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Transnasal excerebration surgery in ancient Egypt

Historical vignette
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Ancient Egyptians were pioneers in many fields, including medicine and surgery. Our modern knowledge of
anatomy, pathology, and surgical techniques stems from discoveries and observations made by Egyptian physicians
and embalmers. In the realm of neurosurgery, ancient Egyptians were the first to elucidate cerebral and cranial anat-
omy, the first to describe evidence for the role of the spinal cord in the transmission of information from the brain to
the extremities, and the first to invent surgical techniques such as trepanning and stitching. In addition, the transnasal
approach to skull base and intracranial structures was first devised by Egyptian embalmers to excerebrate the cranial
vault during mummification. In this historical vignette, the authors examine paleoradiological and other evidence
from ancient Egyptian skulls and mummies of all periods, from the Old Kingdom to Greco-Roman Egypt, to shed
light on the development of transnasal surgery in this ancient civilization. The authors confirm earlier observations
concerning the laterality of this technique, suggesting that ancient Egyptian excerebration techniques penetrated the
skull base mostly on the left side. They also suggest that the original technique used to access the skull base in ancient
Egypt was a transethmoidal one, which later evolved to follow a transsphenoidal route similar to the one used today

to gain access to pituitary lesions.

(http://thejns.org/doi/abs/10.3171/2011.12.JNS11417)
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world was unmatched by that of any other civiliza-

tion. Some of the first ruling pharaohs of dynastic
Egypt were physicians, including Djer (3100-2890 BC),
who wrote one of the earliest medical works, the “Practi-
cal Medicine and Anatomic Book.”” Other practitioners
of medicine at the dawn of Egyptian civilization reached
very high positions, such as Imhotep (2655-2600 BC),
the father of Egyptian medicine, who served as chancellor
to the pharaoh Djoser.? The caliber of Egyptian medicine
was attested by Homer, who wrote in The Odyssey, “...
for there [in Egypt] the earth, the giver of grain, bears
the greatest store of drugs, many that are healing when
mixed, and many that are baneful; there every man is a
physician, wise above human kind.”? Kings and nobles
throughout the ancient world looked to Egypt for medical
expertise. Nigmaddu II, King of Ugarit, sent emissaries
to the pharaoh Akhenaten (1375-1334 BC) to request an
Egyptian physician.!! Decades later, King Hattusili III of
the Hittite Empire wrote to Ramses II (1300-1213 BC)
asking for an Egyptian physician to cure his sister’s in-
fertility.!! Many centuries later, when Cyrus the Great of
Persia had an eye injury, he requested an Egyptian oph-
thalmologist.?® As Egypt passed into Ptolemaic domin-
ion, all the knowledge of ancient Egypt was passed on to
the Greek settlers. One of them, the famous Herophilus
(335-280 BC), who studied at the medical school of Al-
exandria under the mentorship of Egyptian physicians,
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discovered 7 of the cranial nerves, and gave his name to
what we know today as the “torcular Herophili.”??

The ancient Egyptians were also the first to conceive
of specialized medicine. In the 5th century BC, Herodo-
tus wrote about the concept of specialized medicine in
ancient Egypt, saying, “Medicine is practiced among [the
Egyptians] on a plan of separation: each physician treats
a single disease, and not more: thus the country abounds
with physicians, some undertaking to cure the diseases
of the eyes, others of the head, others again of the teeth,
others of the intestine.”? Inevitably, one of these special-
izations was neurosurgery.

Neurosurgery in Ancient Egypt

Depictions of neurosurgery in ancient Egypt repre-
sent the oldest evidence of neurosurgery in the African
continent, and proof of brain surgery can be found in
Egyptian papyrus writings. In fact, the first known men-
tion of the word “brain” dates back to an Egyptian papy-
rus from the 17th century BC, whose original authorship
is sometimes attributed to Imhotep.?* This papyrus, part
of the Edwin Smith collection of 48 trauma surgery cases
in ancient Egypt, refers to the “ais ‘ndjennet,” literally, the
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“viscera of the skull.”?2 It also contains the first known
description of cranial sutures, meninges, the falx cerebri,
superficial cerebral anatomy, cerebrospinal fluid, and in-
tracranial pulsations.??3! In addition, this remarkable pa-
pyrus includes the first description of the role of the spinal
cord in transmission of information from the brain to the
extremities, as it recounts a case of cervical spine injury
associated with quadriplegia, priapism, incontinence, and
paralytic ileus.?? Furthermore, symptoms of different
cases, including Bell palsy, coup-contracoup mechanism
of injury, and hemiplegia secondary to a compound com-
minuted cranial fracture, are all accurately described in
the papyrus.®222® Finally, the papyrus contains the first
accounts of surgical stitching and various types of dress-
ings used in surgical procedures.’!

Ancient Egyptians were the pioneers in many neuro-
surgical techniques.® Egyptian skulls from the 12th and
18th dynasties, for instance, still bear witness to trepan-
ning—the process of drilling a bur hole into the crani-
um—for which hammers, chisels, and a convex scraper
with a wide radius were used.!®?228 In this historical vi-
gnette, we discuss another neurosurgical technique used
by the ancient Egyptians, namely the transnasal removal
of intracranial contents during mummification.

Transnasal Excerebration in Ancient Egypt
Mummification

The tradition of mummification began in Egypt dur-
ing the late 4th millennium BC.13? Very early in their
dynastic history, the ancient Egyptians realized that re-
moval of internal organs could help prevent postmortem
putrefaction;!® however, preservation of the living appear-
ance and facial features of the deceased was paramount
for the “ba,” the Egyptian soul, to recognize the body and
reunite with it in the afterlife.’> Thus, wary of any dam-
age to the visible features of the deceased body, ancient
Egyptians performed postmortem transnasal surgery for
removal of encephalic remnants without aesthetic altera-
tion of the skull or face.” Evidence for the care taken to
preserve the skull and face was recently demonstrated by
a radiological study of 9 Egyptian mummies, which re-
vealed intact calvariae and facial bones in at least 8 of the
9.4 The Egyptians believed that the heart was the most
important organ, the source of human wisdom, memory,
love, and emotions. The heart was indeed the only or-
gan left in place after death.”” Little importance, however,
was attributed to the brain, which was believed to be un-
necessary for life. In fact, the only function of the brain
was thought to be the passage of mucus into the nose,
and it was discarded during mummification.!> Such little
importance was given to the brain that, at the zenith of
the mummification art during the 21st dynasty (1085-945
BC), the lungs, liver, stomach, and intestines were desic-
cated in solid natron salt and carefully returned to the
body cavity, while the brain was still discarded.'” Molten
resin eventually filled the intracranial vacuum left by the
removal of the brain.

Excerebration

Excerebration, or brain removal, can be traced back
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in Egyptian history to the Old Kingdom (3rd—6th dynas-
ty, 26862181 BC), with evidence of skull base perfora-
tions in mummies from the 4th dynasty (2613-2498 BC)
(Fig. 1).133532 Even in mummies of that period that lacked
skull base defects, some authors have hypothesized that
excerebration was performed through the foramen mag-
num.”® Mummies from the Middle Kingdom (11th—12th
dynasty, 2080—1773 BC) only show occasional evidence
of skull base defects.?? It was not until the dawn of the
New Kingdom (18th—20th dynasty, 1550-1070 BC) that
postmortem transnasal excerebration of Egyptian mum-
mies became common practice.”’ It continued throughout
later periods and well into Greco-Roman Egypt (332 BC
to 641 AD).

Unfortunately, no primary written accounts have
survived to describe the methodology of mummifica-
tion. The first written document about this procedure was
composed by Herodotus, who visited Egypt during the
reign of the 27th dynasty (525-404 BC).!22022:32 Accord-
ing to Herodotus in his book “Histories,” brain extrac-
tion was performed via an approach strikingly similar
to that used in modern-day transsphenoidal surgery. The
Egyptian embalmers would perforate the bone at the su-
perior aspect of the nose with a chisel and subsequently
insert a curved metal hook into the nasal cavity to break
some cranial bones.5!>172332 The hook inevitably created
an artificial skull base defect in the cranial fossae that
seldom exceeded 2 cm in diameter.?>?> Cerebral compo-
nents were subsequently removed with the hook or lique-
fied with a swirling motion of the hook and then poured
out through the nose with the head tipped forward.>!?
This allowed for easy evacuation of cerebral components
of the anterior and middle cranial fossae. Posterior fossa
elements were next extracted via an occipital defect or
an enlargement of the foramen magnum.®?' In the 20th
century, anthropologists experimentally demonstrated
the possibility of excerebration using various ancient
Egyptian spiral-ended or hook-shaped metal rods found
in European museums.!823:3

Paleoradiological Evidence of Transnasal Excerebration

Modern imaging techniques have proven invaluable
for the study of skull defects in ancient Egyptian mum-
mies. Plain radiographs have been taken of mummified
Egyptian remains since the late 19th century,”’ but the
field of paleoradiology was revolutionized with the ad-
vent of CT scanning. The first historical CT study was
performed in 1976 at The Hospital for Sick Children in
Toronto on the brain of a female mummy named Nakht
from the 22nd dynasty (945-720 BC).> Subsequent scans
of several Egyptian mummies initially demonstrated
that transnasal excerebration was most commonly per-
formed via a transethmoidal route (Fig. 2).!>!> Unlike the
modern-day transsphenoidal approach, which attempts to
gain access to components of the sella turcica, the tradi-
tional Egyptian transethmoidal approach penetrated the
skull base anterior to the sella, involving or immediately
posterior to the cribriform plate. The earliest Egyptian
skulls to exhibit such transethmoidal defects came from
the Old Kingdom’s 4th dynasty and were first described
by Léon Nicolaeff?! in 1930.% The oldest known Egyp-
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Fic. 1. Timeline illustrating the history of excerebration of mummies

in ancient Egypt. Interm. = Intermediate.
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tian mummy to have evidence of transnasal excerebration
on CT scans was that of Djehutynakht, who dates back
to the Middle Kingdom’s 11th dynasty (2080-1991 BC)
(Fig. 3).1® This particular mummy exhibited complete re-
moval of the ethmoid air cells. The skull base defect of
the anterior cranial fossa extended anteriorly to involve
the middle portion of the cribriform plate just posterior to
the crista galli, while the sphenoid bone remained intact.
Other mummies that date back to the Middle Kingdom
exhibited similar features. For instance, CT scanning of
the two Middle Kingdom mummies ROM I and ROM 11
studied by Yardley and Rutka* demonstrated destruction
of the cribriform plates and ethmoidal labyrinths. The 3D
reconstructed CT scans obtained in later mummies from
the New Kingdom showed similar results. Two mum-
mies from the 19th dynasty (1292-1186 BC) studied by
Hoffman and Hudgins'* showed evidence of destruction
of the ethmoid air cells, as well as destruction of the eth-
moid sinus roof at the level of the cribriform plate (Fig.
4). Moreover, endoscopic studies performed by Pirsig and
Parsche? in 88 mummified skulls from the New King-
dom revealed destruction of the middle turbinate and ad-
jacent ethmoidal cells, along with intact sphenoid sinuses
in most of these specimens. In most of the skulls, the
posterior part of the crista galli and cribriform plate had
been removed. Only 5 of these skulls had destruction of
the sphenoid sinuses. Consistent with these findings were
observations made in the early 20th century by Oettek-
ing,” who noted the presence of ethmoidal perforations
in over 50% of 182 mummy skulls dating from the New
Kingdom’s 18th dynasty (1549-1292 BC).*

Although use of the transethmoidal route for excer-
ebration was apparently common in the earlier dynasties,
studies performed in mummies from the Third Interme-
diate and Late Periods seem to suggest access to the ce-
rebrum that followed a more posterior route, leading to

Fic. 2. A slightly transparent view from the top of the cranial vault
showing anterior and middle cranial fossae. The defect in the cribri-
form plate is apparent, and, through it, the contents of the nasal cavity
can be partially visualized. Reproduced with permission from Gupta R,
Markowitz Y, Berman L, Chapman P: High-resolution imaging of an an-
cient Egyptian mummified head: new insights into the mummification
process. AUDNR Am J Neuroradiol 29:705-713, 2008.
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Fic. 3. Surface-rendered scans, inferior view looking up (left) and superior view looking down (right), showing the defect
in the cribriform plate that establishes a communication between the nasal cavity and the intracranial space. Reproduced with
permission from Gupta R, Markowitz Y, Berman L, Chapman P: High-resolution imaging of an ancient Egyptian mummified head:

new insights into the mummification process. AUNR Am J Neuroradiol 29:705-713, 2008.

a widespread belief in the medical literature that the
ancient Egyptians gained access to the brain transsphe-
noidally.®" For instance, in 1 of the 9 mummies studied
by Hoffman and Hudgins!* that dates back to the 25th or
26th dynasty (732-525 BC), the cerebral contents seem to
have been removed via a predominantly transsphenoidal

approach rather than a transethmoidal one. In this mum-
my, a fragment of the sphenoid bone could be identified
in the posterior aspect of the skull. A different study per-
formed on another mummy from the Third Intermediate
Period showed evidence of excerebration via a combined
transethmoidal-transsphenoidal approach.? In that mum-

Fic. 4. Coronal reformatted (left) and sagittal (right) CT scans of the skull obtained in a 21st dynasty mummy. Demonstrated
is a defect in the roof of the ethmoid sinuses (arrows, left) of the anterior skull base that was created for excerebration via the
transnasal route, shown with the arrow at right. Reproduced with permission from Hoffman H, Torres WE, Ernst RD: Paleoradiol-
ogy: advanced CT in the evaluation of nine Egyptian mummies. Radiographics 22:377-385, 2002.
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my, known as the “Lady Hudson” mummy, CT scans re-
vealed indiscriminate defects in the skull base, extend-
ing from the crista galli into the sella turcica. A similarly
combined transethmoidal-transsphenoidal approach may
have been employed well into the Ptolemaic era, as sug-
gested by a Ptolemaic-era skull studied by Isherwood et
al.'¢22 In that skull, while the predominantly observed de-
fect is one of the ethmoid bone at the region of the cribri-
form plate, a broken and detached part of the sella turcica
was found in the posterior aspect of the skull. Insertion
of a catheter penetrated the skull base at the region of the
sella turcica.”? This may very well be the first evidence
of transsphenoidal pituitary gland extraction during the
process of excerebration—removed at the time because
it hindered access to the cerebrum. Taken together, these
observations may indicate that the initial transnasal tech-
nique used by the Egyptians was a transethmoidal one,
which migrated slowly and posteriorly through the mil-
lennia, finally to reach a transsphenoidal or a combined
transethmoidal-transsphenoidal path by the time of the
Third Intermediate Period. Thus, while embalmers from
the Middle and New Kingdoms penetrated the skull base
through a more anterior approach just posterior to the
crista galli, later embalmers from the Third Intermedi-
ate and Late Periods performed excerebration through a
more posterior point between the cribriform plate and the
sella turcica, sometimes even perforating the latter.

Laterality of Transnasal Excerebration

Another interesting aspect of the Egyptian transna-
sal surgical approach is the laterality of the skull base
perforation. Yardley and Rutka’s study*? of two Middle
Kingdom mummies revealed bilateral destruction of
cribriform plates and ethmoidal labyrinths. Later mum-
mies from the 22nd to 26th dynasties demonstrated a
predominantly left-sided approach, albeit with a few ex-
ceptions."*!” For instance, in 49 of the 88 New Kingdom
skulls studied by Pirsig and Parsche,? skull base perfo-
ration occurred on the left side, whereas only 12 were
right sided. The two 19th dynasty mummies studied by
Hoffman and Hudgins* were exceptional in their dem-
onstration of right-sided skull base perforation, which
occurred through the right ethmoid sinuses. Subsequent
skulls dating from the Ptolemaic era (305-30 BC) also
exhibited evidence of excerebration through a left-sided
approach.?? Thus, it appears that the transnasal excerebra-
tion performed by the ancient Egyptians, whether trans-
ethmoidal or transsphenoidal, was predominantly under-
taken through the left nasal septum and through a defect
in the left skull base.

In their attempt to explain this predominantly left-
sided laterality, Pirsig and Parsche® suggested that right-
handed embalmers worked while standing by the right
side of the deceased, making it easier for them to ap-
proach the intracranial contents through the left nasal
cavity. However, with our knowledge of the Egyptian
mummification process, wherein the deceased body was
eviscerated through an incision in the left abdomen, and
with the natural anatomical location of the heart in the
left chest cavity, the possibility of a more religious aspect
to our observation is not unlikely. Unfortunately, many of
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the published paleoradiological studies of ancient Egyp-
tian mummies failed to report the side of the skull base
defect, making it difficult to draw conclusions based on
the small number of studies that do.

Decline of the Art of Mummification

The art of Egyptian mummification declined con-
siderably under Roman occupation (30 BC-641 AD).”
Mummies from that era no longer exhibited the sophis-
tication of transnasal excerebration. For instance, the
mummy of one young girl from Roman Egypt showed
evidence of excerebration via large fractures made in the
calvaria.’® Certain mummies from this era show no evi-
dence of excerebration.!” With the advent of Christianity
and the decline of the native Egyptian religion, the need
for mummification ceased, and with it ended the neces-
sity and practice of transnasal excerebration.

The use of the transnasal approach to access intracra-
nial components was lost altogether until it was revived 2
millennia later, toward the end of the 19th century, thanks
to the anatomical studies of Davide Giordano, chief sur-
geon at the Hospital of Venice in Italy.'* It did not take
long for the technique to be applied to living humans, and
the first transsphenoidal surgery for removal of a pituitary
adenoma was performed in 1907 by Hermann Schloffer,
professor of surgery at the University of Innsbruck in
Austria.*!

Conclusions

Ancient Egyptians were the pioneers of accessing
the calvarial components via the transnasal route, which
reached its climax in the 21st dynasty (1085-945 BC), but
slowly declined thereafter. We believe that it is likely that
the technical motives for performing this process were
widespread and deliberate, particularly because of the
long period over which the technique was used and the
apparently gradual rather than haphazard modification of
the technique. A review of the paleoradiological studies
suggests that, with a few exceptions, excerebration tech-
niques were carried out by penetrating the skull base on
the left side. The technique of transnasal excerebration
during mummification was thought to have been per-
formed via a transsphenoidal approach; however, increas-
ing evidence obtained from mummified skulls now sug-
gests that the ancient Egyptians may have extracted the
brain transethmoidally, suggesting that the original tech-
nique was indeed a transethmoidal one, but later evolved,
around the time of the 25th and 26th dynasties, to follow
a transsphenoidal route similar to the one used today to
gain access to pituitary lesions. Whether this shift truly
represents an evolution in the technique of mummifica-
tion requires additional studies involving a larger num-
ber of specimens. Moreover, whether variations in geo-
graphical location within Egypt, as well as disparities in
socioeconomic status, could have affected the approach
to excerebration remains to be investigated.
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