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Clinical Value of Decompressive Craniectomy
Franco Servadei, M.D.

Patients with a variety of intracranial disorders 
— including traumatic brain injury, stroke, sub-
arachnoid hemorrhage, intracerebral hemorrhage, 
and brain tumors — often present with a pro-
gressive increase in intracranial pressure, leading 
to clinical deterioration and ultimately to death. 
Medical therapy1 can help to mitigate such in-
creases in pressure, but despite the use of the 
best available measures, intracranial hypertension 
becomes life-threatening in some patients. More 
than a century ago, it was suggested that it might 
be beneficial to “decompress the brain by widely 
opening the skull to decrease the pressure”2 in 
patients with severe traumatic brain injury. This 
procedure, called decompressive craniectomy, has 
been shown to decrease intracranial pressure, but 
since there is no evidence of an association with 
a better clinical outcome, the procedure is con-
sidered optional.3

In the past 15 years, the use of decompressive 
craniectomy has increased substantially. There has 
also been a tremendous increase in the number 
of articles that have been published on the sub-
ject, mainly retrospective reviews of a limited 
number of cases. A PubMed search identified 143 
articles that were published on this topic for a 
variety of intracranial disorders in 2009 and 2010.

The list of publications is much shorter, how-
ever, when only randomized, controlled trials are 
considered. In the field of traumatic brain injury, 
the results of only one small, prospective, ran-
domized trial have been published.4 This trial in-
volving 27 children showed promising results in 
favor of decompressive craniectomy. However, the 
surgical procedure that was used (bitemporal de-
compression without opening of the dura) is not 
the standard approach.

In this issue of the Journal, Cooper et al. re-
port the results of the Decompressive Craniec-
tomy (DECRA) trial,5 which investigated the role 
of early decompressive craniectomy in adults with 
severe head injury (Glasgow Coma Scale score of 
3 to 8). Patients with refractory intracranial hy-
pertension (defined as an intracranial pressure 
higher than 20 mm Hg for more than 15 min-
utes despite medical therapy) were randomly as-
signed either to receive standard care or to un-
dergo standard care plus bifrontotemporoparietal 
decompression craniectomy. The study showed a 
significant decrease in intracranial pressure in 
patients in the surgical group, as was expected. 
However, clinical outcomes, as assessed by scores 
on the Extended Glasgow Outcome Scale, were 
worse in the surgical group than in the standard-
care group, a finding that went against expec-
tations.

There are a couple of important concerns re-
garding this otherwise valuable study. First, most 
neurosurgeons and intensivists dealing with trau-
matic brain injury will not consider decompres-
sive craniectomy in patients who have an intra-
cranial pressure of around 20 mm Hg for such a 
short time. This aggressive approach may be 
justified in order to decompress the brain as 
soon as possible, but in patients with diffuse 
injury without mass lesions, physicians in many 
centers would use medical therapy for a longer 
period, leaving decompressive craniectomy as a 
last resort.

Second, the screening of 3478 patients over a 
7-year period to enroll only 155 study patients 
indicates that the results of this study are limit-
ed to a restricted subpopulation of patients with 
traumatic brain injury. Most of the patients who 
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were excluded from this trial either had mass le-
sions (for which a different surgical approach 
might be appropriate) or had successful control 
of intracranial hypertension with medical man-
agement (thus not requiring surgical interven-
tion at all).

An important question arising from the 
 DECRA study is whether it is now appropriate to 
continue an ongoing trial of craniectomy, called 
the Randomized Evaluation of Surgery with 
Craniectomy for Uncontrollable Elevation of In-
tracranial Pressure (RESCUEicp; Current Con-
trolled Trials number, ISRCTN66202560).6 As of 
March 16, 2011, a total of 294 patients had been 
enrolled in this trial, with an enrollment goal of 
400 patients. However, the design of RESCUE-
icp differs from that of the DECRA study in 
some important ways. In RESCUEicp, patients 
are randomly assigned either to undergo crani-
ectomy or to receive standard care (including 
the use of barbiturates) when maximal medical 
therapy cannot control intracranial pressure, 
with a threshold of 25 mm Hg (rather than 20 
mm Hg) for more than 1 to 12 hours (rather 
than 15 minutes) at any time after injury. In addi-
tion, in RESCUEicp, as compared with the DECRA 
study, previous evacuation of a hematoma is al-
lowed before randomization, and the permitted 
surgical techniques include both bifrontal de-
compression and unilateral wide decompression. 
The primary end point is the assessment of out-
come at discharge and at 6 months. Thus, because 
of such differences in trial design, it seems that 
RESCUEicp should continue.

Another important question is, How do the 
DECRA and RESCUEicp studies relate to the 
real practice of decompression in patients with 
traumatic brain injury? As noted above, the ex-
clusion criteria for the DECRA study were such 
that the data do not apply to the majority of pa-
tients. In a multicenter study involving 729 pa-
tients with intradural mass lesions after trau-
matic injury,7 we found that about one third of 
patients undergoing surgery for an intracranial 
hematoma also required a decompressive proce-
dure. In most of these cases, the decompression 
was unilateral and associated with hematoma 
evacuation. Such patients are not considered at 
all in the DECRA study and are only partially 
included in the RESCUEicp study. We therefore 

probably need another study of early decompres-
sion associated with hematoma evacuation, as 
has been suggested previously,8 since this proce-
dure is a common one.

The main lesson from the DECRA study is that 
surgical reduction of intracranial pressure by the 
technique that was used by the investigators does 
not necessarily result in better outcomes for pa-
tients and indeed appears to worsen them in at 
least some circumstances. However, it is impor-
tant that the procedure not be simply abandoned 
on the basis of these data. Rather, we must think 
more carefully about the risks and benefits of 
the decompressive craniectomy before perform-
ing the procedure and must work to define ap-
propriate clinical settings for this procedure. In 
the words of Seneca the Younger, errare humanum 
est, perseverare autem diabolicum (to err is human, 
but to persist [in error] is diabolical).
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full text of this article at NEJM.org.
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Background
It is unclear whether decompressive craniectomy improves the functional outcome 
in patients with severe traumatic brain injury and refractory raised intracranial 
pressure.

Methods
From December 2002 through April 2010, we randomly assigned 155 adults with 
severe diffuse traumatic brain injury and intracranial hypertension that was refrac-
tory to first-tier therapies to undergo either bifrontotemporoparietal decompressive 
craniectomy or standard care. The original primary outcome was an unfavorable 
outcome (a composite of death, vegetative state, or severe disability), as evaluated 
on the Extended Glasgow Outcome Scale 6 months after the injury. The final pri-
mary outcome was the score on the Extended Glasgow Outcome Scale at 6 months.

Results
Patients in the craniectomy group, as compared with those in the standard-care 
group, had less time with intracranial pressures above the treatment threshold 
(P<0.001), fewer interventions for increased intracranial pressure (P<0.02 for all 
comparisons), and fewer days in the intensive care unit (ICU) (P<0.001). However, 
patients undergoing craniectomy had worse scores on the Extended Glasgow Out-
come Scale than those receiving standard care (odds ratio for a worse score in the 
craniectomy group, 1.84; 95% confidence interval [CI], 1.05 to 3.24; P = 0.03) and a 
greater risk of an unfavorable outcome (odds ratio, 2.21; 95% CI, 1.14 to 4.26; 
P = 0.02). Rates of death at 6 months were similar in the craniectomy group (19%) 
and the standard-care group (18%).

Conclusions
In adults with severe diffuse traumatic brain injury and refractory intracranial hy-
pertension, early bifrontotemporoparietal decompressive craniectomy decreased 
intracranial pressure and the length of stay in the ICU but was associated with more 
unfavorable outcomes. (Funded by the National Health and Medical Research 
Council of Australia and others; DECRA Australian Clinical Trials Registry number, 
ACTRN012605000009617.)
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A mong patients who are hospital-
ized with severe traumatic brain injury, 
60% either die or survive with severe dis-

ability.1-3 Of Australia’s population of 22 million,4 
approximately 1000 patients annually sustain a 
severe traumatic brain injury, with associated life-
time costs estimated at $1 billion.5 In the United 
States, the annual burden of traumatic brain in-
jury is more than $60 billion.6

After severe traumatic brain injury, medical 
and surgical therapies are performed to minimize 
secondary brain injury.7-9 Increased intracranial 
pressure, which is typically caused by cerebral 
edema, is an important secondary insult.7,9,10 Al-
though few data regarding the monitoring of in-
tracranial pressure are available from randomized, 
controlled trials, such monitoring is recommend-
ed by international clinical practice guidelines, 
and first-tier therapies are used to control intra-
cranial pressure.11 However, many patients with 
severe traumatic brain injury have raised intracra-
nial pressure that is refractory to first-tier thera-
pies.11,12 In such cases, surgical decompressive 
craniectomy is performed with increasing fre-
quency to control intracranial pressure.10 We de-
signed the multicenter, randomized, controlled 
Decompressive Craniectomy (DECRA) trial13,14 to 
test the efficacy of bifrontotemporoparietal de-
compressive craniectomy in adults under the age 
of 60 years with traumatic brain injury in whom 
first-tier intensive care and neurosurgical thera-
pies had not maintained intracranial pressure 
below accepted targets.

Me thods

Trial Design
From December 2002 through April 2010, we re-
cruited adults with severe traumatic brain injury 
in the intensive care units (ICUs) of 15 tertiary 
care hospitals in Australia, New Zealand, and Sau-
di Arabia. The trial protocol (available with the 
full text of this article at NEJM.org) was designed 
by the study’s executive committee and approved 
by the ethics committee at each study center.

Patients
Patients were eligible for participation in the trial 
if they were between the ages of 15 and 59 years 
and had a severe, nonpenetrating traumatic brain 
injury. Among patients who were evaluated either 
after resuscitation or before intubation, this injury 

was defined as a score of 3 to 8 on the Glasgow 
Coma Scale (on which scores range from 3 to 15, 
with lower scores indicating reduced levels of con-
sciousness) or Marshall class III (moderate diffuse 
injury on computed tomography [CT]).15 Patients 
were excluded if they were not deemed suitable for 
full active treatment by the clinical staff caring 
for the patient or if they had dilated, unreactive 
pupils, mass lesions (unless too small to require 
surgery), spinal cord injury, or cardiac arrest at 
the scene of the injury. In all cases, the patients’ 
next of kin provided written informed consent.

Study Procedures
All patients in the study were treated in ICUs with 
advanced neurosurgical management capabilities 
and equipment, including the availability of intra-
cranial-pressure monitoring with the use of either 
an external ventricular drain or a parenchymal 
catheter. Patients received treatment for intracra-
nial hypertension whenever the intracranial pres-
sure was greater than 20 mm Hg.8,9,11,12,16 We 
defined an early refractory elevation in intracra-
nial pressure as a spontaneous (not stimulated) 
increase in intracranial pressure for more than 
15 minutes (continuously or intermittently) with-
in a 1-hour period, despite optimized first-tier 
interventions. Such interventions included opti-
mized sedation, the normalization of arterial car-
bon dioxide pressure, and the use of mannitol, 
hypertonic saline, neuromuscular blockade, and 
external ventricular drainage.

Within the first 72 hours after injury, we ran-
domly assigned patients either to undergo decom-
pressive craniectomy plus standard care or to re-
ceive standard care alone, using an automated 
telephone system. Randomization was stratified 
according to center and the technique that was 
used to measure intracranial pressure (external 
ventricular drain or parenchymal catheter) in 
blocks of two or four patients. A standardized 
surgical approach, modeled on the Polin tech-
nique,17 was used. This approach included a large 
bifrontotemporoparietal craniectomy with bilat-
eral dural opening to maximize the reduction in 
intracranial pressure13,14 (for details, see the 
Supplementary Appendix, available at NEJM.org). 
The sagittal sinus and falx cerebri were not di-
vided. After craniectomy, the excised bone was 
stored at −70°C or in a subcutaneous abdominal 
pouch, according to the standard practice of the 
operating surgeon. After all swelling and infection 
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had resolved, 2 to 3 months after craniectomy, 
the bone was replaced.

Standard care from the time of enrollment 
followed clinical practice guidelines13 that were 
based on those recommended by the Brain Trauma 
Foundation.8 In the two study groups, second-tier 
options for refractory elevation of intracranial pres-
sure included mild hypothermia (to 35°C), the 
optimized use of barbiturates, or both. For patients 
receiving standard care, the trial protocol per-
mitted the use of lifesaving decompressive cra-
niectomy after a period of 72 hours had elapsed 
since admission.

Assessments and Data Collection
Research coordinators at each institution col-
lected the trial data. All source data were verified 
in every patient by monitors. At baseline, demo-
graphic and clinical characteristics were record-
ed from medical files. These data included the 
initial CT findings, which were scored with the 
use of the Marshall criteria, and the Injury Sever-
ity Score (on a scale ranging from 0 to 75, with 
higher scores indicating greater injury severity). 
The Trauma Score–Injury Severity Score18 (on a 
scale ranging from 0 to 1, with lower scores rep-
resenting a lower probability of survival) was 
also calculated.

Hourly intracranial pressure and mean arterial 
pressure measurements were recorded for 12 hours 
before randomization and 36 hours after random-
ization. Also recorded were first- and second-tier 
therapeutic interventions and surgical complica-
tions of craniectomy and of subsequent cranio-
plasty (surgical reversal of the craniectomy).

Outcome Measures
Outcome measures were evaluated by telephone 
by three trained assessors who were unaware of 
study-group assignments. The original primary 
outcome was the proportion of patients with an 
unfavorable outcome, a composite of death, a 
vegetative state, or severe disability (a score of 1 
to 4 on the Extended Glasgow Outcome Scale), as 
assessed with the use of a structured, validated 
telephone questionnaire19-22 at 6 months after 
injury.21 (The Extended Glasgow Outcome Scale 
ranges from 1 to 8, with lower scores indicating 
a poorer functional outcome.) After the interim 
analysis in January 2007, the primary outcome 
was revised to be the functional outcome at  
6 months after injury on the basis of proportion-

al odds analysis of the Extended Glasgow Out-
come Scale.19 Secondary outcomes were intracra-
nial pressure measured hourly, the intracranial 
hypertension index23 (defined as the number of 
end-hourly measures of intracranial pressure of 
more than 20 mm Hg divided by the total num-
ber of measurements, multiplied by 100), the 
proportion of survivors with a score of 2 to 4 on 
the Extended Glasgow Outcome Scale (defined as 
severe disability and requiring assistance in daily 
living activities), the numbers of days in the ICU 
and in the hospital, and mortality in the hospital 
and at 6 months.

Study Oversight
Funding was provided by the National Health 
and Medical Research Council of Australia; the 
Transport Accident Commission of Victoria, Aus-
tralia; the Intensive Care Foundation of the Aus-
tralian and New Zealand Intensive Care Society; 
and the Western Australian Institute for Medical 
Research. The funders had no role in the design 
of the trial protocol; in the collection, analysis, 
or interpretation of the trial data; or in the writ-
ing of the manuscript. The members of the ex-
ecutive committee attest that the trial was per-
formed in accordance with the protocol, including 
revision of the primary outcome measure as de-
scribed above, and vouch for the accuracy and 
completeness of the reported data.

Statistical Analysis
The trial was originally designed to identify an 
increase in the proportion of favorable outcomes 
(defined as a score of 5 to 8 on the Extended 
Glasgow Outcome Scale) from 30% among pa-
tients receiving standard care to 50% among pa-
tients undergoing craniectomy, with a two-sided 
type I error of 0.05 and a power of 80%14 with a 
sample size of 210 patients. (This design is equiv-
alent to the identification of a reduction in the 
rate of unfavorable outcomes from 70% to 50%.) 
At the interim analysis (with the study-group as-
signments concealed), it was determined that if 
the score on the 8-grade Extended Glasgow Out-
come Score were analyzed by ordinal logistic re-
gression, 150 patients would be required to de-
tect a between-group difference of 1.5 in the me-
dian score with a power of 80% and a two-sided 
type I error of 0.05. An ordinal logistic-regres-
sion analysis of the score on the Extended Glasgow 
Outcome Scale was then defined as the main pri-
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mary outcome. To allow the trial to be completed 
within a reasonable time frame, the sample size 
was decreased to 150, with an additional enroll-
ment of 15 patients permitted if necessary to re-
place patients lost to follow-up.14 Both the original 
primary and final primary outcomes are report-
ed. At the point at which enrollment reached 150 
patients, no patients had been lost to follow-up, 
and recruitment ceased at 155 patients.

All analyses were performed according to the 
intention-to-treat principle. We used ordinal lo-
gistic regression for univariate between-group 
comparisons of scores on the Extended Glasgow 
Outcome Scale and logistic regression for com-
parisons of unfavorable outcomes. These analyses 
were followed by adjusted comparisons with inclu-
sion in the regression models of the prespecified 
covariates17: age, the last Glasgow Coma Scale 

Table 1. Baseline Characteristics of the Patients.*

Characteristic

Decompressive 
Craniectomy 

(N = 73)

Standard 
Care 

(N = 82) P Value†

Age — yr 0.89

Median 23.7 24.6

Interquartile range 19.4–29.6 18.5–34.9

Male sex — no. (%) 59 (81) 61 (74) 0.44

Systolic blood pressure — mm Hg 135.4±32.0 135.7±27.6 0.95

Glasgow Coma Scale

Overall score‡ 0.31

Median 5 6

Interquartile range 3–7 4–7

Motor score§ 0.49

Median 3 3

Interquartile range 1–4 1–5

Maximum score for head injury on Abbreviated Injury Scale — no. (%)¶ 0.52

3 or 4 35 (48) 44 (54)

5 38 (52) 38 (46)

Injury Severity Score∥ 0.88

Median 33 32

Interquartile range 25–38 24–41

Trauma Score–Injury Severity Score ** 0.46

Median 0.74 0.72

Interquartile range 0.42–0.88 0.51–0.90

Reactivity of pupils — no./total no. (%) 0.04

Neither pupil 19/71 (27) 10/80 (12)

One or both pupils 52/71 (73) 70/80 (88)

Hypotension — no. (%) 24 (33) 25 (30) 0.93

Hypoxemia — no. (%) 18 (25) 24 (29) 0.55

Traumatic subarachnoid hemorrhage — no. (%) 42 (58) 48 (59) 0.90

Cause of injury — no./total no. (%) 0.72

Motor-vehicle or motorcycle accident 45/70 (64) 55/81 (68)

Bicycle accident 4/70 (6) 2/81 (2)

Pedestrian accident 5/70 (7) 4/81 (5)

Other 16/70 (23) 20/81 (25)
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score before intubation, the Glasgow Coma Scale 
motor score after resuscitation, and the Marshall 
class.15 A post hoc adjusted comparison included 
one variable (pupil reactivity) that differed sig-
nificantly between groups at baseline. Cox pro-
portional-hazards regression was used for the 
comparison of the numbers of days in the ICU 
and in the hospital. A P value of less than 0.05 
was considered to indicate statistical significance. 
All analyses were performed with the use of 
Stata statistical software.

R esult s

Patients
Of 3478 patients who were assessed for trial eli-
gibility, 155 were enrolled (Fig. 1 in the Supple-
mentary Appendix). The first 5 patients who were 
enrolled in the trial participated in a pilot study,13 

and data from these patients were included in all 
the analyses. The most common reasons for ex-
clusion from the trial were the presence of a ce-
rebral mass lesion and successful control of 
intracranial pressure with the use of first-tier 
therapies. A total of 136 patients (88%) were from 
either Australia or New Zealand.

The patients were randomly assigned to one 
of the two treatment groups: 73 to undergo early 
decompressive craniectomy and 82 to receive 
standard care. Baseline characteristics of the two 
study groups were similar in most respects, ex-
cept that fewer patients in the craniectomy group 
had reactive pupils (Table 1). The median age was 
23.7 years in the craniectomy group and 24.6 in 
the standard-care group. The median intracra-
nial pressure during the 12 hours before ran-
domization was 20 mm Hg (interquartile range, 
18 to 22) in the two groups (Fig. 1). The median 

Table 1. (Continued.)

Characteristic

Decompressive 
Craniectomy 

(N = 73)

Standard 
Care 

(N = 82) P Value†

Time from injury to hospital — hr 0.90

Median 1.0 1.2

Interquartile range 0.8–1.8 0.7–1.9

Time from injury to randomization — hr 0.60

Median 35.2 34.8

Interquartile range 23.3–52.8 25.8–45.4

Marshall class — no. (%)†† 0.39

Diffuse injury II 17 (23) 27 (33)

Diffuse injury III or IV 53 (73) 53 (65)

Nonevacuated mass lesion (VI) 3 (4) 2 (2)

* Plus–minus values are means ±SD.
† All P values were calculated with the use of the chi-square test to compare proportions and the Wilcoxon rank-sum 

test to compare distributions.
‡ The overall score on the Glasgow Coma Scale ranges from 3 to 15, with lower scores indicating reduced levels of 

consciousness.
§ The motor score on the Glasgow Coma Scale ranges from 1 to 6, with lower scores indicating more limited motor 

response.
¶ The score for head injury on the Abbreviated Injury Scale ranges from 1 to 6, with higher scores indicating more 

severe injury.
∥  The Injury Severity Score ranges from 0 to 75, with higher scores indicating greater injury severity.
** The Trauma Score–Injury Severity Score ranges from 0 to 1, with lower scores indicating a lower probability of 

survival.
†† The Marshall classification is based on findings on computed tomography as follows: class I, diffuse injury with no 

visible signs; class II, diffuse injury with basal cisterns intact, a midline shift of 0 to 5 mm, and a high- or mixed-den-
sity lesion of 25 ml or less with the possibility of bone fragments or foreign bodies; class III, diffuse injury with swell-
ing, including compressed or absent cisterns with a midline shift of 0 to 5 mm and a high- or mixed-density lesion 
of 25 ml or less; class IV, diffuse injury with shift, including a midline shift of more than 5 mm and a high- or mixed-
density lesion of 25 ml or less; class V, surgical evacuation of a mass lesion; and class VI, a high- or mixed-density 
lesion of more than 25 ml that has not been surgically evacuated.
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times from injury to hospitalization and from 
injury to randomization were similar in the two 
groups (Table 1, and Table 1 in the Supplemen-
tary Appendix). Before randomization, 93% of 
patients in the two study groups received similar 
volumes of hypertonic saline, mannitol, or both 
for intracranial hypertension (Table 2 in the 
Supplementary Appendix).

The assigned trial treatment (craniectomy or 
standard care) was administered to 96% of all 
patients (Fig. 1 in the Supplementary Appendix). 
The median time from randomization to surgery 
in the craniectomy group was 2.3 hours (inter-
quartile range, 1.4 to 3.8) (Table 1 in the Supple-
mentary Appendix). Fifteen patients (18%) in the 
standard-care group underwent delayed decom-
pressive craniectomy as a lifesaving intervention, 
according to the protocol. In four patients (5%) 
in the standard-care group, craniectomy was 
performed less than 72 hours after admission, 
contrary to the protocol.

Outcomes
After randomization, fewer interventions were 
required to decrease intracranial pressure in pa-
tients undergoing craniectomy (Table 2 in the 
Supplementary Appendix). Such interventions in-
cluded the use of mannitol, hypertonic saline, 

neuromuscular blockade, venting of cerebrospinal 
fluid through the ventricular drain, and barbitu-
rates. After randomization, the mean intracranial 
pressure was lower in the craniectomy group 
than in the standard-care group (14.4 mm Hg vs. 
19.1 mm Hg, P<0.001) (Table 2 and Fig. 1). The 
median intracranial hypertension index23 (the 
number of end-hourly measures of intracranial 
pressure of more than 20 mm Hg divided by the 
total number of measurements, multiplied by 100) 
was also lower in the craniectomy group than in 
the standard-care group (11.5 vs. 19.9, P<0.001) 
(Table 2).

Patients in the craniectomy group had a short-
er duration of mechanical ventilation and a short-
er stay in the ICU than patients in the standard-
care group, although there was no significant 
between-group difference in the total time in 
the hospital (Table 2). A total of 37% of patients 
in the craniectomy group and 17% of those in 
the standard-care group had one or more medi-
cal or surgical complications (Table 3). Hydro-
cephalus was more common in the craniectomy 
group (10%) than in the standard-care group (1%). 
Cranioplasty also led to complications (Table 3 
in the Supplementary Appendix).

Six months after injury, the primary outcome 
(functional assessment on the Extended Glasgow 
Outcome Scale) was worse in the craniectomy 
group than in the standard-care group (median 
score, 3 vs. 4; odds ratio for a worse functional 
outcome in the craniectomy group, 1.84; 95% 
confidence interval [CI], 1.05 to 3.24; P = 0.03) 
(Table 2 and Fig. 2). Unfavorable outcomes oc-
curred in 51 patients (70%) in the craniectomy 
group and in 42 patients (51%) in the standard-
care group (odds ratio, 2.21; 95% CI, 1.14 to 
4.26; P = 0.02) (Table 2, and Fig. 2 in the Supple-
mentary Appendix). After adjustment for pre-
specified covariates, the results were similar for 
the score on the Extended Glasgow Outcome 
Scale (adjusted odds ratio for a lower score in the 
craniectomy group, 1.66; 95% CI, 0.94 to 2.94; 
P = 0.08) and for the risk of an unfavorable out-
come (adjusted odds ratio, 2.31; 95% CI, 1.10 to 
4.83; P = 0.03). After post hoc adjustment for pupil 
reactivity at baseline (Table 1), the between-
group differences were no longer significant for 
the score on the Extended Glasgow Outcome 
Scale (adjusted odds ratio, 1.53; 95% CI, 0.86 to 
2.73; P = 0.15) and for the risk of an unfavorable 
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Figure 1. Intracranial Pressure before and after Randomization.

Shown are the mean measurements of intracranial pressure in the two 
study groups during the 12 hours before and the 36 hours after randomiza-
tion. The I bars indicate standard errors.
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outcome (adjusted odds ratio, 1.90; 95% CI, 0.95 
to 3.79; P = 0.07). A total of 14 patients (19%) in 
the craniectomy group and 15 patients (18%) in the 
standard-care group died. (Details about the 
causes of death are provided in Table 4 in the 
Supplementary Appendix.)

Discussion

Among adults with severe diffuse traumatic brain 
injury and refractory intracranial hypertension in 
the ICU, we found that decompressive craniecto-
my decreased intracranial pressure, the duration 
of mechanical ventilation, and the time in the 

ICU, as compared with standard care. In the cra-
niectomy group, the duration of the hospital stay 
was unchanged, and the rate of surgical compli-
cations was low. However, patients in the crani-
ectomy group had a lower median score on the 
Extended Glasgow Coma Scale and a higher risk 
of an unfavorable outcome (as assessed on that 
scale) than patients receiving standard care.

Our findings differ from those of most non-
randomized studies of decompressive craniecto-
my24,25 and are contrary to our hypothesis. We 
had speculated that in patients with severe trau-
matic brain injury, decompressive craniectomy 
would decrease intracranial pressure, improve 

Table 2. Primary and Secondary Outcomes.*

Outcome

Decompressive 
Craniectomy 

(N = 73)

Standard 
Care

(N = 82) P Value†

Intracranial pressure and cerebral perfusion pressure

Intracranial pressure after randomization — mm Hg 14.4±6.8 19.1±8.9 <0.001

No. of hr of intracranial pressure >20 mm Hg — median (IQR) 9.2 (4.4–27.0) 30.0 (14.9–60.0) <0.001

Intracranial hypertension index — median (IQR)‡ 11.5 (5.9–20.3) 19.9 (12.5–37.8) <0.001

Cerebral hypoperfusion index — median (IQR)§ 5.7 (2.5–10.2) 8.6 (4.0–13.8) 0.03

Duration of hospital intervention

Days of mechanical ventilation — median (IQR) 11 (8–15) 15 (12–20) <0.001

Days of ICU stay — median (IQR) 13 (10–18) 18 (13–24) <0.001

Days of hospitalization — median (IQR) 28 (21–62) 37 (24–44) 0.82

Extended Glasgow Outcome Scale

Score — no. (%)

1 (dead) 14 (19) 15 (18)

2 (vegetative state) 9 (12) 2 (2)

3 (lower severe disability) 18 (25) 17 (21)

4 (upper severe disability) 10 (14) 8 (10)

5 (lower moderate disability) 13 (18) 20 (24)

6 (upper moderate disability) 6 (8) 13 (16)

7 (lower good recovery) 2 (3) 4 (5)

8 (upper good recovery) 1 (1) 3 (4)

Median score (IQR) 3 (2–5) 4 (3–5) 0.03

Unfavorable score of 1 to 4 — no. (%) 51 (70) 42 (51) 0.02

* Plus–minus values are means ±SD. IQR denotes interquartile range.
† All P values were calculated with the use of the chi-square test to compare proportions and the Wilcoxon rank-sum test 

to compare distributions.
‡ The intracranial hypertension index is the number of end-hourly measures of intracranial pressure of more than 20 mm Hg 

divided by the total number of measurements, multiplied by 100.
§ The cerebral hypoperfusion index is the number of observations of cerebral perfusion pressure of less than 60 mm Hg 

divided by the total number of measurements, multiplied by 100. Cerebral perfusion pressure is the mean arterial pres-
sure minus the intracranial pressure.
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functional outcomes, and decrease the propor-
tion of survivors with severe disability. Despite 
the positive clinical signs in the ICU, decom-
pressive craniectomy instead increased the like-
lihood of a poor outcome.

It is unlikely that our findings were due to an 
increased rate of survival of severely injured pa-
tients in a vegetative state (grade 2 on the Ex-
tended Glasgow Outcome Scale), because even 
though the number of such patients increased 
after craniectomy, the rates of death were simi-
lar in the two study groups. Decompressive crani-
ectomy instead shifted survivors from a favorable 
outcome to an unfavorable outcome (i.e., depen-
dence on assistance to complete activities of daily 
living). One possible explanation is that craniec-
tomy allowed expansion of the swollen brain 
outside the skull and caused axonal stretch,26,27 
which in vitro causes neural injury.28-30 Alterations 
in cerebral blood flow and metabolism may also 
be relevant.31,32

Another possible explanation for the inferior 
outcomes with craniectomy concerns the charac-
teristics of the surgical procedure. Some surgeons 
prefer a unilateral procedure, with studies (in 
retrospective, nonrandomized series with mixed 
causes of brain injury) suggesting that the bilat-
eral approach may have more complications.33 
Some surgeons divide the sagittal sinus and falx 
cerebri, which is a component of the original 
Polin procedure,17 but others do not. Complica-
tions are possible with both alternatives. The 
results of this trial can be said to apply only to 
the specific craniectomy procedure that was per-
formed; they may not necessarily apply to other 
approaches or in other types of brain injury.

Craniectomy or cranioplasty may also have 
had other harmful complications, including hy-
drocephalus. However, complications occurred 
at rates that were lower than those that have 
been reported previously,34,35 and the rates of 
most complications were similar in the two study 
groups.

Some limitations of our trial should be noted. 
First, because we were evaluating a neurosurgical 
procedure, the medical and surgical teams were 
obviously aware of study-group assignments, al-
though the assessors were not. Second, one cen-
ter recruited more than one third of trial par-
ticipants. Third, there were imbalances in some 
baseline characteristics of the patients, particu-
larly the proportion of patients without pupil 

Table 3. Medical and Surgical Complications.

Adverse Event

Decompressive 
Craniectomy 

(N = 73)

Standard 
Care

(N = 82)

number (percent)

Wound infection or breakdown 5 (7) 7 (9)

Meningitis or ventriculitis 2 (3) 3 (4)

Subgaleal infection 2 (3) 3 (4)

Cerebral abscess 2 (3) 0

Cerebrospinal fluid leak 4 (5) 2 (2)

Hematoma

Subgaleal 5 (7) 2 (2)

Subdural, extradural, or intracerebral 3 (4) 1 (1)

Cerebral infarction 1 (1) 0 

Hydrocephalus 7 (10) 1 (1)

Cranioplasty revision for cosmetic defect 2 (3) 0 

Pulmonary embolus 1 (1) 2 (2)

Pneumonia 0 3 (4)

Septic shock 1 (1) 2 (2)

Acute renal failure 1 (1) 1 (1)
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Figure 2. Cumulative Proportions of Results on the Extended Glasgow 
Outcome Scale.

In this study, an unfavorable outcome was defined as a composite of death, 
vegetative state, or severe disability, corresponding to a score of 1 to 4 on 
the Extended Glasgow Outcome Scale, as indicated by the vertical line. Ac-
cording to this measure, an unfavorable outcome occurred in 70% of pa-
tients in the craniectomy group and 51% of those in the standard-care 
group (P=0.02). The cumulative proportion is the percentage of all scores 
that are lower than the given score.
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reactivity at hospital admission. However, even 
after post hoc adjustment for this variable, the 
overall effect size did not change, although the 
harmful effect of craniectomy was no longer sig-
nificant. A beneficial effect of craniectomy was 
excluded. Finally, as noted above, we revised the 
primary outcome measure during the course of 
the trial, though with preservation of blinded 
study-group assignments. Such a change in pro-
tocol is not optimal from the standpoint of trial 
design, although ultimately, the same results were 
observed for both the original primary outcome 
measure and the final primary outcome measure.

Decompressive craniectomy is increasingly 
performed in many neurotrauma centers inter-
nationally.10 To our knowledge, there are very few 
data from randomized, controlled trials compar-
ing a neurosurgical procedure with standard 
care in adults with traumatic brain injury,10 and 
our unexpected findings underscore the critical 

importance of conducting such trials to test 
common therapies, particularly in patients with 
complex critical illnesses.

In conclusion, in patients with severe diffuse 
traumatic brain injury and increased intracranial 
pressure that was refractory to first-tier thera-
pies, the use of craniectomy, as compared with 
standard care, decreased the mean intracranial 
pressure and the duration of both ventilatory 
support and the ICU stay but was associated with 
a significantly worse outcome at 6 months, as 
measured by the score on the Extended Glasgow 
Outcome Scale.

Supported by grants from the National Health and Medical 
Research Council of Australia (NHMRC 314502), the Transport 
Accident Commission of Victoria (Victorian Trauma Foundation 
and Victorian Neurotrauma Initiative), the Intensive Care Foun-
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Craniectomy in Diffuse Traumatic Brain Injury

to the editor: On behalf of the Section on Neuro-
trauma and Critical Care of the American Asso-
ciation of Neurological Surgeons and the Con-
gress of Neurological Surgeons, we register our 
concern with the recently published article “De-
compressive Craniectomy in Diffuse Traumatic 
Brain Injury” by Cooper et al. (April 21 issue).1 
We have identified the following problems with 
the trial design: first, inclusion limited to a small 
subset of patients with traumatic brain injury (no 
mass lesions); second, choice of operative tech-
nique (bifrontal procedures without division of 
the sagittal sinus and falx cerebri, limiting the 
procedural efficacy for lowering intracranial pres-
sure)2; third, a long accrual time (over which ma-
jor differences in treatment may have evolved); 
fourth, differences in study groups (significantly 
more patients with bilaterally unreactive pupils 
included in the surgical group, expected to nega-
tively skew results)3; and fifth, minimal mean 
elevations in intracranial pressure leading up to 
randomization (median for both groups during 
the 12 hours before randomization at the upper 
limit of normal, 20 mm Hg).4

It is therefore our view that no conclusions 
regarding management of the use of decompres-
sive craniectomy in patients with traumatic brain 
injury should be drawn from this trial, and clini-
cal practice should not be changed on the basis of 
these results.
Shelly D. Timmons, M.D., Ph.D.
Geisinger Health System 
Danville, PA 
stimmons@mac.com

Jamie S. Ullman, M.D.
Mount Sinai Medical Center 
Elmhurst, NY

Howard M. Eisenberg, M.D.
University of Maryland 
Baltimore, MD

No potential conflict of interest relevant to this letter was re-
ported.

1. Cooper DJ, Rosenfeld JV, Murray L, et al. Decompressive cra-
niectomy in diffuse traumatic brain injury. N Engl J Med 2011; 
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2. Polin RS, Shaffrey ME, Bogaev CA, et al. Decompressive bi-
frontal craniectomy in the treatment of severe refractory post-
traumatic cerebral edema. Neurosurgery 1997;41:84-92.
3. Levin HS, Gary HE Jr, Eisenberg HM, et al. Neurobehavioral 
outcome 1 year after severe head injury: experience of the Trau-
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Outcome after severe head injury: relationship to mass lesions, 
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to the editor: Cooper et al. found that early 
bifrontotemporoparietal decompressive craniecto-
my decreases intracranial pressure and length of 
stay in the intensive care unit but increases the 
proportion of patients with an unfavorable out-
come. Interestingly, this study focused exclusively 
on the monitoring of intracranial pressure and 
focused all its interventions on control of intra-
cranial hypertension. However, there is evidence 
showing that even when intracranial pressure 
and cerebral perfusion pressure are normalized, 
patients with traumatic brain injury may contin-
ue to have severe cerebral hypoxia, with reduced 
oxygen tension in brain tissue, which may explain 

this week’s letters

373 Craniectomy in Diffuse Traumatic Brain Injury

377 Bisphosphonates and Atypical Femoral Shaft 
Fractures

378 Neonatal Cyanosis from a Hemoglobin Variant

378 Counterfeit Bevacizumab and Endophthalmitis

379 Drug-Induced Effects on Erlotinib Metabolism

The New England Journal of Medicine 
Downloaded from nejm.org by JOHN VOGEL on July 27, 2011. For personal use only. No other uses without permission. 

 Copyright © 2011 Massachusetts Medical Society. All rights reserved. 



T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

n engl j med 365;4 nejm.org july 28, 2011374

their poor outcome.1,2 Strategies to improve cere-
bral oxygenation suggest the benefit of multiple 
approaches to monitoring for these patients.3 In 
this context, the only point the Decompressive 
Craniectomy (DECRA) trial may demonstrate, in 
a select group of patients with severe traumatic 
brain injury, is that early bifrontotemporoparietal 
decompressive craniectomy may be harmful when 
its exclusive goal is to reduce intracranial pres-
sure. It would be interesting to know why the in-
vestigators did not incorporate any system for the 
evaluation of cerebral oxygenation.
Carlos M. Romero, M.D.
Hospital Clínico Universidad de Chile 
Santiago, Chile 
caromero@redclinicauchile.cl

No potential conflict of interest relevant to this letter was re-
ported.
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to the editor: The DECRA trial will probably 
cause consternation among neurosurgeons and 
neurointensivists. An important issue inadequate-
ly addressed in the trial is the role of medical 
management in the treatment of elevated intra-
cranial pressure. The trial’s quick-trigger criterion 
for the use of decompressive craniectomy (an in-
crease in intracranial pressure of >20 mm Hg for 
>15 minutes in any single hour after injury, de-
spite the use of “optimized first-tier interven-
tions”) does not give sufficient time to optimize 
management of intracranial pressure. First-tier 
protocols, including the use of sedation, mainte-
nance of a normal carbon dioxide level, optimiza-
tion of blood pressure, use of osmotherapy, and 
drainage of cerebrospinal fluid,1 should be imple-
mented in a standardized, escalated manner be-
fore proceeding to decompressive craniectomy. 
Advancements in critical care have led to clinical-
ly significant improvements in outcomes in trau-
matic brain injury.2 Before exploring a possible 
niche for decompressive craniectomy in the treat-
ment of traumatic brain injury, we first must en-
sure that patients receive the best available medi-
cal therapies. Moreover, new medical therapies 

aimed at preventing the early secondary events in 
patients with traumatic brain injury that cause 
elevated intracranial pressure (e.g., hemorrhagic 
transformation or contusion “blossoming”)2 
should be given equal attention in future ran-
domized, controlled trials.
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to the editor: We read with interest the study 
by Cooper et al. to assess the use of decompres-
sive craniectomy for adult patients with diffuse 
traumatic brain injury. However, in addition to 
supporting the concerns raised in the accompany-
ing editorial,1 we believe that this study shows 
that the normalization of intracranial pressure 
as achieved with decompressive craniectomy is 
probably not the key issue in managing the care 
of patients with traumatic brain injury whose in-
jury is diffuse. It is indeed unfortunate that no 
concomitant measurements of cerebral blood 
flow were performed while intracranial pres-
sure was increasing. The normalization of intra-
cranial pressure does not mean that brain perfu-
sion has been adequate, as has been shown with 
the use of severe hyperventilation.2 Information 
about cerebral blood flow is readily obtained 
with the use of transcranial Doppler ultrasonog-
raphy or a probe to monitor the oxygen tension 
in brain tissue at the bedside, or possibly with 
the use of brain perfusion computed tomography. 
Because brain ischemia is the key factor in de-
termining neurologic outcome after brain injury, 
measurements of cerebral blood flow should be 
considered together with measurements of intra-
cranial pressure in order to properly assess the 
value of aggressive approaches such as decompres-
sive craniectomy in patients with traumatic brain 
injury.
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to the editor: The DECRA study showed that 
the use of decompressive craniectomy for patients 
in whom intracranial hypertension develops after 
traumatic brain injury can ultimately have a neg-
ative effect on their functional status. The au-
thors suggest that axonal stretch, caused by shift-
ing brain bulk, could be responsible. Although 
this suggestion is plausible, it is important to 
consider the possibility that the release of pres-
sure, in and of itself, may have aggravated the 
development of brain edema that would other-
wise have been self-limiting (as suggested by Fig. 1 
of the article and by the fact that mortality re-
mained unaffected). Particularly when the response 
of the brain to variations in infusion pressure is 
impaired and the blood–brain barrier is leaky, 
the sudden increase in transcapillary hydrostatic 
pressure after decompression can promote the 
development of vasogenic edema.1

Unfortunately, there is still no good evidence 
that aggressive efforts to reduce intracranial pres-
sure can improve outcome. Previous studies have 
shown that the use of hypothermia and barbitu-
rates in the treatment of brain injury did not have 
a positive effect on outcome despite clear evi-
dence that these interventions could effectively 
reduce the burden of intracranial pressure.2,3 
Craniectomy has become an example of yet an-
other intervention that is effective in reducing in-
tracranial pressure but not in improving outcome.
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to the editor: The DECRA trial did not show 
improved outcome with craniectomy, and in par-
ticular showed no reduction in mortality despite 
lowering intracranial pressure. However, although 
intracranial pressure was lowered through de-
compression, intracranial pressure was not ex-
cessively high in the medical group.

Recordings of intracranial pressure after head 
injury show that thresholds of 25 mm Hg deter-
mine outcome.1 Therefore, patients likely to bene-
fit from decompression are those with uncon-
trollable intracranial pressure above 25 mm Hg.

The protocol for the RESCUEicp (Randomized 
Evaluation of Surgery with Craniectomy for Un-
controllable Elevation of Intracranial Pressure) 
trial differs from that of the DECRA trial in terms 
of intracranial pressure threshold, timing of sur-
gery, acceptance of contusions, and duration of 
follow-up. The cohort profiles and criteria for 
entry and randomization in the two studies are 
therefore very different. Hence, the DECRA re-
sults should not deter recruitment into other sur-
gical evaluation studies. As of June 30, 309 of the 
target of 400 patients had been recruited for the 
RESCUEicp trial.

We believe that other patients should be stud-
ied in trials incorporating multicenter randomiza-
tion, focused imaging, and the monitoring of in-
tensive care to increase our understanding of the 
pathophysiology of the brain’s response to decom-
pressive craniectomy.
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Peter J. Kirkpatrick, F.R.C.S. (SN), F.Med.Sci.
University of Cambridge 
Cambridge, United Kingdom 
pjah2@cam.ac.uk

for the RESCUEicp Central Study Team
No potential conflict of interest relevant to this letter was re-

ported.

1. Balestreri M, Czosnyka M, Hutchinson PJ, et al. Impact of 
intracranial pressure and cerebral perfusion pressure on severe 
disability and mortality after head injury. Neurocrit Care 
2006;4:8-13.

The New England Journal of Medicine 
Downloaded from nejm.org by JOHN VOGEL on July 27, 2011. For personal use only. No other uses without permission. 

 Copyright © 2011 Massachusetts Medical Society. All rights reserved. 



T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

n engl j med 365;4 nejm.org july 28, 2011376

The Authors Reply: To respond to the issues 
raised by Timmons et al.: First, we excluded pa-
tients with mass lesions because outcomes for 
these patients are different from outcomes among 
patients without lesions, and findings from clin-
ical series with mixed types of traumatic brain 
injury have been misleading. Further investiga-
tion is required to determine the generalizability 
of findings from the DECRA trial to conditions 
other than diffuse traumatic brain injury. Second, 
different surgical approaches to traumatic brain 
injury are preferred by different neurosurgeons; 
there is no consensus. The DECRA procedure, a 
modified version of the Polin procedure,1 signifi-
cantly decreased intracranial pressure without evi-
dence of injury caused by leaving the falx intact 
or by dividing it. Third, we are not aware of any 
major differences in the treatment of patients with 
traumatic brain injury that have accrued over the 
time frame of our study; such differences are not 
evident in practice guidelines.2 Furthermore, we 
stratified randomization according to center and 
performed randomization in small blocks, such 
that changes in practice would have applied to 
both groups. Fourth, there was baseline balance 
between groups for the two most important prog-
nostic factors: age and motor score on the Glasgow 
Coma Scale. The treatment effect was still signif-
icant after adjustment for four prespecified co-
variates. In accordance with the protocol, patients 
with fixed dilated pupils were excluded. IMPACT3 
algorithms make it clear that pupil reactivity is 
less important than other covariates, and the base-
line imbalance was exaggerated due to missing 
values: after adjustment for pupils alone in all pa-
tients, those who had craniectomy had worse out-
comes (odds ratio, 2.00; 95% confidence interval, 
1.02 to 3.94; P = 0.04). Finally, there was a rising 
trend in intracranial pressure to 23 mm Hg before 
randomization.1 Pilot data supported the use of an 
application of intracranial pressure of 20 mm Hg, 
as recommended in the practice guide lines.2,4 We 
know of no mechanism that would support the 
suggestion that patients might benefit from a de-
lay in effective intracranial pressure control and 
acceptance of pressures greater than 20 mm Hg 
for longer periods before craniectomy.

Six large North American centers agreed to the 
DECRA protocol before deciding to participate 
and did not raise concerns about the design. We 
believe the conclusions derived from the DECRA 
trial should lead to practice change.

Romero asks about monitoring oxygenation of 
brain tissue, and Hautefeuille et al. ask about the 
measurement of cerebral blood flow. Although 
both procedures are routine in some centers, nei-
ther is a standard of care. Patients in the DECRA 
trial had better functional outcomes when stan-
dard care was provided (including inducement of 
coma with a barbiturate in 77% of patients receiv-
ing standard care) than when more effective con-
trol of intracranial pressure was provided through 
craniectomy. It would be interesting to see the re-
sult of a randomized trial in which the effect of 
intracranial-pressure monitoring itself is assessed.

Simard et al. suggest that insufficient time 
was allowed for the optimization of first-tier 
therapies. However, a tiered suite of therapies 
was defined, and after heavy sedation, paralysis 
was induced in 78% of patients, external ven-
tricular drainage was used in 100%, and barbi-
turates were used in 77% before randomization. 
Most (86%) did not require second-tier therapies.

We agree with Cremer and Slooter that vaso-
genic edema may have contributed to adverse re-
sults. In addition, clinicians used fewer intracranial 
pressure interventions after craniectomy, whereas 
brain edema may have actually been increasing.

In the RESCUEicp trial, Hutchinson and Kirk-
patrick use an intracranial pressure threshold of 
25 mm Hg, although this threshold is not rec-
ommended in practice guidelines,2,4 and is not 
used in routine practice. Their results will com-
plement ours and are eagerly awaited.
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