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Cirrhosis
Abstract
Background and Aim: Cirrhosis and portal hypertension are characterised by a hyperdynamic circulation, which is independently associated with portal pressure and variceal size. Measurement is invasive and performed in limited centres; non-invasive techniques are available. We assessed whether non-invasive measurement of systemic haemodynamics can identify the hyperdynamic circulation and its associations with portal pressure and variceal size.
Methods: We studied 29 cirrhotic patients. Systemic haemodynamics were studied non-invasively using the Finometer® (cardiac output/index CO/CI, heart rate HR, peripheral vascular resistance PVR). Gastroscopy assessed variceal presence, size and bleeding risk. Portal pressure was assessed by hepatic venous pressure gradient (HVPG). 
Results: A significant negative correlation was seen between CO and PVR (r= -0.95, p<0.001). Significant positive correlations were seen between CI, HR, HVPG and ChildPugh score (r=0.36, r=0.37 and r=0.58 respectively). HVPG correlated positively with HR and CI (r=0.62, p<0.001 and r=0.53, p=0.05 respectively). Significant differences in haemodynamic parameters were seen according to variceal size. 
Conclusion: Assessment of systemic haemodynamics by finometry can identify the hyperdynamic circulation in cirrhosis and may aid non-invasive diagnosis of portal hypertension and oesophageal varices. 
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DBP: Diastolic Blood Pressure; SBP: Systolic Blood Pressure; MAP: Mean Arterial Pressure; HR: Heart Rate; SV: Stroke Volume; CO: Cardiac Output; CI: Cardiac Index; PVR: Peripheral Resistance; 
HVPG: Hepatic Venous Pressure Gradient 
Introduction
Kowalski and Abelmann originally described the hyperdynamic circulation associated with cirrhosis in 1953, which is characterised by an increased cardiac output, heart rate, and stroke volume and reduced peripheral vascular resistance [1]. The hyperdynamic circulation of cirrhosis is characterised by increased cardiac output and decreased systemic vascular resistance being independently associated with portal pressure [2-5]. In cirrhotic patients these haemodynamic parameters may be a good marker of the development of portal hypertension and its complications. Traditionally, measurement of cardiac output is by the thermodilution method, but it is invasive carrying significant complication risks. The Finometer® Finapres Medical Systems, Amsterdam, The Netherlands is a non-invasive device for measuring systemic haemodynamics, that allows continuous beat-to-beat blood pressure and haemodynamic monitoring utilising a volume-clamp from which aortic flow waveform can be calculated. Using the Model flow method the computed output of the model gives aortic flow as a function of time from which stroke volume can be derived and subsequently Cardiac output can be calculated as the product of stroke volume and heart rate [6]. The aim of this prospective study was to assess whether non-invasive measurement of systemic haemodynamics using Finometry can identify the hyperdynamic circulation in cirrhosis and whether these haemodynamic changes correlate with portal pressure and the presence or size of oesophageal varices. 
Patients and Methods
Patients: 29 cirrhotic patients, irrespective of aetiology, diagnosed either on the basis of liver histology, radiological findings or other supporting evidence of clinically significant portal hypertension oesophago-gastric varices, ascites, and hepatic encephalopathy were studied. All patients were known to have oesophageal varices or to require endoscopy to survey for suspected oesophageal varices. Patients were excluded if they had a prior history of variceal bleeding, transjugular portosystemic shunt or known portal vein thrombosis. Other exclusions included a history of ischaemic heart disease, hypertension, or cardiomyopathy. Patients taking β-blockers as primary prophylaxis, and other drugs which could modify 

haemodynamics, had their drugs discontinued 14 days prior to and the measurement of portal pressure From the Finometry the any haemodynamic measurements. Each patient gave informed following haemodynamic variables were calculated: systolic and written consent and our local research ethics committee diastolic blood pressure SBP, DBP, mean arterial pressure MAP, approved the study. heart rate HR, stroke volume SV, cardiac output CO, cardiac index 
CI, and peripheral resistance PVR. Methods: At the first visit detailed clinical assessment age, sex, body mass index, aetiology of liver disease, alcohol intake, One experienced endoscopist performed endoscopy, and presence of stigmata of chronic liver disease, complications the findings were agreed between the endoscopist and a second of cirrhosis and calculation of Child-Pugh and MELD scores, clinician observing the procedure. Oesophageal varices were laboratory assessment bilirubin, albumin, platelet count, classified according to the Japanese Research Society for Portal Prothrombin time, AST, ALT, and sodium were undertaken. Hypertension and the Japanese score, NIEC index, and 1-year Subsequently non-invasive systemic haemodynamic studies and probability of bleeding calculated [7-9]. Patients were separated endoscopy were undertaken. On the second visit non-invasive into two groups, Group 1-absent or small varices; Group measurements were repeated, portal pressure was assessed and 2-medium or large varices, or gastric varices. if possible abdominal ultrasound performed to assess bipolar 
Portal pressure was assessed by measurement of the hepatic 
spleen size. venous pressure gradient HVPG as described by Groszmann and 
After calibration, a 20 minute continuous measurement of Wongcharatrawee [10]. A 7F venous introducer Avanti sheath, beat-to-beat blood pressure using the Finometer® was taken Cordis, USA was inserted in the right internal jugular vein under with the patient lying at 45° and under steady state conditions. ultrasound guidance. A 6F balloon catheter Berenstein occlusion The same arm and middle finger were used for both finometer catheter, Boston Scientific, Natick, MA, USA was positioned into readings taken on different days and at different times. For the a hepatic vein under fluoroscopic guidance. HVPG was obtained first recordings patients were fasted whereas for the second by means of a pressure recorder MP50, Philips Healthcare, reading patients were allowed to eat and drink freely. Set up of Surrey, UK in the occluded position and then after deflation of the equipment was by a single operator trained in the technique. the balloon and a permanent tracing of the readings obtained. The results of the recordings were blinded to the endoscopist HVPG was calculated as the difference between the occluded 
Table 1: Baseline Characteristics of the cirrhotic population and relationship of systemic haemodynamics and laboratory parameters to liver disease severity.
	
	Total n=29
	CPA n=18
	CP B n=10
	p value

	Age (years)
	47 (42-55)
	48 (37-55)
	44 (30-54)
	p=0.35

	Gender (M/F)
	20/9 (69%)
	12/6 (67%)
	7/3 (70%)
	

	CP score CP class
	6 (5-7) 18/10/1
	5 (5-6)
	8 (7-8)
	p<0.001

	MELD
	10 (8-13)
	9 (7-10)
	13 (12-17)
	p<0.001

	Abstinent (%)
	19/29 (66%)
	12/18 (67%)
	6/10 (60%)
	

	Height (cm)
	171 (161-177)
	171 (161-177)
	170 (154-175)
	p=0.52

	Weight (kg)
	72.0 (60.7-89.8)
	73.1 (61.0-91.7)
	65.8 (60.0-81.6)
	p=0.39

	BMI (kg/m²)
	25.4 (22.5-29.0)
	25.3 (22.6- 30.0)
	25.6 (20.4-27.7)
	p=0.67

	SBP (mmHg)
	147 (131-163)
	141 (129-161)
	154 (137-163)
	p=0.31

	DBP (mmHg)
	83 (75-91)
	78 (74-91)
	85 (82-92)
	p=0.25

	MAP (mmHg)
	108 (96-115)
	103 (95-114)
	111 (89-121)
	p=0.34

	HR (bpm)
	80 (71-91)
	74 (67-87)
	85 (81-99)
	p=0.08

	SV (ml)
	89 (58-104)
	88 (58-103)
	90 (55-122)
	p=0.74

	CO (lpm)
	6.9 (4.8-8.3)
	6.6 (4.7-7.7)
	8.2 (5.2-10.2)
	p=0.18

	CI (l/min/m²)
	3.5 (2.9-4.2)
	3.3 (2.8-3.8)
	4.7 (3.2-5.6)
	p=0.03

	PVR (MU)
	0.96 (0.72-1.34)
	0.93 (0.77-1.61)
	0.96 (0.63-1.27)
	p=0.40

	HVPG (mmHg)
	17 (11-19)
	14.5 (10.0-17.6)
	18.5 (16.8-22.3)
	p=0.02

	ALT (U/L)
	33 (21-49)
	37 (24-49)
	26 (18-42)
	p=0.157

	AST (U/L)
	53 (36-74)
	52 (35-80)
	52 (37-65)
	p=0.943

	Platelets x109/L
	115 (75-158)
	115 (77-175)
	113 (62-157)
	p=0.774

	PT (s)
	13 (12-13)
	12 (12-13)
	13 (13-14)
	p=0.007

	Albumin (g/L)
	35 (32-40)
	38 (33-44)
	32 (29-34)
	p=0.005

	Bilirubin (µmol/L)
	25 (18-41)
	20 (14-26)
	42 (28-64)
	p=0.001

	Sodium(mmol/L)
	139 (136-141)
	139 (132-141)
	137 (135-140)
	p=0.23



Figure 1:
 Cardiac output stratified according to variceal size 
(
Small= absent/small varices, Large = medium/large varices
).
Figure 2:
 
Cardiac index stratified according to variceal size (Small= 
absent/small varices, Large = medium/large varices).

and the free hepatic venous pressure mmHg. Three consecutive measurements were taken and the results averaged. 
Statistical analysis: Results are expressed as median interquartile range, IQR. Differences between groups were compared using the Mann-Whitney test and the association between two variables was assessed by the Spearman correlation co-efficient. Analyse-It for Microsoft Excel Version 2.20 was used for statistical analysis. P values <0.05 were considered statistically significant. 
Results
Clinical characteristics of the patients: The characteristics of the 29 patients are shown in Table 1. There were 20 men and 9 women with a median age of 47 years 42-55 years. The aetiology of cirrhosis was alcohol abuse for 18 patients 62%, alcohol abuse and hepatitis C for 5 patients 17%, alcohol abuse and autoimmune hepatitis for 3 patients 10%, autoimmune hepatitis for 2 patients 7% and hepatitis C for 1 patient 4%. 19 patients 66% were abstinent from alcohol. 18 patients were Child-Pugh class A 62%, 10 were Class B 34% and 1 Class C 4%. Oesophageal varices were present in 23 patients 79%, being small in 12 patients, medium in 8 patients and large in 3 patients. As a whole, 18 patients belonged to Group 1 absent/small varices and 11 patients to Group 2 medium/large varices. 5 patients had ascites 17%.
Comparison of haemodynamics and laboratory values according to liver disease severity Table 1: Significant positive correlations were seen between CI, HR and HVPG and disease severity as assessed by Child-Pugh score r=0.36, r=0.37 and r=0.58 respectively. As there was only a single Child-Pugh class C patient recruited this was not felt to be representative of the group and was therefore excluded from this part of the analysis. Significant differences in cardiac index and HVPG were seen between Child-Pugh class A and B cirrhotics, together with a significantly prolonged prothrombin time, higher bilirubin and lower albumin with worsening liver disease severity. 
The hyperdynamic circulation: A strong negative correlation was seen to exist between PVR and both CO and CI, demonstrating the hyperdynamic circulation that occurs in liver disease r= -0.95, p<0.0001 and r= -0.81, p<0.0001 respectively. This relationship is demonstrated in Figures 1 and 2. An increase in stroke volume as opposed to an increase in heart rate was responsible for this as evidenced by a strong positive correlation between CO, CI and SV r=0.83, p<0.0001 and r=0.59, p=0.0008 respectively and a strong negative correlation between PVR and SV r= -0.84, p<0.0001 but no correlation of these parameters with heart rate Figures 3 and 4. 
Factors associated with size of oesophageal varices, and hepatic venous pressure gradient Table 2-3, Figures 1-4: Significant differences in systemic haemodynamics were seen according to size of varices but no significant differences in laboratory parameters were detected. 
The haemodynamic variables HR and CI showed significant positive correlation with HVPG r=0.62, p<0.001, r=0.53, p=0.05 respectively. Statistically significant differences in HR and CI were 
Table 2: Haemodynamic and clinical parameters according to variceal size.
	
	Small varices n=18
	Large varices n=11
	p value

	CO (lpm)
	5.59 (4.29-6.98)
	7.95 (7.12-10.0)
	0.003

	CI (l/min/m²)
	3.0 (2.6-3.6)
	4.5 (3.7-5.5)
	0.001

	PVR (MU)
	1.2 (0.8-1.7)
	0.8 (0.6-1.0)
	0.018

	HVPG (mmHg)
	14 (10-17)
	19 (17-21)
	0.008

	CPS
	5 (5-6)
	7 (5-9)
	0.023

	MELD
	10 (7-12)
	11 (8-14)
	0.17


Table 3: Haemodynamic and laboratory parameters according to portal pressure.
	
	Correlation
	p value
	HVPG 
<12mmHg n=7
	HVPG 
≥12mmHg n=20
	p value

	HR
	r=0.62
	p<0.001
	65 (57-69)
	85 (78-94)
	p<0.001

	CI
	r=0.53
	p=0.05
	2.9 (2.5-
3.5)
	3.8 (3.1-5.4)
	p=0.033

	CPS
	r=0.58
	p=0.001
	5 (5)
	7 (5-8)
	p=0.020

	MELD
	r=0.48
	p=0.071
	7 (7-8)
	11 (9-13)
	p=0.008

	PT
	r=0.55
	p=0.003
	12 (11-12)
	13 (12-14)
	p=0.021

	Albumin
	r= -0.68
	p<0.001
	40 (38-45)
	33 (31-37)
	p=0.010

	Bilirubin
	r=0.41
	p=0.034
	15 (12-22)
	30 (21-44)
	p=0.035

	Sodium
	r= -0.36
	p=0.063
	140 (139141)
	137 (134141)
	p=0.037


Figure 3:
 
Peripheral vascular resistance stratified according to 
variceal size (Small= absent/small varices, Large = medium/large 
varices).♠
Figure 4:
 
HVPG stratified according to variceal size (Small= absent/
small varices, Large = medium/large varices).♠

seen when the cohort of cirrhotic patients were split according to whether they had clinically significant portal hypertension HVPG ≥ 12mmHg. 
Discussion
This is the first study of non-invasive haemodynamic assessment of the hyperdynamic circulation characteristic of cirrhosis, and correlates these haemodynamic changes with portal pressure, and variceal size. Non-invasive diagnosis of portal hypertension and its complications is likely to be increasingly important with the growing number of patients with chronic liver disease requiring endoscopic screening, as outlined by the Baveno Consensus [11]. Oesophageal varices form as a consequence of portal hypertension requiring a critical pressure of 10mmHg for the formation of varices and 12mmHg for bleeding to occur [12-14]. Varices bleed at a rate of 5-15% per year and the risk of bleeding relates to variceal size, ChildPugh score, and the presence of red wale markings at endoscopy [9]. Despite improvements in treatment mortality remains high 20-30% for a first variceal bleed. Primary prophylaxis is known to be vital in reducing mortality [15] in large or high-risk oesophageal varices but not all patients respond to treatment. The pathophysiology of portal hypertension is complex but is initiated by increased intra-hepatic resistance and perpetuated by splanchnic vasodilatation, angiogenesis and remodelling [1619]. The hyperdynamic circulatory syndrome occurs as a result of these changes, correlates with liver disease severity, portal pressure and oesophageal varices [2-5] but traditionally requires invasive measurement. 
Numerous studies have tried to identify factors to allow accurate non-invasive diagnosis of oesophageal varices. These include tests assessing the degree of liver fibrosis such as Fibroscan [20-24] or fibrotest [25], or identifying consequences of portal hypertension such as with platelet count or platelet count to spleen diameter ratio [26-31]. To date, none of these tests have proved accurate enough to replace endoscopic screening. The results of this present prospective study show that non-invasive assessment of systemic haemodynamics using finometry can identify the classical haemodynamic changes associated with the hyperdynamic circulation and confirms the association of these changes with worsening liver disease severity as assessed by Child-Pugh class, and with portal pressure as assessed by measurement of portal pressure. 
We found significant differences in systemic haemodynamics, HVPG and Child-Pugh score according to variceal size, but no difference in laboratory parameters was seen. The same haemodynamic parameters, HVPG, MELD and in addition serum sodium were found to correlate with the 1 year probability of bleeding. This suggests that non-invasive haemodynamics may be able to predict which patients are at highest risk and most likely to benefit from endoscopy and primary prophylaxis, thus reducing the numbers requiring endoscopic surveillance. Noninvasive assessment of systemic haemodynamics was also seen to correlate with the hepatic venous pressure gradient with significant differences seen in patients with a HVPG greater than or less than 12mmHg in whom the development of other complications such as ascites or hepatocellular carcinoma are known to occur. Therefore non-invasive assessment may be able to predict this at risk group allowing closer surveillance for complications. 
[bookmark: _GoBack]There are limitations to this study. Firstly, there is population bias in that the study cohort was selected on the basis of absence of factors that would affect systemic haemodynamics, such as the existence of hypertension or prescription of medications that are known to affect systemic haemodynamics, both of which occur frequently in the general population and have the potential to limit the applicability of the test to a wider audience. Secondly, there are issues regarding the validity of measurements of absolute arterial blood pressure using the finometer, which have been raised in a number of studies. Studies comparing non-invasive measurements by finometry and indicator dilution technique have found that finometry overestimated CO when compared to the gold standard technique [32,33]. We feel we were justified in using finometry in our study, as we were not concerned with the absolute values of CO, but more in assessing the relationship of the haemodynamic values to the other parameters such as variceal size or HVPG, relationships that have been demonstrated in other studies using invasive techniques for CO measurement. Modelflow is known to be reliable and precise in tracking changes in CO over time in many different patient populations including a small cohort of cirrhotic patients in the above study [32,34]. As such this technique has future potential to assess responses to drug therapy, which may aid non-invasive identification of non-responders to primary prophylaxis. The advantages of this technique are that it is non-invasive, easily tolerated by patients, reproducible, operator independent and readily performed at the bedside or in the outpatient department. It provides a wealth of information that can be readily downloaded and analysed within a matter of minutes. 
In conclusion, the results of this prospective study suggest that in cirrhotic patient’s non-invasive assessment of systemic haemodynamics using Finometry may aid identification of patients at high risk for varices formation and may ensure that endoscopic surveillance is provided to those who are most likely to benefit. Another potential role for finometry is the assessment of the use of beta-blockers as primary prophylaxis as it may distinguish between responders and non-responders. Due to the population bias in our study further large studies are required in order to validate the above findings in all cirrhotics requiring endoscopic surveillance independent of co-morbid disease or prior medication.
References
1. Kowalski HJ, Abelmann WH (1953) The cardiac output at rest in Laennec’s cirrhosis. J Clin Invest 32(10): 1025-1033.
2. Meng HC, Lin HC, Tsai YT, Lee FY, Liao DM, et al. (1994) Relationships between the severity of cirrhosis and haemodynamic values in patients with cirrhosis. J Gastroenterol Hepatol 9(2): 148-153.
3. Moller S, Hobolth L, Winkler C, Bendtsen F, Christensen E (2011) Determinants of the hyperdynamic circulation and central hypovolaemia in cirrhosis. Gut 60(9): 1254-1259.
4. Kobayashi A, Katsuta Y, Takumi A, Okumura H (1991) Interrelation between esophageal varices, and systemic and hepatic hemodynamics in male patients with compensated cirrhosis. Jpn J Med 30(4): 318325.
5. Chikamori F, Inoue A, Okamoto H, Kuniyoshi N, Kawashima T, et al. (2011) Relationships between types of esophagogastric varices and systemic hemodynamics in patients with liver cirrhosis. Hepatogastroenterology 58(107-108): 909-915.
6. Imholz BP, Wieling W, van Montfrans GA (1998) Fifteen years experience with finger arterial pressure monitoring: assessment of the technology. Cardiovasc Res 38(3): 605-616.
7. Idezuki Y, Japanese Research Society for Portal Hypertension (1995) General Rules for Recording Endoscopic Findings of Esophagogastric Varices (1991).World J Surg 19(3): 420-423.
8. Beppu K, Inokuchi K, Koyanagi N, Nakayama S, Sakata H, et al. (1981) Prediction of variceal haemorrhage by esophageal endoscopy. Gastrointest Endosc 27(4): 213-218.
9. The North Italian Endoscopic Club for the Study and Treatment of Esophageal Varices (1998) Prediction of the first variceal haemorrhage in patients with cirrhosis of the liver and esophageal varices. A prospective multi-center study. N Engl J Med 319(15): 983989.
10. Groszmann R, Wongcharatrawee S (2004) The Hepatic Venous Pressure Gradient: Anything Worth Doing Should Be Done Right. Hepatology 39(2): 280-282.
11. De Franchis R (2005) Evolving consensus in portal hypertension report of the baveno IV consensus workshop on methodology of diagnosis and therapy in portal hypertension. J Hepatol 43(1): 167176.
12. Viallet A, Marleau D, Huet M, Martin F, Farley A, et al. (1975) Hemodynamic evaluation of patients with intrahepatic portal hypertension. Relationship between bleeding varices and the portohepatic gradient. Gastroenteroly 69(6): 1297-1300.
13. Morali GA, Sniderman KW, Deitel KM, Tobe S, Sullivan WH, et al. (1992) Is sinusoidal portal hypertension a necessary factor for the development of hepatic ascites? J Hepatol 16(1-2): 249-250.
14. Tsao GG, Groszmann RJ, Fisher RL, Conn HO, Atterburry CE, et al. (1985) Portal pressure, presence of gastroesophageal varices and variceal bleeding. Hepatology 5(3): 419-424.
15. D Amico G, Pagliaro L, Bosch J (1999) Pharmacological treatment of portal hypertension: an evidence-based approach. Sem Liv Dis 19(4): 475-505.
16. Kroeger RJ, Groszmann RJ (1985) Effect of selective blockade of beta 2-adrenergic receptors on portal and systemic haemodynamics in a portal hypertensive rat model. Gastroenterology 88(4): 896-900.
17. Sikuler E, Kravetz D, Groszmann RJ (1985) Evolution of portal hypertension and mechanisms involved in its maintenance in a rat model. Gastroenterology 248(1): G618-625.
18. Sieber CC, Sumanovski LT, Stumm M, van der Kooij M, Battegay E (2001) In vivo angiogenesis in normal and portal hypertensive rats: role of basic fibroblast growth factor and nitric oxide. J Hepatol 34(5): 644-650.
19. Fernandez M, Vizzutti F, Pagan GJC, Rodes J, Bosch J (2004) Anti-VEGF receptor-2 monoclonal antibody prevents porto-systemic collateral vessel formation in portal hypertensive mice. Gastroenterology 126(3): 886-894.
20. Castera L, Pinzani M, Bosch J (2012) Non invasive evaluation of portal hypertension using transient elastography. J Hepatol 56(3): 696-703.
21. Vizzutti F, Arena U, Romanelli RG, Reqa L, Foschi M, et al. (2007) Liver Stiffness Measurement Predicts Severe Portal Hypertension in patients with HCV-Related Cirrhosis. Hepatology 45(5): 1290-1297.
22. Bureau C, Metivier S, Peron JM, Selves J, Robotic MA, et al. (2008) Transient elastography accurately predicts presence of significant portal hypertension in patients with chronic liver disease. Aliment Pharmacol Ther 27(12): 1261-1268.
23. Jung HS, Kim YS, Kwon OS, Ku YS, Kim YK, et al. (2008) Usefulness of liver stiffness measurement for predicting the presence of esophageal varices in patients with liver cirrhosis. Korean J Hepatol 14(3): 342350.
24. Robic MA, Procopet B, Metivier S, Peron JM, Selves J, et al. (2011) Liver stiffness accurately predicts portal hypertension related complications in patients with chronic liver disease: a prospective study. J Hepatol 55(5): 1017-1024.
25. Thabut D, Trabut J-B, Massard J, Rudler M, Muntenau M, et al. (2006) Non-invasive diagnosis of large oesophageal varices with Fibrotest in patients with cirrhosis: a preliminary retrospective study. Liver Int 26(3): 271-278.
26. Zaman A, Hapke R, Flora K, Rosen HR, Benner K (1999) Factors predicting the presence of esophageal or gastric varices in patients with advanced liver disease. Am J Gastroenterol 94(11): 3292-3296.
27. Chalasani N, Imperiale TF, Ismail A, Sood G, Carey M, et al. (1999) Predictors of large oesophageal varices in patients with cirrhosis. Am J Gastroenterol 94(11): 3285-3291.
28. Pilette C, Oberti F, Aube C, Rousselet MC, Bedossa P, et al. (1999) Noninvasive diagnosis of esophageal varices in chronic liver diseases. J Hepatol 31(5): 867-873.
29. Qamar A, Grace ND, Groszmann RJ, Garcia-Tsao G, Bosch J, et al. (2008) Platelet count is not a predictor of the presence or development of gastroesophageal varices in cirrhosis. Hepatology 47(1):153-159.
30. Giannini E, Botta F, Borro P, Rissp D, Romagnoli P, et al. (2003) Platelet count/spleen diameter ratio: proposal and validation of a noninvasive parameter to predict the presence of oesophageal varices in patients with liver cirrhosis. Gut 52(8): 1200-1205.
31. Giannini E, Zaman A, Kreil A, Floreani A, Dulbecco P, et al. (2006) Platelet count/spleen diameter ratio for the non-invasive diagnosis of oesophageal varices:results of a multicenter, prospective, validation study. Am J Gastroenterol 101(11): 2520-2522.
32. Kaltoft N, Hobolth L, Moller S (2010) Non-invasive measurement of cardiac output by finometer in patients with cirrhosis. Clin Physiol Funct Imaging 30(4): 230-233.
33. Remmen JJ, Aengevaeren WRM, Verheugt FWA, van der Werf T, Luijten HE, et al. (2002) Finapres arterial pulse wave analysis with Modelflow is not a reiable non-invasive method for assessment of cardiac output. Clin Sci (Lond) 103(2): 143-149.
34. Bogert LWJ, van Lieshout JJ (2005) Non-invasive pulsatile arterial pressure and stroke volume changes from the human finger. Exp Physiol 90(4): 437-446.
image1.jpg




image2.jpeg




image3.png
@ Mederve Gastroenterology & Hepatology: Open Access

Step into the World of Research.





image4.jpg
—a5% Ci Nokhed Outie Bt
* Outers> 1534 <2108




image5.jpg
H |




image6.jpg
St




image7.jpg
—a5% Ci Nokhed Outie Bt
* Outers> 15nd <310R




image8.jpg




image9.jpg
L

Smal | Lae
Aot ki




image10.jpeg
—a5% Ci Nokhed Outie Bt
* Outers> 1534 <2108




image11.jpeg
H |




image12.jpeg
St




image13.jpeg
—a5% Ci Nokhed Outie Bt
* Outers> 15nd <310R




image14.jpeg




image15.jpeg
L

Smal | Lae
Aot ki




image16.jpg
—05% Ci Notahed Outir Bt




image17.jpg




image18.jpg




image19.jpg
—a5% i Noohed Outier Bt
* Ousers> 15and <310R




image20.jpg




image21.jpg
{ S

Smat | Le
Variceal size.




image22.jpeg
—05% Ci Notahed Outir Bt




image23.jpeg




image24.jpeg




image25.jpeg
—a5% i Noohed Outier Bt
* Ousers> 15and <310R




image26.jpeg




image27.jpeg
{ S

Smat | Le
Variceal size.




