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ABSTRACT
Pr-:Jlmem data suggests that vital physiologic support measures s and [ree fraction of phcmtmn are
altered following head trauma, Therelore. we conducted a prospective. randomized controlled study
to determine the correlation of albumin concentration and unbound phenyioin plasma concentration
following head injury. Ten adult head trauma patients in the neurosurgical intensive care unit
receiving phenvtoin for the seizure prophylactic treatment were studied [or their free and total
plasma phenytoin concentration in peak and trough times and their respective albumin concentration.
Free and total phenytoin levels were determined by both liquid chromatography and flurescence
polarization immunoassay (Eclair) of plasma samples afier ultrafiltration and deproteinization. No
significant difTerence was found in the plasma concentration measured with HPLC or FPIA while a
marked correlation was noted between plasma albumin and free phenyioin concentration (r=10.83).
The total and free phenvtoin concentrations were not significantly correlated (r “=().60). A remarkable
difference (P=0.05) was noticed when doses in patients were adjusted on the basis of total plasma
phenvioin and calculated plasma phemvioin adjusted for serum alburun. Therefore, therapeutic
monitoring in neurosurgical patients receiving phenvioin should be performed on the basis of
pharmacelogicallv active component {free fraction). rather than total phenyton which is presently

performed n the clinics
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INTRODUCTION
Phervtom s commonly  admmisiered  ag an
anticonvulsant 1o ertically il paticnis far seizure
prophvlaxis and treatment. It exhibits non-lingar
pharmacckmetic  charactrisnic and  requires
frequent plasma monitoring and dose adjustments
(1.2), Based on a previous studs. it is often
difficult to achieve therapeutic levels in patients
with neurnlogic trauma using the recommended
phenviomn dosmg strategies (33 A wvanaty of
mechanisms have been proposed 1o explam this
phenomenon, includmg stress-related increase in
hepatic metabolism (4), increase i clearance due
o hvpermetabolic or hvpercalabolic state during

head trauma, and an  increase i clearance of

unbound  phenyviomn resulting e increased
phenyvtein total clearance (1,23, Under normal
conditions, abouat 90%, of phenvioin s bound 1o
primaril

plasma  protzms, albumin  which
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constitutes #3% of binding substrate (5). The
binding of phenytain 1o albumin is also reported
to be altered in the crtically ill patients following
trawma which might change the [ree phenvioin
fraction (63, There are also reports on preference
of monitoring of both total and free phenyloin
concentrations i head  wauwma patents (1),
Measurement o unbound  frec  fraction  of
phenyiein instead of total drug has alse been
recommended  for 0 patients (7.8). This
mvestigation was designed for further evaluation
of this phenomenen and (o study possible cxist-
ance ol the correlation between free phenytoin
and albumin concentration in our subjects.

MATERIAL AND METHODS
Selection of Subjecty
Ten adult hemd trauma  patients who  were
admitted 10 neurosurgica! miensive care unit and
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received phenytoin for the sereure prophylactic
treatment were enrolled in this study. The
inclusion criteria for these patients were, severe
bead injury, over 18 vears of age and Glasgzow
Coma Scale (GCS) score of less than 8. Patiens
with bradycardia, second or third degree heart
block, clinically significant hypotension, hepatic
or renal disease (total bilirubim=3mg/dL and/or
ALT=120pg/1 and/or plasma creatinine=2 mg/dL
were excluded. Subjects who had previous hstory
of receiving  phenytom or any other medications
known to mterlere with phenytoin protein hinding
or metabolism  and  patients  who  required
concomitant use of valporic acul, phenabarbital,
sullenamides or theophylline were also excluded
(rom the study. The study protocol was approved
by the Instiutional Review Board at Tehran
University of Medical Sciences,

Drig administration and blovd sampling

Fhenyioin sodium (Daru-Pakhsh 30mg/ml
diluted in normal saline 1o a concentration aof
3mpgiml  and  all  intravenous  doses  were
administered at rate of no faster than 25myg/min.
Maintenance  dose of phenviom  sadium  was
admmstered for the Tist dav of head travma and
vital signs were monitored  hourly while the
patients remained at the neurosurgical miensive
care unit. Blood samples were oblained from
forearm wein of the patients at 30 mumtes afier
the end of infuzion 1o determing peak
concentrations and 20 mmutes before the next
dose 1o determine trough concentrations. Yenous
bleod samples (3mly were obiained and collecied
in heparimized twbe and cenrfuged at room
lemprature for 13 mmuoles at 3000 rpm/min 1o
obtain plasma. An aliqut of plasma was filtered
throwgh suitable ultrafilier (Amicon centrifree, cut
off=3000 Dalton) for preparation of free fraction.

Drtig Assay Procedure

Extraction ol plasma samples Tor totl phemvtoin was
performed Ty deproteinization of sumples with the
same volume of acetoniirile. 30 pl. of supernatant was
injected o the HPLO column lor delermination of
total plasma phenyioin, and 30 gl of wltrafiltered
sample  was directly mjecled inte HPLO column to
determing Iree phenyvionn. Anulviis was performed by
using a G005 high perssure pump, and a 486 Uy
spectrophotometer, o 746 data module (all rom

waters). The samples were iroduced to 2 Techsphore
C8 column (3 pm, 150x4.6 mm) through o rheodvne
T35 mjector Ntted by o 3wl loop. Acetonatrilewater
(34260, pH=2.5) was wed as mobile phase with 2

Mow rate of 1.4 mlimin and the eluent was monitored at
210 nm. Celumn tempralure was maintained at 3090
during the wassav. Total plasma phenytoin also were
determined by Merck VITALAE Eclair that works
bused on flurescence polurization BT EEERALE
Pharmqeokinetic coloulaions

Equation (13, was used to caleulate unbound
fraction of phenytoin on the first day and day
after,

Mormal albumin concentration was assumed to be
4.3g/dl. The actual volume of disribution (V)
was  estimated  fram the  serum albumin
concentration according 1o Equation (11} (93
Winter-Tozer method (Equation 111) was used o
caleulate adjusted phenytain concentration (107

Fip= 1142, 12 Alb) (Equation [
Vi =2 8/Alb {Equation 113
Cromat=Catoon o (0.2 Alb+0. 13 (Equation 111)

RESULTS AND DISCUSSION

Free and total phenyvtom levels were delermined
by both liquid chromatography and flurescence
polarization immunoassay (Eclair), No significant
difference was neted in the plasma concentration
measured  with - HPLC  or  Eclair,  Patiems
demographic data are provided m table 1.
Albumin vanation | unbound (raction on the day
of one and later, total and free phenvioin
concentration for patienis enrolled at the study are
provided in tables 2 and 3. In seven of ten
patients. an everall 05g/dL declme mo albumin
concentration was noted. This was in agreement
with previous reports (1), One of the patients
demonstrated  an ingrease m albumin
concentration and a decrease n unbound fraction,
and two patients did net show any variation
plasma albumin concentration. Although almost
3%  of patients received equal doses of
phenytom, there were variation i their total
phenyvtom plasma concentration which could be
due o intermdividual variations in capacity
limited  nature  of  phenvtom  metabolism  and
plasma protein bindmg,

Based on our findings whenever the tatal plasma
concentrations of phenytoin were subtherapeutic,
free phenytoin concentrations were also low,
There was a strong verse correlation between
plasma albumin and free phenviom concentration
during the treatment (r'=0.83) (figure 13, but toal
and free phenytom concentralions were weakly
correlated {1°=0.60). Under normal conditions,
about 90%  of phenvtoin 15 bound to plasma
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- Tuble T Patients demopraphic - i i

Par-,tfnt ' |:-:.Iagger.:| :E{Q?S-Fz;za.e vq;;?h[ 'f_“-.-G.S1 ) Diagnaosis Outc::.mttl
1 40 bt g2 4 Frantal Contusion ‘e
2 | 55 b 53 3 Traumsz- latersl ventricle hemorrhage ‘oic
3 3 Il &0 5 Traums- Epidural bleeding nic
4 &0 i &0 5 WA vartncle hemarrnags ‘v
5 52 F el 4 MVA -subdural hemarrhage *Dic
5] 41 i £5 7 Trauma-gpidural hemorrhage *oic
7 24 [t g5 g Trauma- interaparanchymal hemarrhage e
a 45 F 70 3 Truma- subsrachnoid hemarrhage nic
= 50 F 70 & Closed-head injury org

10 25 F 65 3 Skull fracturs e ) _j'.ic_

Glasgow Coma Scale. “Motor vehicle acaident. " Discharged

Table 2. Variazion of plasma albumin coneentration and unbaoud raction of phemvioin

= Jr in o A [ - i Fraa” [N 2

The con(@iLy Con(gHLY (@i Dayone Deyate oolimed  %Freeby HRLC'
1 4.00 3.40 -0.60 0106 0.123 160 14.5
Z 430 430 n.oo 0 054 0089 oo T2
3 4.00 370 -0.30 0105 D114 75 101
4 4.10 370 -0.47 2104 2.114 a0 10.4
5 4.10 4.20 210 2104 o10e 20 a2
5 4.00 3.80 -0.40 0108 2117 10.0 10.8
i 410 Jal =050 0.104 0.117 125 10.6
] 340 270 =070 g.123 0,149 21.0 171
g 370 120 -0.50 0114 0129 13 12.3
10 £.30 4,30 000 0.0=49 00Es o0 114

Mean 4.00 3167 -0.33 D108 0115 87 11.2
a0 Q.27 031 028 Loov 0215 s 248

"Patients albumin convenlralion oo davone Patests albuomn concentration e day alter, Caleuloted snbound Soaction ol

plienyvian o

il ; . i
v e anad diy atter.  Percent ol unbonnd rachon of phemvtom measared by LG

Tahle 3. Comparisen of Tolal and Iree phenviein concentration and predicted amd adinsted vd
E P g

Patient | Administered  Total PHT  Free BHT® Traugh Adusted  Predicted  Adjusted Wd Plasma
no Dose (imgid)  Conc {mail) Conc {mg/L) Conc (mgfl) Conc {magfL)” wdiLkq) (Likg) EH
1 230 410 n&0 2.00 552 n&3 D&z 7.30
2 300 3.33 0ac 1.40 5.70 R=14] Q&3 745
3 300 6.92 .70 285 o200 0.65 .75 7.30
4 300 &89 .90 3z 10.20 063 Q.75 7.35
5 250 485 0.40 2.10 513 0.67 046 7.35
G 250 520 045 2.2 530 Q.65 0nF7 T4
7 250 518 0.55 1573 €.30 0.54 0wy 7.20
& 250 584 1.00 250 .12 056 1.00 710
] 300 850 110 2.40 1200 na3 Q.87 730
10 300 a.an 0,95 2.30 B85 nDas 063 735
Mean 275.00 G.36 072 232 773 064 077 ity
S0 26,35 1.74 0.26 D42 230 0.02 a1 0.09

*Tatal and free pheaviom concentration measured by HPLC, I'.n";dj wsteal Letal plienviein coneentration Bosed on albanman, “Adjusted
valume of distmbution based on albumin
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Figure 1, Cuorrelation of albumin el
fraction of phenytoin. 4 Al cone. (gfdlF Palient’s
albtimin concentralion- normal albunin consentratier,
b Phenviein  wnbound concentration  neasurced by

1PLC.

proleins (primarily (o albumin w hich constitules
95%, of binding substrate). Therefore reduction
in albumin concentralion abserved m head
rauma  patients in this siudy have cauzed
variations o tee phenvtom plasma
concentration.

Since pharmacologically acuve component is
only the free fraction of the drug. this might
cause changes in patient's condiion.  As
mentioned above, the correlation between lotal
and free phenytoin was weak, These twa
ahservations  (a;  decrease  of albumin

concentration  during  treatment, b lack  of

correlation between total and [ree phenviem)
necessilates measurement ol phenytom free
fraction during tweatment dug o a sigmiicant
difference between caleulated plasma phenyiom
level, based on albumin concentration, and the
plasma phenviom concentrations measured by
HPLC (Table 1), Therc are reporls on prc-
ference of monitoring of hoth total or free pheny-
loin concentrations in head trauma patients (L),
Some rescarchers recommended measurrement
of unbound fraction of phenytoin instead of wtal
drug (7.8%). This 15 in concordance with our
results on preference of phenyioin free fracticn
monilorng.

Bouer and co-workers (21 found that although
patients with head trauma had statistically sub-
therapeutic total phenytom concentration, [ree

concentration remains i therapeutic ievel which
i in contrast with our results m which our
subjects had sub-therapentic [ree levels with sub-
therapeutic total phenvtom congentration. They
atiributed  higher  percentage  of unbound
phenvtoin to hvpo-albuminema in the head
trawma patients, whereas patients in this study
had variable, insignificant increase in the free
fraction of phenytoin. It scems that more than
ane mechanism are invelved in this phenomenon.
n  addition to increased unbound plasma
concentration followed by a decrease in plasma
protems, increased tolal clearance due to drug
iiteraction (12,97 and increased V. cue Lo the
stress-related  increase in hepatic metabolism
might be invelved i this complex phenamencn
(41 Two additienal swdies ol phenytoin
pharmacokinetics m adult trauma paticnts have
been reported. Boucher and colleagues (13)
noted an ingreased free fraction of phenytoin
between diy 1 and 7 (medmn increase 29%) in
nine of ten patients during the lollow-up pericd.
htee of [our patients had substunually lower
total plasma concentrations than those predicled
values. They speculuted that an increased
metabolism combined with a decreased protein
hinding was responsible for the lower total
phenytoin concentration

In a subsequent study by the same group (14}, an
increase of the [ree fraction and a decrease in
total phenyloin concentration were found. In the
present study 1t was noted  that critcally 1l
paticnts often had lower plasma tetal phenytlain
concentration and seven patients demonstrated a
decrease n plasma albumm concentration during
sudy followed by an increase in the percent ol
free fraction. These findings are consistent with
the results of previous studics mdicating that
higher doses  of  phenyioin than those
recommended  are necessary  to achieve
therapeutic plasma concentration  following
neurologic injures (31

However, unlike the previous studies, it was
ahserved variable and insigmificant increase in
the free fraction of this drug in patients under
study, Even though statistically not sipnificant
different,  free  fractign ol phenviom  was
inereased in these patients und also free fraction
ol the drug was increased an the last day of the
treatment compared 1o the first day. It was alse
noted an increase m phenyioin free fraction with
reduction m plasma pH, which is yet to be
studied  further. We  recommend that  free
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phenytoin concentration to be measured in the marked variability of free phenytoin levels was
ICU patients who have risk factors for alteration ohserved even in the presence of relatively stable
n their Protein bindings {e 2. head trauma) since total level
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