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Is There a Correlation Between
Glasgow Coma Scale Score and
Simultaneous Arterial Blood Ammonia
Level in Hepatic Encephalopathy?

Hepatik Ensefalopatide
Glasgow Koma Skala Skoru ve
Es Zamanh Arterial Kan Amonyak Diizeyi
Arasinda Bir Korelasyon Var mi1?

ABSTRACT Objective: 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. Material and Methods: 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. Results: Mean
GCS score was 10.1+3.7. Mean level of arterial blood ammonium was 291175 pg/dL. There was a
negative correlation between the GCS scores and blood ammonium levels (r=-0.641; p<0.001). Con-
clusion: 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).
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OZET Amag: Biz hepatik ensefalopati (HE) ile bagvuran hastalarda Glasgow koma skala (GKS) skoru
ile es zamanli olarak elde edilen kan amonyak diizeyi arasinda ters (negatif) bir korelasyon olup
olmadigim belirlemek istedik. Gereg ve Yontemler: Bu geriye déniik klinik calisma acil poliklinikte
tan1 almig HE’li 27 hastayi igermektedir. Bagvuru sirasinda hastalarin GKS'1n1 da igeren tam bir
norolojik muayenesi yapild: ve hemen takiben amonyak diizeyini belirlemek i¢in arterial kan 6rnegi
alindi. Bulgular: Ortalama GKS skoru 10.1+3.7 idi. Ortalama arterial kan amonyak diizeyi 291+175
pg/dL idi. Glasgow koma skala skorlari ile es zamanlh olarak elde edilmis arterial kan amonyak
diizeyleri arasinda istatistiksel olarak anlaml negatif bir korelasyon vardi (r= -0.641; p<0.001).
Sonug: Bulgularimiz acil poliklinikteki HE’li hastalarda GKS skorunun arterial kan amonyak
diizeylerini tahmin etmede kullanilabilecegini gostermektedir (Regression coefficient of -0,956).

Anahtar Kelimeler: Hepatik ensefalopati; Glasgow koma skalasi; amonyak
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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."? In the patients with
HE, clinical manifestations range from subtle abnormalities to coma.'?
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Hepatic encephalopathy most commonly oc-
curs in the setting of liver cirrhosis or in those who
have undergone portocaval shunt surgery.? In pat-
hogenesis of HE, ammonia has an essential role and
influence on the brain functions with several diffe-
rent mechanisms such as causing a depletion of
ATP and astrocyte swelling resulted in edema in
the brain."*® In the patients with HE, developed
brain edema has also a risk of cerebral herniation.’
It has been reported that arterial ammonia of >150
mmol/L in patients with stage III/IV encephalo-
pathy places the patient at risk of cerebral hernia-
tion, a risk that is considerably higher with values
>200 mmol/L.°

Although the Glasgow coma scale (GCS) has
not been rigorously evaluated in patients with HE,
its widespread use in structural and metabolic dis-
orders of brain function justifies its application in
acute and chronic liver disease.® It has been known
that the level of consciousness is an essential part of
staging classifications used in patients with HE and
it is consistent with the steps of clinical stage.'!! It
has been reported that although the “West Haven
criteria’ is a specific staging classification of altered
mental state in liver injury, the GCS is a useful sta-
ging system as well.!> Although, it has been repor-
ted that there is no linear correlation between
blood ammonia level and HE grade'?, it has also be-
en reported that blood ammonia levels correlate
with the severity of HE.*>!3 Therefore, this relati-
onship is still controversial."*®12* In the literatu-
re, there are few studies regarding that the scores of
the GCS may be increased by a therapy decreasing
serum ammonia level of patients with HE.!>1 The-
refore, it may be useful to use the GCS score in es-
timating blood ammonia level and in determining
the degree of coma in HE. To our knowledge, in
the literature, there are not any studies investiga-
ting whether there is a correlation between the
GCS score and simultaneous blood ammonia level.

In this study, we would like to determine
whether in patients presenting with HE, the GCS
can be used to estimate arterial blood ammonia le-
vels, hence, there is an inverse correlation betwe-
en the GCS score and simultaneous blood

ammonium level.
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I MATERIAL AND METHODS

This retrospective study was approved by the Local
Ethics Committee of our University, as appropria-
te to the ethical principles in the Declaration of
Helsinki.

This clinical study consists of 27 patients ad-
mitted with HE in ED.

Inclusion criteria included: (1) the patients ha-
ving a history of chronic hepatic failure; (2) the pa-
tients aged 18 years or older; and (3) the patients
with no history of other causes of altered mental
status.

Exclusion criteria were as follow: (1) the pati-
ents with any focal neurological deficits; (2) the pa-
tients who had any abnormal biochemistrical
findings (e.g. increased creatinine, uremia, hypo-
natremia, hypernatremia, hypoglycemia, hypergl-
ycemia, hypocalcemia, hypothyroid etc.) other
than elevated ammonia level, contribute to altered
mental status; (3) the patients who were observed
any abnormal cranial computed tomography (CT)
findings (except for brain edema due to elevated
ammonia); (4) the patients exhibiting the sings of
infection (increased body temperature with eleva-
ted blood leukocyte count), and (5) all kind of acu-
te liver failure. In the study, the cut-off values of
routine biochemical parameters which may produ-
ce neurological symptoms included: sodium <130
mEq/L and >150 mEq/L; calcium <7 mg/dL and >12
mg/dL; creatinine >3 mg/dL; blood urea nitrogen
>30 mg/dL; and glucose <45 mg/dl and >350 mg/dL.

Of the patients, admission diagnosis (main
complaint) was altered mental status, and hospital
discharge diagnosis was hepatic encephalopathy.
The patients presenting with an altered mental sta-
tus were evaluated by clinical and laboratory exa-
minations for the differential diagnosis of HE.

The diagnosis of HE was based on the presen-
ce of altered mental status, with depressed level of
consciousness in a setting of chronic hepatic failu-

re.l®

On admission, all HE patients had a full neu-
rological examination followed by a taking blood
for the simultaneous measurement of arterial am-
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monia. The Glasgow Coma Scale was used in the
neurological evaluation of cerebral dysfunctions in
the patients.”

All patients received an effective therapy to
decrease elevated blood ammonia, immediately af-
ter obtaining blood samples for the determination
of ammonia level.

In our laboratory, Cobas Integra® 800 systems
automatically calculate the ammonia concentration
of each sample. Measurement of total ammonia le-
vels was performed by using a Cobas Integra ammo-
nia kit for blood (Cobas Integra® 800) with a normal
19-88 pg/dL in female; 25-94 pg/dL in male.

The clinical and laboratory examinations and
treatments of the patients were written on the spe-
cific cards. At the end of the study, all data were
reevaluated to statistical analysis.

Spearman correlation analysis was applied to
determine whether or not there is a correlation be-
tween the GCS scores and arterial blood ammonia
levels obtained from patients on admission. Addi-
tionally, the linear regression method was used to
estimate ammonia levels from GCS after logarith-
mic transformation.

The results were analyzed using the computer
software (SPSS, version 15.0). A p <0.05 was consi-
dered statistically significant.

I RESULTS

During a period between December 2001 and May
2006, about 50 patients presented to the hospital
with a hepatic failure associated with altered men-
tal status. Of these, about 35 were with chronic he-
patic failure; however, only 27 met the criteria of
our study mentioned above.

Mean age was 55.8+16.3 years (range, 24 to 78).

Of 27 HE patients, 15 were male and 12 were
female.

All of the patients had a history of liver cirr-
hosis and their clinical findings were consistent
with liver cirrhosis such as vascular spiders, asci-
tes, clubbing, abdominal wall vascular collaterals,
gynecomastia, hepatomegaly, jaundice, nail chan-
ges, palmar erythema, and scleral icterus.
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FIGURE 1: The correlation between the GCS scores and arterial blood am-
monia levels obtained on admission.

Mean GCS score was 10.1+3.7, with a range of
3 to 15.

Mean level of arterial blood ammonia was
291+175 pg/dL, with a range of 40 to 706 (N: 19-88
pg/dL in female; 25-94 pg/dL in male).

There was a negative correlation between the
GCS scores and blood ammonium levels obtained
on admission (r=-0.641; p<0.0001) (Figure 1).

Regression analysis revealed a linear relation
between the GCS scores and blood ammonium le-
vels (the regression coefficient = -0,956; p<0.0001).

I DISCUSSION

In the pathogenesis of HE, elevated ammonia plays
a central role."*¢ The blood-brain barrier permea-
bility to ammonia is increased in patients with
HE.'® As a result, in these patients, brain edema
may develop.*® The main causes of brain edema are
increased intracellular osmolarity and glutamate le-
vels during the change to glutamine of ammonia as
aresult of elevated brain ammonia.®® However, ot-
her mechanisms such as false neurotransmitters
(e.g. octopamine), displacing nor-epinephrine and
dopamine, after the metabolism of ammonia into
astrocytes, and the excesses of neurotoxins other
than ammonia such as mercaptans (e.g. methanet-
hiol) and short-chain fatty acids, uncoupling oxi-
dative phosphorylation, altering the mitochondrial
respiratory state, and inhibiting the urea cycle that
may lead to hyperammonemia have also been im-
plicated in the pathogenesis of HE.*>! Additio-
nally, during the removal of brain ammonia
depending on the formation of glutamine, a reacti-



Dursun AYGUN et al

on that is catalyzed by the ATP- dependent enz-
yme glutamine synthetase, which is localized in the
astrocytes, increased brain ammonia leads to a de-
pletion of ATP in the midbrain ARAS.** It has be-
en reported that cerebral blood flow and glucose
metabolism reduced in the cingulated gyrus, an im-
portant element in the attentional system and fron-
tal and parietal association cortices of patients with
over grade 1 encephalopathy.> Also hyperammo-
nemia leads to an increase in the GABA activity in
the cerebral cortex, with increased in expression of
peripheral-type benzodiazepine receptors."*> Besi-
des, there are significant alterations in cerebral se-
rotonin and dopamine metabolism.> It has been
reported that there is also a reduction in posts-
ynaptic glutamate receptors of the N-methyl-D-as-
partate type.’

In the literature, the correlation of blood am-
monia levels with the clinical severity of HE is still
controversial.#6121420 Blej et al. have reported that
the correlation of blood ammonia levels with men-
tal state in cirrhosis is inaccurate.®* Wright and Ja-
lan have been reported that there is no linear
correlation between arterial ammonia level and the
clinical grade of HE.”? However, other authors ha-
ve suggested the presence of this correlation in
HE.#>1320 Kundra et al. have reported that in pati-
ents with acute liver failure, not in those chronic,
there seems to be a significant correlation between
the severity of encephalopathy and blood ammo-
nia level.'* However, authors suggested that altho-
ugh different between the two groups was not
significant statistically, in chronic liver failure pa-
tients with HE were found to have a higher plasma
ammonia level, compared to those without HE.!*
In their study, venous samples were used for the
determination of plasma ammonia level in contrast
to our study. Ong et al prospectively evaluated the
correlation between blood ammonia levels and the
clinical severity of HE in 121 patients with liver
cirrhosis and found a strong correlation.?® Authors
obtained from patients with grade 3 or 4 encepha-
lopathy the highest total ammonia levels.?* On the
other hand, it has been known that the scores of
the GCS may be increased by a therapy decreasing
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blood ammonia level of patients with HE. In the li-
terature, there are a few studies regarding the use
of the GCS in the neurological evaluation of the pa-
tients with HE.*1®¢ Hawkes et al. have reported
three cases with HE.!® Authors observed that the-
se cases had initially the elevated concentrations of
ammonia and the lower scores of GCS; however af-
ter treatment, they displayed the normal levels of
consciousness and ammonia.'® Huang et al. repor-
ted eight acute liver failure patients with HE who
were administered liver dialysis treatment.”> Aut-
hors used the GCS score and cerebral blood flow to
follow improving from HE of the patients with tre-
atment.”” They demonstrated that after the initial
treatment, consciousness levels measured by the
GCS improved from a pre-treatment median of 5
(range 3 to 6) to a post-treatment median of 7 (ran-
ge 5t09).”> On the other hand, elevated arterial le-
vels of ammonia have been associated with an
increased risk of cerebral herniation.® This associ-
ation may point to a parallelism between the deg-
ree of brain edema and blood ammonia level.
Kundra et al. suggested that high blood ammonia
levels in acute liver failure patients appeared to cor-
relate with clinical features of cerebral edema and
raised intracranial tension.'

In the present study, we found a negative cor-
relation between the GCS scores and arterial blood
ammonia levels obtained on admission. This result
may point to that increased arterial ammonia level
has a correlation with the GCS, in contrast to HE
grade. This status may be attributed to effecting the
level of consciousness rather than mental functi-
ons of the elevated blood ammonia. Additionally,
we demonstrated the presence of different blood
ammonia levels in the patients with similar GCS
score. These results may associate with special sta-
tus of the patient during drawing blood sample. For
example, in hyperactive HE patients, muscle con-
tractions can cause the release of ammonia in blo-
od. 2

Limitations of the present study include the
lack of a control group without chronic hepatic fa-
ilure, the relatively small number of cases, and its
retrospective design.
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I CONCLUSION

Our results have shown that in patients with HE,
there is a negative correlation between the GCS
scores and blood ammonia levels. With this corre-
lation, it can say that elevated blood ammonia is as-
sociated with lower GCS and the GCS may be used
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trast to clinical grading. Further prospective studi-
es are needed to support these results. Additionally,
we agree with Wright and Jalan that the GCS may
be useful in evaluating the stages of HE.!?

Acknowledgment

We thank Assistant Professor Tevfik Sunter for statisti-

RF. Ammonia-induced brain edema and in-
tracranial hypertension in rats after portacaval

Turkiye Klinikleri ] Gastroenterohepatol 2009;16(1)

of raised intracranial tension. Clin Biochem
2005;38(8):696-9.

to estimate arterial blood ammonia levels, in con- cal support.
I REFERENCES

Blei AT. Diagnosis and treatment of hepatic anastomosis. Hepatology 1994;19(6):1437-  15. Huang KW, Chao A, Chou NK, Ko WJ. Hepa-
encephalopathy. Baillieres Best Pract Res Clin 44. tic encephalopathy and cerebral blood flow im-
Gastroenterol 2000;14(6):959-74. 9. Clemmesen JO, Larsen FS, Kondrup J, Han- proved by liver dialysis treatment. Int J Artif
Lock BG, Pandit K. Evidence-based emer- sen BA, Ott P. Cerebral hemiation in patients Organs 2003;26(2):149-51.
gency medicine/systematic review abstract. Is with acute liver failure is correlated with arte- ~ 16. Hawkes ND, Thomas GA, Jurewicz A, Willi-
flumazenil an effective treatment for hepatic rial ammonia concentration. Hepatology. ams OM, Hillier CE, McQueen IN, et al. Non-
encephalopathy? Ann Emerg Med 2006;47(3): 1999;29(3):648-53. hepatic hyperammonaemia: an important,
286-8. 10. Amodio P, Montagnese S, Gatta A, Morgan potentially reversible cause of encephalo-
Gitlin N, Lewis DC, Hinkley L. The diagnosis MY. Characteristics of minimal hepatic encep- pathy. Postgrad Med J 2001;77(913):717-
and prevalence of subclinical hepatic encep- halopathy. Metab Brain Dis 2004;19(3-4):253- 22.
halopathy in ap.parentlly hgalthy_, ambulant, 67. 17. Teasdale G, Jennett B. Assessment of coma
non-shunted patlents with cirrhosis. J Hepatol 11. Guillén JCQ, Gutiérrez JMH. Diagnostic met- and impaired consciousness. A practica| sca-
1986;3(1):75-82. ' hods in hepatic encephalopathy. Clinica Chim- le. Lancet 1974;2(7872):81-4.
Ropper AH, Brown RH. Adams and Victor's ica Acta 2006;365:1-87. 18. Lockwood AH, Yap EW, Wong WH. Cerebral
principles of neurology. 2005 12. Wright G, Jalan R. Management of hepatic en- ammonia metabolism in patients with severe
Lockwood AH. Toxic and metabolic encepha- cephalopathy in patients with cirthosis. Best liver disease and minimal hepatic encephalo-
lopathies. In: Bradley WG, Daroff RB, Fenichel Pract Res Clin Gastroenterol 2007;21(1):95- pathy. J Gereb Blood Flow Metab 1991;11(2):
GM, Jankovic J. eds. Neurology in Clinical 110. 337-41.
Practi.c ;(')Ozh”af ;%h; Butterworth&Heine- 13. Lockwood AH. Hepatic encephalopathy. In; 19 Norenberg MD. Astrocytic-ammonia interact-
mann; - p.1075-92. Aminoff MJ. ed. Neurology and General Med- ons in hepatic encephalopathy. Semin Liver
Blei AT, Larsen FS. Pathophysiology of cere- icine. Philadelphia; Churchill Livingstone; Dis 1996;16(3):245-53.
bral edema in fulminant hepatic failure. J He- 2001. p.233-46. 20. Ong JP, Aggarwal A, Krieger D, Easley KA,
patol 1999;31(4):771-6. 14. Kundra A, Jain A, Banga A, Bajaj G, Kar P. Karafa MT, Van Lente F, et al. Correlation be-
Cordoba J, Blei AT. Brain edema and hepatic Evaluation of plasma ammonia levels in pati- tween ammonia levels and the severity of he-
encephalopathy. Semin Liver Dis 1996;16(3): ents with acute liver failure and chronic liver patic encephalopathy. Am J Med 2003;114(3):
271-80. disease and its correlation with the severity of 188-93.
Blei AT, Olafsson S, Therrien G, Butterworth hepatic encephalopathy and clinical features ~ 21. Lockwood AH. Blood ammonia levels and he-

patic encephalopathy. Metab Brain Dis
2004;19(3-4):345-9.



