici-
pant gets a weight of 1) and inverse probability weighted 
results are presented, as are the unweighted and weighted 
descriptives. We evaluated differences in outcome using 
regression modeling with no covariates, both unadjusted 
and with inverse probability weighting. Confidence inter-
vals were based on robust standard errors. We used logis-
tic regression for in-hospital mortality, linear regression 
on ranks for ICU duration, number of neuroworsening 
events, 6-month GOS-E, and neuropsychological meas-
ures in which subjects who died or were too impaired to 
test were assigned the lowest ranks. We used the Holm–
Bonferroni method to account for multiple comparisons 
when interpreting the p values for the outcomes [14]. 
Although the p values were obtained from rank regres-
sion, a corresponding linear regression was also per-
formed and the estimate of the mean difference and its 
confidence interval are presented from these analyses to 
aid interpretability.

Although inverse probability weighting can overcome 
confounding by the variables considered for the pro-
pensity model, it does not account for unmeasured con-
founders or selection bias. In this multicenter study, 3 
sites almost always used EVDs and 2 sites almost never 
did, with 2 or fewer cases treated by the method not 
favored at that site. To examine results uninfluenced by 
confounding by indication, we analyzed only the cases 
from these five hospitals and assigned cases to EVD or 
No-EVD based on the predominant monitoring method 
of the hospital rather than the monitoring technique 
actually used for individual patients. Forty-seven cases 
were treated in hospitals that predominantly inserted 
EVDs and 77 were treated in hospitals that predomi-
nantly did not. The model for propensity to be treated in 
a hospital that predominantly used EVDs included race, 
GCS motor, GCS eye plus verbal, AIS head, and presence 
of an EDH.

As sensitivity analyses, we looked at results requiring 
EVD placement within 3 h of arrival and at any time in 
the hospital course. As an additional sensitivity analy-
sis for confounding by indication, we used as an instru-
mental variable the percent of cases in a hospital that 
were in the EVD group [15, 16]. This is analogous to 
the analysis by Cnossen et al. [17] and, as was done in 
that paper, excluded hospitals with fewer than 20 cases. 
Additional sensitivity analyses compared mortality 
and 6-month morbidity in each group to that expected 
according to the international mission for prognosis 
and analysis of clinical trials in TBI (IMPACT) labora-
tory model and corticosteroid randomisation after sig-
nificant head injury (CRASH) high-income country 
Core model [18, 19]. We also performed logistic or rank 
regression without weighting but allowing the analyses 
to select potential confounding variables for adjustment 
in a stepwise manner using a p value of .05 for adding a 
variable and .10 for removing one.

Results
Participants
Two hundred twenty-four patients qualified for the 
analysis. Of those, 101 had an EVD placed within 6 h of 
arrival to the study hospital.

Demographics
We compare the demographic and injury characteristics 
of these groups in Table  1 and admission head CT and 
clinical data in Table  2. In the unweighted comparison, 
those who had EVD placed were more likely to be Black, 
and there was a trend for them to have a higher GCS but 
more fixed pupils and dilated pupils and a lower PTT. 
With the weighting, no differences were significant, with 
the lowest p value over 0.1.  
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Outcomes/Main Results
When comparing those monitored with EVD versus IPM 
without weighting, all differences were significant in the 
direction of better outcome in those who were monitored 
using IPMs (Table  3). For example, 67% of cases moni-
tored using IPMs had GOS-E of 5 through 8 (favorable 
outcome) while only 45% of those monitored using EVDs 
did, whereas in-hospital mortality was 10% in those mon-
itored using IPM while it was 23% in those monitored 
with EVDs. With inverse probability weighting, all out-
comes were significantly better among those monitored 
by IPMs.

When we compared those treated in hospitals that 
primarily used EVDs versus those treated in hospitals 
that primarily used IPMs (in order to avoid possible 
confounding by indication), all differences were still in 
the direction of better outcome among those treated at 

hospitals that primarily used IPMs (Table  4). Although 
fewer differences were statistically significant, as would 
be expected just from the reduction in sample size, 
length of ICU stay and 6 of the 8 cognitive measures were 
significantly better in the IPM hospitals after accounting 
for multiple comparisons both before and after propen-
sity adjustment. Weighted and unweighted sample char-
acteristics are in Supplemental figure 1.

When we compared mortality and morbidity to that 
predicted by the IMPACT and CRASH models, poor 
outcomes were about as expected in the EVD group 
while they were about half of the expected rate in the 
group monitored initially without an EVD (Table 5). Of 
note, when time to EVD placement was lowered to 3 h or 
the time constraint was removed the significance of our 
analysis was not affected (Supplemental figure 2).

Table 1 Demographics and injury characteristics

Demographic data for patients in our study after inclusion criteria met. The only difference noted was in race which did not maintain significance once adjusted for 
with propensity score

EVD External ventricular drains, GCS Glasgow coma scale
a Statistical significance by Fisher’s Exact and Mann–Whitney as appropriate
b Statistical significance by logistic/rank regression as appropriate (robust standard errors), weighted by a propensity score (forward selection, p < .30 to enter, 
AUC = .65). Forward selection propensity model featured race (p = .03), GCS eye + verbal (p = .25), GCS motor (p = .04), # fixed pupils (p = .10), and EDH (p = .17). Mean 
differences were calculated using the parametric analog
c Race comparisons are for white vs non-white. Significance for the three-category comparison is p = .012 (unweighted) and p = .20 (weighted)

EVD placed (unweighted)a EVD placed (weighted)b

No Yes Mean diff. or odds ratio Sig. No Yes Mean diff. or odds ratio Sig.

Patients 123 (55%) 101 (45%) 123 (55%) 101 (45%)

Age at injury

Mean (SD) 36.2 (15.9) 33.6 (12.7) − 2.68 .528 35.7 (15.7) 33.8 (12.8) − 1.90 .763

Sex

Female 30 (24%) 27 (27%) 0.88 .758 31 (25%) 26 (26%) 0.97 .932

Male 93 (76%) 74 (73%) 92 (75%) 75 (74%)

Racec

A—white 113 (93%) 83 (83%) 0.39
White vs Non-white

.012
3 catego-

ries .031
White vs 

Non-
white

108 (89%) 88 (88%) 0.95 
White vs Non-white

.897
White vs 

Non-
White

B—black 6 (5%) 16 (16%) 8 (7%) 11 (11%)

C—other 3 (2%) 1 (1%) 5 (4%) 1 (1%)

Unknown 1 1 1 1

Hispanic

No 120 (98%) 97 (96%) 1.65 .519 120 (97%) 97 (96%) 1.53 .562

Yes 3 (2%) 4 (4%) 3 (3%) 4 (4%)

Ever craniectomy or craniotomy

No 81 (66%) 65 (64%) 1.07 .888 81 (66%) 66 (65%) 1.02 .946

Yes 42 (34%) 36 (36%) 42 (34%) 35 (35%)

GCS at arrival

Mean (SD) 4.3 (2.1) 4.6 (2.1) 0.35 .073 4.4 (2.1) 4.4 (2.0) 0.00 .638
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Table 2 Head CT and clinical exam findings at admission

EVD placed (unweighted)a EVD placed (weighted)b

No Yes Mean diff. or odds ratio Sig. No Yes Mean diff. or odds ratio Sig.

Patients 123 (55%) 101 (45%) 123 (55%) 101 (45%)

Midline shift (mm)

Mean (SD) 2.5 (4.9) 2.6 (4.6) 0.03 .896 2.6 (4.8) 2.6 (4.8) 0.05 .750

Unknown 0 1 0 1

Cisternsc

Normal 52 (42%) 37 (37%) 0.80
Normal vs other

.724
4 catego-

ries .088
Normal vs 

Other

53 (43%) 39 (39%) 0.84
Normal vs other

.535
Normal vs other

Effaced 44 (36%) 35 (35%) 43 (35%) 33 (33%)

Absent 16 (13%) 18 (18%) 17 (14%) 18 (18%)

Blood 11 (9%) 10 (10%) 11 (9%) 11 (11%)

Unknown 0 1 0 1

AIS head (ISS region)

Mean (SD) 4.5 (0.6) 4.6 (0.7) 0.07 .210 4.6 (0.6) 4.6 (0.7) 0.05 .322

Unknown 1 2 1 2

Pupils dilatedd

No 102 (90%) 75 (81%) 0.12
# of pupils

.055 99 (87%) 79 (84%) 0.02
# of pupils

.601

Unilateral 6 (5%) 12 (13%) 8 (7%) 10 (11%)

Bilateral 5 (4%) 6 (6%) 6 (5%) 4 (5%)

Unknown 10 8 10 7

Pupils fixedd

No 88 (79%) 63 (68%) 0.21
# of pupils

.064 83 (74%) 70 (75%) 0.01
# of pupils

.961

Unilateral 9 (8%) 8 (9%) 12 (11%) 6 (7%)

Bilateral 14 (13%) 21 (23%) 17 (15%) 16 (18%)

Unknown 12 9 12 9

SDH

Positive 79 (64%) 62 (61%) 1.13 .679 79 (64%) 60 (60%) 1.19 .533

Negative 44 (36%) 39 (39%) 44 (36%) 41 (40%)

EDH

Positive 34 (28%) 36 (36%) 0.69 .246 38 (31%) 33 (32%) 0.94 .826

Negative 89 (72%) 65 (64%) 85 (69%) 68 (68%)

IVH

Present 85 (69%) 67 (67%) 1.10 .774 85 (69%) 66 (66%) 1.15 .633

Absent 38 (31%) 33 (33%) 38 (31%) 34 (34%)

Unknown 0 1 0 1

IPH

Positive 100 (81%) 80 (79%) 1.14 .737 100 (81%) 81 (80%) 1.05 .891

Negative 23 (19%) 21 (21%) 23 (19%) 20 (20%)

PT

Mean (SD) 15.1 (3.0) 15.3 (2.4) 0.22 .927 15.1 (3.0) 15.3 (2.4) 0.21 .955

Unknown 82 49 82 49

PTT

Mean (SD) 31.6 (5.7) 29.5 (3.5) − 2.05 .081 31.4 (5.6) 29.6 (3.5) − 1.82 .124

Unknown 86 50

INR

Mean (SD) 1.28 (0.14) 1.25 (0.17) − 0.32 .220 1.27 (0.14) 1.24 (0.17) − 0.28 .278
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Table 2 (continued)

EVD placed (unweighted)a EVD placed (weighted)b

No Yes Mean diff. or odds ratio Sig. No Yes Mean diff. or odds ratio Sig.

Unknown 82 49

Clinical characteristics of patients in our study after meeting inclusion criteria. There was no significant difference in presenting characteristics between patients who 
received an EVD and those who received an IPM. There was a trend towards significance in pupil characteristics however this did not maintain significance when 
analyzed with a propensity weighted logistic regression

AIS abbreviated injury scale, EDH epidural hematoma, EVD external ventricular drains, INR international normalized ratio, IPH intraparenchymal hemorrhage, ISS injury 
severity scale, IVH intraventricular hemorrhage, PT prothrombin time, PTT partial thromboplastin time, SDH subdural hematoma
a Statistical significance by Fisher’s Exact and Mann–Whitney as appropriate
b Statistical significance by logistic/rank regression as appropriate (robust standard errors), weighted by a propensity score (forward selection, p < .30 to enter, 
AUC = .65). Forward selection propensity model featured race (p = .03), GCS eye + verbal (p = .25), GCS motor (p = .04), # fixed pupils (p = .10), and EDH (p = .17). Mean 
differences were calculated using the parametric analog
c Cisterns comparisons are for normal vs abnormal. Significance for the four-category comparison is p = .72 (unweighted) and p = .75 (weighted)
d Pupils odds ratios correspond to an increase of one abnormal pupil

Table 3 Outcome by choice of monitoring

Analysis of clinical outcomes comparing patients who received an EVD to those who received an IPM. Both weighted and unweighted statistical analyses show 
significance in hospital mortality, ICU length of stay, GOS-E, and neuropsych testing. All outcomes favor IPM over EVD. All p values are significant after adjustment for 
multiple comparisons (p < .05) by Holm–Bonferroni (m = 12)

COWA Controlled oral word association test, CVLT California verbal learning test, EVD external ventricular drains, GOS-E glasgow outcome scale-extended, ICU 
intensive care unit, PSI processing speed index
a Statistical significance by logistic/rank regression as appropriate (robust standard errors)
b Statistical significance by logistic/rank regression as appropriate (robust standard errors), weighted by a propensity score (forward selection, p < .30 to enter, 
AUC = .65) that excludes site. Forward selection propensity model featured race (p = .03), GCS eye + verbal (p = .25), GCS motor (p = .04), # fixed pupils (p = .10), and 
EDH (p = .17). Mean differences and confidence intervals were calculated using the parametric analog
c The median score came from a subject who was too CNS-impaired to be tested
d A higher score on this measure corresponds to a worse outcome
e Mean difference estimates for the neuropsych measures were based on assigning one point less than the lowest sample score for CNS-impaired subjects, and two 
points less for deaths

EVD placed Unweighteda Weightedb

No Yes Mean diff. or odds 
ratio

95% CI p value Mean diff. or odds 
ratio

95% CI p value

Patients 123 101

In-hospital mortality

Yes 12 (10%) 23 (23%) 2.73 (1.28, 5.81) .009 2.46 (1.20, 5.05) .014

ICU stay

Mean (SD) 13.9 (10.8) 16.5 (9.0) 2.61 (0.02, 5.19) .004 2.40 (− 0.05, 4.84) .004

Neuroworsening events

Mean (SD) 0.7 (1.2) 1.8 (4.0) 1.13 (0.32, 1.94) .009 1.11 (0.37, 1.84) .005

GOS-E at day 180

Mean (SD) 4.9 (2.2) 3.8 (2.2) − 1.10 (− 1.73, − 0.48) .001 − 0.97 (− 1.58, − 0.37) .002

1–2 16 (16%) 26 (31%)

3–4 18 (17%) 21 (25%)

5–8 69 (67%) 38 (45%)

Unknown 20 16

Neuropsych at day 180e (medians reported)

CVLT 32 18.5 − 10.1 (− 15.7, − 4.4) .001 − 8.4 (− 14.0, − 2.9) .003

PSI 76 57 − 11.4 (− 16.1, − 6.7) < .001 − 10.5 (− 15.1, − 5.9) < .001

Trails  Ad 45 100 17.8 (8.9, 26.7) < .001 15.8 (7.2, 24.5) < .001

Trails  Bd 101 [CNS]c 62.7 (33.4, 92.0) < .001 55.4 (26.9, 84.0) < .001

Digit span 14 11 − 4.0 (− 6.1, − 1.9) < .001 − 3.6 (− 5.6, − 1.5) < .001

Stroop  Id 63 130 36.0 (16.4, 55.6) < .001 30.8 (12.0, 49.6) < .001

Stroop  IId 138 300 104.5 (40.4, 168.5) < .001 88.8 (27.5, 150.1) < .001

COWA 22 12.5 − 6.5 (− 10.7, − 2.3) .002 − 5.1 (− 9.2, − 1.0) .009

Unknown 19 10
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Table 4 Outcome by Type of Site (based on predominance of EVD use)

To further control for selection bias and site of care, we analyzed outcome based upon the predominance of EVD use. There remained a significant effect in ICU length 
of stay and neuropsych testing at 180 days. Again our analysis favored the use of IPM over EVD

COWA controlled oral word association test, CVLT California verbal learning test, EVD external ventricular drains, GOS-E glasgow outcome scale-extended, ICU intensive 
care unit, PSI processing speed index

*Indicates p value is significant after adjustment for multiple comparisons (p < .05) by Holm–Bonferroni (m = 12)
a Statistical significance by logistic/rank regression as appropriate (robust standard errors)
b Statistical significance by logistic/rank regression as appropriate (robust standard errors), weighted by a propensity score (forward selection, p < .30 to enter, 
AUC = .69) that excludes site. Mean difference and confidence interval calculated using parametric analog. Forward selection propensity model featured race (p = .03), 
GCS eye + verbal (p = .25), GCS motor (p = .04), # fixed pupils (p = .10), and EDH (p = .17)
c A higher score on this measure corresponds to a worse outcome
d Mean difference estimates for the neuropsych measures were based on assigning one point less than the lowest sample score for CNS-impaired subjects, and two 
points less for deaths

Site Unweighteda Weightedb

Predominantly 
EVD no (5,7)

Predominantly 
EVD Yes (1,2,4)

Mean diff. or 
odds ratio

95% CI p value Mean diff. or 
odds ratio

95% CI p value

Patients 77 (62%) 47 (38%)

In-hospital mortality

Yes 10 (13%) 9 (19%) 1.59 (0.59, 4.25) .358 1.38 (0.56, 3.43) .484

ICU stay

Mean (SD) 14.1 (10.9) 18.1 (9.6) 3.97 (0.32, 7.62) .002* 3.23 (0.05, 6.41) .002*

Neuroworsening events

Mean (SD) 0.9 (1.4) 2.6 (5.6) 1.73 (0.12, 3.34) .090 1.30 (0.14, 2.46) .082

GOS-E at day 180

Mean (SD) 4.6 (2.1) 3.9 (2.1) − 0.67 (− 1.49, 0.14) .100 − 0.42 (− 1.15, 0.32) .260

1–2 12 (17%) 9 (23%)

3–4 13 (19%) 11 (28%)

5–8 44 (64%) 19 (49%)

Unknown 8 8

Neuropsych at day 180d (medians reported)

CVLT 32 21 − 7.6 (− 15.3, 0.2) .061 − 5.4 (− 12.5, 1.8) .156

PSI 79 63 − 11.0 (− 17.2, − 4.9) .004* − 10.3 (− 16.1, − 4.6) .004*

Trails  Ac 40 92 18.8 (7.4, 30.2) .002* 16.7 (6.3, 27.1) .002*

Trails  Bc 96 300 75.9 (37.3, 114.5) .001* 69.8 (34.5, 105.2) .002*

Digit span 14 12 − 3.2 (− 6.1, − 0.4) .005* − 2.9 (− 5.5, − 0.3) .008*

Stroop  Ic 62 93 26.1 (− 0.3, 52.6) .005* 23.5 (0.0, 47.0) .003*

Stroop  IIc 130 288 75.5 (− 10.2, 161.1) .006* 67.5 (− 8.9, 143.9) .004*

COWA 22 14 − 5.8 (− 11.5, 0.0) .037 − 4.0 (− 9.4, 1.4) .087

Unknown 10 3

Table 5 Evaluation of predicted mortality and morbidity based upon IMPACT and CRASH models

We evaluated the predicted mortality and morbidity based upon the IMPACT and CRASH models compared to what was found in our cohort and found patients with 
EVD placement to be more consistent with predictive models than those with IPM alone. CRASH models are less tolerant of missing values, hence the smaller N’s

EVD external ventricular drains, IMPACT  international mission for prognosis and analysis of clinical trials in TBI, CRASH corticosteroid randomisation after significant head injury
a CRASH model predicts 14-day mortality, but COBRIT provides only 6-month mortality

Cells report number of events 
(unweighted)

No EVD EVD

N Exp Obs N Exp Obs

IMPACT (labs)

6 mo mortality 101 35.6 14 84 27.7 23

6 mo morbidity 101 54.3 33 84 43.3 46

CRASH (core, high)

14 day mortality 95 27.2 14a 77 21.7 22a

6 mo morbidity 95 57.2 32 77 45.7 41
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As additional sensitivity analyses, we evaluated the 
effect of the instrumental variable percent of partici-
pants in the individual’s hospital who received and EVD 
on 6-month GOS-E and got results comparable to that of 
the propensity weighted analysis (Supplemental figure 3).

We also used stepwise regression rather than propen-
sity weighting to adjust for measured potential confound-
ers, with significantly better outcome in the No EVD 
group for all outcomes (Supplemental figure 4).

We examined infection and intracranial bleed rates 
with EVD and IPM placement as possible causes of worse 
outcome in EVD placement patients. As recorded, how-
ever, the rates for both these complications were minimal 
and we were unable to analyze these effectively.

We performed an initial examination ICP control in 
the EVD vs IPM group and found no significant differ-
ence in the daily ICP average or highs over the first 5 days 
(Supplemental figure 5). However, due to the limitations 
of the COBRIT database, we were unable to look at sig-
nificant trends or area under the curve calculations that 
would be helpful in future studies. In addition, we looked 
at whether CSF drainage was reported in the first day 
after EVD placement and found that in the majority of 
patients receiving an EVD did have CSF drainage on day 
1. Whether this was intermittent or continuous drainage 
was not clear, nor is it clear from the database the reason 
for CSF drainage. (Supplemental figure 5).

Discussion
The hypothesis that choice of ICP monitor, IPM ver-
sus EVD, was not associated with differences in out-
come was not supported by our analysis. The use of an 
EVD was associated with worse outcomes at 6  months 
and increased in-hospital mortality in this study. We 
controlled for selection bias and employed propensity 
weighting to control bias from observed confounders and 
still saw significant differences in patient outcomes com-
paring IPM to EVD placement in severe TBI. Our data 
suggests that the placement of EVD in post-traumatic 
patients needs further evaluation.

ICP monitoring has become a cornerstone in the 
management of severe TBI in high-income countries. It 
allows for the continuous reporting of ICP to facilitate 
interventions against potential secondary injuries that 
evolve over hours to days after a severe injury. Close 
evaluation of ICP allows for medical management of 
cerebral compliance, perfusion pressure and by proxy, 
cerebral oxygenation. Decreases in perfusion pressure 
have been linked to poor immediate and long-term out-
comes and targeted cerebral profusion pressure manage-
ment has shown mortality and outcome benefits [20, 21]. 
There remains uncertainty over whether ICP monitoring 
improves outcomes. Recent studies, both retrospective 

and prospective, have suggested that the use of an ICP 
monitor does not improve functional outcomes [22–25]. 
Regardless, current BTF guidelines recommend ICP 
monitor placement in severe TBI and ICP monitoring 
is often considered the standard of care in resource-rich 
medical systems. Choice of ICP monitor at initial presen-
tation is a key clinical moment in the care of TBI.

ICP can be continuously and accurately monitored via 
EVD or IPM. Previous recommendations preferred the 
EVD, based on its accuracy and relative low cost [26]. 
Additionally, EVD placement allows for CSF drainage to 
manage elevated ICP. However, EVD placement is associ-
ated with a higher risk of complications when compared 
to IPM, including hemorrhage and infection [27, 28]. 
EVD accuracy is also sensitive to changes in the height of 
the pressure transducer and to clogging of the drainage 
system. This suggests a role for IPM as a simpler and safer 
alternative.

There have been a few studies examining the impact 
of EVD vs IPM after severe TBI, and the data have been 
inconclusive. The most recent retrospective analysis by 
Aiolfi et  al. [5] demonstrated no difference in their pri-
mary outcome of 30-day mortality between EVD and 
IPM use in 2562 Trauma Quality Improvement Program 
patients with head AIS scores of ≥ 3. A retrospective 
review of 377 adults with ICP monitor placement showed 
that EVD use was associated with potential worsened 
complications and prolonged ICU stay compared to an 
IPM [6]. More recently, a study in a Chinese neuro-ICU 
suggested that placement of an EVD catheter versus an 
IPM was associated with improved mortality and glas-
gow outcome scale (GOS) at 6  months [7]. The results 
of this study can be partially explained by the use of the 
EVD to release CSF for treatment of refractory ICP and 
it is unclear how often this was necessary in their patient 
population. Recently Volovici et  al. performed a meta-
analysis of six studies examining outcomes of ventricu-
lar drains compared to IPM. They noted that each of the 
studies had considerable bias and did no report adequate 
outcomes, overall quality of the studies was poor [8]. 
However, they were able to analyze pooled outcomes of 
mortality and functional outcomes demonstrating no 
difference between modalities. Furthermore, they noted 
that ventricular drains demonstrated more complica-
tions with infection being the most significant. They con-
cluded that due to a high risk of bias more studies were 
necessary to make any more meaningful comparison of 
EVD versus IPM. The study we present here attempts to 
address many of the concerns raised by Volovici’s meta-
analysis. We have done robust analysis in multiple dif-
ferent ways to try and adjust for the inherent bias and 
confounders central to the difficulty comparing EVD to 
IPM placement. We have delineated clear timepoints of 
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analysis (less than 6 h for placement time), and we have 
performed extensive sensitivity analysis. While we can-
not address all of the concerns that come with a retro-
spective analysis, we believe that our study adds another 
compelling argument for the need for a clear well-defined 
randomized control trial to identify whether EVD place-
ment versus IPM is potentially harmful or helpful in the 
severe TBI patients. With ICP monitoring playing such 
an important role in severe TBI clinical interventions, the 
question of how to monitor ICP is critical.

We present here a retrospective clinical analysis of 
the use of EVD versus IPM in severe TBI using data 
from a large, prospective, multicenter study wherein the 
choice of monitor was not specified. Unlike prior stud-
ies, we have limited our analysis to investigation of EVD 
vs IPM within the initial presenting period after injury 
in order to compare the use of these devices exclusively 
as first-line ICP measurement systems and to eliminate 
the impact of the CSF drainage capacity of an EVD as a 
therapeutic intervention. This differs from prior stud-
ies, where the insertion timeline was much longer, up 
to 48 h in the study done by Liu et al. [7]. The utility of 
CSF drainage as a method to lower ICP after a severe TBI 
has been reported in a number of studies. Nwachuku 
et al. [29] demonstrated that the use of an EVD to con-
tinuously drain CSF after severe TBI was associated with 
better ICP control and improved GOS at 6 months com-
pared to intermittent drainage, but they did not compare 
this to patients who did not have an EVD placed. We 
attempted to separate the impact of CSF diversion from 
that of device-related monitoring on TBI-related out-
comes and process variables.

However, we were not able to fully assess the util-
ity of an EVD for CSF drainage as a tiered interven-
tion to ICP management. While the COBRIT database 
does have some information regarding whether CSF 
was drained it does not indicate how much, continuous 
versus intermittent, or for what indication (i.e., infec-
tion analysis versus elevated ICP). This limits our ability 
to understand the importance of an EVD in the ongo-
ing care of the patient after initial placement. We were 
able to do a rudimentary analysis of daily ICPs showing 
no difference between IPM and EVD in the first 5 days, 
which suggests that, at least initially, ICP control was 
similar between groups. What this does not assess is 
ICP spikes, time of elevated ICP or other adverse clini-
cal events associated with or causative of increased ICP. 
This highlights another important question for a pro-
spective trial, understanding the utility and necessity of 
CSF drainage as it relates to patient outcomes. At least 
initial analysis of the limited information in the COBRIT 
database would suggest that patients with EVDs did have 
CSF drained within the first day of injury (Supplemental 

figure  5). There are two possible hypotheses for this 
finding: (1) this may indicate that EVD placement was 
done in patients with a more severe injury needing CSF 
drainage or (2) that even with CSF drainage EVD place-
ment did not improve outcomes in severe TBI patients. 
Understanding how EVDs are utilized by practitioners is 
a key clinical question to further studies.

Limitations
The major confounder in such a study is related to the 
difficulty in assessing those factors related to the manag-
ing physician’s choice of monitor in specific cases. While 
center-based protocols may influence choice of moni-
tor, it is also likely that aspects related to an interaction 
between perceived injury severity or salvageability may 
have influenced this choice in individual patients. Such 
factors may have covaried with the physiologic likeli-
hood of good outcome or other aspects such as intensity 
of treatment, limitation-of-care considerations, or other 
critical outcome determinants. Propensity score methods 
allow for the estimation of treatment effect by retrospec-
tively accounting for covariates that predict receiving the 
treatment [30]. In essence, we utilized propensity analy-
sis as a way to account for physician choice by predict-
ing which patients should have received an EVD based 
upon their presenting clinical data, insofar as those data 
are recorded. Using this methodology to control con-
founding, we have demonstrated that early placement of 
an EVD after severe TBI is associated with worse GOS, 
worse neurocognitive scores, and a 2.5-fold increase in 
the odds of in-hospital mortality. There likely are unre-
corded impressions that the clinicians used to decide 
who should get which type of monitor. We took advan-
tage of sites using predominantly one monitoring method 
as another way to avoid confounding by indication. The 
results using this approach still favored IPM.

Secondly, in order to identify a decent number of 
patients for our analysis, we set our time constraint 
to EVD placement within 6  h of arrival at the hospital. 
This is largely an artificial timepoint that was deter-
mined based upon our own institutional experience as 
to the timeline of placement for an ICP monitor. Given 
that many patients with a severe TBI have concomi-
tant injuries that may require treatment by other ser-
vices prior to initial head CT or neurological evaluation, 
there are a subset of patients who do not receive an ICP 
monitor immediately upon recognizing brain injury. We 
attempted to address this concern by providing a second 
analysis at a 3-h timepoint which demonstrated no differ-
ence in our analysis. Future examinations should strongly 
consider analyzing timing of EVD placement with respect 
to outcomes as this initial attempt to do so is an imper-
fect attempt to address that consideration.



20

The reasons for this difference in patient outcome with 
EVD placement are unclear. Pupillary size and reac-
tiveness is well known to correlate with outcomes and 
while not significant there was a tendency for patients 
who received an EVD to have a report of at least one 
enlarged pupil prior to ICP monitor placement. This 
could explain the difference in our outcomes as physi-
cians may have chosen to place an EVD in patients with 
pupillary changes over an IPM. We employed multiple 
different statistical controls to force the inclusion of 
this difference into our propensity analysis and regres-
sion and the effect of EVD use remained. Prior studies 
have demonstrated differences in the bleed and infec-
tion rate between IPM and EVD which could account 
for worse outcomes. Within the COBRIT database, there 
were very few infections or secondary bleeds recorded; 
as such, we are unable to draw a conclusion on what the 
impact of EVD placement is on hemorrhage or infec-
tion rates in our study population. We did, however 
examine “neuroworsening events”, defined within the 
COBRIT database as a change in neurological status of 
the patient. Interestingly, there was a significant differ-
ence between EVD and IPM groups, with patients who 
received EVDs having a higher number of these events 
and these may represent new bleeds or infections that 
were not otherwise delineated. While limited in evalua-
tion, this finding suggests that the placement of an EVD 
may have been associated with a subsequent increase 
in secondary events similar to what has been reported 
previously [6]. Unfortunately, we could not ascertain the 
nature of these events.

Conclusion
Our initial hypothesis that our analysis would show that 
choice of ICP monitor would not affect patient outcomes 
was incorrect. We had hypothesized that the data would 
show equivalent outcome with either EVD or IPM for 
ICP monitoring and thus provide physicians with reas-
surance that either modality is reasonable to use in the 
care of severe TBI.

This study suggests that placement of an EVD versus 
an IPM in the first 6 h after severe TBI is associated with 
a higher incidence of in-hospital mortality and worse 
functional and neurocognitive outcomes at 6  months 
post-injury. Utilizing propensity score methods to mini-
mize confounding demonstrates that this effect is inde-
pendent of recorded patient presentation including pupil 
size and reactivity. Using analysis by hospital using pre-
dominantly one method allowed control of confounding 
by indication. The causative factors for this difference 
in outcome are unclear at this time, but careful thought 
should be put into the indications for initial EVD place-
ment for ICP monitoring in severely brain injured 

patients. This study does not address the use of an EVD 
for therapeutic drainage of CSF for ICP control and that 
is a variable that should be strongly considered in future 
evaluations. Our data coupled with past studies suggest 
the need for a more controlled analysis of the appropri-
ate timing and indication for the use of EVDs in severe 
TBI.
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