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sion, radiculopathy, and transverse myelopathy. In addition, 
Michenfelder et al.15) insisted that intraoperative, intravenous 
(i.v.) penicillin administration should be avoided in patients 
undergoing craniotomy because of the potential for i.v. penicil-
lins (but not non-penicillins) to induce early post-craniotomy 
seizures (PCS).

Despite these data, no definitive evidence specifically regard-
ing cefazolin was published, although there are a few clinical and 
animal experimental reports. Thus, our neurosurgical depart-
ment has routinely used i.v. administration of antibiotics (usu-
ally cefazolin) as a routine procedure within one hour of the start 
of surgery. In addition, our use of intraoperative saline irrigation 

INTRODUCTION

In patients who have a neurosurgical infection, intraventricu-
lar or intravenous treatment with antibiotics such as penicillin, 
gentamicin, cephalothin, cefazolin, and vancomycin is common 
practice6,8,14,19). However, in the 1980’s, some studies document-
ed that a few antibiotics were associated with postoperative sei-
zure. For example, Wald and McLaurin19) showed that intraven-
tricular cephalothin caused seizures, but not gentamicin or 
methicillin. And Park and Lee17) demonstrated that cortical ap-
plication of some antibiotics could lead to a variety of complica-
tions of immediate or delayed seizure, cortical electrical depres-
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gust 2010, when 1 g/L cefazolin was used for intraoperative irri-
gation, the seizure rate was 3.9%. However, from September 2010 
to June 2011, when 2 g/L cefazolin was used, the seizure rate in-
creased to 16.9%. Surprisingly, nearly no seizure activity (0.6%) 
occurred during the period after July 2011, when cefazolin irri-
gation was discontinued (Table 1). The seizure proportion based 

mixed with antibiotics (usually cefazolin, 1 g/L saline) has been 
a common procedure for 10 years, given that we saw no prob-
lems from cefazolin irrigation, only the anti-infection advantag-
es of antibiotics. However, since September 2010, there has been 
an outbreak of PCS in our department, so we undertook a close 
investigation of the cause of the seizures by using a retrospective 
review and analyzing some risk factors related to PCS.

MATERIALS AND METHODS

Our hospital Institutional Review Board approved this retro-
spective study. Using the September 2010 date as a basis, we in-
cluded 973 patients who underwent major craniotomy from 
January 2009 to November 2011. We excluded the revision cra-
niotomies, such as tumor recurrence or postoperative hemor-
rhage, and also excluded patients with postoperative pentobar-
bital coma therapy, because both tumor and hemorrhage can 
influence PCS, and pentobarbital coma therapy can mask sei-
zure activity. We only included seizures occurring in the first 24 
postoperative hours as being seizures related to craniotomy 
(PCS). The following data were abstracted from each medical 
record : age, sex, underlying disease, history of preoperative sei-
zures, type of operation, site of operation, main operation time, 
primary anesthetic agent, type of intravenous antibiotics, type 
of antibiotics for intraoperative irrigation, type of muscle relax-
ant, type of prophylactic seizure medication, and type of seizure 
in the first 24 postoperative hours.

We have routinely used prophylactic anti-epileptic drugs 
(valproic acid) for all supratentorial craniotomies, but not for 
infratentorial ones. Intraoperative irrigation with the saline so-
lution mixed with cefazolin was always performed at the end of 
brain surgical procedures roughly with the amount of 1 L. 
Though our standard practice for intraoperative cefazolin irri-
gation was to use the stock concentration of 1 g cefazolin/L sa-
line (we performed intra-operative irrigation using cefazolin 
mixed 1 L fluid after main procedure), the cefazolin antibiotic 
stock concentration changed from 1 g to 2 g around September 
2010. At this time we decided to increase the dosage of antibiot-
ics in a saline solution, expecting the high concentration of an-
tibiotics to be more effectively preventive of infection as gener-
ally accepted. Thus, our intraoperative cefazolin irrigation 
concentration also changed from 1 g/L cefazolin to 2 g/L cefazolin. 

Standard statistical analysis was performed using SPSS ver-
sion 18.0 (SPSS Inc., Chicago, IL, USA). Differences between 
groups were assessed by using the chi-square (χ2) test and Spear-
man rank correlation. A logistic regression analysis was also 
performed. We rejected null hypotheses (i.e., achieved statistical 
significance) with a p value of less than or equal to 0.05.

RESULTS

Table 1 shows the general characteristics of all 973 patients. 
Overall, the PCS rate was 7.2% (70/973). From January 2009–Au-

Table 1. General characteristics of all 973 patients (n=973)

Variables Frequency (%)
Median age (range, yrs) 53 (0–90)
Sex

Male 417 (42.9)
Female 556 (57.1)

Previous seizure history 42 (4.3)
Operative location

Supratentorial lesions 818 (84.1)
Infratentorial lesions 155 (15.9)

Operative type
Unruptured aneurysm clipping 277 (28.5)
Ruptured aneurysm clipping 58 (6.0)
Microvascular decompression 78 (8.0)
Tumor 281 (28.9)
Revascularization 153 (15.7)
Spontaneous hemorrhage & vascular 

malformation
60 (6.2)

Trauma 38 (3.9)
Cerebral infarction 19 (2.0)
Abscess 9 (0.9)

Pre-operative AED
No AED 157 (16.2)
Valproic acid 727 (74.7)
Diphenylhydantoin 41 (4.2)
Levetiracetam 46 (4.7)
Others 2 (0.2)

Pre-operative intravenous antibiotics
Cefazolin 1 g 255 (26.2)
Cefazolin 2 g 648 (66.6)
Others 70 (7.2)

Intra-operative antibiotics irrigation
No irrigation   161 (16.5)
Cefazolin 1 g 255 (26.2)
Cefazolin 2 g 494 (50.8)
Others 63 (6.5)

Main operation time (range, min)* 170 (0–1105)
Intraoperative muscle relaxant

Yes 693 (71.2)
No 280 (28.8)

Post-operative seizures by the period of operation
Total 70/973 (7.2)
January 2009–August 2010 20/515 (3.9)
September 2010–June 2011 49/290 (16.9)
July 2011–November 2011 1/168 (0.6)

*Dura opening to dura closure time. AED : anti-epileptic drug
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on the intraoperative irrigation of antibiotics was the highest 
(87.2%, n=61) with 2 g/L cefazolin, though even higher with 1 
g/L cefazolin (10.0%, n=7) than without antibotics (Table 2). 
Clipping surgeries for unruptured aneurysms were the type of 
surgeries most associated with PCS (80%). In addition, micro-

vascular decompression (MVD), despite being an infratentorial 
craniotomy, was associated with PCS with the rate of as much 
as 5.7% (Table 2). A total of 70 seizures occurred within the first 
6 postoperative hours, and the median seizure-onset time after 
dura mater closure was 90 minutes. There were 48 cases (68.6%) 
of generalized-type seizures, and in all but two patients, seizure 
activity, as demonstrate by electroencephalogram, terminated 
within 12 to 24 hours postoperatively. In two patients, sedative 
treatment with midazolam/propofol was used postoperatively 
over 48–72 hours while monitoring the electroencephalogram 
due to status epilepticus. The general characteristics of all sei-
zure patients are shown in Table 2.

In univariate logistic regression analysis of all factors, hyper-
lipidemia, location of operation, operation type, and antibiotic 
use were associated with PCS (Table 3). Intraoperative antibiotic 
irrigations had been used with preoperative intravenous injec-
tion of antibiotics (cefazolin 1 g) until June 2011, but the irriga-
tions (not the i.v. antibiotics) were discontinued from July 2011 
to November 2011. In that period, only one seizure (0.6%) oc-
curred, so we were able to conclude that intraoperative cefazolin 
irrigation (2 g/L greater than 1 g/L) was the direct cause of PCS. 
We therefore could exclude intravenous cefazolin (1 g) injection 
as a risk factor for PCS.

In logistic regression analysis of the factors including hyper-
lipidemia, location of operation, operation type, and intraopera-
tive antibiotics irrigation, only 2 g cefazolin intraoperative irri-
gation (p=0.024) and unruptured aneurysm clipping (p<0.001) 
were independently associated with PCS (Table 4). The seizure 
rate of the unruptured aneurysm clipping operation type, when 
2 g/L cefazolin intraoperative irrigation was used, was 32.9%. 
Although not statistically significant, the seizure rate of MVD 
operations with 2 g/L cefazolin irrigation was 5.5%, whereas no 
seizures occurred in the other infratentorial craniotomies (Table 
2). Fortunately, no neurological sequelae resulted from any of 
the 70 post-craniotomy seizures. 

DISCUSSION

This retrospective survey supports the hypothesis that intra-
operative cefazolin irrigation causes PCS. Over one year, we ex-
perienced a dramatic increase in the PCS rate when the dosage 
of cefazolin doubled from 1 g/ampule to 2 g/ampule (per 1 L sa-
line bottle) during surgery. At that time, nobody in our depart-
ment paid attention to the changed cefazolin ampules. Although 
the epileptogenic effect was not transparent with the use of 1 g 
cefazolin/L saline, the effect became apparent upon doubling of 
the cefazolin dosage (2 g/L saline). Surprisingly, PCS rarely oc-
curred in tumor surgeries relative to aneurysm clipping surgery. 
Also unusual was the 5.5% seizure rate of patients receiving in-
fratentorial MVD. One notable similarity between clipping and 
MVD is that the surgical work is done in the cisternal space, as 
opposed to tumor surgery, in which surgical activity is performed 
mainly within brain parenchyma. This connection suggests that 

Table 2. Characteristics of the patients with post-craniotomy seizure (n=70)

Variables Frequency (%)
Median age (range, yrs) 61 (20–77)
Sex

Male 23 (32.9)
Female 47 (67.1)

Previous seizure history 3 (4.3)
Operation location

Supratentorial lesions 66 (94.3)
Infratentorial lesions 4 (5.7)

Operation type
Unruptured aneurysm clipping 56 (80.0)
Ruptured aneurysm clipping 2 (2.9)
Microvascular decompression 4 (5.7)
Tumor 5 (7.1)
Revascularization 2 (2.9)
Trauma 1 (1.4)

Pre-operative AED
No AED 8 (11.4)
Valproic acid 56 (80.0)
Diphenylhydantoin 3 (4.3)
Levetiracetam 3 (4.3)

Pre-operative intravenous antibiotics
Cefazolin 1 g 7 (10.0)
Cefazolin 2 g 62 (88.6)
Others 1 (1.4)

Intra-operative antibiotics irrigation
No irrigation 1 (1.4)
Cefazolin 1 g 7 (10.0)
Cefazolin 2 g 61 (87.2)
Others 1 (1.4)

Main operation time (range, min)* 110 (20–320)
Intraoperative muscle relaxant

Yes 51 (72.9)
No 19 (27.1)

Seizure type
Generalized seizure 48 (68.6)
Partial seizure 20 (28.6)
Status epilepticus 2 (2.8)

Median seizure onset time–after dura 
closure (range, min)

90 (1–300)

Seizure duration (range, min) 5 (1–120)
Valproate blood level during seizure 

(therapeutic level : 50–100 mcg/mL)†

63 

*Dura opening to dura closure time, †24 patients checked (34.3%). AED : anti-epi-
leptic drug
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PCS seems to be related to opening of the cisternal space, a part 
of the irrigation procedure, so we concluded that intraoperative 
irrigation could be related to PCS. 

Reports produced since the 1970’s documented that periop-
erative antibiotics could cause seizures. The most epileptogenic 
compounds were the beta-lactam antibiotics such as penicillin, 
cefazolin, and cabapenem1,4,5,7,9,11,13,16,20,21). Though penicillin’s ef-
fects were documented in human clinical experiences, for cefazo-

lin most data were from animal models15). Few reports provided 
clinical cases about cefazolin-induced seizure2,3,10,12). Schliamser et 
al.18) tried to identify the pathogenesis of beta-lactam epileptogen-
esis based on previous reports, identifying excessive doses, de-
creased renal function, damage to the blood-brain barrier, and 
concurrent use of nephrotoxic or seizure threshold-lowering drugs 
as the main factors. Most of the previous articles concluded that 
perioperative i.v. beta-lactam administration should be avoided. 

Table 3. Post-craniotomy seizure risk factors, univariate analysis

Variables OR (95% CI) p–value
Sex 0.081

Male 0.63 (0.377–1.059)
Female 1

Seizure history 0.989
Yes 1.01 (0.304–3.348)
No 1

Operative  location 0.022
Supratentorial lesions 3.31 (1.190–9.227)
Infratentorial lesions 1

Operative type <0.001
Unruptured aneurysm clipping 17.48 (8.201–37.276) <0.001
Ruptured aneurysm clipping 2.46 (0.511–11.889) 0.248
Microvascular decompression 3.73 (1.096–12.690) 0.035
Other craniotomies* 1

Pre-operative AED 0.857
No AED 1
Valproic acid NA 0.999
Diphenylhydantoin NA 0.999
Levetiracetam NA 0.999
Others NA 0.999

Pre-operative intravenous antibiotics <0.001
Cefazolin 1 g 1.95 (0.236–16.100) 0.536
Cefazolin 2 g 7.30 (0.997–53.480) 0.050
Others 1

Intra-operative antibiotics irrigation <0.001
No irrigation 0.39 (0.024–6.292) 0.505
Cefazolin 1 g 1.75 (0.211–14.488) 0.604
Cefazolin 2 g 8.73 (1.189–64.141) 0.033
Others 1

Main operation time (range) 0.161
0–60 1
61–120 1.90 (0.774–4.648) 0.162
121–180 2.13 (0.956–4.764) 0.064
181–240 1.25 (0.547–2.837) 0.602
>240 0.98 (0.380–2.536) 0.970

Intraoperative muscle relaxant 0.754
Yes 1
No 1.09 (0.632–1.884)

Unruptured aneurysm clipping with cefazolin 2 g irrigation 38.11 (17.556–82.739) <0.001
Other craniotomies without intraoperative irrigation 1
*Including the operation of brain tumors, revascularization, and traumatic brain injuries. AED : anti-epileptic drug, OR : odds ratio, CI : confidence interval
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However, our analysis demonstrates that perioperative i.v. cefazo-
lin administration appears safe, except in patients with predispos-
ing factors such as renal disease, given that no seizures occurred 
after exclusive use of 1 g/L i.v. cefazolin. Careful i.v. use is valuable 
because cefazolin is one of the best prophylactic antibiotics for 
surgery. On the other hand, intraoperative cefazolin irrigation, 
especially with 2 g/L cefazolin, appears neurotoxic and should be 
avoided in craniotomy.

The main limitation of this study is that it is a retrospective 
analysis; however, one factor was manipulated deliberately : ce-
fazolin irrigation was purposely suspended from July 2011, and 
the link between cefazolin irrigation and PCS was thus con-
firmed. 

CONCLUSION

After systematically eliminating other suspicious factors, we 
conclude that intraoperative cefazolin irrigation must be avoid-
ed in patients undergoing craniotomy.
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