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Objective: To determine the biochemical and ultrasonographic non invasive parameters in liver 
cirrhotic patients due to Hepatitis B and C virus. To validate the non invasive parameters with the 
presence of esophageal varices using endoscopy as gold standard.
Material and Methods: Two hundred diagnosed patients were taken. Every patient underwent 
esophagogastroduodenoscopy (EGD) for the presence of esophageal varices. Ultrasonography 
was done to calculate the spleen diameter. Blood samples were taken to find the levels of blood 
ammonia and platelet count.
Results: On the basis of Receiver operating curve (ROC) blood ammonia level had area under 
the curve (AUC) 1.000 (p<0.001) platelet count/spleen diameter ratio (AUC=0.008, p<0.001) 
platelet count (AUC 0.009, p<0.001) and spleen diameter had area under the curve 0.986 
(p<0.001). The maximum area under the curve was observed with blood ammonia (100%) as 
compared to other parameters.
Conclusion: It was concluded from the present study that blood ammonia level is the most 
reliable non invasive parameter in predicting the presence of esophageal varices as compared to 
other non invasive parameters.
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Introduction 
Liver cirrhosis is the chronic ongoing injury to the 
liver leading to extensive scaring and impairment in 
its function. Liver cirrhosis has a worldwide 

1 
incidence of  5-10%. The most common cause in 
our country is viral hepatitis as compared to alcohol 
in the west. Cirrhosis causes irreversible damage and 
is commonly accompanied by portal hypertension 
leading to development of  esophageal varices. 

2Esophageal varices have a mortality rate of  17-57%.  
According to recent recommendation, every 
diagnosed liver cirrhotic patient should undergo 
endoscopy for the presence of  esophageal varices. 
Endoscopy is an invasive and expensive procedure; 
therefore the non invasive predictors of  esophageal 
varices need to be determined. In liver cirrhosis, 
platelet count is low that is thrombocytopenia. 
There  a re  number  of  fac tors  caus ing  
thrombocytopenia. Portal hypertension is the major 
cause of  thrombocytopenia.In enlarged spleen, the 
platelets are sequestrated thus reducing their mean 
life time leading to low palatelet count.There is 
reduction in production of  thrombopoieten which 
i s  r e q u i r e d  f o r  p l a t e l e t  f o r m a t i o n .  
Thrombocytopenia is also due to myelotoxic effect 

3of  alcohol or hepatitis viruses . Presence of  
antithrombocytic antibodies and thrombocytes 
associated immunoglobulins, which can be found in 

4the sera of  liver cirrhotic patients .
In patients with liver cirrhosis, portal hypertension 
leads to vascular disturbances causing congestion of  
the red pulp which ultimately causes splenomegaly. 
Normal size of  spleen is 12cm pole to pole that is 

5
longitudinal diameter . Ammonia is predominantly 
derived from protein degradation. Most of  the 
ammonia in the blood comes from the intestine by the 
action of  bacterial proteases, ureases and amine 
oxidases and also by deamination of  glutamine in the 
small and large intestines Portal vein carries blood 
from intestines to liver that's why portal vein 
ammonia concentration is five to ten folds higher 
than in systemic circulation. 
In the liver hepatocytes, 85% of  ammonia is 
converted back into urea by urea cycle which is less 
toxic product. The kidney is the site for ammonia 
removal in the form of  ammonium ions in the urine. 
Two factors contribute to hyperammonemia in liver 
cirrhosis;
1. In liver cirrhosis, there is decreased mass of  

functioning hepatocytes, resulting in fewer 
opportunities for ammonia to be detoxified in the 
liver.

2. There is portosystemic shunting which can divert 
ammonia containing blood away from the liver to 
the systemic circulation.
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Table-1: Baseline characteristics of  the patients with
 liver cirrhosis.

Esophageal varices

Varices present

No varicxes

  141

59

Liver cirrhotic patients (n=200)Characteristics of Patients

There are different controversies regarding the 
reliability of  various non invasive parameters in 
predicting and grading esophageal varices. This 
study has provided information regarding the 
reliability of  non invasive parameters in predicting 
and grading esophageal varices.

Materials and Methods
Informed consent was obtained from two hundred 
patients with hepatic cirrhosis after explaining the 
study protocol. Detailed history was taken and a 
clinical examination was performed according to 
inclusion and exclusion criteria.Ultrasonographic 
examination was performed to determine the spleen 
longitudinal diameter. Blood samples were taken to 
find the levels of  platelet count and blood ammonia 
level. Every patient than undergo endoscopic 
examination and divided into two groups;
Group I: Patients having no esophageal varices.
Group II: Patients having esophageal varices.
The data was entered and analyzed using SPSS 17.0 
(Statistical Package for Social Sciences) Mean ± SD 
were given for normally distributed quantitative 
variables. Frequencies and percentages were given 
for qualitative variables. Graphs were presented for 
both qualitative and quantitative variables. One-Way 
ANOVA was applied to compare the means 
difference of  quantitative parameters between the 
groups and post-hoc Tukey's test was applied to 
observe which groups mean differed. ROC curves 
were plotted as sensitivity Vs 1-specificity. A p-value 
of  <0.05 was considered as statistically significant.

Results
Gastroesophageal Varices:
The patients having no varices were 59 but 141 
patients were having esophageal varices. (Table.1) 
Comparison of  means between biochemical and 
other parameters.

Blood ammonia: 
The mean ± SD blood ammonia level (85.13± 25.73 
μM/L) was significantly higher (P=0.000) in patients 
with varices than the level (33.62 ± 2.63 μM/L) in 

patients without varices. (Table.2)Maximum and 
minimum values of  blood ammonia level in patients 
having no vaiceswas 29-40 µM/land 41-140 µM/l in 
patients with having varices. (Table.2)  (Fig.1)
Platelet count:  
T h e  m e a n ± S D  p l a t e l e t  c o u n t  
(58166.67±41541.21/ml) was significantly lower 
(P=0.000) in patients with varices than the level 
(229838.98±67845.03/ml) in patients without 
varices. (Table-2) Maximum and minimum values of  
platelet count in patients having no vaices was 
110000-352000/ml and 4400-76000/ml  in patients 
with having varices. (Table-3) (Fig-2)
Spleen diameter:
The mean±SD spleen diameter (15.4050±1.56cm) 
was significantly larger (P=0.000) in patients with 
varices than the value (12.7322±0.49cm) in patients 
without varices. (Table-2) Maximum and minimum 
values of  spleen diameter in patients having no vaices 
was 12.0-13.5 cm and 12.5-19.5 cm in patients with 
having varices. (Table.3) (Fig.3)
Platelet count/ spleen diameter ratio:
The mean ± SD platelet count/ spleen diameter ratio 
in patients with no varices was 18087 ± 5435.35 and in 
patients having varices was 4020.19± 3128.61.So, the 
platelet count/ spleen diameter ratio in patients with 
varices was significantly lower (p=0.000) than in 
patients without varices (Table.2)Maximum and 
minimum values of  platelet count/spleen diameter 
ratio in patients having no vaices was 8222.2- 29090.9 
and 25120-240.4 in patients with having varices. 
(Table.3)(Fig.4)
Receiver operating curve:
The receiver operating curve (ROC curve) for the 
four parameters was compared. Blood ammonia level 
had area under the curve 1.000(p=0.000 i.e. 
100%)Platelet count/spleen diameter ratio 
(AUC=0.008, p=0.000 i.e. 8%), Platelet count (AUC 
0.009, p=0.000 i.e. 9%) and spleen diameter had area 
under the curve 0.986 (p=0.000 i.e. 98%). The 
maximum area under the curve was observed with 
blood ammonia (100%) as compared to other 
parameters.(Table.4)

Table-4: Validation of  non invasive parameters in predicting.

Blood ammonia

Spleen diamter

Platelet count

  0.986 (98%)    p=0.000*

   0.009 (9%)       p=0.000*

Varices preesent (AUC)Parameters

Platelet count/spleen diameter ration    0.008 (8%)      p=0.000*

 1.0 (100%)       p=0.00*

P-value       
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15.40±1.56

4020±3128.61

P value 

Platelet count/ml

85.13±25.73 0.000*

Table-2: Comparison of non invasive parameters among patients having no varices and varices.

Blood ammonia µm/1

12.73±0.49

229838±67845.03

18087±5435.35

33.62±2.63

Spleen diameter (cm)

Platelet count/spleen diameter ratio

58166±41541.21

Parameters

  Varices  Present
N=141

Mean±SD

0.000*

0.000*

0.000*

 No Varices 
N=59

Mean±SD

*P<0.05 is considered significant

Platelet count/spleen diameter ratio

Varices 41 - 140  µM/1

12.0-13.5cm 8222.2-29090.9

Table-3: Maximum and minimum values of non invasive parameters in patients having no vaices and varices.

No varices 29 - 40 µM/1

4400-76000

110000-352000/ml

12.5-19.5cm

Blood ammonia µm/1  Spleen diameter (cm)

25120-240.4

 Platelet count/ml

Fig-1: Comparison in the levels of  blood ammonia 
in patients with and without varices.

Fig-2: Comparison in the levels of   platelet count 
in patients with and without varices.

Fig-3: Comparison in the levels of  spleen diameter 
in patients with and without varices.

Fig-4: Comparison in the levels of   platelet 
count/spleen diameter in patients with and without 
varices.
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Discussion 
Portal pressure increases in liver cirrhosis leading to 
development of  varices and bleeding episodes, 

6
which may be massive and life threatening.
In the present study, all those parameters which are 
affected by increase in portal pressure like blood 
ammonia, platelet count/spleen diameter ratio, 
platelet count and spleen diameter have been 
investigated. This study proved that blood ammonia 
level is the most sensitive and specific non invasive 
parameter in predicting the presence of  esophageal 
varices in liver cirrhotic patients as compared to 
platelet count/spleen diameter ratio,platelet count 
and spleen diameter. Maximum area under the 
receiver operating curve i.e., 100% was observed for 

7 blood ammonia level. Various studies proved that 
platelet count/spleen diameter ratio as the most 
reliable parameter in predicting presence of  varices 
showing maximum area under the curve receiver 
operating curve 8-----15. The present study, didn't 
prove platelet count/spleen diameter ratio in 
detecting esophageal varices having AUROC=8% 
Portal hypertension leads to splenomegaly, which is 
also considered to be a better predictor of  

16,17,18,19esophageal varices. The resultscame out from 
various studies that platelet count could be used as a 

20,21,22,23 predictor of  esophageal varices. Platelet count 
and spleen diameter are both highly interrelated 
because with increase spleen diameter there is 
greater sequestration of  platelets. Also, in patients 
with alcoholic cirrhosis the platelet count decreases 

24 
due to folate deficiency so, the platelet 
count/spleen diameter is not concluded as a 
sensitive parameter in predicting presence and 
grading of  esophageal varices. All the previous 
studies that predicted parameters other than blood 
ammonia didn't include hepatitis C patients.
The present study validated blood ammonia level as 
the most reliable parameter for predicting the 

presence of  esophageal varices.The other reason of  
concluding blood ammonia as most reliable 
parameter may be that in the present study most of  
the patients were having hepatitis C as the cause of  
liver cirrhosis. In HCV patients, the portal pressures 

24are relatively stable . Blood ammonia is more related 
to damage in liver function as happened in 
progressive liver cirrhosis as compared to portal 
pressure so; it came out to be more reliable parameter. 
The source of  ammonia in blood is gut, kidney and 
muscles. The ammonia is metabolized in the liver. As 
the liver dysfunction starts due to liver cirrhosis, there 
is development of  portal hypertension and shunting 
of  blood from the liver. As ammonia is not being 
metabolized, its level rises in the blood with the 
severity of  liver damage and portal hypertension 
leading to development of  esophageal varices. 
Ammonia can increase vascular tone of  the vessels by 
causing influx of  extracellular calcium through the 
voltage-dependent calcium channels and leading to 

25worsen the portal hypertension. 
The present study evaluated that the patients with 
blood ammonia level below 40µM/l had very less 
chances of  having varices. This study validates that 
blood ammonia level is the most sensitive and specific 
non invasive parameter in predicting presence of  
esophageal varices and also prediction of  medium 
and large varices. This validation study does mean that 
we are recommending to replace endoscopy with 
blood ammonia level but this study is pointing that 
when is the need of  endoscopy to avoid 
complications and unnecessary interventions.

Conclusion
The blood ammonia has advantage over other 
parameters as it is very much cost effective test as 
compared to other non invasive parameters in 
predicting esophageal varices. This non invasive 
parameter will help to predict presence of  esophageal 
varices very cost effectively. The cost of  an 
endoscopy in our country is Rs 2000 5000 while the 
cost of  blood ammonia level is Rs 200-300. Thus Rs 
1800  4800 is saved when an unnecessary endoscopy 
is avoided. This will ease the medical, social and 
economic burden of  the patients. It is validated from 
the present study that blood ammonia level is the 
most reliable non invasive parameter as compared to 
platelet count/spleen diameter ratio, platelet count 
and spleen diameter in predicting presence of  
esophageal varices.

Deptt. of  Physiology, Avicenna Medical College, Lahore.
www.esculapio.pk

Esculapio - Volume 11, Issue 01, January - March 2015

16



1. Culafic DM, Mirkovic DS, 
Vukcevic MD, Rudic JS. Plasma 
and platelet serotonin levels in 
patients with liver cirrhosis. 
World J Gastroenterol.2007; 
13(43): 5750-3.

2. Christensen E, Fauerholdt L, 
Schlitching P, Juhi, E, Poulsen H 
et al. Aspect of  the natural 
history of  gastrointestinal 
bleeding in cirrhosis and the 
e f f e c t  o f  p r e d n i s o n e .  
Gastroenterol.1981; 81: 94452.

3. Aiello A, Calapristi I, Freni MA, 
Fava A, Scarpignato EM, 
Spadaro  A et al.(1993). 
A s s e s s m e n t  o f  p o r t a l  
hypertension in hepatic cirrhosis 
in relation to etiological factors. 
M i n e r v a  G a s t r o e n t e r o l  
Dietol.1993; 39: 1-5.

4. WinkfieldB, Aube C, Burtin P, 
Cales P. Interobserver and 
intraobserver variability in 
hepatology.Eua J Gastroenterol 
Hepatol.2003; 15:959-66.

5. McGahan JP, Goldberg BB. 
“ S p l e e n ”  i n  D i a g n o s t i c  
Ultrasound 2nd Edition (Vol 1). 
New York, Informa health 
care.2008; Chapter 29 (1); 191. 

6.   Perez-Ayuso RM, Pique JM, 
Bosch J.(1991). Propranolol in 
prevention of  recurrent bleeding 
from sever portal hypertensive 
g as t ropathy  in  c i r rhos i s.  
Lancet.1991; 337:431-4. 

7. Tarantino G, Citro V, Esposito P, 
Giaquinto S, Leone A, Milan G.  
Blood ammonia levels in liver 
cirrhosis: a clue for the presence 
of  potosystemic collateral veins. 
BMC Gastroenterol.2009; 9: 21.

8. Giannini E, Botta F, Borro P, 
Risso D, Romagnoli P. Platelet 
count / spleen diameter ratio: 
Proposal and validation of  a non 
invasive parameter to predict the 
presence of  esophageal varices in 

patients with liver cirrhosis.GUT. 
2003; 52: 1200-5.

9. Thabut D, Ratziu V, Trabut JB 
Poynard T.  Predict ion of  
esophageal varices with platelet 
count/spleen diameter ratio or 
platelets alone. GUT. 2004; 6: 913-
5.

10. Legasto GM, Sevilla J, Balay A, 
Tan JA, Cham LV, Vitug A. 
Platelet count /spleen diameter 
ratio: a non invasive parameter to 
p r e d i c t  t h e  p r e s e n c e  o f  
esophageal  varices.  Phi l  J  
Gastroenterol. 2006; 2: 33-8.

11. Baig WW, Nagaraja MV, Varma M, 
Prabhu R. Platelet count/spleen 
diameter ratio for the diagnosis of  
esophageal varices. Is it feasible? 
C- an J Gastroenterol. 2008; 10: 
825-8.

12. Sen S, Griffiths WJH. Non-
invasive prediction of  esophageal 
varices in cirrhosis. World J 
Gastroenterol. 2008; 15: 2454-5.

13. Agha, Adnan A, Eram, Savarino 
K, Giannini V, Edoardo G. 
External validation of    platelet 
count/spleen diameter ratio in he-
patitis C related cirrhosis. 
Digestive Disease Sci. 2009; 3: 
654-60.

14. Barera F, Riqulme A, Soza A, 
Contrers A, Barrios G, Padilla O et 
al. Platelet count/spleen diameter 
ratio for non invasive prediction 
of  high risk esophageal varices in 
cirrhotic patients.Annals of  
Hepatol. 2009; 4: 325-30.

15. Sarangapani A, Shanmugam C, 
Kalyanasundaram M, Rangachari 
B, Thangavelu P et al. 2010. SGA. 
1:38-42.

16. Tarzammi MK, Somi MH, 
FarhangS, Jalilvand M. 2008. 
Po r t a l  h e m o d y n a m i c s  a s  
predictors of  high risk esophageal 
varices in cirrhotic patients. World 
J Gastroenterol. 12: 1898-1902.

17.Thomopoulos KC, Karatza CL, 
Mimiclis KP, Katsakoulis, EC, 
Iconomou G. 2003. Non invasive 
predictors of  the presence of  large 
oesophageal  varices in patients 
with cirrhosis. Dig Liver Dis. 4:16-
20.

18. Shi BM, Wang XY, Mu QL., Wu 
TH, Xu J. 2005. Value of  portal 
h e m o d y n a m i c s  a n d  
hypersplenism in cirrhosis staging. 
World J Gastroenterol. 5: 708-11.

19. M a d h o t r a  R ,  M u l c a h y  
HE,Willner I, Reuben A. 2002. 
Prediction of  esophageal varices 
in patients with cirrhosis. J 
ClinGastroenterol. 34: 81 5.

20. Zaman A, Becker T, Lapidus J. 
2001. Risk factors for the presence 
of  varices in cirrhotic patients 
without a history of  variceal 
hemor rhag e.  Arch  In te r n  
Med.161:2564-70.

21. Zein CO, Lindor KD, Angulo P. 
2004. Prevalence and predictors 
of  esophageal varices in patients 
with primary sclerosingcho- 
langitis.hepatol. 39:2039.

22.Cherian JV, Deepak N, Ponnusamy 
RP, Somasun- daramA, Jayanthi V. 
2011.Non invasive predictors of  
esophageal varices. Saudi J 
Gastroenterol, 1:64-8.

23. Schwarzenberger E, Meyer T, 
Golla V, Sahdala NP, Min AD. 
2010. Utilization of  platelet count 
spleen diameter ratio in predicting 
the presence of  esophageal varices 
in patients with cirrhosis. J 
ClinGastroenterol, 2:146-50.

24. Cardenas A, Sen S, Griffiths 
WJH. Non invasive prediction of  
esophageal varices in cirrhosis. 
WJG. 2008; 14(15): 2454-5.

25. Wakabayashi I, Hatake K, 
Sakamoto K. Ammonium ion 
increases the tone of  rat portal 
vein. Gen Pharmacol. 1992; 
23:1189-92

References

Esculapio - Volume 11, Issue 01, January - March 2015

17


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5

