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Abstract
AIM: To compare the effects of propranolol (PR) to that of PR plus isosorbide-5-mononitrate (ISMN) on variceal pressure in patients with schistosomiasis.
METHODS: Forty-eight patients with schistosomiasis who had no previously variceal bleeding were treated with PR alone or PR plus ISMN. Seven patients refused to variceal pressure manometry (3 receiving PR and 4 receiving PR plus ISMN). One patient withdrew from the trial because of headache after taking ISMN. At the time of termination, twenty patients were randomly assigned to treatment with PR plus ISMN or PR alone. The dose of PR was adjusted until the resting heart rate had been reduced by 25% or was less than 55 beats per minute. In the group of PR plus ISMN, after PR was titrated to the same target, the dose of ISMN was increased up to 20 mg orally twice a day. Variceal pressure was measured using a noninvasive endoscopic balloon technique at the end of the 6 mo-therapy.
RESULTS: In 40 patients (20 in PR group and 20 in PR plus ISMN group), variceal pressure was measured before treatment and the end of 6 mo-therapy. PR or PR plus ISMN treatment caused a significant reduction in variceal pressure (PR group: from 24.15 ± 6.05 mmHg to 22.68 ± 5.70 mmHg, P = 0.001; PR plus ISMN group: from 25.69 ± 5.26 mmHg to 20.48 ± 5.43 mmHg; P < 0.001). The percentage decrease of variceal pressure was significant after PR plus ISMN treatment than that after PR alone treatment (15.93 ± 8.37% vs 6.05 ± 3.67%, P = 0.01). One patient in the PR plus ISMN group and two patients in the PR group had the variceal bleeding during follow-up. There were no significant differences between the two groups at incidence of variceal bleeding. In PR plus ISMN group, three patients had headache and hypotension. The headache was mild and transient and disappeared promptly after continuation of the relevant drug in two patients. Only one patient withdrew from the trial because of severe and lasting headache after taking ISMN. No side effect occurred in the PR group.
CONCLUSION: PR plus ISMN therapy may be an alternative for patients with in schistosomiasis who have a high risk of bleeding.

© 2013 Baishideng. All rights reserved.
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Core tip: The results suggested the combination of propranolol and isosorbide-5-mononitrate was more effective than propranolol alone in decreasing variceal pressure, which will reduce the rate of bleeding in patients with schistosomiasis, high-risk esophageal varices and no previous history of variceal bleeding.
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INTRODUCTION
Variceal bleeding is the most frequent and severe complication of portal hypertension in patients with cirrhosis. Identification of those who carry a high risk of variceal hemorrhage in time is one of the most effective to offer preventive therapy to the patients who are highly predisposed[1]. Variceal size and the red color sign are considered to be the most important endoscopic parameters to predict variceal bleeding [2]. However, endoscopic findings alone cannot be used to reliably predict the risk of variceal bleeding. The formation of esophageal varices depends on an elevation of portal pressure; the hepatic venous pressure gradient (HVPG) greater than 10 mmHg or more is necessary for development of and bleeding from esophageal varices [3-6]. On the other hand, the more rational approach would be to guide pharmacologic therapy based on hemodynamic response, defined as a decrease in HVPG to < 12 mmHg or a decrease of > 20% from baseline levels [7]. However, limitations to the generalized use of HVPG measurement are the lack of local expertise and poor adherence to guidelines that will ensure reliable and reproducible measurements, as well as its invasive nature [5]. In the majority of the published studies, the dose of nonselective β-blockers was titrated to decrease the heart rate 25% from baseline or maximal tolerated doses [5, 7]. 
Propranolol (PR) or isosorbide-5-mononitrate (ISMN) is effective in preventing the first variceal bleeding in patients with cirrhosis [1, 5]. ISMN enhance the reductive effect of PR on variceal pressure in cirrhotic patients [1, 5]. In contrast to liver cirrhosis, published data regarding the effect of PR on schistosomiasis-related portal hypertension are scanty and contradictory, and the effect of the therapy of ISMN plus PR is unknown in these patients [8, 9]. A short-term study in patients with schistosomiasis and previous variceal bleeding after PR treatment found that the portal pressure was not decreased [8]. Moreover, the required mean doses to achieve 20%–25% reduction of heart rate from baseline up to 400 mg/d [8]. Cohort studies indicated that PR treatment achieved a reduction of rebleeding rates and increased survival of patients and had no serious side effects [9]. Recently, a study from Brazil found that PR significantly reduced variceal pressure in schistosomiasis patients who had never bled [10]. However, it is not clear whether ISMN plus PR is better than PR alone to treatment schistosomiasis patients who had never bled. In this study, we will ascertain whether the combination of PR and ISMN is more effective than PR alone in decreasing variceal pressure.
.
MATERIALS AND METHODS
Selection of patients
From September 2007 to October 2010, patients admitted to our hospital because of schistosomiasis-related portal hypertension were assessed for inclusion in the trial. The diagnosis of schistosomiasis was established in accordance with the World Health Organization criteria [11]. The eligibility criteria were age between 18 and 65, eggs in stool specimens, the characteristic ultrasound criteria, and endoscopic evidence of esophageal varices. The exclusion criteria were previous treatment for portal hypertension (e.g., beta-blockers, sclerotherapy, or endoscopic band ligation), severe hepatic disease (e.g., Child-Pugh score higher than 12 points or hepatorenal syndrome), previous variceal bleeding, presence of any neoplastic disease, portal vein thrombosis, inability to attend follow-up, contraindications to beta-blockers (severe chronic pulmonary obstructive disease, asthma, severe insulin-dependent diabetes mellitus, heart failure, grade II atrioventricular block, sinus bradycardia < 50 beats per minute, aortic stenosis, peripheral arterial disease, arterial hypotension with systolic pressure < 85 mmHg), or long-acting nitrates (glaucoma). The study was approved by the Ethics Committee of Anhui Medical University, and all patients gave written informed consent to participation in the study. Patients were assigned to one of two treatment groups according to the sequential method of randomization.
Treatment
Patients who fulfilled the inclusion and exclusion criteria were immediately randomized into the two treatment groups using consecutively numbered envelopes that contained the treatment assignments, which were generated by a system using computer-allocated random digit numbers. PR was given orally at an initial dose of 20 mg 3 times daily. The dose was subsequently adjusted to over a period of 5 d until the resting heart rate had been reduced by 25% or was less than 55 beats per minute. In the PR plus ISMN group, after PR titrated to the same target in resting heart rate, the dose of ISMN was increased up to oral dose of 20 mg twice a day.
Methods
Measurement of variceal pressure was performed after an overnight fast during upper gastrointestinal endoscopy. Variceal pressure was assessed with a previously described noninvasive technique using an esophageal variceal manometer (EVM; Esophageal Varix Manometer; Treier Endoscopie AG, Beromünster, Switzerland) and recorded by the workstation which developed by our group[12, 13]. To minimize esophageal tonus and peristalsis, all patients received premedication with 5 mg diazepam and 20 mg n-butylscopolamine intravenously. The reliability of the endoscopic measurement of variceal pressure was determined in a previous study that found a good correlation with needle puncture measurement [13-15]. In the current study, endoscopic measurement of variceal pressure was used because of the unique hemodynamic pattern of pre-sinusoidal portal hypertension. The largest varix situated above the cardia was chosen for measurement of variceal pressure. The pressure in each patient was measured five times. Variceal pressure was calculated as the mean of five satisfactory measurement periods recorded.
After variceal pressure measurement, the size of the varix was estimated in the absence of peristaltic waves, by comparing the varix with the scales in the balloon variceal markers (5-mm intervals). The maximal size of the varices and the red colour signs were recorded as proposed by the Japanese Research Society for portal hypertension [16]. 

Follow-up and endpoints
All patients were followed in the outpatient clinics at 3-month intervals and assessed for adverse events, compliance (direct questioning, prescription renewal, and reinforcement), variceal bleeding, and progression of liver disease. Variceal pressures of all patients were measured before and at 6 mo of continued PR or PR plus ISMN therapy. The primary end point was variceal bleeding and secondary end points were treatment related complications and mortality. Variceal bleeding was defined as hemetemesis or melena, with an associated drop in hematocrit by 10%, in the absence of any other source of gastrointestinal bleeding on endoscopy. In case of variceal bleeding, physicians were free to choose endoscopic treatment to prevent rebleeding.
Statistical analyses
Statistical analyses were performed with SPSS (version 10; SPSS, Inc., Chicago, IL, United States). All quantitative data were tested for normal distribution. Quantitative data were expressed as mean ± standard deviation (mean ± SD) if the data were normally distributed. Each continuous parameter was analyzed with the independent-samples t-test. The paired-samples t-test was used to examine change from baseline to follow-up. Categorical data were examined using Fisher’s exact test. P-Values < 0.05 were considered statistically significant.

RESULTS

Baseline data
Twenty-five patients received PR plus ISMN and 23 patients received PR alone (dosage of PR: 60 to 160 mg/day, median: 80 mg; Dosage of ISMN: 20 mg/d). Seven patients refused to variceal pressure manometry (3 receiving PR and 4 receiving PR plus ISMN). One patient withdrew from the trial because of headache after taking ISMN. Therefor, there were 20 patients in each treatment group. Clinical and endoscopic data of the patients in the subsets are shown in Table 1. There were no significant differences between the two groups at baseline with regard to clinical and demographic characteristics or baseline variceal pressure (Table 1, PR group = 24.15 ± 6.05 mmHg; PR plus ISMN = 25.69 ± 5.26 mmHg).
Changes in variceal pressure
In 40 patients (20 in PR group and 20 in PR plus ISMN group), variceal pressure was measured again the end of 6 mo-continuous treatment. PR or PR plus ISMN caused a significant reduction of variceal pressure (PR group: from 24.15 ± 6.05 mmHg to 22.68 ± 5.70 mmHg, P = 0.001; PR plus ISMN group: from 25.69 ± 5.26 mmHg to 20.48 ± 5.43 mmHg; P < 0.001). The percentage decrease of variceal pressure after PR plus ISMN treatment was more significant than that after PR alone treatment (Table 2, 15.93 ± 8.37% vs 6.05 ± 3.67%, P = 0.01).
Bleeding 

One patient in the PR plus ISMN group and two patients in the PR alone group had the variceal bleeding during 6 months of follow-up. There were no significant differences between the two groups at incidence of variceal bleeding.
Adverse effects
In PR plus ISMN group, three patients had headache and hypotension. The headache was mild and transient and disappeared promptly after continuation of the relevant drug in two patients. One patient withdrew from the trial because of severe and lasting headache after taking ISMN. No side effect occurred in the PR group. There was no worsening liver function or impairment of renal function in the 2 groups within 6 months treatment (Table 2).
DISCUSSION
Nonselective β-blockers are the most often used drugs to prevent the variceal bleeding in patients with cirrhosis and esophageal varices[6, 14]. Although many trials have shown that variceal hemorrhage risk was reduced with β-blockers, β-blockers do not protect all treated patients, probably due to an inadequate decrease in the HVPG [5, 17]. Most published studies showed that  PR and ISMN have synergistic effect on portal pressure-reducing and combination of the two could be more effective than PR alone [17, 18]. Recently, PR was found to significantly reduce variceal pressure and wall tension in patients with schistosomiasis [10]. However, it remains uncertain whether the combination of PR and ISMN is more effective than PR alone in decreasing variceal pressure for schistosomiasis patients that had never bled. 
This study investigated the efficacy of PR or PR plus ISMN in schistosomiasis patients that had never bled. Our approach is to assess variceal pressure in patients with high-risk varices, using the same methodology reported for cirrhotic patients [12]. Variceal bleeding is believed to occur when the tension exerted over the thin wall of the varices increases beyond a critical value determined by the elastic limit of the vessel [5]. Variceal pressure and size are key factors determining variceal wall tension. Not only is variceal pressure the best parameter for predicting rupture of varices and consequent complications, but it is also a useful guide for studying the effect of pharmacotherapy of portal hypertension and a measure of the effects of transjugular intrahepatic portosystemic shunting [6, 19-21]. As confirmed by one study，this measurement of variceal pressure can efficiently monitor the direct effect in prophylaxis of variceal bleeding compared with the rate of bleeding in cirrhotic patients [17]. 
In the present study, we observed that PR or PR plus ISMN administration all caused a significant reduction in variceal pressure in patients with schistosomiasis. After a 6 mo-continuous treatment, the percentage in variceal pressure decreased more obvious in patients receiving PR plus ISMN than PR alone (15.93 ± 8.37% vs 6.05 ± 3.67%, P = 0.01). Thus, the results of our study suggest that PR plus ISMN is superior to PR alone in reducing variceal pressure in patients with schistosomiasis. Our observed result is consistent with the data collected from different randomized clinical trials which show that the effect in patients treated with combined pharmacological therapy is more than that obtained with PR alone [17, 18]. Therefore, the pharmacological therapy of choice in the prevention of variceal bleeding is probably the combination of PR and ISMN.
The mean dosage of PR used in our study was lower than that in other studies for cirrhotic patients and schistosomiasis patients[1, 5]. However, the low dosage of PR in current study is expected because it is well know that the metabolism of this drug is different between Asian and European patients[22]. In the other previous study, Lay et al [23] found that the mean daily dosage of the PR was 68.2 ± 32.8 mg, which was sufficient to reduce the heart rate by 25%. It is therefore possible that a lower dosage of PR to reach a target heart rate reduction of 25% would have enough power to result in a lower bleeding rate in a Chinese population.

Three patients treated with PR plus ISMN presented side effects. Most reported side effects caused by β-blockers (hypotension, tiredness, breathlessness, poor memory, insomnia) can be easily managed by adjusting the dose the medication, which does not affect the effect of the treatment. ISMN may increase vasodilatation leading to more side effects such as headache and hypotension[1, 5]. In a trial performed in patients with cirrhosis and ascites comparing β-blockers with ISMN, the latter medication was associated with more side effects [24]. Furthermore, other studies also found a trend toward more side effects requiring withdrawal with combination therapy than PR alone[17, 18, 25]. In our study, two patients presented mild and transient headache on the first administration of ISMN, which were disappeared after continuation of the relevant medication. One patient withdrew from the trial because of severe and lasting headache after taking PR plus ISMN. When the resting heart rate was reduced by 25% or was less than 55 beats per minute, most patients showed a significant reduction in variceal pressure (15.93 ± 8.37%) after receiving PR plus ISMN. 
We are aware of the limitations of the current study. First, in our study, we found that the measurement of variceal pressure is technically difficult and time consuming in patients with small varices, which may reduce the applicability of measurements in clinical practice. However, because very large varices and red color signs indicate an imminent bleeding in patients, these patients are in high risk of bleeding and need prophylaxis measurements even though their variceal pressure is not so high [26, 27]. On the other hand, the measurement of variceal pressure probably is not very important in patients with very small varices due to rare bleeding [28-31].  Second, some cases not suitable for PR plus ISMN therapy need to be investigated in future studies. Third, future randomized controlled studies with a larger number of patients should be warranted to confirm those findings and to demonstrate a long-term decrease in the frequency of bleeding episodes and mortality.
In conclusion, we found that combined treatment with PR plus ISMN compared with PR alone, more effectively decreased the variceal pressure in schistosomiasis patients. Future randomized controlled studies with a larger number of patients are warranted to demonstrate a long-term decrease in the variceal pressure, and include determination of border when side effects will outweigh the benefits, and monitor the frequency of bleeding episodes and mortality. 
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Non-cirrhotic portal hypertension and gastrointestinal bleeding are complications of the infection caused by the intravascular parasitic trematodes Schistosoma mansoni. First prophylaxis of variceal bleeding is therefore crucial in the management of these patients. 
Research frontiers
Treatment with propranolol plus isosorbide-5-mononitrate achieves a synergistic reduction in variceal pressure than propranolol alone in cirrhotic patients. However, this has not been demonstrated in non-cirrhotic portal hypertension caused by Schistosoma mansoni infection.
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In this paper the authors found the combination of propranolol and isosorbide-5-mononitrate was more effective than propranolol alone in decreasing variceal pressure, which will be important in reducing rate of bleeding in patients with schistosomiasis, high-risk esophageal varices and no previous history of variceal bleeding.
Applications
The results suggest that combination propranolol plus isosorbide-5-mononitrate should be recommended as the first prophylaxis of variceal bleeding in non-cirrhotic portal hypertension caused by Schistosoma mansoni infection. Additional studies with long-term follow-up are needed to confirm the results concerning mortality.
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The authors have compared the effect of propranolol alone with the combination of propranolol and isosorbide-5-mononitrate on variceal pressure in patients with portal hypertension due to schistosomiasis. The results suggested that the combination led to a more pronounced decrease of variceal pressure than propranolol did.
REFERENCES
1 Garcia-Pagan JC, De Gottardi A, Bosch J. Review article: the modern management of portal hypertension--primary and secondary prophylaxis of variceal bleeding in cirrhotic patients. Aliment Pharmacol Ther 2008; 28: 178-186 [PMID: 18462268 DOI: 10.1111/j.1365-2036.2008.03729.x]

2 de Franchis R. Non-invasive (and minimally invasive) diagnosis of oesophageal varices. J Hepatol 2008; 49: 520-527 [PMID: 18706733 DOI: 10.1016/j.jhep.2008.07.009]

3 The North Italian Endoscopic Club for the Study and Treatment of Esophageal Varices. Prediction of the first variceal hemorrhage in patients with cirrhosis of the liver and esophageal varices. A prospective multicenter study. N Engl J Med 1988; 319: 983-989 [PMID: 3262200 DOI: 10.1056/NEJM198810133191505]

4 Gentile I, Thabut D. Noninvasive prediction of oesophageal varices: as simple as blood count? Liver Int 2010; 30: 1091-1093 [PMID: 20707879 DOI: 10.1111/j.1478-3231.2010.02317.x]

5 Garcia-Tsao G, Sanyal AJ, Grace ND, Carey W. Prevention and management of gastroesophageal varices and variceal hemorrhage in cirrhosis. Hepatology 2007; 46: 922-938 [PMID: 17879356 DOI: 10.1002/hep.21907]

6 Thabut D, Moreau R, Lebrec D. Noninvasive assessment of portal hypertension in patients with cirrhosis. Hepatology 2011; 53: 683-694 [PMID: 21274889 DOI: 10.1002/hep.24129]

7 Bari K, Garcia-Tsao G. Treatment of portal hypertension. World J Gastroenterol 2012; 18: 1166-1175 [PMID: 22468079 DOI: 10.3748/wjg.v18.i11.1166]

8 Mies S, Neto OB, Beer A, Baía CE, Alfieri F, Pereira LM, Sette MJ, Raia S. Systemic and hepatic hemodynamics in hepatosplenic Manson's schistosomiasis with and without propranolol. Dig Dis Sci 1997; 42: 751-761 [PMID: 9125644 DOI: 10.1023/A: 1018803911915]

9 el Tourabi H, el Amin AA, Shaheen M, Woda SA, Homeida M, Harron DW. Propranolol reduces mortality in patients with portal hypertension secondary to schistosomiasis. Ann Trop Med Parasitol 1994; 88: 493-500 [PMID: 7979639]

10 Farias AQ, Kassab F, da Rocha EC, Dos Santos Bomfim V, Vezozzo DC, Bittencourt PL, Carrilho FJ. Propranolol reduces variceal pressure and wall tension in schistosomiasis presinusoidal portal hypertension. J Gastroenterol Hepatol 2009; 24: 1852-1856 [PMID: 19686417 DOI: 10.1111/j.1440-1746.2009.05912.x]

11 World Health Organization (WHO Expert Committee). Prevention and control of schistosomiasis and soil-transmitted helminthiasis. World Health Organ Tech Rep Ser 2002; 912: 1-57, back cover [PMID: 12592987]

12 Kong DR, Xu JM, Zhang L, Zhang C, Fu ZQ, He BB, Sun B, Xie Y. Computerized endoscopic balloon manometry to detect esophageal variceal pressure. Endoscopy 2009; 41: 415-420 [PMID: 19418395 DOI: 10.1055/s-0029-1214602]

13 Brensing KA, Neubrand M, Textor J, Raab P, Müller-Miny H, Scheurlen C, Görich J, Schild H, Sauerbruch T. Endoscopic manometry of esophageal varices: evaluation of a balloon technique compared with direct portal pressure measurement. J Hepatol 1998; 29: 94-102 [PMID: 9696497 DOI: 10.1016/S0168-8278(98)80183-9]

14 Scheurlen C, Roleff A, Neubrand M, Sauerbruch T. Noninvasive endoscopic determination of intravariceal pressure in patients with portal hypertension: clinical experience with a new balloon technique. Endoscopy 1998; 30: 326-332 [PMID: 9689503 DOI: 10.1055/s-2007-1001277]

15 Gertsch P, Fischer G, Kleber G, Wheatley AM, Geigenberger G, Sauerbruch T. Manometry of esophageal varices: comparison of an endoscopic balloon technique with needle puncture. Gastroenterology 1993; 105: 1159-1166 [PMID: 8405861]

16 Tajiri T, Yoshida H, Obara K, Onji M, Kage M, Kitano S, Kokudo N, Kokubu S, Sakaida I, Sata M, Tajiri H, Tsukada K, Nonami T, Hashizume M, Hirota S, Murashima N, Moriyasu F, Saigenji K, Makuuchi H, Oho K, Yoshida T, Suzuki H, Hasumi A, Okita K, Futagawa S, Idezuki Y. General rules for recording endoscopic findings of esophagogastric varices (2nd edition). Dig Endosc 2010; 22: 1-9 [PMID: 20078657]

17 García-Pagán JC, Morillas R, Bañares R, Albillos A, Villanueva C, Vila C, Genescà J, Jimenez M, Rodriguez M, Calleja JL, Balanzó J, García-Durán F, Planas R, Bosch J. Propranolol plus placebo versus propranolol plus isosorbide-5-mononitrate in the prevention of a first variceal bleed: a double-blind RCT. Hepatology 2003; 37: 1260-1266 [PMID: 12774003 DOI: 10.1053/jhep.2003.50211]

18 García-Pagán JC, Feu F, Bosch J, Rodés J. Propranolol compared with propranolol plus isosorbide-5-mononitrate for portal hypertension in cirrhosis. A randomized controlled study. Ann Intern Med 1991; 114: 869-873 [PMID: 2014947 DOI: 10.7326/0003-4819-114-10-869]

19 El Atti EA, Nevens F, Bogaerts K, Verbeke G, Fevery J. Variceal pressure is a strong predictor of variceal haemorrhage in patients with cirrhosis as well as in patients with non-cirrhotic portal hypertension. Gut 1999; 45: 618-621 [PMID: 10486375 DOI: 10.1136/gut.45.4.618]

20 Tandon RK, Saikia N. Measuring intravariceal pressure. Gastrointest Endosc 2009; 70: 414-416 [PMID: 19699976 DOI: 10.1016/j.gie.2009.03.038]

21 Escorsell A, Bordas JM, Castañeda B, Llach J, García-Pagán JC, Rodés J, Bosch J. Predictive value of the variceal pressure response to continued pharmacological therapy in patients with cirrhosis and portal hypertension. Hepatology 2000; 31: 1061-1067 [PMID: 10796880 DOI: 10.1053/he.2000.6779]

22 Stiegmann GV, Goff JS, Michaletz-Onody PA, Korula J, Lieberman D, Saeed ZA, Reveille RM, Sun JH, Lowenstein SR. Endoscopic sclerotherapy as compared with endoscopic ligation for bleeding esophageal varices. N Engl J Med 1992; 326: 1527-1532 [PMID: 1579136 DOI: 10.1056/NEJM199206043262304]

23 Lay CS, Tsai YT, Lee FY, Lai YL, Yu CJ, Chen CB, Peng CY. Endoscopic variceal ligation versus propranolol in prophylaxis of first variceal bleeding in patients with cirrhosis. J Gastroenterol Hepatol 2006; 21: 413-419 [PMID: 16509867 DOI: 10.1111/j.1440-1746.2005.04071.x]

24 Borroni G, Salerno F, Cazzaniga M, Bissoli F, Lorenzano E, Maggi A, Visentin S, Panzeri A, de Franchis R. Nadolol is superior to isosorbide mononitrate for the prevention of the first variceal bleeding in cirrhotic patients with ascites. J Hepatol 2002; 37: 315-321 [PMID: 12175626 DOI: 10.1016/S0168-8278(02)00174-5]

25 Gournay J, Masliah C, Martin T, Perrin D, Galmiche JP. Isosorbide mononitrate and propranolol compared with propranolol alone for the prevention of variceal rebleeding. Hepatology 2000; 31: 1239-1245 [PMID: 10827148 DOI: 10.1053/jhep.2000.8106]

26 Khaderi S, Barnes D. Preventing a first episode of esophageal variceal hemorrhage. Cleve Clin J Med 2008; 75: 235-244 [PMID: 18383932 DOI: 10.3949/ccjm.75.3.235]

27 Triantos CK, Burroughs AK. Prevention of the development of varices and first portal hypertensive bleeding episode. Best Pract Res Clin Gastroenterol 2007; 21: 31-42 [PMID: 17223495 DOI: 10.1016/j.bpg.2006.06.001]

28 Vegesna AK, Chung CY, Bajaj A, Tiwana MI, Rishikesh R, Hamid I, Kalra A, Korimilli A, Patel S, Mamoon R, Riaz J, Miller LS. Minimally invasive measurement of esophageal variceal pressure and wall tension (with video). Gastrointest Endosc 2009; 70: 407-413 [PMID: 19699975 DOI: 10.1016/j.gie.2008.11.033]

29 Miller LS, Dai Q, Thomas A, Chung CY, Park J, Irizarry S, Nguyen T, Thangada V, Miller ES, Kim JK. A new ultrasound-guided esophageal variceal pressure-measuring device. Am J Gastroenterol 2004; 99: 1267-1273 [PMID: 15233664 DOI: 10.1111/j.1572-0241.2004.30177.x]

30 Pontes JM, Leitão MC, Portela F, Nunes A, Freitas D. Endosonographic Doppler-guided manometry of esophageal varices: experimental validation and clinical feasibility. Endoscopy 2002; 34: 966-972 [PMID: 12471540 DOI: 10.1055/s-2002-35840]

31 Puckett JL, Liu J, Bhalla V, Kravetz D, Krinsky ML, Hassanein T, Mittal RK. Ultrasound system to measure esophageal varix pressure: an in vitro validation study. Am J Physiol Gastrointest Liver Physiol 2005; 288: G914-G919 [PMID: 15626729 DOI: 10.1152/ajpgi.00373.2004]

P-Reviewers Yang SF, Borgia G, Lindberg G S-Editor Huang XZ L-Editor E-Editor

Table 1 Demographic profile of the study population

	
	PR group

(n = 20)
	PR+ISMN group( n = 20)
	P value

	Sex 
	
	
	0.619

	Male 
	12
	11
	

	Female 
	8
	9
	

	Age (yr)
	47.87 ± 15.16
	44.14 ± 9.51
	0.585

	Child-Pugh’ s grade
	
	
	1.000

	A
	9
	8
	

	B
	11
	12
	

	Child-Pugh’ s score
	8.87 ± 1.88
	8.00 ± 1.63
	0.358

	Albumin(g/L)
	30.63 ± 3.82
	33.34 ± 5.30
	0.271

	Total bilirubin(μmol/L)
	29.45 ± 17.02
	25.11 ± 11.26
	0.577

	Prothrombin time(s)
	16.80 ± 1.82
	16.65 ± 1.59
	0.875

	VP (mmHg)
	24.15 ± 6.05
	25.69 ± 5.26
	0.248

	Varix grade
	
	
	0.608

	F2
	10
	9
	

	F3
	10
	11
	

	Red color signs
	12
	14
	1.000


VP: Variceal pressure; PR: Propranolol; ISMN: Isosorbide-5-mononitrate.
Table 2 Effects of propranolol and propranolol plus isosorbide-5-mononitrate on variceal pressure and liver function and on systemic hemodynamics in patients with 6 mo of follow-up.
	
	PR
	PR+ISMN

	
	Baseline
	6 mo
	Baseline
	6 mo

	(ΔVP)%
	0
	15.93 ± 8.37
	0
	6.05 ± 3.67a

	ALB(g/L)
	30.63 ± 3.82
	31.14 ± 3.08
	33.34 ± 5.30
	34.30 ± 5.09

	TB(umol/L)
	29.45 ± 17.02
	27.26 ± 12.27
	25.11 ± 11.26
	26.74 ± 12.96

	SBP (mmHg)
	132 ± 20
	124 ± 21b
	130 ± 19
	125 ± 19b

	DBP (mmHg)
	77 ± 10
	72 ± 11b
	74 ± 10
	70 ± 13b


aP < 0.05 vs PR group,bP < 0.01 vs baseline.

(ΔVP)%: Percentage difference in variceal pressure from baseline; PR: Propranolol; ISMN: Isosorbide-5-mononitrate; ALB: Albumin; TB: Total bilirubin; SBP: Systolic pressure; DBP: Diastolic pressure.
