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The effect of craniectomy size on mortality, 
outcome, and complications after decompressive 
craniectomy at a rural trauma center

Introduction

Decompressive craniectomy (DC) is a salvage procedure 
for patients with severe traumatic brain injury (TBI) or 
other conditions producing refractory increased 
intracranial pressure. The rationale for its use is based 
upon the Monro‑Kellie doctrine and the procedure was 
first described by Kocher in 1901 and Cushing in 1905.[1] 

Initial experience with this procedure for traumatic injury 
was not encouraging; however, recent studies have shown 
a good neurologic outcome among survivors, defined as a 
Glasgow Outcome Scale (GOS) of 4‑5, to be up to 50‑70%.
[2] Enthusiasm has grown for the use of this procedure 
at such a rate that in 2010 alone, over 130 publications 
were added to the literature. Although there is a marked 
heterogeneity of cerebral pathophysiologic processes 
among patients with post‑traumatic brain swelling,[3] 
decompressive craniectomy after traumatic brain injury 
can lead to a variety of therapeutic effects: Enlargement 
of the intracranial space and intracranial volume 
with consequent restoration of perimesencephalic 
cisterns, decrease in midline shift, and improvement 
of cerebral compliance;[4] reduction of intracranial 
pressure  (ICP);[5] an increase in cerebral blood flow 
and perfusion;[4] and improvement of cerebrovascular 
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ABSTRACT

Introduction: Decompressive craniectomy  (DC) has increasing support with current studies suggesting an 
improvement in both survival rates and outcomes with this intervention. However, questions surround this procedure; 
specifically, no evidence has indicated the optimal craniectomy size. Larger craniectomy is thought to better decrease 
intracranial pressure, but with a possible increase in complication rates. Our hypothesis is that a larger craniectomy 
may improve mortality and outcome, but may increase complication rates. Materials and Methods: A retrospective 
observational therapeutic study was undertaken to determine if craniectomy size is related to complication rates, 
mortality, or outcome. Our institution’s Trauma Registry was searched for patients undergoing DC. Craniectomy size 
was measured by antero‑posterior (AP) diameter. Mortality, outcome (through admission and discharge Glasgow Coma 
Score and Glasgow Outcome Scale), and complications (such as re‑bleeding, re‑operation, hygroma, hydrocephalus, 
infection, and syndrome of the trephined) were noted. Complications, mortality, and outcome were then compared 
to craniectomy size, to determine if any relation existed to support our hypothesis. Results: 20 patients met criteria 
for inclusion in this study. Craniectomy size as measured by AP diameter was correlated with a statistically significant 
improvement in mortality within the group. All patients with a craniectomy size less than 10 cm died. However, 
outcome was not significantly related to craniectomy size in the group. Similarly, complication rates did not differ 
significantly compared to craniectomy size. Discussion: This study provides Level 3 evidence that craniectomy size 
may be significantly related to improved mortality within our group, supporting our initial hypothesis; however, no 
significant improvement in outcome was seen. Similarly, in contrast to our hypothesis, complication rates did not 
significantly correlate with craniectomy size.
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regulation.[6] A multitude of controversies remain 
regarding particular aspects of the surgery, including 
optimal patient populations, timing, and technique. 
Although the results of the recent DECRA trial showed 
worse outcomes among patients undergoing DC for 
diffuse cerebral edema compared to maximal medical 
therapy, the outcomes are thought to be different for 
DC combined with mass lesion removal.[7] The location 
of the craniectomy may vary between unilateral or 
bilateral temporofrontoparietal or bifrontal.[8] The hinge 
craniectomy method has been described.[9] Although 
it is generally accepted that DC is most effective with 
expansion duraplasty, there are a number of methods 
for this as well.[10,11] The optimal amount of extension 
of the craniectomy into the middle cranial fossa is 
debated, as is the proximity of the craniectomy edge 
to the midline.[12] In addition, the optimal size of the 
craniectomy, which can balance maximal decompression 
and optimize outcome without increasing the risk of 
complications, is still unknown. In this study we sought 
to look specifically at craniectomy size and its relation to 
outcomes, mortality, and complications. Our hypothesis 
was that an increased craniectomy size may lead to 
improved outcomes and mortality, but may also lead to 
more complications.

Materials and Methods

This was a retrospective, IRB‑approved study conducted 
at a rural, Level One trauma center with a large rural 
catchment area and predominantly blunt trauma 
mechanisms. The Trauma Registry was utilized 
to identify all patients who had a decompressive 
craniectomy for severe traumatic brain swelling and 
evidence of elevated intracranial pressure during the 
years 2002‑2009. Exclusion criteria included age less 
than 18, patients who had DC for a reason other than 
trauma, death prior to the first post operative computed 
tomography  (CT) scan  (due to inability to measure 
craniectomy size), and those in whom a bilateral DC 
was performed as the initial surgery. Twenty patients 
met such criteria. Specific patient data included the 
mechanism of injury, admission and discharge Glasgow 
Coma Scale  (GCS), Injury Severity Score, disposition 
upon discharge, and mortality. Clinical information 
from the discharge summary was used to confirm GCS 
and also formulate a discharge GOS. These factors were 
used to determine the overall outcome and mortality. 
The initial operative plan including craniectomy versus 
traditional craniotomy, as well as use of expansion 
duraplasty, was extracted from the operative note. 
Complications such as hydrocephalus, infection, 
stroke, hemorrhage, and reoperation were identified 

in order to relate these to the craniectomy size. Clinic 
documentation was utilized to identify long‑term 
neurologic deficits such as monoparesis or seizures. 
When these were associated with the presence of midline 
shift on imaging and reversed with cranioplasty, these 
deficits were considered to constitute a “syndrome 
of the trephined.” In order to assess the craniectomy 
size, each slice of the first postoperative CT scan was 
examined, with the largest anterior to posterior  (AP) 
diameter of craniectomy recorded. Further CT scans 
were examined for evidence of hemorrhage, infarction, 
negative pressure mass effect, and subdural hygromas, 
as a further confirmation of complications. An attempt 
at calculating area of the craniectomy was made, using 
the previously published equation of De Bonis, adapted 
from that of Munch.[12,13] [Figure 1]. However, upon use 
of the equation it appeared to be affected by the amount 
of cerebral swelling and herniation through the defect, 
raising the concern that this additional variable may be 
included as a confounder to the equation. Therefore, 
only AP diameter was used. The AP diameter was 
compared to mortality, outcome, and complications. 
With the assistance of a biostatistician, logistic regression 
analysis was used to assess the dependence of these 
factors on craniectomy size. A P value of less than 0.05 
was considered significant. Analyses were carried out 
using JMP Software (Version 9, SAS Institute, Cary, NC).

Results

Demographic information, which does not directly 
relate to the hypothesis, however may impact the 
applicability of our findings to other patient populations, 
is as follows: The patients in our study ranged in age 
from 18 to 66, with a mean age of 37.9. Eighteen of the 

Figure 1: Method of craniectomy size measurement. D: Antero-posterior 
diameter as per De Bonis equation. H: Maximum perpendicular width 
from d to margin of brain tissue
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patients were males. All patients had an associated 
mass lesion. Admission GCS ranged from 3 to 11, with a 
mean of 3.75; however, this may have been confounded 
by rapid‑sequence intubation in the majority of patients. 
The most common mechanism of trauma was a motor 
vehicle accident in eight patients, followed by four falls, 
three motorcycle accidents, one pedestrian versus car 
injury, one assault, and one crush injury. Injury severity 
score (ISS) ranged from 16 to 45, with an average of 31. 
Individual data may be found in Table 1. Initial CT result 
showed evidence of mass lesion with cerebral edema or 
mass effect in all patients. The decision to operate was 
made by patient exam and CT findings, as well as by 
intracranial pressure if a monitor was placed prior to 
surgery. All patients except four had a pre‑operatively 
planned decompressive craniectomy. The remaining four 
had a craniectomy performed after cerebral edema was 
encountered in the operating room. All patients but one 
had an expansion duraplasty. In all cases the size of the 
craniectomy was dependent upon the discretion of the 
operating surgeon. The AP diameter of the craniectomy 
was found to range from 8.1 to 13.9 cm.

The average diameter was 11.25  cm. Craniectomy 
area as calculated by the De Bonis equation, although 
not used for analysis due to the confounding factor 
of brain herniation within the equation, averaged 
124 cm2. A significant relationship (P = 0.0323) between 
increasing craniectomy size and decreased mortality was 

discovered. Furthermore, all patients with a craniectomy 
with AP diameter of less than 10 cm died. Outcome as 
measured by GOS and GCS upon discharge were not 
significantly related to craniectomy size; although there 
was a non‑significant trend towards improved GCS 
and GOS with increased craniectomy size, this likely 
reflects mortality. The trend of improved GOS and GCS 
remained non‑significant when the outcome of survivors 
alone was compared. The rate of each complication, 
as well as the complication rate in general, was not 
significantly related to craniectomy size. Sixteen patient 
experienced complications after surgery  [Figure  2]. 
Two patients had hydrocephalus, defined as increasing 
ventricular size or intracranial pressure, or neurologic 
decline, requiring extra ventricular drain conversion to a 
ventriculoperitoneal shunt for permanent CSF diversion. 
Twelve patients had hypodensity on follow‑up CT scan 
consistent with infarct. Four patients had neurologic 
deficit which resolved after cranioplasty consistent 
with syndrome of the trephined. Four patients required 
reoperation, three of which were for hemorrhage either on 
the ipsilateral or contralateral side. The remaining patient 
underwent surgery to increase the size of his craniectomy 
after persistent swelling and brain herniation. There were 
no operative site infections in our series. Ten patients 
had evidence of a subdural effusion on follow‑up 
CT scans, but none of these were symptomatic. Since 
some complications such as hydrocephalus or syndrome 
of the trephined might be expected only with patients 

Table 1: Patient clinical characteristic upon admission and at discharge
Patient Age Sex Admit 

GCS
ISS Mechanism APD Discharge 

GCS
Dispo GOS Complications

1 65 F 3 21 Fall 8.1 3 Expired 1 None
2 60 M 3 29 MCC 7.7 3 Expired 1 Infarct
3 66 F 11 16 MVC 8.7 3 Expired 1 None
4 42 M 7 21 Fall 9.6 3 Expired 1 Infarct, hygroma, hemorrhage
5 20 M 3 30 MVC 10 7 Home 3 Hydrocephalus, infarct, hemorrhage, reoperation
6 26 M 3 17 ATV 10.8 14 Rehab facility 4 Hydrocephalus, infarct, hygroma, hemorrhage, 

reoperation
7 31 M 3 45 ATV 10.1 15 Home 5 None
8 24 M 3 38 MVC 11.4 11T SNU 3 Syndrome of the trephined, hygroma
9 25 M 3 35 MVC 10.6 3 Expired 1 Infarct, hemorrhage
10 19 M 3 26 MCC 11.5 15 Home 5 Hygroma, hemorrhage
11 67 M 3 35 MCC 12.6 10T Acute Care Hospital 3 Hygroma
12 61 M 3 38 Fall 11.2 9T Nursing home 3 Syndrome of the trephined, hygroma
13 51 M 3 38 Crush injury 11.8 3 Expired 1 None
14 23 M 3 26 Ped vs car 11.5 15 Home 5 Infarct, hygroma
15 25 M 5 36 MVC 13 9T Rehab facility 3 Infarct, syndrome of the trphined, hygroma
16 18 M 3 45 MVC 13.1 15 Rehab facility 5 Hemorrhage, reoperation
17 20 M 3 33 Assault 13.5 4T Acute Care Hospital 2 Infarct, hygroma
18 47 M 3 20 Fall 13.1 3 Expired 1 Infarct, hemorrhage, reoperation
19 44 M 4 26 MVC 12.3 3 Expired 1 Infarct
20 23 M 3 45 MVC 13.9 15 Home 5 Infarct, syndrome of the trephined, hygroma
GOS - Glasgow coma scale, APD - Anteroposterior diameter, ATV - All-terrain vehicle accident, Dispo - Disposition upon discharge, MVC - Motor vehicle accident, 
MCC - Motorcycle accident, SNU - Skilled nursing unit
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demonstrating long‑term survival, complication rates 
were compared both overall and among survivors only. 
However, these factors remained non‑significant when 
assessed only in survivors.

Discussion

This retrospective study examined the effect of craniectomy 
size on mortality, outcomes and complications, 
with the hypothesis that a larger craniectomy may 
improve mortality and outcome, but may also increase 
complications. We demonstrate a significant relationship 
of improved mortality with increasing craniectomy size 
in decompressive craniectomy for trauma and mass 
lesion evacuation, and our data suggests an absolute 
minimum AP diameter of 10  cm. However, our data 
did not demonstrate a significant relationship between 
craniectomy size and outcome, nor complication rate. No 
change in outcome was seen, nor was there an increased 
rate of complications with increased craniectomy size. 
Both of these may relate to the sample size. The mortality 
rate, outcomes and complication rates are consistent 
with previously published data, with the exception of 
the number of patients who suffered from syndrome 
of the trephined. This is rarely mentioned in case series 
of DC, except in the form of case reports. Because of 
significant variation in the specifics of the craniectomy 
procedure, as well as geographical variation in its use, 
we feel that the experience of rural centers such as 
ours is valuable. The importance of craniectomy size 
has been recognized in the past, since a larger size 
increases the area of possible brain expansion during 
cerebral edema, while simultaneously decreasing the 
amount of venous congestion around the edges of the 
craniectomy site. However, increasing craniectomy 
size has been associated with increased complication 
rates, and DC is well known to be a morbid procedure 
with a reported overall complication rate of 55% in a 

recent retrospective review of a large series of such 
patients.[14] Some of the earliest work on importance of 
craniectomy size was done in studies assessing DC in 
patients with malignant middle cerebral artery (MCA) 
infarction. Wirtz and colleagues assessed the area of 
craniectomy for malignant MCA infarction and found 
no relation to mortality for their study population 
although the average area of the craniectomy was only 
84.3 cm2.[15] Wagner and colleagues looked at the AP 
diameter of the craniectomy and attempted to correlate 
this with outcome or mortality, but were unsuccessful.[16] 
However, they noted that in smaller craniectomies, the 
area of infarcted brain was more likely to hemorrhage, 
and since this led to worse outcome among their study 
population, they postulated that a craniectomy smaller 
than 12 cm may lead to improved mortality or outcome 
by virtue of decreased incidence of hemorrhagic 
conversion of infarcted tissue.[16] However, the difference 
in pathophysiology and patient populations in MCA 
infarction, as well as the stroke‑specific complication of 
a hemorrhagic transformation of infarcted brain makes 
the applicability of this data to trauma patients uncertain. 
More recent studies in the TBI patient population have 
compared two extremes of craniectomy size, with a 
comparison of 8 cm and 12 cm diameter craniectomies 
in one study, and an additional one comparing 8  cm 
and 15 cm craniectomies.[17,18] Although they found an 
improved outcome with the larger craniectomy size, an 
increased complication rate was also noted. In order to 
further elucidate the optimal craniectomy size, several 
other studies have been carried out. In 2000, Munch 
attempted to relate the area of the craniectomy with the 
amount of herniated brain, but found no relation of this 
to a decrease in midline shift or a decrease in ICP.[13] In 
2006, Skoglund et al. reported contradicting data showing 
a decrease in ICP depending upon the craniectomy size, 
but did not correlate this with outcome.[19] In 2008, Gao 
and colleagues attempted to use biomechanical modeling 
to determine an optimal craniectomy size.[20] Our results 

Figure 2: Post-operative complications after decompressive craniectomy. (a) Contralateral hemorrhage necessitating further surgery. 
(b) Asymptomatic subdural hygroma. (c) Sinking scalp flap which, accompanied by neurologic deterioration, signifies syndrome of the trephined
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indicate that larger craniectomies may result in improved 
mortality for patients with severe brain injury with 
cerebral edema and an associated mass lesion. The 100% 
mortality of patients having a craniectomy less than 
10  cm suggests an absolute minimum of craniectomy 
size. Furthermore, even when craniectomy is not planned 
preoperatively, a large craniotomy flap should be used 
in case severe swelling is encountered in the operating 
room. This may diminish the amount of axonal stretch or 
venous congestion of the herniated brain tissue. In spite 
of the difference in mortality, a difference in outcome 
based upon craniectomy size was not seen in our series. 
The rate of complications in DC is markedly higher 
than in traditional craniotomy. This is thought to be 
due both to the critical nature of illness and to the large 
craniectomy size. De Bonis has studied the incidence of 
hydrocephalus in craniectomy patients and postulates 
that both increasing craniectomy size and proximity of 
the superior craniectomy edge to midline increase the 
risk of hydrocephalus in this patient population.[12] In 
our series, we did not demonstrate a higher complication 
rate with larger craniectomies although this may relate 
to the sample size. Our complication rates appear to be 
on par with other studies of DC and summarized by 
Honeybul,[21] with the exception of four patients (20%) 
who experienced the syndrome of the trephined, which 
has previously been reported to have a much lower 
incidence, only 1.2% in Honeybul’s most recent large 
series.[14] This may warrant further study. Overall, our 
findings further argue for larger craniectomy size, 
since survival appears to be improved without risk of 
increased complications. Central to the hypothesis of 
our paper is the method of calculating craniectomy 
size. Although not specifically assessed in this study, it 
appears that AP diameter may be superior to calculations 
of area to assess craniectomy size because of difficulty 
in differentiating craniectomy diameter and brain 
herniation. The craniectomy size has been measured 
by a number of methods in previous studies, both 
various measurements of area and AP diameter. The AP 
diameter, while a less direct measurement of craniectomy 
size than an area calculation, is reproducible and readily 
obtained. Several equations have been used for area 
calculation, but these are both overly complex and fail 
to account for the oval, rather than spherical, shape of 
the human skull. In addition, attempts at calculating the 
diameter of the craniectomy flap is often confounded by 
the diameter of the herniated brain tissue, introducing a 
confounder into the equation. This is especially critical 
since brain herniation likely is an indicator of more 
severe disease.

Enthusiasm for DC may falter given the recent results 
of the DECRA trial.[22] Indeed, these results call for a 

careful assessment of benefits and risks for patients 
with severe traumatic brain injury, an intractable 
and costly problem worldwide with few therapeutic 
options. However, the craniectomy procedure is still in 
its infancy as regards to optimal patient populations, 
technique, and timing. Recent unpublished data by 
Narenthiran and colleagues have noted wide variation 
in practice regarding decompressive craniectomy among 
neurosurgeons worldwide. As noted by Aarabi and 
colleagues, DC combined with mass lesion evacuation 
rather than for diffuse cerebral edema constitute a 
distinct patient group.[7] As noted by Servadei in his 
editorial regarding the DECRA study, DC combined 
with mass lesion evacuation is more common and more 
clinically applicable than that for diffuse cerebral edema.
[23] We hope that this retrospective review has helped add 
to the literature regarding specifics of the technique of 
decompressive craniectomy, and have demonstrated 
with this study that craniectomy size has a significant 
relationship with mortality, although we were unable 
to demonstrate a significant relationship with outcome 
or complication rate.
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