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Abstract 109 

Decompressive craniectomy consists of removal of piece of bone of the skull in order to reduce 110 

intracranial pressure. It is an age-old procedure, taking ancient roots from the Egyptians and 111 

Romans, passing through the experience of Berengario da Carpi, until Theodore Kocher, who was 112 

the first to systematically describe this procedure in traumatic brain injury. In the last century, many 113 

neurosurgeons have reported their experience, using different techniques of decompressive 114 

craniectomy following head trauma, with conflicting results. It is thanks to the successes and 115 

failures reported by these authors that we are now able to better understand the pathophysiology of 116 

brain swelling in head trauma and the role of decompressive craniectomy in mitigating intracranial 117 

hypertension and its impact on clinical outcome. Following a historical description, we will 118 

describe the steps that led to the conception of the recent randomized clinical trials, which have 119 

taught us that decompressive craniectomy is still a last-tier measure, and decisions to recommend it 120 

should been made not only according to clinical indications but also after consideration of patients’ 121 

preferences and quality of life expectations.122 
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Introduction 130 

Intracranial hypertension is a critical event frequently occurring after traumatic brain injury (TBI) 131 

as a delayed secondary pathologic process initiated at the moment of injury. Due to the rigid nature 132 

of the skull and the dura, brain edema, expanding haematomas or blossoming of contusions can 133 

rapidly exhaust the compensation mechanisms leading to mantainance of a controlled intracranial 134 

pressure (ICP). These events lead to a vicious cycle whereby reduced cerebral perfusion pressure 135 

(CPP) causes reduction of cerebral blood flow (CBF) and oxygenation, with worsening of brain 136 

oedema and, eventually, brain herniation and death. Following failure of medical management, 137 

decompressive craniectomy (DC), a procedure consisting on removal of part of the skull and 138 

opening of the underlying dura, can be used as a last-tier therapy to mitigate ICP elevation. During 139 

the last century, the popularity of DC has known phases of glory and oblivion, mainly related to 140 

alternating surgical outcome, with too many patients suffering severe disability and vegetative state. 141 

However, advances in neurointensive care and neuroimaging have led to an increased interest in the 142 

use of DC in the 2000s, culminating in the publication of randomized clinical trials. (Cooper DJ 143 

2011, Taylor A 2001, Hutchinson PJ 2016) Despite controversies, the use of DC has been 144 

introduced in TBI guidelines, and its efficacy has been recently considered to be beneficial in terms 145 

of improving overall survival as a last-tier therapy, compared to medical treatment. (Stocchetti N 146 

and Maas 2014, Carney N 2017) 147 

We retrace the historical passages which marked the evolution of DC in TBI. 148 

 149 

Early History 150 

Trephination and inadvertent skull decompression 151 

The earliest evidence of skull trephination dates back to 10,000 BC at the beginning of the Neolithic 152 

period and has been deduced by studying the major skull collections: the French Prunières 153 

collection and the Peruvian skulls. (Moon JW and Hyun DK 2017) There is limited archeological 154 

evidence of trephined skulls found in Egypt, except for few cases analyzed by Pahl in the book 155 

Altägyptische Schädelchirurgie (1993) (Pahl W 1993).  156 

Later, the practice was well described in the Greek Era by Hippocrates. (Panourias IG 2005) In 157 

Alexandrian school, the main records in head injured patients come from the scientist Aulus 158 

Aurelius Cornelius Celsus (25 BC–AD 50). He advocated trephination when patients developed 159 
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symptoms after trauma despite the absence of any fracture. In the 2nd century AD, during the 160 

Roman Empire Era, Galen suggested trephination for depressed fractures, fractures with hematoma, 161 

comminuted fractures, and trichiasis (superficial gouging of the bone). In the Early Medieval 162 

Period, the increasing recognition of importance of anatomic barrier provided by skull and dura, 163 

lead to a decline in popularity of cranial surgeries. Despite this tendency, several examples of 164 

medieval neurosurgical skills have been demonstrated by archeological findings, originating from 165 

area of Italy and Hungary and dated for early to mid-middle ages (Farkas GY and Marcsik A 1986; 166 

Pasini A 2018; Rubini M and Zaio P 2011; Sperati G 2007) However, very little knowledge was 167 

added to the neurosurgical management of cranial injuries until the medical school in Salerno, Italy, 168 

regenerated interest in cranial surgery in the 11th century. (Kshettry VR 2007) 169 

 170 

The Masters 171 

Berengario da Carpi (1466-1530)  172 

Berengario da Carpi was an Italian physician and teacher of Anatomy at the Bologna University. 173 

After taking care of Lorenzo de’ Medici, suffering from an occipital gunshot wound, he was 174 

inspired to write in 1518 ”Tractatus de fractura calve sive cranei” (10). To our knowledge, the 175 

manuscript contains the first description of indications and technique of craniotomy. He reported 176 

three cases of brain injury successfully operated on, with one year follow up. One of these patients 177 

underwent also DC. He also reported a detailed description of surgical instruments and of the costs 178 

of the various procedures. (Fig. 1) (Di Ieva 2011) 179 

 180 

Eugène-Louis Doyen (1859-1916): the temporary hemicraniectomy 181 

The first scientific reference and description of an hemicraniectomy was reported in 1896 by 182 

Charles Adrien Marcotte in his graduation thesis in Medicine and Surgery, named De 183 

L’hemicraniectomie Temporaire. (Marcotte CA 1896) The innovation of the hemicraniectomie 184 

temporaire consists of the realization of a large fronto-temporo-parietal bone flap (volet osseux), 185 

with the bone left adherent to periosteum, temporal muscle, subcutaneous tissues and skin.. The 186 

adhesion of the bone flap to the soft tissue would have limited wound defects, bone resorption and 187 

loss of substance. (Fig. 2) Although it was not used to treat severe TBI, the power of this technique 188 
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in lowering increased intracranial pressure (i.e. in cases of meningitis) had already been introduced 189 

by Marcotte. 190 

 191 

DC was described by Annandale in 1894 as a palliative procedure for inoperable brain tumors 192 

(Cooper PR 1976). Neverthless, the most relevant experiences on DC in head trauma took place in 193 

the XX century. 194 

 195 

Kocher and Cushing 196 

The use of “large” DC for patients with raised intracranial pressure following TBI was firstly 197 

reported by Kocher in 1901. In his manuscript (Fig. 3), he makes a systematic study of brain trauma 198 

and CSF circulation, and reported the therapeutic measures to be adopted in order to manage 199 

intracranial hypertension. In the Chapter VIII, he advocates the use of trephination, as soon as 200 

possible, in all cases of intracranial hypertension. In the Chapter XVIII he suggests to perform the 201 

temporary hemicraniectomy in selected cases where a pressure relief cannot be achieved by 202 

trephination alone. (Kocher T 1901) 203 

From the lesson learned watching Kocher in Bern, US-neurosurgeon Cushing proposed DC for the 204 

treatment of other brain disorders. (Horrax G 1981, Cushing H 1908, Cushing H 1905) 205 

In 1905, he reported the use of DC for inaccessible brain tumors. (Fig. 4A)  206 

Only in 1908, he described the subtemporal DC for the intracranial complications associated with 207 

bursting fractures of the skull. (Cushing H 1908) The subtemporal craniectomy technique consisted 208 

of a linear incision of scalp, splitting of the fibers of the temporal muscle and a 4.5 cm diameter 209 

bone removal with dural opening. (Fig. 4B) 210 

The immediate reduction of intracranial pressure had a favorable impact in reducing morbidity in 211 

survivors, compared with patients who did not undergo surgery. (Horrax G 1981, Cushing H 1908) 212 

The indication by Cushing for decompressive craniectomy with aggressive wound debridement of 213 

fragments in penetrating brain injury followed his observation of 250 cases in War World I. 214 

(Cushing H 1918) The same recommendation was later supported by Matson, after analyzing World 215 

War II and Korean War head trauma data, and continued during the conflict in Vietnam. (Matson 216 

DD 1958) Cushing advocated watertight dural closure, a principle less valid in wartime nowadays. 217 

However, the DC in wartime goes beyond the scope of this paper and has been properly described 218 

elsewhere. (Ragel BT 2010) 219 
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 220 

Hemicraniectomy, bifrontal and subtemporal craniectomy 221 

After the preliminary experiences, clinical practice showed poor clinical outcomes. Therefore, DC 222 

quickly felt into discredit. From 1960 to 1980, only twenty-two papers dealing with DC in TBI 223 

were published, with a mean mortality rate from 46 to 96%, regardless of the surgical technique 224 

used. (Cooper PR 1976, Britt RH 1978, Clark K 1968, Fell DA 1975, Gerl A and Tavan S 1980, 225 

Jamieson KG and Yelland JD 1972, Kjellberg RN and Prieto A Jr 1971, Morantz RA 1973, Pereira 226 

WC 1977, Ransohoff J 1971, Venes JL and Collins WF 1975)  227 

Two main techniques would have represented the standard during the next years. 228 

The bifrontal craniectomy, reported by Kjellberg and Prieto in 1971, was performed in 50 patients 229 

with TBI. The main passages of the surgical technique are as follows: “The reference points for the 230 

bone flap are: a burr hole over the frontal sinus; burr holes in the zygomatic portion of the frontal 231 

bone at the anterior insertion of the temporalis muscle; a burr hole 1 cm posterior to the coronal 232 

suture in the midline; and two burr holes laterally in the temporal region near the coronal plane of 233 

the midline burr hole. The burr holes are connected by a saw and the frontal bone removed, 234 

ordinarily in two halves. The dura is…incised bilaterally above the supraorbital ridges to the 235 

sagittal sinus anteriorly…The sinus and falx are divided by scissors”  236 

Kjellberg and Prieto did not think that this procedure was simply prolonging the life of patients with 237 

irreversible damage, but with proper indication could result in reasonable outcomes. They deplored 238 

its application in patients with modest injury, and noticed that younger survivors, even if they had a 239 

decerebrate state at presentation, had a better potential for good neurological recovery than the 240 

adults. They suggested “the following indications as a guide to the decision to use this procedure: 241 

1. Coma: totally unresponsive or responsive only to deep pain 2. Unilaterally or bilaterally dilated 242 

and fixed pupils 3. Apnea 4. Decerebrate posturing…at least two of the indications above should be 243 

present.” (Kjellberg RN and Prieto A Jr 1971) In 1975, Venes and Collins made a retrospective 244 

analysis of 13 patients who underwent primary bifrontal DC for the management of post-traumatic 245 

cerebral edema. They reported a significant decrease in expected mortality (30,8%), but severe 246 

morbidity in the survivors, and only one 2 years-old patient completely recovered. (Venes JL and 247 

Collins WF 1975) 248 
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During the same year, Gerl and Tavan reported that extensive bilateral craniectomy with opening of 249 

the dura offers the possibility of rapid reduction of intracranial pressure. However, they observed 250 

70% of mortality, and only 20% of the cases with full recovery. (Gerl A and Tavan S 1980) 251 

The second technique is the evolution of the hemicraniectomy and would have represented the most 252 

popular mean of DC for several years. Ransohoff et al. reported their experience in thirty-five 253 

patients with “unilateral acute subdural hematoma associated with predominantly unilateral 254 

underlying cerebral contusions and lacerations”. The authors referred a survival rate of 35%, with 255 

7 patients returned to their normal occupation. According to these findings, hemicraniectomy 256 

seemed to show favorable results in patient with malignant cerebral edema, compared with previous 257 

series. (Ransohoff J 1971) The technique of hemicraniectomy by Ransohoff is described as follows: 258 

“…a skin flap was extended from the glabella along the midline, terminating 4 cm above the 259 

external occipital protuberance. The skin incision was carried laterally to the level of the transverse 260 

sinus, and a one-layer skin flap including the periosteum was turned. A frontoparietal, occipital, 261 

and temporal bone flap was then removed to reveal almost the entire surface of the hemisphere… 262 

The temporal squama was rongeured to the floor of the temporal fossa, with the neurosurgeon 263 

making absolutely certain that no shelf of bone remained that might prevent subsequent lateral shift 264 

of swollen temporal lobe. The bone flap was discarded or placed in the bone bank. The dura was 265 

widely opened and hinged at the attachment of the superior sagittal sinus. Through this exposure it 266 

was possible to carry out a complete removal of all solid and liquid hematoma. The inferior 267 

surfaces of the frontal and temporal lobes were inspected for areas of clot and contusion....Bleeding 268 

from brain lacerations was controlled, and badly macerated brain was resected, if necessary. The 269 

bridging veins along the sagittal and transverse sinuses were inspected for active bleeding and 270 

were often found to be the source of the subdural hematoma. When hemostasis was satisfactory, the 271 

dura was laid over the surface of the brain, with no attempt at closure. …The scalp was closed in a 272 

one-layer on-end mattress technique ....”   273 

The favorable effects of hemicraniectomy on limiting intracranial hypertension were also found in 274 

1973 by Morantz et al. as well. The authors analyzed the radiological modification of midline shift 275 

in eleven patients with subdural or epidural hematoma underwent DC. In arteriograms, “there was a 276 

general correlation between the degree of postoperative shift and the clinical status of the patient; 277 

the patients showing the best response displayed the least displacement of the midline structures 278 

and vice-versa.” (Morantz RA 1973) 279 

 280 

The end of the story? 281 
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 282 

In 1976, the experience of Cooper et al. seemed to establish the end of DC as a standard practice to 283 

limit the intracranial hypertension linked to the cerebral edema. He reported a 10% total and a 4% 284 

functional survival rate in 50 patients with TBI. No correlation with survival and patient's age, 285 

status of preoperative neurologic examination, angiographic findings and appearance of the brain at 286 

operation was found. (Cooper PR 1976, Cooper PR 1979) 287 

However, Cooper et al. recognized the value of DC only as a second tier treatment in deteriorating 288 

patients with no brainstem dysfunctions: 289 

“The operation of hemicraniectomy should be restricted to those patients who enter hospital, 290 

obtunded but without demonstrable brain stem dysfunction, only to deteriorate subsequently 291 

because of increasing hemispheric edema and/or subdural clot.”. (Cooper PR 1976).  292 

 293 

The dark age of DC 294 

 295 

Despite the unfavorable results discouraged further investigations, some groups, particularly in 296 

Japan, continued to carry on research about the role of DC in TBI. (Yamaura A 1979, Shigemori M 297 

1979, Shishido T 1980)  298 

In 1979, Yamaura and Makino analyzed the effects of DC in patients with cerebral contusion. The 299 

authors stratified patients in different groups according to their age and the pre-operative clinical 300 

status (key signs: pupillary changes, decerebration and respiratory disturbance). Their findings were 301 

not different from previous studies: mortality rate was 23% in 0-29 versus 40% in >30 years-old 302 

patients, and >30 years-old patients had poor functional recovery. Mortality was therefore lower in 303 

younger patients. (Yamaura A 1979) 304 

During the same years, Shigemori et al. published a short series of 15 patients with SDH treated 305 

with DC. Despite a poor post-operative outcome, the authors reported that the midline shift and the 306 

ICP were not significantly modified in all patients with severe brain swelling, but mainly in the 307 

subgroup of patients with mild elevated intraoperative ICP. (Shigemori M 1979) 308 

However, some questions remained pending: 1) does the time from the traumatic event impact on 309 

mortality rate? 2) which is the pre-operative ICP value as a cut off for surgery and how does it 310 

relate to a favorable outcome? 3) Does pre-operative clinical status affect the post-operative 311 

outcome? 312 

In 1980, Shishido et al. found that patients with lower ICP (10-30 mmHg) who underwent DC had a 313 

better post-operative neurologic status compared to patient with rapidly increasing post-operative 314 
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ICP or with higher values (40-70 mmHg). This study showed how the ICP seemed to be a crucial 315 

element able to influence the response to therapy in patients with TBI and diffuse cerebral damage. 316 

(Shishido T 1980) 317 

 318 

The rebirth of DC 319 

The improvement of ICP monitoring techniques and the widespread adoption of therapies to reduce 320 

intracranial pressure, i.e. mannitol, hyperventilation, barbiturates, extended the care of post-321 

traumatic intracranial hypertension to a multidisciplinary team, mainly composed by surgeons and 322 

neurointensivists. Indeed, it allowed to reduce the application of DC only to selected cases, with 323 

brain edema not responsive to medical treatment, as a second-tier therapy.(Dam Hieu P 1996, 324 

Gower DJ 1988, Gaab MR 1990, Hatashita S 1993, Morgalla MH 1995, Yamakami I 1993) 325 

Moreover, the reported success of DC for stroke (Rengachary SS 1981, Delashaw JB 1990) was 326 

also a factor contribuiting in renewing interest in DC for TBI. 327 

According to this, in 1988 Gowers et al. proposed a step-by-step treatment algorithm for patients 328 

with closed head injury. The authors examined 115 patients with severe closed head injury, with 329 

invasive monitoring of ICP, started on a regimen of medical treatment (head elevation, fluid 330 

restriction, chemoparalysis, hyperventilation at PCO2 25-30 torr and, if not responsive, mannitol). 331 

ICP above 20 mmHg triggered further therapeutic maneuvers including skull decompression. In the 332 

group of decompressed patients, 40% survived, compared with 82,4% of patients in pentobarbital 333 

coma group without decompression. Some important information came from this study: 1) the 334 

treatment of intracranial hypertension had to be guided by the ICP value; 2) the DC could be 335 

efficacious as second-tier therapy; 3) however, the mortality rate in the decompressed group was 336 

not changed yet if compared to the past. (Gower DJ 1988) 337 

In 1990, Gaab et al., with a prospective study design treated 37 patients <40 years old. They 338 

performed 19 bifrontal cranietomies and 18 hemicranietomies, and reported  5 deaths (13,5%), 3 339 

vegetative states (8,1%), while all other patients  achieved full social rehabilitation or remained 340 

moderately disabled; they established as best predictor of a favourable outcome an initial 341 

posttraumatic Glasgow coma scale (GCS) ≥7. (Shigemori M 1979) 342 

Another interesting observation was described by Yamakami and Yamaura in 1993. They observed 343 

a significant relationship between the increasing of cerebral blood flow, assessed by SPECT99m 344 

technetium-hexamethyl-propyleneamine oxime, recorded 24 hours after DC, and an improvement 345 

of GCS score. (Gower DJ 1988) 346 
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Between the end of 1990s and the first years of 20th century, some authors (Coplin WM 2001, 347 

Guerra WK 1999, Munch E 2000, Polin RS 1997, Yoo DS 1999, Withfield and Guazzo 1995) tried 348 

to establish a new role for surgical bone flap decompression and duraplasty in the treatment of 349 

severe head injuries.  350 

Polin et al. confirmed that timing had a positive impact on ICP control. Furthermore, pre-operative 351 

higher GCS (≥6) and younger age were positive predictor of good outcome. (Polin RS 1997) (Fig. 8 352 

A,B) 353 

In 1999, Guerra et al. conducted a prospective clinical study on the effect of bilateral or 354 

frontotemporal craniectomy in patient with refractory intracranial hypertension not responsive to 355 

medical therapy. Their results looked surprisingly good: only 11 patients (19%) died; five patients 356 

(9%) survived, but remained in a persistent vegetative state; six patients (11%) survived with a 357 

severe permanent neurological deficit, and 33 patients (58%) attained useful social rehabilitation. 358 

According to them, DC was indicated in patients <50 years-old, with brain swelling on CT scan, no 359 

fatal primary brain injury, before irreversible brainstem damage or generalized ischemic brain 360 

damage (monitoring of ICP, and B wave, AEPs, & SEPs) had occurred. (Guerra WK 1999) 361 

In 2000, Munch et al. assessed how unilateral DC could modify ICP, CPP, and few CT parameters 362 

like brain shift and status of the mesencephalic cisterns. DC was performed as primary-tier therapy 363 

in 63,3% and as secondary-tier therapy in 36,7% patients. Despite a significant reduction of midline 364 

shift, this finding did not correlate with a better patient outcome, that was favorable in only 41% 365 

patients. (Munch E 2000) Differently from the results by Polin, timing seemed not to be related to 366 

patient’s outcome, as confirmed by Whitfield and Guazzo. (Whitfield P and Guazzo E 1995) 367 

Thanks to these authors, we understood that DC was effective in improving brain elasticity, 368 

reducing ICP, improving cerebral blood flow and overall survival, but not the functional status. 369 

In summary, at the end of the 20th century, the indications for DC were the following: ICP >30-35 370 

mmHg or CPP<45-70 mmHg, age <50 yrs, GCS>4, CT signs of brain swelling, associated masses, 371 

GCS 3 plus bilateral fixed pupils excluded. (Guerra WK 1999, Polin RS 1997, Yoo DS 1999, 372 

Withfield and Guazzo 1995) Two conditions for DC were already indicated even if not well defined 373 

yet: primary, if associated with haematoma evacuation (Munch E 2000); secondary, if follwed ICP 374 

increase not treatable with medical therapy. (Guerra WK 1999, Polin RS 1997, Yoo DS 1999, 375 

Withfield and Guazzo 1995) 376 
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The main conlusions drawn from the few studies dealing with the role of DC in post-traumatic 377 

diffuse brain injury were: 1) decompression had to be performed in selected cases, mainly young 378 

patients with GCS not inferior 7 and without signs of irreversible brain damage, only after failure of 379 

intensive medical care; 2) timing, age and post-operative ICP could have a significant impact on 380 

post-operative outcome; 3) the therapy had to be focused on maintaining a stable ICP (<20mmHg); 381 

4) despite the surgical and anesthesiological advances, the outcome of operated patients did not 382 

substantially improve. The number of patients with a good recovery or a moderate disability was 383 

still about 30%. 384 

However, at that time no randomized controlled trials had been still carried on. 385 

 386 

The Era of Randomized trials  387 

During the 21st century, DC in TBI has become very popular again, with a striking increase in the 388 

number of published papers.  389 

Most of these papers are single or multi-center retrospective series, case reports and reviews. 390 

(Hutchinson P 2007, Kolias AG 2013, Bor-Seng-Shu E 2012, Kakar V  2009, Kurzbuch AR  2015, 391 

Sahuquillo J and Arikan F 2006) 392 

Until now, three randomized controlled trial (RCT) have been carried on and one (RESCUE-ASDH 393 

trial) is ongoing. The trials differ in terms of study population: inclusion criteria, methods and 394 

outcome (Table 1), (Cooper DJ 2011, Taylor A 2001, Hutchinson PJ 2016) and criticisms have been 395 

raised, for example in terms of the inclusion criteria for the DECRA trial. (Servadei F 2011, 396 

Iaccarino C 2013, Honeybul S 2013, Walcott BP 2013) Kolias et al. have recently compared and 397 

discussed the DECRA and RESCUEicp trials. (Kolias AG 2018)  398 

In conclusion, current evidences from multicenter clinical trials suggests that early 399 

neuroprotective bifrontal DC for mild to moderate intracranial hypertension is not superior to 400 

medical management for patients with diffuse TBI.  DC used as a last-tier therapy for patients 401 

with severe, sustained, and refractory posttraumatic intracranial hypertension leads to a 402 

substantial mortality reduction but increases disability compared to medical management . 403 

However, at 12 months there was a significant difference in the number of patients with a 404 

favorable outcome (definesd as upper severe disability – independent at home for at least 8 hours) 405 

compared to the medical management. (Hutchinson PJ 2018, Le Roux P  2014, Menon DK 2017) 406 

 407 

 408 
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Lessons from the past : errare humanum est perseverare autem diabolicum (to make mistakes is 409 

acceptable, but not  to repeat them…) 410 

The technique of DC as a therapy to reduce ICP has ancient roots. We have learned from the past 411 

that DC is an extreme measure, not a panacea for any case of increased ICP. Indeed, a significant 412 

percentage of survivors have moderate to severe neurological sequelae. Therefore, decisions to 413 

recommend DCs must always be made not only in the context of “its clinical indications but also 414 

after consideration of an individual patient’s preferences and quality of life expectation”. (Smith M 415 

2017)416 
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Table 1 585 

Differences between the RCTs by Taylor et al., DECRA and RESCUEicp trials. From Kolias AG, 586 

Viaroli E, Rubiano AM, et al. The Current Status of Decompressive Craniectomy in Traumatic 587 

Brain Injury. Current Trauma Reports. 2018. https://doi.org/10.1007/s40719-018-0147; used and 588 

modified with permission. 589 

 590 

^ The modified Glasgow Outcome Score (GOS) to obtain a functional outcome 591 

* In the DECRA trial, the upper sever disability (patient indepent only at home) was considered 592 

among the poor outcomes , in the RESCUEicp trial, in view of the indication to surgery as last tier, 593 

it was considered as good outcome.  594 

 595 

596 
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 597 

Figure Legend 598 

 599 

Figure 1 600 

A: frontispiece of De Fractura Calvae sive Cranei, original Italian translated copy (from Vittorio 601 

Putti, Berengario Da Carpi “De Fractura Calvae sive Cranei”, Bologna – L. Cappelli Editore, 602 

1937, private collection. Figure is in public domain and no permission is required for reuse). B,C 603 

and D: these pictures show some of the surgical instruments in use at that time to performe a 604 

trephination.  605 

 606 

 607 

Figure 2 608 

A: frontispice of  De l’hémicrniectomie temporaire,, by Charles Adrien Marcotte. B: sample of the 609 

surgical instruments used by Doyen. C: Lines and burr holes showing the extension of the 610 

temporary craniectomy. D: intradural view after performing temporary hemicraniectomy: the dural 611 

flap is usually downward overturned (From Marcotte A. De L’Hemicraniectomie Temporale. 1896, 612 

Institut International de Bibliographie Scientifique, Buolevard Saint-Germain, 14, Paris. Figure is 613 

in public domain and no permission is required for reuse) 614 

 615 

Figure 3 616 

Frontispiece of the manuscript by Dr Theodor Kocher (From Kocher T. Hirnerschütterung, 617 

Hirndruck und chirurgische Eingriffe bei Hirnkrankheiten; Verlag H, editor.1901. Figure is in 618 

public domain and no permission is required for reuse)  619 

 620 

Figure 4 621 
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A: Decompressive measures described by Cushing for the management of cerebral hernia in 622 

inaccessible brain tumors (from Cushing H. The establishment of cerebral hernia as a 623 

decompressive measure for inaccessible brain tumors with the description of intramuscular 624 

methods of making the bone defect in temporal and occipital regions. Surg Gynecol Obstet 625 

1905;1:297-314. Figure is in public domain and no permission is required for reuse). B: Incision of 626 

the scalp for subtemporal craniectomy (from Cushing H. (1908). I. Subtemporal Decompressive 627 

Operations for the Intracranial Complications Associated with Bursting Fractures of the Skull. Ann 628 

Surg;47(5):641-644 641. Figure is in public domain and no permission is required for reuse) 629 
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