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Case Series

Clinical spectrum and radiographic features of the
syndrome of the trephined
Cara L. Sedney, William Dillen1, Terrence Julien2
Department of Neurosurgery, West Virginia University, Morgantown, 2Department of Neuroscience, Marshall University, Huntington,
West Virginia, 1Department of Neurosurgery, University of Kentucky, Lexington, Kentucky, USA

$%675$&7
Object:         Ǥ     ȋȌ   
craniectomy results in neurologic symptoms that are reversible with cranioplasty. While well-documented,
previous literature consisted of case reports, symptom spectrum and risk factors have not been well characterized.
Materials and Methods: A retrospective review of 29 consecutive cases who underwent decompressive craniectomy
͟͜ǦǤ ơ  
Ƥ ͟ Ǥ   
information, clinical symptoms patterns, indication for and size of craniectomy, as well as radiological signs were tested.
Results:ȋ͞͠τȌǤ    
 Ǥ       Ƥ  Ǥ
   ǡƪ ǡ ơ 
 Ƥ ǤConclusion:  ǡ  
   Ǥ   
 Ǥ
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Introduction
Craniectomy is an increasingly common neurosurgical
procedure for a variety of pathologic processes. The
syndrome of the trephined (ST) results in reversible
neurologic symptoms or behavioral disturbance and
ȱ ȱ ȱ Ğȱ ¢ǯȱ ȱ ȱ ȱ
¢ȱȱ¢ȱ ȱȱŗşřşȱȱ ȱȱȱ
ȱ¢ȱ¢ȱȱǰȱĴȱȱȱȃȱȱ
¢Ȅȱȱȱȱȱȱȱȱǯ[1]
ȱ ¢ȱ ȱ ȱ ȱ ȱ ȱ ȃ¢ȱ ȱ
ȱȱȱĚȄȱ¢ȱȱȱǯǽŘǾ The
spectrum of symptoms resulting from this syndrome
can range from seizures, headache, neurospsychiatric
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ǰȱ ȱ ǰȱ ȱ ¢ǰǽřǾ
ȱȱ¢ǯǽŚǾȱ ȱȱȱȱ
with this syndrome were small, to which a variety of
ȱȱȱȱȱȱȱęȱǯȱ
The significance of this syndrome has increased in
recent years due to the increasing popularity of large
craniectomies for such pathology as trauma and
ȱǯȱ ȱȱ¢ȱ£ȱȱ
ȱȱȱǰȱǰȱǰȱȱȱ
spectrum. This study aims to report the prevalence,
clinical characteristics, and radiological signs associated
with the syndrome of the trephined.

Materials and Methods
ȱ ȱ ¢ȱ ȱ ȱ ȱ ȱ
approval, with the aim to assess the clinical spectrum
and radiographic features of ST. All patients
undergoing craniectomy for any reason followed by
¢ȱ ȱȱřŖȬȱȱ ȱȱ
for analysis based on review of our facility’s operative
procedures database, and a case-control analysis
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was conducted comparing those with and without
ǰȱ ȱ ęȱ ¢ȱ ȱ ȱ ȱ ȱ ȱ ęȱ
ȱȱ ȱřȱ ȱȱ¢ǯȱȱ
undergoing craniectomy without cranioplasty were excluded.
The symptom complex, reason for craniectomy,
craniectomy size, demographic data, and radiographic
ęȱ ȱ ǯȱ ȱ ȱ  Ȭȱ ȱ ȱ
radiographic studies were reviewed. Radiographic
ęȱ ȱȱȱȱȱȱȱ
computed tomography (CT) imaging. The craniectomy
size was defined as the maximal anteroposterior
ȱȱ£ȱȱǰȱȱȱȱ ȱ
by our group.ǽśǾȱ ȱ ęȱ ȱ ȱ
ȱěǰȱȱĞǰȱȱȱȱȱ
Ěȱȱȱȱȱǯȱȱęȱ ȱȱ
ȱ ȱ ¢ȱ ȱ ę¢ȱ ȱ ȱ ȱ ǯȱ
ȱ ěȱ ȱ ȱ ȱ ȱ ȱ ȱ
ȱ ȱȱǯȱȱĞȱ ȱȱ
ȱ ȱ ȱ ȱ ȱ ȱ ȱ ȱ ȱ ȱ ȱ
ǯȱȱȱȱĚȱȱ ȱȱȱȱȱ
Ěȱȱ ȱȱ ȱȱȱȱȱǯ
Statistical analysis included comparison of the two groups
using P ǰȱ ȱȱęȱȱęȱ
as a P ȱȱȱȱŖǯŖśǯȱ Ȭȱȱ
using discrete numerical data were analyzed using
Ȃȱ¡ȱȱǻ ȱȱȬ ȱ¡ȱȱ
ȱ¢ȱȱȱŘȱƼȱŚȱ¢ȱǼǯȱ Ȭȱ
comparisons using continuous numerical data were
analyzed using unpaired T-tests.

Results
ȱȱȱȱȱȱŘşȱǯȱȱ
ȱȱ ȱřŚǯŝȱ¢ǯȱȱ¢ȱȱȱ
craniectomy consisted of trauma, infarction, infection,
and hemorrhage, although the most common pathology
ȱ ȱ ǽȱ ŗǾǯȱ ȱ ȱ ¢ȱ
£ȱ ȱ ȱ ȱ ȱ ȱ şǯŜȱ ǯȱȱ ȱ ȱ
ǯȱ ȱȱ ȱȱȱ ȱǯȱ ȱ

ȱȱǰȱŝȱȱȱȱǻŘŚƖȱȱȱ
ȱǲȱŘśǯşƖȱȱȱȱȱ ȱ ȱȱ
was available).
ȱȱȱȱǰȱȱ¢ȱȱ
ȱȱȱȱȱȱȱǻęȱǼȱ
or as acute deterioration (two patients). The presenting
symptoms included tremor, paresis, aphasia, and
Ȧȱ ęǯȱ ȱ ȱ ȱ ȱ ȱ ¢ȱ
patients undergoing craniectomy for infection, which
may relate to a smaller overall craniectomy size (average
8.1 cm). Headache was not a presenting symptom for
any patient. Time between craniectomy and cranioplasty
ȱȱŚȱ ȱȱȱȱŗȱ¢ǰȱȱȱ
patient condition and comorbidities.
There was no statistically significant difference in
patient age or craniectomy size between ST and
non-ST groups, although there was a non-statistically
significant trend toward ST development in older
patients and those with larger craniectomies [Table 1].
ȱ ȱ  ȱ ȱ ȱ ǰȱ ȱ
shift, and ventricular effacement and ST was
ȱ ǽȱ ŗǾǯȱ ȱ ȱ ȱ ȱ ȱ ȱ
ȱȱȱěȱȱȱęȱ
ȱ ȱ ŞŜƖȱ ȱ şśƖǰȱ ¢ȱ ǽȱ ŘǾǯȱ
Both of the acutely deteriorated patients demonstrated
ȱȱȱȱǻŘȦŘǼǰȱ ȱ¢ȱȱ
ȱȱęȱȱȱȱȱȱȱ
radiographic indicators.
Illustrative case
ȱŚśȬ¢ȬȱȱěȱȱǰȱĞȱȱ
infarction. Because of his young age, and at the
strong request of his wife, who noted that he would
wish to be alive even if hemiparetic and aphasic as

Table 1: Radiographic and clinical characteristics
>APSAAJ PDA 01 ĠOUJ@NKIA KB PDA PNALDEJA@  CNKQL 
and the non-ST group
Radiologic
characteristic
#XGTCIGCIG
%TCPKGEVQO[UK\G
/CUUGHHGEV
/KFNKPGUJKHV
5WPMGPUMKPƀCR

ST group

Non-ST group

P value

 5'/
 5'/
 
 
 

 5'/
 5'/
 
 
 

0.1955
0.4826
0.0089
0.0496


5'/5VCPFCTFGTTQTQHVJGOGCP565[PFTQOGQHVJGVTGRJKPGF0WODGTU
KPRCTGPVJGUGUTGRTGUGPVRGTEGPVCIGQHVJGVQVCN

1=>HA ġ 0AJOEPEREPU =J@ OLA?Eł?EPU KB N=@EKHKCE?
factors to predict syndrome of the trephined
Figure 1: $CT ITCRJ FGOQPUVTCVKPI VJG FKUVTKDWVKQP QH GVKQNQIKGU HQT
ETCPKGEVQO[

5GPUKVKXKV[
5RGEKſEKV[
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0.95

Midline shift
0.4285
0.85

5WPMGPUMKPƀCR
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long as he was able to enjoy watching his horses in
his yard, a partial temporal lobectomy as well as
decompressive craniectomy was performed for brain
swelling and decreased consciousness. Post-operatively
he experienced a prolonged hospital course complicated
by a post-operative wound infection requiring multiple
wound washouts. He was able to be discharged to rehab
alert and participatory, but hemiparetic on the right with
ȱ¡ȱȱȱ¡ȱȱȱǯȱ
He did well with rehabilitation but due to medical issues
and the requirement for clearance from infectious disease
prior to his cranioplasty, did not present for cranioplasty
ȱŗŘȱȱĞȱȱ¢ǯȱȱȱȱȱ
was ambulatory with a cane, although spastic on the
right side, and continued to have expressive aphasia.
ȱȱȱ¢ȱȱȱȱĚȱǰȱ
ȱ ȱ ȱ ȱ ȱ ȱ ǽȱ ŘǾǯȱ
The patient underwent placement of a customized
cranial implant without complication and was able to
be discharged the next day. The patient’s wife noted
ȱȱȱȱ¢ȱȱ£ȱĞȱ
¢ǰȱȱȱȱŘȱ ȱ ȱȱȱ ȱȱ
ȱȱĚȱȱǰȱȱȱȱȱ
ȱȱȱȱȱȱȱȱ ǯ

 ȱ¢ȱ¢ǰȱet al.ǽŝǾ Stiver, et alǯȱȱǰȱet al.
ȱȱȱȱĚ ȱȱȱȱȱȱ
ȱȱ ȱȱĞȱ¢ǯǽŞǰşǾ We saw no
ȱ ȱ ȱ ¢ȱ ȱ ȱ ȱ ǲȱ
 ǰȱȱęȱ¢ȱȱȱ¢ȱȱȱ
craniectomy size in this group.

Discussion

ȱ ȱ ȱ ȱ ȱ ȱ
ȱ ¡ȱ ȱ ¢ȱ ¢ȱ Ĝǰȱ  ȱ ȱ
etiology of craniectomy was significantly related to
the development of ST, with no patients undergoing
craniectomy for infection going on to develop this
¢ǲȱ ǰȱȱ¢ȱȱȱ¢ȱȱȱ
craniectomy size in patients with post op infections.
Although in the recent literature, ST is mentioned
most frequently in relation to trauma, patients with
non-traumatic hemorrhage and malignant infarction
also developed ST in our series.

ȱȱ¢ȱȱȱȱȱȱ ȱȱ
growing popularity of decompressive craniectomy for
a variety of pathologic entities. A variety of mechanisms
have been proposed for ST. The original pathology was
thought to be compression of the underlying cortex
¢ȱ ȱ ȱ ǯȱ ǰȱ et alǯȱ ȱ ȱ
hydrodynamic abnormalities including resting pressure,
Ĵȱȱǰȱěȱǰȱȱȱȱ
pressure, and pulse variations at resting pressure.ǽŜǾ
ȱȱ¢ȱȱĚ ȱȱȱȱ
junction were demonstrated on dynamic phase-contrast

Figure 2: #ZKCN PQPEQPVTCUVGF EQORWVGF VQOQITCRJ[ QH VJG JGCF
FGOQPUVTCVKPI RTGQRGTCVKXG NGHV  CPF RQUVQRGTCVKXG TKIJV  KOCIKPI
CHVGTETCPKQRNCUV[KPCRCVKGPVYKVJRNCVGCWQHURGGEJTGJCDKNKVCVKQP
440

ȱȱǰȱȱȱȱȱȱȱȱȱȱ
ȱȱ¢ȱȱŘŚƖǯȱȱȱȱȱ
incidence than the commonly reported rates of ST
for patients undergoing decompressive craniectomy
ȱ ȱ ȱ ¢ȱ ȱ ǯȱ ȱ ȱ
ȱ ȱ ŗŜŚȱ ȱ ȱ ǰȱ
¢ȱ ȱ ȱ ȱ ȱ ȱ ȱ ¢ȱ ŗǯŘƖǯǽŗŖǾ
However, in a later article they document an overall
ȱȱȱȱȱĞȱ
cranioplasty in patients with craniectomy, noting that
the syndrome of the trephined may be more common
than previously thought.[11] Additionally, a retrospective
 ȱȱřŞȱȱĞȱȱ¢ȱ
ȱȱȱȱę¢ȱȱȱȱ
ǰȱ ȱŘŜƖȱȱȱȱȱȃȱȱ
syndrome” consisting of monoparesis.ǽŗŘǾ This discrepancy
may relate to timing of the cranioplasty procedure.

ST may manifest as either chronic arrest of rehabilitation
or as acute deterioration and therefore physicians
involved in the post-surgical care of these patients as well
as rehabilitation should have a high index of suspicion
for the development of this syndrome. The presentation
of chronic arrest of rehabilitation has previously
been described in a series of two cases by Janzen and
colleagues.ǽŗŘǾ Acute deterioration has been described
ȱ ȱ ¢ȱ ȱ ȱ ǰȱ ȱ ȱ ȱ
change in neurological status occurred in a patient with
previously normal functioning, which improved with
cranioplasty.ǽřǰŚǾ Both presentations were seen in our
ǲȱ ǰȱȱȱȱȱ ȱȱ
ȱȱȱĜȱȱǯ
ȱȱȱȱ ȱȱȬ¢ȱęȱ
trend toward the development of ST with a larger
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craniectomy. There is furthermore a non-significant
ȱ ȱȱȱȱȱȱȱǯȱ ȱ
is possible that these factors would become statistically
ęȱȱȱȱȱȱǯ
ȱ ǰȱ ȱ ǰȱ ȱ ȱ
scalp flap contour were all significantly more common
in the ST group. Mass effect was most specific for ST
ȱȱȱȱȱ ȱȱǯȱ
These predictive factors may aid in diagnosis of ST
and also in counseling of patients and family as to
expectations of improvement after cranioplasty, or in
ȱȱȱ¢ȱǯȱ ¢ǰȱȱ
of these findings were also seen in patients without ST,
ȱȱȱȱ¢ȱȱȱȱ
than radiographic. De Araujo and colleagues have
recently reported on the importance of an asymmetric
optic nerve sheath diameter as a possible predictive
factor for neurologic improvement following
cranioplasty although that was not explored in our
study.ǽŗřǾ
ȱ ȱȱȱȱȱǰȱȱ
series of patients. However, there is a paucity of literature
ȱȱȱ ȱĴȱȱȱȱȱ ǯȱ
The collection of prospective, multi-center data would
ȱ ȱ ȱ  ȱ ȱ ǯȱ¢ǰȱ
ȱ ¡ȱ ȱ Ȭȱ ȱ ęȱ ȱ ȱ
relation to later development of ST may be useful for
further study.

Conclusion
ST may be more common than previously thought.
Patient age and craniectomy size did not reach statistical
ęǯȱȱȱ¢ȱȱȱȱ
ȱȱȱȱǰȱ ȱȱȱȱĚȱȱ
ȱȱȱȱȱěȱȱȱęǯȱ
Medical providers involved in the post-surgical care and

rehabilitation of these patients should maintain a high
index of suspicion for ST.
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