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Divergence in the Therapeutic Ranges of Serum Haloperidol
Concentrations: A Preliminary Report

Eeh-Ming Lin, Bussell E. Poland, Inocencia Nucecio

In a longitudinal follow-up study of 40 schizophrenic patienis tre-
dAted with haloperidol according to a standard protocol; the optimal
haloperidol doses were himodally distributed. While approximartely two-
thirds of patients who completed the study were best treated with
“small” doses of haloperidol {less than 0.15 mg'kgl, the other one-thicd
required significantly higher doses for the optimal control of their
psychotic symptoms. The two dosing groups also differed significantly in
terms of their serum haloperidol concentrations, the severity of extrapy-
ramidal side effects [EPS), and the need for anti-cholinergic medica-
tiong. Thus, the differences in the therapeutic dosge ranges between the
two groups could not be explained by pharmacokinetic factors or recep-
tor sensitivity as reflected by drug induced EPS; and may be'a reflection
of the heterogeneity of the schizophrenic syndrome. Further, approx-
imately half of the patients wiere Aslans and the other half Caucasiane,
and the similarity of the findings for both ethnie groupd (urther streng-
then the validity of our ohservalions,

Koy words: neuroleptics, schirophrenia, pharmacokinetics, pharmacoddy-
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"therapeutic window,” also have resulted
in contradicoory findings!!. There Is thus
currently no rational guldelines for decid-

Introduction

More than three decades after the n-
troduction of neuroleptics into psychiatry,
the therapeutic dose ranges of these po-
tenr and widely prescribed therapeutic
agents  remain  uncersin'™?.  Contro-
VErsies contlnue 1o persist regarding the
efficacy and utility of “megadose™ 7! and
rapid neurgleptization regimens'®¥, as
well a5 the definition of “minimal effec-
tive doszes”9-1%_ Furthermore., major
effarts in searching for the: therapeutic
serum or plasma concentrarion ranges, or

ing whar consists of opfimal neuroleptic
dosing for individual patients.
Methodological difficulties may have
contribuied o the slow progress in this
field. These include problems in the seleg-
ton of research subjects. the collection
and processing of blood samples. and the
assessment of drug effects'™", However,
in additon o these 1echnical issues,
z=veral additional and potentially impor-
tant factors may also contribute signtfi-
cantly to the inter-individuz! variabilicy in
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neurcleptic responses. These lssues ip-

5
clude recepror-coupled responsivity
(pharmacodynamics) and the heterogenei-

MC EYI'Id.TCIJT'ILJ nd have re-

ceived less attention clinically.

ad
ry ef psych

In a3 recently completed study®®, we

spectvely studied a group of Asian
zucasian schizophrenic patients who
were wreated with a predetermined pro-

assessed them longitudinally
rating instruments or clinic-
s and side effects. Blood sam-
ained simultancously for the
n of serum haloperidol con-
Using these 'data; we ex-
contribution of both pharma-
cokinetic and pharmacodynamic factors in

determining the therapeutic dose ranges

of iodividual patients. Various compari-
sons were made to determine if clinical

fzctors, in addition to kinetic and dynmamic

also contributed o the dossges re-
quired for amelloration of their schi-
zophrenic symptoms

Methods

Study Design and Subjects

described detail in

As has been a
reportt'®, this was a prospective

Etnw-u[] study whick aimed at

clarifving inter-individual as well a5 inter-
ethnic variations in pharmacekinedcs and
pharmacodynamics of haleperidol in the
treaument of acutely decompensated schi-
sophrenic patients. Only physically  heal-
thy Asian and Caucasian schizophrenic pa
tientz with & definitive diagnosis of schi-
or schizophreniform disorder
te D5SM-IIT criteria- were in-
cluded iz the study. For the estsblishment
of the dizgnosis; the Structured Clinical
Interview Schedule for DSM-1L (SCIDYM
was conducted with each subject prior to
entrance into the srudy. “At the inclusion

rapeunic Haloperidol Concentratio

of the study, all subjects manifested ac-
tive symptoms 2= defined n the A Section
of the DSM-II eriteria and their initisl
(BPES)!'# total scores were all greates
than 25.

After slgning written informed con

sents, all patisnts owere  treated  wi
haloperidol and fellowed approzimately
for three months. The treatment was di-
vided into an initlal fixed-dose phase and
then a clintcalby-determined varlable doss
phase. The fized-dose phase took j_'.1:-:-i
immediately following intake and lasted
for two weeks, during which time subjecis
were treated with an oral dossge of
haloperidol (0.15 mg/kg) in tablet form.
Starting from the third week of the study.
the dosage of haloperidol was adjusted on
a weekly or biweekly Dasls according 1o
titeation procedure specified below. Benz

tropine 4.0 mg per day was given rout
Iy in the frst two weeks for the preven

T

tion of scure dystonia. 1t was discontinued
at the end of the second week unless cli-
nically indicated.
Clinical Assessment

Clinical intervisws were conducted
weekly or biweekly in the morning appro-
almately 1Z hours afier the last dose of
haloperidol. Each session began with the

drawing of & 10 ml blood sample for

measurement of serum haloperidol con-
centrailons. Following the blood drawing:
subjects” clinical status was assessed with
the BERSY®_ Their extrapyrami

effects were evaiuated with the Neurclo-
gical Rating 3cale (MRS)'"N Dosage and

other side :_-ff(:-:r.s weEre L'El:DT-:'.I‘:ﬂ on a
ment Err:-s:_g-.—:r.: :-Syrnpt-:-ms 5:;-.1-:— (DO-
TES)#. . Subject

cord the ezzct amount and timing of

also were asked 1o re-

medications (haloperidol and benzircpineg)

aken between intecviéws, and a pill count

ormed after each interview

Was DET
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In the subsequently clinically derer-
mined dose phase of the study., attempts

re made to titrate the dosage ta obtain
e optimal therapeuric ef This was
done clinically with the aid of the BPRS

results. Hence the optimal dosé was ap
the point where the BPES rating was at

the lowest, Tn the majority of the cases,
ce dosage the

subject continued to receive after COM-

this was also the mainte

Bl

ol. Differences

pleting the research prot

berween the opfimal 3 sCores and the
baseline BPRS scores were also calou:
lated. Cases with the change scores less
than & were regarded as non-responsive.
Inter-individual  variatiom in  the
steady-state pharmacokinetics was asses-

sed in [wo ways: (1) mean serum

5 during the

naloperidol concentrati
ixed-dose phase: and (2) mean adjusted

serum haloperidel concenrrations which
were the average of the serum haloperi-
dol concentrations for all sessions divided
by the daily dossge given during the pre-
ceding week. Since the two paramecers
are highly correlated [r=0.64, n=39, B
0.0001). in the data an

is, only the re-

sults of the mean rels;

ive haloperidol con-
centrations will be reported.
Sample and Data Analysis

Blood samples were sllowed 10 clor
overnight at 47, cenirifuged at 500g for
30 minuces, and aliguots of the serum
were frozen at —707T . Serum haloperidol
was measured by radicimmunoassayi?h,
Maximum intra- snd intersssay  coeffi-

clents of variations were 9% and 13% re-

pectively, All clinical and laboratory data
] analyzed using the CRISPPH apd
BMDP'** software programs. Since thess
A

©aita were not Gaussian discributed, they

P

vere log transformed prior 1o staristical
analyses. Significance levels of p < .05

were considered sratistically significant.
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Results

Out of a total ‘of 40 subfects (20
5 and 20 Caucasians) initially in-
cluded in the study, o (23%) were ludged
o be unrespansive ta the reaiment

according to the criterla defined sbove (4

Astans and 3 Caucasians), 23 (52%) re-
quired haloperidol dosage equal ta or be-
low their initial fixed-dose (0.153 mp/kg)
for their optimal treatment (11 Asizns and
10 Caucasians). and the TEMainmng 10
[25%) needed haloperids]l in the dosage
range far exceeding their ininal fixed-dose
(3 Astans and 5 Caucasians). The propor-
ton of patients belonging to these three
ourcome groups were similar between the
two ethnlc groups, In the following dis-
Cussion, the (wo treatment responsive
groups with different dosage levels in re-
gard to their neursleptle threshald will be
simply called “low dose™ and “high dose”
ErOups.

&As expected, the oprimal haloperidal
doses of the two groups were drastically
different (for both -ethnic ErOuUDs com-
bined: 5.7 ws 27.2 mg/day: r=4.g0: <
-00001; for Asians: 3.2 v 18.0 mg/day;
36.2 mg/day; 1=3.92; p < .0025). The dif-
ferences in the dose requirements could
not be explained by pharmacokinetic fac-
tors. since the two dose groups did not
differ in thelr dose-adjusted haloperidol
concentrations (for bath echpic ETOUDS
combined: 0.91 vs 0.7 ng/ml x mE:
1=1.04: N3; for Asians: 1.14 vs 0.71 ng/ml
xmg: t=1.69: N5; for Caucasians: 0.66 vs
0.6% ngiml x mg: £=0.24; N5}, Thus. car
responding to the substantizl differsnces
in the optimal doses between the twao
groups. the high dose group alse had sig-
nificantly higher optimal haloperidol con-
centrations (for both ethnic groups: 3.2 ve
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f the 21 patients on low dosss, anly
'1':] egoired benziroping for ex-
trapyramidal side effects (EP

fr In con-
trast, zll high dose patients required con-

e for the contraol
po 0001). Thiz differ-

current use of benztropin

ence between the two dose groups in che
use of benztrapine for EPS -_-:-.'u.-.-zct far

The two groups were similar in their
demographie characieristic

nd to 2 large
extent in their clinical manifesmations at
the initial assessment. Although the high
dose group had a somewhat longer dura-
of illpess [77.6 £ 5535 vs 736 &
¢6:4 manths). rthis difference did not
zraristical significance (1=0.12; N5).
flected in the reduction in the total

iy
o
=)
2

and psychotle sub-scale BPRS scores. pa-
tients in both dose szroups -experienced

ial symptomatic improvement [0 &
similar degree. This similarity in improve-
ment notwithstanding, at the end of the
treatment protocol, 2ll the patients be-
longing to the low dose group either
achieved complete resclution of thelr
psychotic symptoms. or only suffered
from residual negative sympioms (flat
affect. withdrawal, lack of motivation). In
contrast. 10 out of the 14 who reguired
hizh doses of haloperidol continued 10
manifest some residual positive symploms
{hallucination or delusion)

iscussion

potentally hazardous
inappropriate  dosing  of
neurcleptics. such as tardive L"fskin-::-

debilitating akathisia?™’, resear-

chers in recent years have become more
interested in searching for the “minimal

141

effective. doses™ of neuroleptics''™

However. in light of the wide

individoa! variations in neuroleptic D
macokinetics, ¢ is doubtful whether such
therapeutic dose ranges can be mesning-
fully defined. As is demonstrated in our
data, ‘as well a5 those reported by other
researchers!®*%, the same dose of a2
neurcleptic. administered to a group of
patients or mormal volunteers, typically

resulis |n up to a 20 fold variation of the

serum  neurcleprlc  concentrations.  In
order to take these inter-individus! vara-
tions in pharmacokinetics into account.
nomerous studies have attempted to de-
fine the therapeutic “window™ for varicus
efforts have thus Far also led to
teoversial resulis. Many factors have
listed as possible reasans for the lack EI'

neurcleptics' 2524 Unfortunately. these
co
b

consistency of these findings. includin

the existence of pharmacelogically active
metabolites, variations: in protein binding,
and the heterggeneity of the patient

populatons included in these studies
1115

] I

The fact that about one-third of our
patients reguoired  substantially  higher
neurcleptic doses for the optimal mans
ment of their psychotic symptoms is hard-
Iy a surprise. A5 suggested by clinical lore

and confirmed by survey studies™=?%,

thiz inde=sd appears to be a wide-spread
practice. However. (wo major guestions
exist regarding the interpretation of such
phepomenon. First, it has often bkeen
rgusd that high doses of neuroleptics

1 prescribed unnecessarily

inpatient with their pa-

tients” progress

and were misled by = be-
lief that superior antipsychotic efficacy

oocurs with higher doses of neur ﬂ!E-_:tiC::i
(l.e. "“mote is better”}. Second, it has not
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been clear whether and to what extent the
reguirement of the high dosages in these
pattents can be explained by unique kine-
tic or dynamic profiles of

nese pailents.
In other word, whether they need higher
doses because they are unusually Ffast
metabolizers or whether their neuronal
systems are for some unknown réasons
much less responsive to neuroleptics.
r= that neither
of these -explanations apply to cur pa-
tents.

Based on our data, it &ppeEar

One of the central foci of this study
was fo search and define the minimal
effective haloperido! dose and serum con:
centration for each individeal patient.
During the three month trestment study
we routinely attempt=d to reduce the dos-
age |n the high dose group when clinical
stabilization had been achigved. This typl-
cally resulted in sizn

0T TE-SMErgence
or worsening of symptoms znd a need to
rewurn to the previous dosage with pa-
tients eventually classified in the high
dose group, Twe of these patients actually
suffered from acute relapses requiring
short-term hospitalization and restoration
of the previcus dosage. Thus. we are con-
fident that the high dases of neuroleptics
received by these patients was indeed de-
termined by patients' clinical nsed rather
than by over-aggressive meatment. This

inding is In congruence »

rith previoys re-
ports of a subgroup of schizephrenic pa-
tients responding only to extra-ordinarily
i doses of neurolepucs™7,
.-“hthc:ugh the mean relative haloperl-
dol concentrations are somewhat lower
for the high dose patienzs than for their
low dose counterparts.

i

difference
was not statistically  significant. Furth-
ermore, this difference was guite small
when compared to the

the aptimal na'.cpfn:c: -;!-:.nsfs berween
the two groups. It is thos clear that the

differences in

83

T high doses in these patients can-
t be explained by pharmacekinetic fac:
tors.

D

The concept of supersensitivity psy-
chosis®**, although still controversial
and unproven, could provide the basis for
e;viaijjng why some patients required

excessive” doses of haloperidol for apti:
mal effect. However, our high dose pa-
asing (o-

lerance 1w neuroleptics throughout the
study period. Some have been followed
by us far longer than the study period and
still show no signs for the r-cr--:i to further
escalate the dosage. which would be rhe
asc according to the h}pm_l-_cs.is of super-
sifivity psychosis, Reviewing

2]

w1
ik :I

ory obtained at intake. i1 is als
zlthough high dose patients oy
received higher dases of neuro

the past. there was no evidence
d 1o Increase the dosage further over

T'his leads to the tentative concly
the two dose groups in our st
represent two  subtypes of ‘schi-
breniz identifizble by their guanriea-

dvely different patterns of drug re-
spon=ss, and simuliancously raises an
EVEN more important and interssting
guestion: what makes them different?
Admitntedly this |s 8 complicated gquestion

may not have easy answer. Our data
suggest that although the wo sgroups
were: similar in. the severity of their

1ient. and improved to a
closer look tevealed that the high dose
patients tended o Nave more “typical”

in-
terview, and after stabilization continoed
to manifést residual psychotic mpLoms.

schizophrenic symptoms: at the

& review of history alsc sh that
glthough the two groups did oot differ In

the length of illness and number of re-
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lapses requiring hospitzlization, the Tow
dose group patients tended to experience
no positive schizophrenic sympoms dur:
ing these remissions, while the high dose
patients typleally continued 1o have some
aof these symptoms even though otherwlise
they functioned relatively well.

These characteristics are similar to
two of the subrypes recently described by
M. Bleuler'3™, who prospectively followed
= large group of definitively schizophrenic
patients for several decades. Other re-
searchers have also reported different
types of schizophrenic parients respond-
ing to different doses of mneurolep-
ticst=2-30.251 This possible associztion be-
tween subtyplng. as classified accarding
1o clinical course and neuroleptic dose re-
guirement. (s evidently of potential clinic-
al significance and should be further clar-
ified by carefully designed smdies with
larzer sample sizes.

The two dose groups not only diverge
in their dosage reguirement. but also dif-
fer significantly in their optimal serum
haloperidol concentrations. This might ex-
plain why previous studies regarding the
theraspeutic serum haloperidol congentra-
tions have come up with ranges drastical-
iy different from one amother''. It is
possible that, depending on the setting af
the studies. the ratio betwsen patients
who would have belonged to the two dose
groups as defined in our study would
change. which then resulted divergence in
findings regarding therapeutic ranges.

To ultimately test this bypothesls af
the existence of two disdnctive subiypes
of schizophrenic patients who rTequire
differsnt. neurcleptic dosages. similar
dc;sc—ﬁnding studies should be conducred
with first-break parents. Ideally. such sto-
dies should be combined with other re-
s=arch sirategies looking st structural
abnormalities (e.g. sizes of the ventri-

cles). frongal lobe functions. neurological
soft signs. and biochemical parameters
such as metabolltes of dopamine (£.8.
homowvanillic acid [HVA]), in order to
further identify mechanisms which may
Le responsible for the differences in drug
TESpONSE.

Finally. it is also notewarthy that most
af rhe findings discussed im this repore
held troe for both the Asians and the
Caucasians who participated In the study.
& comparabie proportion (sbout one-
third) of patients in bath ethnic groups re-
quired doses higher than thresheld. When
data’ analysis was done separately for
each éthnicity. the results pargllel each
aother and ‘are In the same direction as
those derived from analysls with the
whole sampte. It I5 in a sense as If thase
were two ndependent. studies which
came wp with strikingly similar resuwlts.
further suggesting that the observations
derlved from them were not merely
chance findings, but rceprésented core
aspects. of the pathobiology of schi-
zophrenia.
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