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ABSTRACT: Status epilepticus can cau se irreversible cerebral inju ry if it prolongs and it is 
ess entia l to terminate se izu re rapidl y. Anti epileptic drugs should be introduced to the patient s 
intravenou sly (IV), but it is almost impossi ble to ach ieve IV access during the se izure . Howev er , 
intr aosseous (10) route ca n be accessible eas ily. Phen ytoin was introduced to dogs by IV and 10 
rout es. Th e levels of phenytoin in the blood were measured and the results were co mpared. Th e 
plasma profile of phen ytoin was found to be in the therapeutic level when it was administere d by 
10 route. It was co ncl uded that the 10 route ca n be an alterna tive route to IV route in the loadin g 
of phenytoin . 
[Keyw ord s: Phen ytoin , bone marrow infusion, intr asseous infusion , bone infu sion gun, 
intravascul ar access. ] 

INTRODUCTION 

Statu s epil epti cus ( SE ) is classically 
defined as a general ized toni c-clonic sei zure 
lasting longer than 30 min. Some investigators 
have suggested that a better definition would 
inc lude se izure whi ch persists mo re than twi ce 
its normal durat ion (I ). SE ca n cause neuronal 
brain dam age. This morbidity is attributable 
not only to the und erl yin g cause, but also to 
the duration of the status episode (2) . 
Mana gement of SE requires life support and 
monitoring measure as well as timely 
ad ministration of IV anti ep ilepti c dru gs to 
terminate the seizure and reduce the risks of 
morbidity and mort al ity . 

Phenytoin is one of the antiepileptic dru g 
used frequ ently. In the absence of acute 
struc tura l lesions, phen ytoin may be the only 
necessary antiepileptic dru g in as much as 80 
% of the pat ient s who have ge nera lized 
co nvulsive status epilepticus. A usual loading 
dose is 15 mg/k g, but 20 mg/kg may be 
reason able before co ncl uding that phen ytoin is 
insufficient. It should be ~ ive n intravenously 
with a maximum dose of 50 mg / min without 
any co nce rn for cardiac arrh ythmias. It may be 
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ben eficial before reaching therapeut ic level 
(3,4) . IV acc ess , however , is frequently 
di fficult to achieve . In addition, attempts for 
both IV and 1M injections during se izures can 
pose risks to the pat ient and the ca regivers. Fo r 
these reasons, an altern at ive means of delivery 
of the med ication to the pati ent in se izu re is 
desirable . It has been reported that the 10 route 
is an alternate way to administer tluids and 
dru gs ( 5 ). 

The purpose of this study was to 
determine the absorbed phenytoin level after 
10 administration and wheth er therapeuti cally 
significant plasma co nce ntratio ns ca n be 
obt ained. 

MATERIAL AND METHODS 

Ten adult dogs weighing 8.7-9.8 kg were 
determined to be normal by physical 
examination. Th e dogs were fasted for 12 
hour s They were anes thetized by chamber 
indu ction with isotlorane. After tracheal 
intubation , anesthesia was maintained with 
isotl orane. All anima ls were treated in a 
humane fashion and recovered with adequate 
pain co ntro l after procedure . 



Anim als were divided into two groups; 
10 and IV. They underwent a surgical 
procedu re for placement of a catheter into the 
right femoral vein. Th e IV group had a long IV 
cathete r placed next to the other catheter for 
delivery of phenytoin. Both catheters were 
secured at their entry site with nylon suture. 

10 lines were perfo rmed using a 
automatic device, for insertion of 18-gauge 
trocar needle (small children's size) into the 
bone marrow, the bone injection gun (BIG) 
(Wa is Med Ltd . Even Yehuda, Israel). The 
preferred anatomic point for insertion of the 
trocar needle was an area 0.5 to 1 ern medial 
and 1 em distally to the tibial tuberosity. The 
BIG were used by the spec ifically trained ED 
personnel. Th e depth of penetration for the 
trocar needle using the BIG can be adjusted by 
unscrewing the sleeve from the cylindrica l 
housing, acco rding to the size of cases and the 
anatomica l area chosen for the injec tion. For 
this study, to ga in 10 access in the proximal 
tibial metaph ysis (aro und the tibial tuberosity), 
the dep t of penet ration was adj usted l cm. The 
skin area is thoroughly cleaned with an 
antis eptic . The front part of the BIG is placed 
in a perpendi cular posit ion to the site of 
injection, hold ing firmly. The safety pin is 
pulled out. The BIG is triggered by pressing 
the rear part aga inst the two shoulders-handles 
of the housing and the sterile trocar is inserted 
into the bone at high speed. The BIG is 
removed and the trocar needle is separated 
from its housing. The stylet trocar is then 
manuall y separated by pullin g it from the 
needle and only the needle ca nnula remained 
in the bone. The needle is then connected to a 
standard IV infusion set. Proper needle 
placement was confirme d by observing 
spontaneous blood return from the needle, easy 
aspiration of blood, and the ability to infuse 
fluid eas ily under gravi ty. The safe ty latch 
dev ice is fixed aro und the needle -skin surface 
and pro vided an additional stabilization. 

A 15 mglkg dose of phenytoin was 
injected ove r 15 minutes, followed by 5-mL 
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flush of normal saline into each of the 10 and 
IV sites in a predetermin ed sequence. Two mL 
blood samples were withdrawn at 0, 5, 10, and 
20 mins after injection 

Determination of blood pheytoin 
concentrations: 

Blood was collected in vacutainer tubes 
(Belliver Industrial Estate, Plymouth , PL6 7BP 
UK). Serum was separate d and frozen 
immediately at -20°C until analyzed. Total 
serum and unb ound serum concentrations of 
phenytoin were determined using fluorescence 
polarization immun oassay (FBIA; TD x, 
Abbott Diagnostics, North Chicago, IL, 
U.S.A). Serum samples ' containing only 
unbound frac tions of phenytoin were prepared 
by ultrafiltration using the Centrifree 
Micropartition System (no. 4104 ; Amicon, 
Danvers, MA, U.S.A. . App roximately 1 ml of 
serum was pipetted into the ultrafiltration 
device, then centrifuged at 1500g at 25 ± 2°C 
for 20 min. The within-run coefficients of 
varia tion for serum analysis procedures of 
phenytoin were < 5.0 %. 

RESULTS 

Five dogs received the bone-marrow 
infusion procedure. 18 gauge trocar needle 
used for all dogs. Insertions of the needle using 
this method we re succe ssful in all cases. 
Correct placements were confi rmed by 
aspiration of marrow content and eas y infusion 
of fluid. The time required to es tablish the 
bone-marrow infusion lines was 20 seconds to 
1 minute (Median 39 seconds) . 

In all cases , the trocar needle was 
inserted into the area of the tibial tuberosity. 
Intraosseous lines were kept in place for 1 to 3 
hours, however the dogs were followed-up for 
a period of 48 hours and no local or systemic 
complications from the procedure were 
observed in this study. 
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DISCUSSION 

The anatomy and physiology of bone­
marrow circ ulatio n was recognized more than 
200 years ago. In 190 1, stereopho tographs and 
X-rays de mo nstra ted that there were we ll 
defi ned blood vessels in bone marrow, divided 
into superior and inferior branches that were 
part of the ge ne ral circ ulation. As IV ca theters 
and techn iqu es developed and improved du ring 
the 1950s and 1960s, 10 ro ute fell from grace 
for mos t part. However, occasiona l studies 
co ntinued to appea r in the litera ture ; it has 
been reported a study on 15 patient s treated 
with 10 infusions ranging in age fro m 18 to 86 
years . Usi ng a 14-gauge need le placed in the 
tib ial bone marrow, blood, Ringer' s lactate, 
glucose, dexameth asone, atropine, and 
diazoxide were infused successfully (5,6, 7,8) . 
In 1997, BIG was used on fifty adult pat ient s, 
age d 27 throu gh 78 years, to ob tain vasc ular 
access through 10 lines, whi ch wa s un iversall y 
succes sful. In 76 % of the cases, the needle 
was insert ed into the area of the tibia l 
tub erosity; in the reminde r of the cases, the 
needle was inserted at the d istal end of the 
rad ial bone and into the lateral or the medial 
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Figure 1. Blood levels of pheytoin after IV and 10 loading. 
(Error bars rep resent SEM, n=5). 
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mall eolu s. Th e success rate for an adequate 
inserti on was 100 % in this gro up of patients. 
No co mplica tions fro m the procedure were 
observed in this se ries (9) . 

In the present study, it has been show n 
that blood phenytoin levels after IV 
admi nistration were higher than after 10 
administration at eac h time point. But this 
difference was not stat ica lly sig nificant, and 
therapeutic levels co uld be maintain ed . 

In a study previously co nducted in 
dom estic swine in the liter ature, it has been 
shown that the phenytoin levels by 10 dosing 
were subthe rapeutic at the ten- , 15, and 30 
minute samp ling times. In this investiga tio n, a 
16-gauge adj ustable length aspira tion needl es 
were used , and phenytoin was administra ted 
over two minute (l0). In anot he r study in pigs, 
phenytoin dosing were performed over 15 
minutes, and the results were similar to our 
data (11 ). 

In this study, it has been demonstrated 
that 10 route is an effective alterna tive to IV 
route in the load ing of phenyto in. The use of 
an impact penet ration of a trocar needl e into 
the spo ngeous bone improved success rate. 
The dru g injected into the bone marro w 



disperses via its venous drainage which 
connects the bone marrow to systemic 
circulation. 

In despite of the fact that the techn ique of 
10 access has been very well known for many 
years, most physicians are unaware of its 
existence or avo id using it for various reasons. 
Avoidance of using includes a lack of suitable 
training and fear of complica tions such as 
infection or ca using pain durin g the insertion 
of the trocar needle. The most frequent 
complications are osteomyelitis and 
compar tment syndro me. However, these were 
mainl y related to the length of time the 
infusion was left in place and to poor technique 
of needle insertion with subsequent leakage of 
fluid out of the bone into the surro unding 
tissues. In more than 4 .000 cases reviewed, 
there were 27(0.6%) cases of osteomyelitis, 
compared with 3.7% of infections related to IV 
infusions (12). Defects in bone grow th after 
infusions were not demonstrated in the animal 
models (13, 14) . The bending of the needle and 
the trocar have also reported (15 ). All of the 
above complications can be avoided by using 
an automatic device that allows a fast and 
precise insertion of a trocar needle to a 
predetermined dept by trained personnel. The 
BIG ' s sma ll trocar needle design permitted a 
high velocity penetration through the bone 
cortex tightl y into the spongeo us bone and 
provided the best stabilization of the need le at 
the access site, preventing leakage fluids 
around it. 

In conclusion, 10 admini stration of 
phenyt oin by BIG pro vides safe, rapid and 
reliable access to the circulation. 
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