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TIZNADO0 E , I-I E JAMES AND S MOORE The effects ofatute htgh dosefentanyl adrntntstratutn on expertmental 
bratn edema Analysts of tnlratrantal pressure, system~t artertal pressure, tentral venous pressure and bratn ~,ater 
tontent PHARMACOL BIOCHEM BEHAV 24(4) 785-789, 1986--In rabbits who had bra~n edema and lntracramal 
hypertension reduced by a combined cold les~on (over the left hemisphere) and a metabohc blocker (6-ammomcotmam~de), 
the authors analyzed the response of multiple parameters following the administration of 6 mcg/kg/dose of fentanyl every 5 
m~nutes for 1 hour (12 doses), combined wtth mtrous oxide anesthesta All ammals were mechanically ventilated and the 
PaCO~ was maintained at 37-43 tort Gross pathology and extent of Evans Blue extravasation was no different from 
pretreatment control ammals The systohc arterial pressure and the central venous pressure showed no change dunng the 
experiment The mtracramal pressure remained elevated despite fentanyl, but did not increase or decrease throughout the 
administration of the agent The brain water content remained unchanged in the right hemisphere, but revealed a significant 
increase followtng fentanyl m the cold-lesioned left hemisphere for the gray (p<0 005) and white matter (p<0 05) 

Fentanyl Brain edema Intracramal pressure 

F E N T A N Y L  ~s a well es tabhshed anesthet ic  agent and the 
emphas~s m its chmcal  appltcatton ~n cardiac surgery ~s due 
to ~ts card iovascular  stabd~ty [25,28], and tn neurological  
surgery for ~ts abdity to stabd~ze intracrantal dynamics  and 
not ~ncrease tntracramal pressure  (ICP) [17]. It ~s preferred tn 
o ther  specialt ies as well because  o f  the rapidity of  onset  of  
action, of  ~ts short duration,  and the fact that ~t ~s 80 t~mes 
more potent  as a narcotic than morphine.  

Reports  of  seizures following htgh dose fentanyl adm~ms- 
trat~on in exper imental  and clinical s~tuat~ons has lead to 
concerns  for ~ts mode and dosage o f  admimstrat~on m the 
chmcal  setting [20]. Prolonged seizure act~vtty can lead to 
neuronal damage and death,  possibly due to the ~nabd~ty of  
the blood supply to meet  the increased metabohc demand 
[2,15] Local  bra~n edema  may worsen  due to a previous 
~nsult if there  was one,  and the inadequate  metabolic-blood 

supply relationshtp. This,  in turn, may create  more dtffuse or  
spreading effects which can lead to a dis turbance o f  intra- 
crantai dynamics  

There  is hm~ted ~nformat~on available in reference to the 
effects  of  fentanyl on mtracranial  dynamtcs,  ICP,  systemic 
arterial pressure (SAP), central  venous pressure  (CVP), 
blood brain b a m e r ,  E E G  and brain water  content  fol lowing 
brain result. These  parameters  are of  tmportance in the clim- 
cal setting where  foliowtng brain insults, the pattent ~s at 
h~gher risk f rom complicat ions  from anesthettcs and narcot-  
tcs, should these be required.  

For  th~s reason we performed the current  study in rabb~ts 
following the combtnat ton of  a brain injury created by the 
adm~mstration o f  a c ryogemc  left hemisphere  (vasogenic)  tn- 
suit [8, I I, 13] and a cytotox~c one,  by the administrat ton of  a 
metabohc blocker ,  6-ammomcotinam~de [10,11]. 

~Requests for repnnts should be addressed to H E James, M D 0 D~v~s~on of Neurosurgery, H-893, Umvers~ty Hospital, 225 Ehckmson 
Street, San D~ego, CA 92103 
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TABLE 1 
EXPERIMENTAL GROUPS 

Experimental Groups n 

Group I Sham Operated Ammals 12 
(w~thout les~on) 

Group 2 Untreated Controls l0 
(cold les~on and 6-ANA*) 

Group 3 Treated Ammals 7 
(cold les~on. 6-ANA and fentanyl) 

*The metabohc blocker, 6-amnnomcotmam~de 
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FIG I Systohc Arterml Pressure (SAP) and Central Venous Pres- 
sure (CVP) following fentanyl admtmstrat~on 

METHOD 

Albino rabbits weighing 2 to 3 kg were anesthetized with 
nntravenous sodium thiopental (20 mg/kg) through the mar- 
gmal vein of the ear and then placed ~n a stereotactlc device 
The scalp was incised under local anesthesia (Lidocatne 1%), 
and the calvanum exposed A 12 5 mm diameter circular 
trephine hole was then made over the left paneto-occipltal 
cortex A stainless steel probe (area 65 mm2), previously 
equdibrated with a hqutd nitrogen bath, was apphed to the 
intact dura for 90 seconds following which the skull was 
closed by suturing the bone remnant into its ongmai pos~- 
tion, and the skin sutured Evans Blue (1 mg/kg of 3% solu- 
tion) was then administered intravenously Following this, a 
single dose of 6-amtnomcotinam~de (6-ANA) was admlms- 
tered intrapentoneally (120 mg/kg) as a metabolic blocker 
[10,11] A group of animals (sham operated) recenved no 
freeze lesion or 6-ANA The animals were returned to their 
cages and were allowed food and water ad lib. Therapeutxc 
trials began 24 hours after the lesion, at the t~me of maximum 
white matter edema [8,1 i]. The animals were reanesthetlzed 
w~th sodium th~opental, tracheostomized and continuously 
ventilated with a mixture of oxygen (50%) and nitrous oxide 
(50%) They were then paralyzed with pancuromum (0 5 to 
1.0 mg) intravenously, and femoral arterial and venous 
catheterizations were performed. Systohc arterial and cen- 
tral venous pressure were monitored continuously through 
appropriate strain gauge transducers and were recorded on a 
multtchannel polygraph (Gdson Model CM-8, West Coast 
Science Company, Oakland, CA). Arterial blood gases were 
malntmned so that the PaCO., was ~n the range of 37 to 43 
torr Animals with systolic arterial pressure of less than 80 
torr at any t~me during the experiment were eliminated from 
the study The animals were again positioned m the 
stereotacttc device and a 20 gauge plastic catheter 
(Ang~ocath, Desert Pharmaceutical Company, Sandy, UT) 
was inserted into the ctsterna magna for continuous ICP re- 
cordnng The ICP reference point was the ~nteraural line 
Bilateral anterior and posterior screws were placed m the 
calvanum for continuous EEG recording 

After stabilization, the animals were divided into three 
groups The first group was the sham operated populauon 
(n=12) which was monitored for 45 minutes after PaCOe 
stabihzatnon, and kdled by air embolus The second group 
was the population with freeze les~on and 6-ANA (n=10) 
(untreated controls) who were momtored like the previous 
group and then killed 45 minutes after stabd~zauon of the 
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F I G  2 lntracrannal Pressure (ICP) m the control group and m the 
fenlanyl group (cold lesnon and 6-ammomcot~namnde) 

PaCO2 by exsangunnauon The last group was the therapy 
group (n=7) All of these ammals also received a combined 
cryogenic ~njury and cytotoxxc (6-ANA) insult The surviv- 
ing animals (n=7) were treated w~th intravenous fentanyl 24 
hours later in the following manner after stabdnzaUon of the 
PaCO_, all animals were gnven fentanyl tn 6 mcg/kg each w~th 
rapid bolus IV every 5 minutes, during 60 minutes, for a total 
of 12 admmnstratlons The 3 kg animal thus received a total 
of 276 mcg The ammals were kdled by exsangumation 

In all groups after the sacrifice the brains were rapidly 
removed by cramectomy, gray and white matter samples m 
front and behind the les~on crater, excluding the areas of 
hemorrhage and necrosns, were taken Homologous samples 
were then taken from the contralateral hemisphere The 
water content of the samples was obtained by the m~cro- 
gravlmetnc techmque [141 In the second group (untreated 
controls), the ammals were sacrificed at 24 hours following 
the combined ies~on, and processed as previously described 
The various experimental groups are hsted in Table I 

RESULTS 

Behavior 

Behavnor nn the sham operated group was normal In the 
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TABLE 2 

BRAIN WATER CONTENT* 

Grawmetry 

Experimental Group Hemisphere Gray WhRe 
_ _  

Sham Operated L 1 0428 _+ 0 0005 1 0414 ± 0 001 
(Control, n=12) R 1 0428 ± 0 005 1 0414 _+ 0 001 

Untreated Controls L i 0423 ± 0 0007"t 1 0385 +-- 0 0008~: 
Cold Les~on and 6-ANA R 1 0433 ~ 0 005~" I 0409 ___ 0 0004~" 

(n= 10) 

Treated Ammals L I 0411 -+ 0 0016§ I 0376 ± 0 00175 
Cold Les~on, 6-ANA and R 1 0427 ± 0 0009 1 0410 +__ 0 0010 

Fentanyl (n=7) 

*A reducUon of grav~metry md~cates an ~ncrease m t~ssue water 
~'p<0 05 from controls 
~tp<0 005 from controls 
§p<0 005 from untreated controls 
~p<0 05 from untreated controls 

untreated control group (freeze leston and 6-ANA), severe to 
moderate hypoactiwty was noted m 85% of the ammals w~th 
a 25% mortality after the combined les~on. In the therapy 
group, morbidity and mortaltty were equivalent to the 
ammals m the untreated control group. 

Gross Pathology 

In the sham operated animals, there was no extravasat~on 
of  Evans Blue dye and no gross pathologtcal changes were 
noted In the untreated controls group, there was an area of 
hemorrhage and necros~s created by the injury, whtch aver- 
aged 15 mm in diameter at the cortical surface, and generally 
extended 4 to 5 mm into the underlying parenchyma Evans 
Blue extravasaUon was noted to extend into a 5 to 8 mm 
radius tn the ~njured hemtsphere, beyond the area of hemor- 
rhage and necros~s. Frequently Evans Blue dye was seen tn 
the white matter of the right hemisphere and a light bluish 
hue was seen m both lateral ventricles. There were no gross 
pathological differences on the extent of  the Evans Blue ex- 
travasatton between the fentanyl group and the untreated 
controls group. 

EEG 

In the sham operated group, fast actiwty was present over 
both hemispheres In the ammals wtth the freeze leston and 
6-ANA (untreated controls), there was pronounced slowing 
and h~gh voltage waves over both hemispheres, which was 
more pronounced on the left s~de In the fentanyl group, 
there was an ~ncrease ~n the voltage and number of slow 
waves over both hemtspheres, and th~s  was more 
pronounced durmg the second half hour of the experimental 
full 

Systohc Artertal Pressure 

The SAP m the sham operated group, at a PaCO2 of 37-43 
torr, ranged between 150 and 85 torr. In the freeze les~on and 
6-ANA untreated group, the mean SAP was 102 9-+7 torr. In 
the fentanyl group, it was 102.1-+7 torr (Fig. 1) 

Central Venous Pressure 

The mean CVP in the sham operated group was 7.2-+ 1.5 
torr. The mean CVP in the untreated controls group was 
5.3-+2.1 torr. In the fentanyl group ~t was 5.4-+ 1 5 torr. There 
was no statistical difference between the groups (Fig. 1). 

lntracrantal Pressure 

The mean ICP for the sham operated animals was 
2.75_+2 3. In the untreated controls group it was 7 1_+1 8 
tort This ~s statistically significant. In the fentanyl group ~t 
was 7.0_ + 1.9 torr There is no statistical difference between 
these last two groups (F~g. 2). 

Brain Water Content 

The gravimetry of  the bra~n in the control ammals was 
I 0428_+0.005 in the gray and 1.0414_+0.001 ~n the white mat- 
ter. In the untreated controls (freeze lesion and 6-ANA) at 24 
hours a significant |ncrease in the water content of  the white 
matter of the left hemisphere was noted (p<0.005). This was 
also noted in the gray matter of the left s~de. Following fen- 
tanyl therapy, there was a decrease in the water content of 
the left hemisphere, both for the gray and white matter, 
when compared to the untreated controls (Table 2). 

Of interest is the fact that in the right hemisphere (sub- 
jected only to the cytotoxic agent), the water content re- 
turned to values similar to the sham operated group m the 
gray matter, following fentanyl (Table 2) 

DISCUSSION 

Fentanyl has been extenstvely employed tn climcal prac- 
Uce, especially in cardmc surgery and ~n neuroanesthesia. It 
has been known not to |ncrease ICP ~n the chnlcal setUng, 
and ~t has also been known to lower R, in the presence of 
d~sturbed intracran~al dynamics [ 17]. This stabilizauon of  the 
tntracramal dynamics in pathological situations is felt to be 
due to a combination of factors. It seems to reduce CBF and, 
consequently, to reduce cerebral blood volume [16,28]. 
Likewise, R has been noted to reduce cerebral metabolism of 
oxygen (CMRO2) [17,28]. Th~s, ~n itself, can lead to a reduc- 
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tlon of CBF However.  ~t has to be pointed out that these 
decreases are seen when fentanyl ~s given with other agents. 
such as nitrous oxide and/or dlazepam [17.271 Also as one 
may expect, these findings are seen in intubated and venti- 
lated ammals and humans, but when fentanyl is g~ven in the 
non-ventdated otherwise consoous  rabbit in progressive 
doses, it produces hypercarbla from respiratory depression 
and increased cerebral blood flow [5] 

There has also been concern about a capabd~ty for fen- 
tanyl to create EEG changes and seizures {16. 18. 20. 26] 
DeCastro et al [6] found that dogs given ~ntravenous fen- 
tanyl at 4 mg/kg/IV developed seizures Because of  these 
results, he labeled the agent an "exc i ta tory"  narcotic [6] 
Dogs reqmre a much larger amount of fentanyl than humans 
for an effect to be noticeable chmcally It is not therefore 
appropriate to extrapolate the dog data to similar effects in 
humans Such seizures should not be confused with the phe- 
nomenon of "'stiffness" and "muscle ng~&ty'" described by 
various authors [4, 21,221 which are pnmardy related to the 
rap~d administration of doses of up to 100-150 mcg/kg Thts 
phenomenon has also been reported as a delayed response 
several hours after the admm,strat~on of the agent 131 

In human studies, the EEG effect of fentanyl has been 
seen to produce high voltage slow waves [221 Sharp and 
spike wave actlvtty following fentanyl admtmstratlon has 
also been noted, and because ofth~s other investigators have 
taken a look at electrical activity and other parameters in 
animals to better e luodate  the nature of  the problem 
Maekawa ct al [26] looked at local cerebral blood flow fol- 
lowing fentanyl reduced seizures in rats with C ' ' -  
iodoantlpyrme Fentanyl was refused at a rate of 10 
mg/kg/mm until the spike, seizure and suppression was seen 
on the continuous EEG During th~s spike activity, cerebral 
blood flow increased in all structures, espectally in the 
superior colhculus, sensonmotor cortex and ptneal body 
Thts was accompanied by a reduction in the local cerebral 
vascular resistance the authors concluded that the local 
blood flow increases seemed to be out of proportion to local 
metabolic changes [26] Subsequently. Tommasmo et al 
[251. in the same laboratory, studied the effects of fentanyi 
on cerebral metabolism in rats Fentanyl was given in bolus 
dose over 5 minutes (200 mcg kg- ' )  and then refused for 50 
minutes (8 mcg kg ~) In another group of  rats this infusion 
of  fentanyl was doubled Local cerebral metabohsm was 
then stu&ed by the C 14-2-deoxyglucose method (I- 
CMRG), and eplleptold discharges were momtored with 
continuous EEG The authors noted that a relationship 
existed when the different anatomical areas were looked at 
from a functional point of view In the v~sual, sensonmotor.  
white matter and reticular formation, there was a global de- 
crease of I-CMRG In the hmb~c system, the I-CMRG re- 
mained at controlled values At the h~gher fentanyl doses, 

there was further depression of the former areas, whereas 
those of the hmb~c system returned to control values These 
authors concluded that the observed metabolic re&stnbution 
was characteristic of the -hmblc  seizures'" seen in other 
models, contrary to models of "cortical s e i z u r e . "  where 
there is ~ncreased glucose metabolism throughout the brain 
The authors then warned of the potential chmcal ~mphca- 
tlons, even though there is species differentiation, s~nce the 
same phenomenon could occur in humans [25] 

One of the concerns m the chmcal setting ts that of the 
patient with impaired intracramal dynamics, either from 
mass lesion or from ~mpa~red autoregulatlon Seizures. if un- 
checked, can increase CMRO~. increase tissue aodosls,  m- 
crease CBF and intracramal blood volume This in turn can 
~ncreasc ICP What could then follow ~s a displacement of 
structures and hermatlon syndromes, where compression of 
structures may ~mpmr mtcrocapdlary orculatlon, result in 
local tissue ~schemia. which then disturbs local metabohsm 
A v~oous cycle could ensue from impaired lntracramal 
dynamics, if it ~s not recognized and appropriately treated 
Tissue acidosis and |schemia can add to the disturbed me- 
tabohsm and favor brain edema, with further deterioration of 
local perfus~on and metabohsm [191 

Counteracting th~s tendency of increased ICP would be 
the effect of  fentanyl's depression of CBF in areas of the 
brain other than the hmb|c system [26]. which is most hkely 
due to a depression of metabolism m those areas [25] and its 
effect in stabdizmg CSF production [11 

In the current studies the ICP of the untreated controls 
was no different than the treated controls through the acute 
stage of fentanyl admmlstrat |on (Fig 2) This speaks favor- 
ably for fentanyl not deteriorating already elevated ~ntracra- 
real pressure further in the presence of mtrous oxide 
anesthesm, as has been demonstrated in previously &s- 
cussed work Brain water content was not reduced by fen- 
tanyl (Table 2) Due to the ~ndlcat~ons from the work of 
Tsuyosh~ et al [261 and Tomas~no ct a/ [25] employing large 
doses of fentanyl. 10 mg/kg/mm, that global flow and me- 
tabohsm are reduced following fentanyl admm~strat|on, and 
the work by Artru II] which showed that the CSF production 
remains unchanged, we believe that the combination of re- 
gional blood volume changes (both positive and the nega- 
tive), stabd~zes Intracran|al volume and hence. ICP The 
presence of  a consistent trend for the EEG to have higher 
voltage and slow waves in the second half hour of the fen- 
tanyl administration follows those electrical changes that 
have previously been discussed in the rat model [ 16.25.27] 

Further investigations ~n both the experimental and chm- 
cal settings are needed before we can apply these findings to 
the practice of  fentanyl therapy in the operating room and 
intensive care setting 
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