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CASE REPORT

Skull fracture and epidural hematoma 
caused by use of a Mayfield skull clamp 
in an adult patient with chronic hemodialysis: 
a case report
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Abstract 

Background: Mayfield skull clamps are widely used and indispensable in current neurosurgery. Complications 
such as skull fractures or intracranial hematoma from using a Mayfield skull clamp have largely been reported in the 
pediatric population, are likely related to the relative thinness of the skull, such as in patients with hydrocephalus, and 
are extremely rare in adults. Here, we report a case of skull fracture and epidural hematoma caused by a Mayfield skull 
clamp used for posterior decompression surgery in an adult patient with chronic hemodialysis.

Case presentation: A 67-year-old Asian male patient with a history of dialysis-dependent chronic renal failure over 
36 years suffered from severe cervical myelopathy. Neurological examination and radiographic images revealed cervi-
cal spondylotic myelopathy due to dialysis-related spondyloarthropathy. Laminoplasty was planned on patient con-
sent. A Mayfield skull clamp was applied with the patient supine. Torque was applied to the screws with gentle care, 
but there was no resistance and it was not easy to reach the standard 60 lb (267 N) to 80 lb (356 N). Because a skull 
fracture was suspected, we canceled the surgery. Emergency head computed tomography showed depressed skull 
fractures underlying the single-pin sites with an associated epidural hematoma. The fractures and epidural hematoma 
were treated conservatively, and spontaneous resolution of the hematoma was confirmed. Cervical laminoplasty was 
performed successfully using a mask-type head holder on the subsequent day.

Conclusions: As a precaution for fractures and epidural hematoma in neurosurgical patients with bone fragility or a 
thin skull, use of a mask-type fixing device or halo ring is recommended.
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Background
Three-pronged head holders such as a Mayfield skull 
clamp (Integra LifeSciences, Cincinnati, Ohio, United 
States of America) provide rigid cranial fixation during 
intracranial and spinal surgeries. Surgeons can stabilize 

the surgical field effectively by using head holders. Three-
pronged head holders also protect the face and the eyes 
from physical compression in the prone position. How-
ever, a head holder can sometimes, although rarely, cause 
serious complications. Here, we report skull fractures 
and an epidural hematoma caused by Mayfield skull 
clamp used for posterior cervical decompression in an 
adult patient with chronic hemodialysis. We also review 
previous reports of similar cases and alert surgeons to 
this complication.
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Case presentation
A 67-year-old Asian man was admitted to our hospital 
with a complaint of progressive myelopathy. Over the 
preceding several months, gait disturbance and numb-
ness in his upper extremities had progressed rapidly. 
He had a medical history of dialysis-dependent chronic 
renal failure over 36  years. He also had a medical his-
tory of hypertension for 17  years and parathyroidec-
tomy for parathyroiditis 6 years ago. He had no history 
of diabetes. He also had no tobacco smoking or alcohol 
history. He has no history of cancer or similar condition 
in his family. His family consisted of his wife and daugh-
ter. With regard to his social and professional history, he 
had originally worked at a desk but had already retired. 
He was taking a selective angiotensin 1 (AT1) receptor 
blocker as an antihypertensive drug, as well as a proton 
pump inhibitor and sodium alginate as gastrointestinal 
drugs. He was also taking zolpidem tartrate tablets as a 
sleep aid, sennoside as constipation medicine, and non-
steroidal antiinflammatory drugs (NSAIDs) as a pain-
killer. Vital signs on admission were as follows. His blood 
pressure was 145/70  mmHg. His pulse was 65 beats/
minute. His body temperature was normal at 36.8°C. 
Oxygen saturation was 98% on room air. There were no 
abnormal findings in the head, and consciousness level 
on the Glasgow Coma Scale was E4V5M6. The heart was 
in regular rhythm with no murmurs. Lung auscultation 
was clear with no distress. The abdomen was soft with 
no tenderness. No abnormalities were found on the body 
surface of the extremities and trunk, except for a dialy-
sis shunt placed in the right elbow. The patient had dif-
ficulty handling chopsticks and fastening shirt buttons. 
Ten-second grip and release test showed a decrease in 
hand dexterity, with 15 and 16 repetitions on the right 
and left, respectively (normal values are more than 25 
repetitions). Manual muscle testing showed grade  3/5 
muscle weakness in finger extension, finger flexion, and 
finger abduction on the right. Other muscle strength was 
normal at grade 5/5. The patient had a dialysis shunt in 
the right upper extremity. He had numbness and sensory 
loss in the C6 area of his right upper limbs. Deep tendon 
reflexes were normal in the upper extremities, and the 
patella tendon reflex showed hyperactivity. He could not 
walk without a cane and needed a handrail to go up and 
down stairs. Neurological testing demonstrated motor 
weakness of right upper limbs, showing grade 3/5 muscle 
strength. He had numbness and sensory loss in his right 
upper limbs. Deep tendon reflexes were normal in the 
upper extremities and showed hyperactivity in the lower 
extremities. The lower extremities showed spasticity. The 
Japanese Orthopaedic Association (JOA) score exclud-
ing bladder function was 9.5 points (full score is 14.0 
points). Blood tests (Table 1) showed normal values of Ca 

8.8  mg/dL and P 3.9  mg/dL. Level of β2-microglobulin 
was slightly higher at 25.6  mg/L. Intact parathyroid 
hormone (intact-PTH) was 62  pg/mL, which is normal. 
Serology and microbiology tests were normal. Though 
radiological examination did not show severe destruc-
tive changes in the cervical spine, computed tomography 
(CT) detected extradural amyloid deposits and a hyper-
trophied ligament, which are characteristic findings for 
dialysis-related spondyloarthropathy (Fig.  1a). Magnetic 
resonance imaging (MRI) showed multilevel spinal cord 
compression at the C3–C6 and T2-weighted hyperinten-
sity of the spinal cord at the C3–C4 level (Fig. 1b). Bone 
mineral density by dual X-ray absorptiometry (DXA) was 
0.799 g/cm2 for the femoral neck and 1.213 g/cm2 for the 
lumbar spine. These were 84% of the young adult mean 
(YAM) for the femoral neck and 102% of the YAM for 
the lumbar spine. Based on the history and clinical find-
ings, we diagnosed cervical spondylotic myelopathy due 
to dialysis-related spondyloarthropathy. The patient con-
sented to undergo cervical laminoplasty.

After inducing general anesthesia, a Mayfield skull 
clamp was applied with the patient supine. Torque was 
applied to the screws with gentle care, but there was 
no resistance, and it was not easy to reach the standard 

Table 1 Laboratory data on admission

BUN blood urea nitrogen, Cre creatinine, T.pro total protein, Alb albumin, T. bil 
total bilirubin, D. bil direct bilirubin, AST aspartate aminotransferase, ALT alanine 
aminotransferase, ALP alkaline phosphatase, γ-GTP γ-glutamyl transpeptidase, 
LDH lactate dehydrogenase, CPK creatine phosphokinase, CRP C-reactive 
protein, GLU glucose, WBC white blood cell count, RBC red blood cell count, Hb 
hemoglobin, Hct hematocrit, Plt platelet count, Intact-PTH intact parathyroid 
hormone

Parameter Value Parameter Value

Na 132 mEq/L WBC 9.1 ×  103/μL

K 3.3 mEq/L RBC 3.32 ×  106/μL

Cl 95 mEq/L Hb 10.3 g/dL

Ca 8.8 mg/dL Hct 30.80%

P 3.9 mg/dL Plt 159 ×  103/μL

BUN 28 mg/dL

Cre 7.48 mg/dL β2-microglobulin 25.6 mg/L

T. pro 5.8 g/dL Intact-PTH 62 pg/mL

Alb 3.4 g/dL

T. bil 0.4 mg/dL

D. bil 0.1 mg/dL

AST 24 U/L

ALT 26 U/L

ALP 125 U/L

γ-GTP 24 U/L

LDH 258 U/L

CPK 455 U/L

CRP 0.1 mg/dL

Glu 114 mg/dL
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60 lb (267 N) to 80 lb (356 N) torque. Initially, we attrib-
uted the lack of torque to the failure of the Mayfield skull 
clamp itself. Another attempt was made with an alterna-
tive fixator. To change the insertion point, the left and 
right sides of the instrument were reversed. Nevertheless, 
we could not stabilize the skull and obtain appropriate 
torque. A skull fracture was suspected, so we canceled 
the surgery. After the patient awakened from anesthesia, 
we confirmed that no cranial nerve symptoms appeared. 
An emergency postoperative head CT showed depressed 
skull fractures underlying the single-pin sites (Fig. 2a, b) 
with an associated epidural hematoma on the left side 
(Fig.  2c). We immediately consulted the neurosurgery 
department. Conservative treatment with rest, blood 
pressure control, and suspension of antiplatelet medica-
tion during dialysis was proposed. If neurological symp-
toms appeared, surgery was also suggested. We decided 

to treat the fractures and epidural hematoma conserva-
tively. Spontaneous resolution of the hematoma was con-
firmed with no appearance of neurological symptoms. 
The patient was temporarily discharged 10 days after 
the initial surgery. Cervical laminoplasty was performed 
successfully using a mask-type head holder on the sub-
sequent day (Fig. 3). After the decompression surgery of 
the cervical spine, the symptoms of cervical myelopathy 
showed a consistent improvement. He is now able to use 
chopsticks, which he could not do before the surgery, and 
his lower limb spasticity is reduced, making walking eas-
ier. His JOA score improved to 10.0 points for 1.5 years at 
the time of the last follow-up.

Discussion and conclusions
We report a case of skull fracture and epidural hematoma 
caused by a Mayfield skull clamp used for spine surgery 
in an adult patient. Complications arising from the use of 
a Mayfield skull clamp have been largely reported in the 
pediatric population, but adult cases are rare. This case 
is characterized by a long history of hemodialysis and a 
thin skull.

Although three-pronged head holders such as a May-
field skull clamp are safe and useful surgical instru-
ments for intracranial and cervical spine surgeries, care 
should be taken because they can sometimes cause seri-
ous complications. The recommended screw force for a 
Mayfield skull clamp lies between 60 and 80 lb for adult 
patients, and between 40 and 60 lb for children younger 
than 15  years [1]. The conical shape of the pins and 
the pressure-adjusting mechanism in a Mayfield skull 
clamp make it highly unlikely to penetrate the bone [2]. 
Chavasiri et al. examined skull thickness at the area of 
halo pin insertion [3]. They noted the thickness of the 
skull at the halo pin insertion site increases gradually 
with age. The average thickness of the skull at the ante-
rolateral aspect was 5.53  mm (0–9  years) to 8.79  mm 
(80–89 years), and the average thickness of the skull at 

Fig. 1 a Computed tomography (CT) showing an extradural amyloid 
deposit and hypertrophied ligament, which are characteristic findings 
for dialysis-related spondyloarthropathy. b Magnetic resonance 
imaging (MRI) showing multilevel spinal cord compression at the 
C3–C6 levels and T2-weighted hyperintensity of the spinal cord at the 
C3–C4 level

a b c

Lt. Lt. Lt.

Fig. 2 Emergency head computed tomography (CT) showing depressed skull fractures underlying the single-pin sites (a, b) with an associated 
epidural hematoma on the left (Lt.) side (c)
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the posterolateral aspect was 5.45  mm (0–9  years) to 
8.95 mm (80–89 years). An inner table of a 2 mm thick 
skull bone was completely penetrated at a screw torque 
of 160  lb [4]. From those studies, we conclude that a 
normal skull is unlikely to fracture at a screw torque of 
80  lb. In this case, the thickness of the skull measured 
by postoperative CT was 1.7 mm around the pin inser-
tion site, which was very thin.

To date, complications arising from the use of a 
Mayfield skull clamp have been largely reported in the 
pediatric population. Complications include depressed 
skull fracture, epidural hematoma, cerebrospinal fluid 
(CSF) leak, subdural hematoma, venous air embolism, 
pin site infections, head slippage, and scalp lacerations 
[5–7]. Skull fractures and intracranial hematoma in the 
pediatric population are likely related to the relative 
thinness of the skull, such as in patients with hydro-
cephalus. By contrast, their occurrence in adults is 
extremely rare. Complications of skull fracture and epi-
dural hematoma as a consequence of using a pin-type 
head holder skull clamp in an adult were first reported 
by Erbayraktar in 2001 [8]. Sade et al. reported the first 
case in an adult as a consequence of using a Mayfield 
skull clamp [9]. To our knowledge, only nine cases have 

been reported thus far, including our case (Table  2) 
[8–16].

The risk factor in the present case is considered to be 
long-term dialysis. Matouk et al. reported a case simi-
lar to ours [10]. They reported a case of a patient with 
a combination of dialysis-dependent chronic renal fail-
ure and long-standing use of antiepileptic drugs that 
contributed to pathological fracture of the skull vault 
during routine use of a Mayfield skull clamp. A long 
history of dialysis has been a factor strongly associ-
ated with femoral neck fractures [17]. The incidence of 
hip fractures in a population of patients who undergo 
hemodialysis was 17.4 times greater than in the general 
population [18]. In our patient, bone mineral density 
assessed by DXA was normal. However, fracture risk is 
considered to depend on bone quality rather than bone 
mineral density, and DXA measurement of bone min-
eral density is not very useful to predict fracture.

To prevent this complication, we suggest some strate-
gies. In cervical spine surgery, preoperative evaluation 
by plain CT or CT myelogram is often performed. In 
cases where there is a possible risk of skull fracture, 
extending the scope of the CT scan to the head and 
preoperative evaluation and recognition of the thick-
ness of the skull may be an option. Some modifications 
of head fixation have been reported. When using a 
Mayfield skull clamp in cases where bone cortex thin-
ning and bone fragility are suspected, careful placement 
and gentle tightening is proposed. It is recommended 
to apply the torque force slowly and manually without 
applying axial pressure. Aoki and Sakai describe using 
a rubber cup from a medical bottle over the skull pins 
as a barrier to the pins penetrating too deeply [19]. 
Another option is to decrease the torque on the screws 
to under 60 lb even in adults. However, there is a pos-
sibility of decreased stability. By using Sugita frame, the 
pin insertion position can be set in the frontal region 
of the head, which is relatively thick. Another option 
considered as a useful alternative is to use a halo ring, 
increase the number of inserted pins, and reduce the 
torque on individual pins. Use of a mask-type or horse-
shoe-type head holder to stabilize the head and provide 
a rigid immobilization has also been recommended. 
We performed the reoperation using a mask-type head 
holder according to this recommendation and were 
able to complete the operation safely.

Skull fracture and epidural hematoma from use of a 
Mayfield skull clamp are extremely rare complications in 
adults. However, surgeons must be aware of the risk of 
these complications in patients with bone fragility or a 
thin skull. As a precaution for these complications, use of 
a mask-type or halo-ring fixing device is recommended.

Fig. 3 Postoperative magnetic resonance imaging (MRI) confirming 
successful decompression of the spinal cord
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