
epatic encephalopathy (HE) is a neurobehavioral problem charac-
terized by depressed level of consciousness, cognitive impairment,
and personality changes induced by circulating neurotoxic subs-

tances that have bypassed normal hepatic detoxification because of diver-
sion of portal blood flow into the systemic circulation.1,2 In the patients with
HE, clinical manifestations range from subtle abnormalities to coma.1,3
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Is There a Correlation Between
Glasgow Coma Scale Score and

Simultaneous Arterial Blood Ammonia
Level in Hepatic Encephalopathy?

AABBSS  TTRRAACCTT  OObbjjeeccttiivvee:: It has been reported that there is a good correlation between the degree of
the hyperammonemia and the depth of coma in hepatic encephalopathy (HE), a neurobehavioral
disorder. The Glasgow coma scale (GCS) has been used widely to evaluate brain dysfunction due to
structural and metabolic disorders. We would like to determine whether there is an inverse corre-
lation between the GCS score and simultaneous blood ammonia level in patients presenting with
HE. MMaatteerriiaall  aanndd  MMeetthhooddss::  This retrospective clinical study includes 27 patients presenting with HE
in emergency department (ED). On admission, all patients had a full neurological examination in-
cluding the GCS, followed with obtaining simultaneous arterial blood ammonia level. RReessuullttss::  Mean
GCS score was 10.1±3.7. Mean level of arterial blood ammonium was 291±175 µg/dL. There was a
negative correlation between the GCS scores and blood ammonium levels (r= -0.641; p<0.001). CCoonn--
cclluussiioonn:: Our results have shown that the GCS may be used to estimate arterial blood ammonia lev-
els in patients with HE (Regression coefficient of -0,956).

KKeeyy  WWoorrddss::  Hepatic encephalopathy; Glasgow coma scale; ammonia

ÖÖZZEETT  AAmmaaçç::  Biz hepatik ensefalopati (HE) ile başvuran hastalarda Glasgow koma skala (GKS) skoru
ile eş zamanlı olarak elde edilen  kan amonyak düzeyi arasında ters (negatif)  bir korelasyon olup
olmadığını belirlemek istedik. GGeerreeçç  vvee  YYöönntteemmlleerr::  Bu geriye dönük klinik çalışma acil poliklinikte
tanı almış HE’li 27 hastayı içermektedir. Başvuru sırasında hastaların GKS’ını da içeren tam bir
nörolojik muayenesi yapıldı ve hemen takiben amonyak düzeyini belirlemek için arterial kan örneği
alındı. BBuullgguullaarr:: Ortalama GKS skoru 10.1±3.7 idi. Ortalama arterial kan amonyak düzeyi 291±175
µg/dL idi. Glasgow koma skala skorları ile eş zamanlı olarak elde edilmiş arterial kan amonyak
düzeyleri arasında istatistiksel olarak anlamlı negatif bir korelasyon vardı (r= -0.641; p<0.001).
SSoonnuuçç:: Bulgularımız acil poliklinikteki HE’li hastalarda GKS skorunun arterial kan amonyak
düzeylerini tahmin etmede kullanılabileceğini göstermektedir (Regression coefficient of -0,956).

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Hepatik ensefalopati; Glasgow koma skalası; amonyak
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He pa tic en cep ha lo pathy most com monly oc-
curs in the set ting of li ver cirr ho sis or in tho se who
ha ve un der go ne por to ca val shunt sur gery.2 In pat -
ho ge ne sis of HE, am mo ni a has an es sen ti al ro le and
inf lu en ce on the bra in func ti ons with se ve ral dif fe -
rent mec ha nisms such as ca u sing a dep le ti on of
ATP and as trocy te swel ling re sul ted in ede ma in
the bra in.1,4-8 In the pa ti ents with HE, de ve lo ped
bra in ede ma has al so a risk of ce reb ral her ni a ti on.9

It has be en re por ted that ar te ri al am mo ni a of >150
mmol/L in pa ti ents with sta ge II I/IV en cep ha lo -
pathy pla ces the pa ti ent at risk of ce reb ral her ni a -
ti on, a risk that is con si de rably hig her with va lu es
>200 mmol/L.9

Alt ho ugh the Glas gow co ma sca le (GCS) has
not be en ri go ro usly eva lu a ted in pa ti ents with HE,
its wi des pre ad use in struc tu ral and me ta bo lic di s-
or ders of bra in func ti on jus ti fi es its app li ca ti on in
acu te and chro nic li ver di se a se.6 It has be en known
that the le vel of cons ci o us ness is an es sen ti al part of
sta ging clas si fi ca ti ons used in pa ti ents with HE and
it is con sis tent with the steps of cli ni cal sta ge.10,11 It
has be en re por ted that alt ho ugh the ‘West Ha ven
cri te ri a’ is a spe ci fic sta ging clas si fi ca ti on of al te red
men tal sta te in li ver in jury, the GCS is a use ful sta -
ging system as well.12 Alt ho ugh, it has be en re por -
ted that the re is no li ne ar cor re la ti on bet we en
blo od am mo ni a le vel and HE gra de12, it has al so be -
en re por ted that blo od am mo ni a le vels cor re la te
with the se ve rity of HE.4,5,13 The re fo re, this re la ti -
ons hip is still con tro ver si al.1,4-6,12-14 In the li te ra tu -
re, the re are few stu di es re gar ding that the sco res of
the GCS may be in cre a sed by a the rapy dec re a sing
se rum am mo ni a le vel of pa ti ents with HE.15,16 The -
re fo re, it may be use ful to use the GCS sco re in es-
ti ma ting blo od am mo ni a le vel and in de ter mi ning
the deg re e of co ma in HE. To our know led ge, in
the li te ra tu re, the re are not any stu di es in ves ti ga -
ting whet her the re is a cor re la ti on bet we en the
GCS sco re and si mul ta ne o us blo od am mo ni a le vel.

In this study, we wo uld li ke to de ter mi ne
whet her in pa ti ents pre sen ting with HE, the GCS
can be used to es ti ma te ar te ri al blo od am mo ni a le -
vels, hen ce, the re is an in ver se cor re la ti on bet we -
en the GCS sco re and si mul ta ne o us blo od
am mo ni um le vel. 

MA TE RI AL AND MET HODS

This ret ros pec ti ve study was ap pro ved by the Lo cal
Et hics Com mit te e of our Uni ver sity, as ap prop ri a -
te to the et hi cal prin cip les in the Dec la ra ti on of
Hel sin ki.  

This cli ni cal study con sists of 27 pa ti ents ad-
mit ted with HE in ED. 

Inc lu si on cri te ri a inc lu ded: (1) the pa ti ents ha -
ving a his tory of chro nic he pa tic fa i lu re; (2) the pa-
ti ents aged 18 ye ars or ol der; and (3) the pa ti ents
with no his tory of ot her ca u ses of al te red men tal
sta tus.

Exc lu si on cri te ri a we re as fol low: (1) the pa ti -
ents with any fo cal ne u ro lo gi cal de fi cits; (2) the pa-
ti ents who had any ab nor mal bi oc he mis tri cal
fin dings (e.g. in cre a sed cre a ti ni ne, ure mi a, hypo -
nat re mi a, hyper nat re mi a, hypogl yce mi a, hypergl -
yce mi a, hypo cal ce mi a, hypoth yro id etc.) ot her
than ele va ted am mo ni a le vel, con tri bu te to al te red
men tal sta tus; (3) the pa ti ents who we re ob ser ved
any ab nor mal cra ni al com pu ted to mog raphy (CT)
fin dings (ex cept for bra in ede ma du e to ele va ted
am mo ni a); (4) the pa ti ents ex hi bi ting the sings of
in fec ti on (in cre a sed body tem pe ra tu re with ele va -
ted blo od le u kocy te co unt), and (5) all kind of acu -
te li ver fa i lu re..  In the study, the cut-off va lu es of
ro u ti ne bi oc he mi cal pa ra me ters which may pro du -
ce ne u ro lo gi cal symptoms inc lu ded: so di um <130
mEq/L and >150 mEq/L;  cal ci um <7 mg/dL and >12
mg/dL; cre a ti ni ne >3 mg/dL; blo od ure a nit ro gen
>30 mg/dL; and glu co se <45 mg/dl and >350 mg/dL.

Of the pa ti ents, ad mis si on di ag no sis (ma in
comp la int) was al te red men tal sta tus, and hos pi tal
disc har ge di ag no sis was he pa tic en cep ha lo pathy.
The pa ti ents pre sen ting with an al te red men tal sta-
tus we re eva lu a ted by cli ni cal and la bo ra tory exa -
mi na ti ons for the dif fe ren ti al di ag no sis of HE.

The di ag no sis of HE was ba sed on the pre sen -
ce of al te red men tal sta tus, with dep res sed le vel of
cons ci o us ness in a set ting of chro nic he pa tic fa i lu -
re.1,5

On ad mis si on, all HE pa ti ents had a full ne u -
ro lo gi cal exa mi na ti on fol lo wed by a ta king blo od
for the si mul ta ne o us me a su re ment of ar te ri al am-



mo ni a. The Glas gow Co ma Sca le was used in the
ne u ro lo gi cal eva lu a ti on of ce reb ral dysfunc ti ons in
the pa ti ents.17

All pa ti ents re ce i ved an ef fec ti ve the rapy to
dec re a se ele va ted blo od am mo ni a, im me di a tely af -
ter ob ta i ning blo od samp les for the de ter mi na ti on
of am mo ni a le vel.

In our la bo ra tory, Co bas In teg ra® 800 systems
au to ma ti cally cal cu la te the am mo ni a con cen tra ti on
of each samp le. Me a su re ment of to tal am mo ni a le -
vels was per for med by using a Co bas In teg ra am mo-
ni a kit for blo od (Co bas In teg ra® 800) with a nor mal
19-88 µg/dL in fe ma le; 25-94 µg/dL in ma le.

The cli ni cal and la bo ra tory exa mi na ti ons and
tre at ments of the pa ti ents we re writ ten on the spe-
ci fic cards. At the end of the study, all da ta we re
re e va lu a ted to sta tis ti cal analy sis.

Spe ar man cor re la ti on analy sis was app li ed to
de ter mi ne whet her or not the re is a cor re la ti on be-
t we en the GCS sco res and ar te ri al blo od am mo ni a
le vels ob ta i ned from pa ti ents on ad mis si on. Ad di -
ti o nally, the li ne ar reg res si on met hod was used to
es ti ma te am mo ni a le vels from GCS af ter lo ga rith -
mic trans for ma ti on. 

The re sults we re analy zed using the com pu ter
soft wa re (SPSS, ver si on 15.0). A p <0.05 was con si -
de red sta tis ti cally sig ni fi cant. 

RE SULTS

Du ring a pe ri od bet we en De cem ber 2001 and May
2006, abo ut 50 pa ti ents pre sen ted to the hos pi tal
with a he pa tic fa i lu re as so ci a ted with al te red men-
tal sta tus. Of the se, abo ut 35 we re with chro nic he-
pa tic fa i lu re; ho we ver, only 27 met the cri te ri a of
our study men ti o ned abo ve.

Me an age was 55.8±16.3 ye ars (ran ge, 24 to 78).

Of 27 HE pa ti ents, 15 we re ma le and 12 we re
fe ma le. 

All of the pa ti ents had a his tory of li ver cirr -
ho sis and the ir cli ni cal fin dings we re con sis tent
with li ver cirr ho sis such as vas cu lar spi ders, as ci -
tes, club bing, ab do mi nal wall vas cu lar col la te rals,
gyne co mas ti a, he pa to me galy, ja un di ce, na il chan -
ges, pal mar ery the ma, and scle ral ic te rus. 

Me an GCS sco re was 10.1±3.7, with a ran ge of
3 to 15.

Me an le vel of ar te ri al blo od am mo ni a was
291±175 µg/dL, with a ran ge of 40 to 706 (N: 19-88
µg/dL in fe ma le; 25-94 µg/dL in ma le). 

The re was a ne ga ti ve cor re la ti on bet we en the
GCS sco res and blo od am mo ni um le vels ob ta i ned
on ad mis si on (r= -0.641; p<0.0001) (Fi gu re 1).

Reg res si on analy sis re ve a led a li ne ar re la ti on
bet we en the GCS sco res and blo od am mo ni um le -
vels (the reg res si on co ef fi ci ent = -0,956; p<0.0001).

DIS CUS SI ON

In the pat ho ge ne sis of HE, ele va ted am mo ni a plays
a cen tral ro le.1,4-6 The blo od-bra in bar ri er per me a -
bi lity to am mo ni a is in cre a sed in pa ti ents with
HE.18 As a re sult, in the se pa ti ents, bra in ede ma
may de ve lop.6-8 The ma in ca u ses of bra in ede ma are
in cre a sed in tra cel lu lar os mo la rity and glu ta ma te le -
vels du ring the chan ge to glu ta mi ne of am mo ni a as
a re sult of ele va ted bra in am mo ni a.6-8 Ho we ver, ot -
her mec ha nisms such as fal se ne u rot rans mit ters
(e.g. oc to pa mi ne), disp la cing nor-epi nep hri ne and
do pa mi ne, af ter the me ta bo lism of am mo ni a in to
as trocy tes, and the ex ces ses of ne u ro to xins ot her
than am mo ni a such as mer cap tans (e.g. met ha net -
hi ol) and short-cha in fatty acids, un co up ling oxi -
da ti ve phosp hory la ti on, al te ring the mi toc hon dri al
res pi ra tory sta te, and in hi bi ting the ure a cycle that
may le ad to hype ram mo ne mi a ha ve al so be en im-
p li ca ted in the pat ho ge ne sis of HE.4,5,19 Ad di ti o -
nally, du ring the re mo val of bra in am mo ni a
de pen ding on the for ma ti on of glu ta mi ne, a re ac ti -
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�
FIGURE 1: The correlation between the GCS scores and arterial blood am-
monia levels obtained on admission.
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on that is ca taly zed by the ATP- de pen dent enz -
yme glu ta mi ne synthe ta se, which is lo ca li zed in the
as trocy tes, in cre a sed bra in am mo ni a le ads to a de-
p le ti on of ATP in the mid bra in ARAS.4,5 It has be -
en re por ted that ce reb ral blo od flow and glu co se
me ta bo lism re du ced in the cin gu la ted gyrus, an im-
por tant ele ment in the at ten ti o nal system and fron -
tal and pa ri e tal as so ci a ti on cor ti ces of pa ti ents with
over gra de 1 en cep ha lo pathy.5 Al so hype ram mo -
ne mi a le ads to an in cre a se in the GA BA ac ti vity in
the ce reb ral cor tex, with in cre a sed in ex pres si on of
pe rip he ral-type ben zo di a ze pi ne re cep tors.1,4,5 Be si -
des, the re are sig ni fi cant al te ra ti ons in ce reb ral se -
ro to nin and do pa mi ne me ta bo lism.5 It has be en
re por ted that the re is al so a re duc ti on in posts -
ynap tic glu ta ma te re cep tors of the N-methyl-D-as -
par ta te type.5

In the li te ra tu re, the cor re la ti on of blo od am-
mo ni a le vels with the cli ni cal se ve rity of HE is still
con tro ver si al.1,4-6,12-14,20 Ble i et al. ha ve re por ted that
the cor re la ti on of blo od am mo ni a le vels with men-
tal sta te in cirr ho sis is inac cu ra te.6 Wright and Ja -
lan ha ve be en re por ted that the re is no li ne ar
cor re la ti on bet we en ar te ri al am mo ni a le vel and the
cli ni cal gra de of HE.12 Ho we ver, ot her aut hors ha -
ve sug ges ted the pre sen ce of this cor re la ti on in
HE.4,5,13,20 Kun dra et al. ha ve re por ted that in pa ti -
ents with acu te li ver fa i lu re, not in tho se chro nic,
the re se ems to be a sig ni fi cant cor re la ti on bet we en
the se ve rity of en cep ha lo pathy and blo od am mo -
ni a le vel.14 Ho we ver, aut hors sug ges ted that alt ho -
ugh dif fe rent bet we en the two gro ups was not
sig ni fi cant sta tis ti cally, in chro nic li ver fa i lu re pa-
ti ents with HE we re fo und to ha ve a hig her plas ma
am mo ni a le vel, com pa red to tho se wit ho ut HE.14

In the ir study, ve no us samp les we re used for the
de ter mi na ti on of plas ma am mo ni a le vel in con trast
to our study. Ong et al pros pec ti vely eva lu a ted the
cor re la ti on bet we en blo od am mo ni a le vels and the
cli ni cal se ve rity of HE in 121 pa ti ents with li ver
cirr ho sis and fo und a strong cor re la ti on.20 Aut hors
ob ta i ned from pa ti ents with gra de 3 or 4 en cep ha -
lo pathy the hig hest to tal am mo ni a le vels. 20 On the
ot her hand, it has be en known that the sco res of
the GCS may be in cre a sed by a the rapy dec re a sing

blo od am mo ni a le vel of pa ti ents with HE. In the li -
te ra tu re, the re are a few stu di es re gar ding the use
of the GCS in the ne u ro lo gi cal eva lu a ti on of the pa-
ti ents with HE.14,16 Haw kes et al. ha ve re por ted
thre e ca ses with HE.16 Aut hors ob ser ved that the -
se ca ses had ini ti ally the ele va ted con cen tra ti ons of
am mo ni a and the lo wer sco res of GCS; ho we ver af -
ter tre at ment, they disp la yed the nor mal le vels of
cons ci o us ness and am mo ni a.16 Hu ang et al. re por -
ted eight acu te li ver fa i lu re pa ti ents with HE who
we re ad mi nis te red li ver di aly sis tre at ment.15 Aut -
hors used the GCS sco re and ce reb ral blo od flow to
fol low im pro ving from HE of the pa ti ents with tre -
at ment.15 They de mons tra ted that af ter the ini ti al
tre at ment, cons ci o us ness le vels me a su red by the
GCS im pro ved from a pre-tre at ment me di an of 5
(ran ge 3 to 6) to a post-tre at ment me di an of 7 (ran -
ge 5 to 9).15 On the ot her hand, ele va ted ar te ri al le -
vels of am mo ni a ha ve be en as so ci a ted with an
in cre a sed risk of ce reb ral her ni a ti on.9 This as so ci -
a ti on may po int to a pa ral le lism bet we en the deg -
re e of bra in ede ma and blo od am mo ni a le vel.
Kun dra et al. sug ges ted that high blo od am mo ni a
le vels in acu te li ver fa i lu re pa ti ents ap pe a red to cor-
re la te with cli ni cal fe a tu res of ce reb ral ede ma and
ra i sed in trac ra ni al ten si on.14

In the pre sent study, we fo und a ne ga ti ve cor-
re la ti on bet we en the GCS sco res and ar te ri al blo od
am mo ni a le vels ob ta i ned on ad mis si on. This re sult
may po int to that in cre a sed ar te ri al am mo ni a le vel
has a cor re la ti on with the GCS, in con trast to HE
gra de. This sta tus may be at tri bu ted to ef fec ting the
le vel of cons ci o us ness rat her than men tal func ti -
ons of the ele va ted blo od am mo ni a. Ad di ti o nally,
we de mons tra ted the pre sen ce of dif fe rent blo od
am mo ni a le vels in the pa ti ents with si mi lar GCS
sco re. The se re sults may as so ci a te with spe ci al sta-
tus of the pa ti ent du ring dra wing blo od samp le. For
examp le, in hype rac ti ve HE pa ti ents, musc le con-
trac ti ons can ca u se the re le a se of am mo ni a in blo -
od.21

Li mi ta ti ons of the pre sent study inc lu de the
lack of a con trol gro up wit ho ut chro nic he pa tic fa -
i lu re, the re la ti vely small num ber of ca ses, and its
ret ros pec ti ve de sign.
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CONC LU SI ON

Our re sults ha ve shown that in pa ti ents with HE,
the re is a ne ga ti ve cor re la ti on bet we en the GCS
sco res and blo od am mo ni a le vels. With this cor re -
la ti on, it can say that ele va ted blo od am mo ni a is as-
so ci a ted with lo wer GCS and the GCS may be used
to es ti ma te ar te ri al blo od am mo ni a le vels, in con-

trast to cli ni cal gra ding. Furt her pros pec ti ve stu di -
es are ne e ded to sup port the se re sults. Ad di ti o nally,
we ag re e with Wright and Ja lan that the GCS may
be use ful in eva lu a ting the sta ges of HE.12
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