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ABSTRACT

Background and Aim: Esophageal varices (EV) is well documented to be one of the major complica-

tions in cirrhotic patients.  All cirrhotic patients should undergo screening for EV.  There are several studies about

non-invasive markers to predict the presence of EV including platelet count/spleen diameter ratio(P/D ratio).  We

postulated that whether platelet count/spleen area ratio (P/A ratio), should be better than P/D ratio to predict the

presence of EV.

Patients and Methods: This is cross-sectional study in 164 cirrhotic patients without previous va-

riceal hemorrhage.  Biochemical study, endoscopic findings, splenic measurement by ultrasonography, P/D ratio

and P/A ratio were collected in all patients.

Results: The prevalence of EV was 49% but high grade EV was only 10%.  Receiver operating charac-

teristic (ROC) curve was used for analysis, the value of P/D ratio ≤1,496 has sensitivity,specificity, negative predic-

tive value (NPV), positive predictive value(PPV) and accuracy of test in about 100%, 36%, 100%, 60%, 67%,

respectively.  The value of P/A ratio ≤21.5 has sensitivity, specificity, NPV, PPV and accuracy of test of in about

100%, 68%, 100%, 75%, 84%, respectively.

Conclusion: The value of P/D ratio ≤1,496 and P/A ratio ≤21.5 were the good predictors for devel-

oping of EV. Moreover, the P/A ratio has a higher specificity than P/D ratio.
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BACKGROUND

Esophageal varices (EV) related bleeding is the

common caused of high morbidity and high mortality

in cirrhotic patients with portal hypertension.  Mortal-

ity rate in the first variceal bleeding ranged between

17-57%.(1)  The prevalence of EV from endoscopic

screening in cirrhotic patients is approximately 40-

60%(2,3) and the prevalence of large EV is only found

in about 10-20%.(4)  From the recent data, non-selec-

tive beta-blockers decreased the risk of first variceal

bleeding in cirrhotic patients with large EV.(5-10)

The Banevo IV concensus workshop on method-

ology of diagnosis and therapy in portal hypertension

recommend that all cirrhotic patients should be

screened for EV at the time of first diagnosis.(11)  The
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AASLD single topic symposium on portal hyperten-

sion recommend that Child’s A cirrhotic patients with

evidence of portal hypertension (platelet count

<140,000 and/or portal vein diameter >13 mm) should

be screening for EV.(12)  In the recent data, 50% of cir-

rhotic patients may not have developed EV 10 years

after the diagnosis of cirrhosis.(13)  Thus, It may be cost

effective to screen for EV in high risk cirrhotic patients

only.(14-18)   To decrease the number of unnecessary

endoscopic screening procedure in low risk cirrhotic

patients, many of retrospective study have evaluated

the possible noninvasive marker of EV formation in

cirrhosis.(19-28)  In these study; in high risk cirrhotic

patients, low platelet count, splenomegaly are the two

common noninvasive factors to predict of EV.  There

have been several studies about non-invasive markers

to predict EV including platelet count/spleen diameter

ratio (P/D ratio).(3)  We postulated that whether plate-

let count/spleen area ratio (P/A ratio), should be better

than platelet count/spleen diameter ratio to predict EV

in cirrhotic patients.  The aim of this study to evalu-

ated the utility of the platelet count/spleen diameter

ratio to predict for the presence of EV compared with

the platelet count/spleen area ratio.

PATIENTS AND METHODS

Patients

This is a cross-sectional study in 164 cirrhotic

patients (age 25-80 years) without previous history of

variceal bleeding from Division of Gastroenterology,

Department of Medicine, Bangkok Metropolitant

Medical College and Vajira Hospital.  The period of

this study is between 1 June 2004 to 30 January 2006.

All patients were eligible if they had diagnosis liver

cirrhosis base on criteria (1) or (2) [(1) physical ex-

amination and biochemical study expressed in chronic

liver disease with or without evidence of portal hyper-

tension confirmed by splenomegaly or thrombocytope-

nia / (2) one of the three of these findings in radiologi-

cal study, liver biopsy and intraoperative findings com-

patible with liver cirrhosis].  All patients signed for

informed consent and had no previous history of va-

riceal hemorrhage.  Patients with diagnosis of hepato-

cellular carcinoma, advanced other organ malignancy,

or severe medical condition (end stage renal disease,

congestive heart failure or severe respiratory syndrome)

were excluded.

Patients with other caused of splenomegaly or

thrombocytopenia (hematological disease, chronic ill-

ness or alcoholic consumption within 2 months) were

also excluded.  The history and biochemical investiga-

tion data in all patients were collected; age, sex, risk of

cirrhosis, history of alcoholic consumption, other con-

ditions associated with splenomegaly and thrombocy-

topenia.  Complete blood count, platelet count,

coagulogram, liver function test, HBsAg, anti-HBs,

anti-HBc, anti-HCV, Child-Pugh classification and

Child-Pugh score were evaluated in all patients.

Endoscopic evaluation was performed in 164

patients by a single endoscopist.  The endoscopic find-

ing of EV was classified by grading as F1-F3( F1; The

varices can be depressed by endoscope, F2; The va-

rices cannot be depressed by endoscope, F3; The va-

rices are confluent around the circumferential).(29)

From this study EV grade F2 and F3 was classified as

large esophageal varices.  The other endoscopic find-

ings (gastric varices; GV or portal hypertensive

gastropathy; PHG) were also recorded.

The ultrasonographic examination was performed

by a single radiologist whom blinded to the basic char-

acteristic and endoscopic findings in all patients.  Up-

per ultrasonographic examination were imaged by the

same unit of Phillips ATL (HDI 5000) with scanhead

C4-240R (L10-5, 38 mm).  Intraobserver reliability of

the spleen measurement in one radiologist for 20 pa-

tients was 2.7%.  The spleen measurement was per-

formed in the same position (left anterior oblique) dur-

ing the deepest inspiration.

The definition of spleen diameter is the maximum

transverse distance between two pole in millimeters,

spleen height is the maximum vertical distance across

the splenic hilum at the same level of spleen diameter

in millimeters, spleen area was calculated from spleen

diameter multiplied by spleen height, platelet count /

spleen diameter ratio was calculated by platelet count

(/mcl) devided by spleen diameter (mm) and platelet

count/spleen area ratio was calculated by platelet count

(/mcl) devided by spleen area (mm2).  The splenic mea-

surement and spleen height and spleen diameter evalu-

ation was shown in Figure 1.  The duration of initial

biochemical study, endoscopic evaluation and spleen

measurement was performed within 2 weeks.

Statistical analysis

The qualitative variables were compared by us-

ing the Chi-square test. The quantitative variable were

compared by Man-Whitny U test at significant level
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of P value <0.05. Quantitative variable data of 164 cir-

rhotic patients presented in means ± standard devia-

tion. Univariate analysis was performed in all basic

biochemical characteristics, spleen diameter, spleen

height, spleen area,portal vein diameter, platelet count

/ spleen diameter ratio and platelet count / spleen area

ratio. Receiver operator characteristics (ROC) curve

was performed to evaluate the best value of platelet

count / spleen diameter ratio and the best value of plate-

let count / spleen area ratio for predicted EV.  Diag-

nostic accuracy, negative predictive value (NPV) and

positive predictive value (PPV) were calculated from

each of best sensitivity and specificity in platelet count

/ spleen diameter ratio and platelet count / spleen area

ratio.  Data was collected and analyzed by using the

SPSS version 13 for Window (SPSS Inc, Chicago,

Ilinois, USA).

RESULTS

Data were collected from 164 patients,104 were

male (63%), 60 were female (37%).  The mean of age

was 54.0 ± 11.6 (25-80) years [mean ± SD. (range )]

other variables-result was shown in Table 1, 2.

We found the etiology of cirrhosis ; alcoholic was

103 (63%), HBV was 28 (17%), HCV was 18 (11%)

and other caused was 15 (9%), as shown in Figure 2.

Child’s classification in Child A, B, C was 77 (47%),

74 (45%), 13 (8%) respectively.  Prevalence of no EV,

EV grade F1, EV grade F2 and EV grade F3 was 84

(51%), 63 (39%), 15 (9%) and 2 (1%) respectively and

as shown in Figure 3.  Endoscopic findings showed

(2)

(1)

Figure 1 The picture of splenic measurement by ultrasound

(1) spleen diameter in mm.

(2) spleen height in mm.

Figure 2 Etiology of cirrhosis

Figure 3 Endoscopic finding in 164 patients
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EV in about 49% and large EV was 10%.  The preva-

lence of gastric varices (GV) was found in 17 (10%)

and all of them also had EV.  The portal hypertensive

gastropathy (PHG) was found in 118 (72%).  The preva-

lence of EV in Child A, B, C was 50%, 45%, 70%

respectively, as shown in Figure 4.  The basic charac-

teristics of 164 cirrhotic patients with or without esoph-

ageal varices are shown in Table 1.

We also study to compare among the spleen di-

ameter in normal volunteers, cirrhotic patients with-

out esophageal varices and cirrhotic patients with

esophageal varices.  The results were 85.6103.4127.8

50
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0
Child A Child B Child C

No EV
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Figure 4 Number of patients with or without EV accord-

ing to Child’s classification
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Table 1 Basic characteristics of 164 cirrhotic patients

Charateristics EV (n = 80) Non-EV (n = 84) P value

Age (y) 53.5 (36-80) 54.5 (25-78) 0.84

Hct (%) 33.7 (19.1-48.9) 33.8 (19.2-48.5) 0.69

Hb (g/dL) 11.3 (6.8-16.9) 11.3 (6.2-16.0) 0.73

WBC (/mcL) 5, 668 (1,200-16,900) 6, 474 (2,900-15,100) 0.01

Platelet count (/mcL) 88, 925 (26,000-192,000) 137,892 (33,000-408,000) <0.01

AST (0-40 U/L) 65 (16-218) 66 (17-216) 0.87

ALT (0-35 U/L) 36 (7-176) 42 (4-172) 0.54

ALP (98-279 U/L) 308 (108-828) 309 (67-861) 0.77

Alb (3.8-5.0 g/dL) 3.0 (1.7-4.2) 3.1 (1.7-4.6) 0.53

Glob (1.2-3.0 g/dL) 4.5 (2.6-7.3) 4.3 (2.4-7.0) 0.83

TB (0.3-1.0 mg/dL) 2.1 (0.5-5.2) 1.8 (0.2-5.0) 0.03

DB (0.06-0.25 mg/dL) 1.0 (0.2-2.9) 0.9 (0.1-3.2) 0.07

Child score 7 (5-11) 7 (5-11) 0.58

PVD (mm.) 12.2 (6.8-17.8) 11.3 (7.0-16.3) 0.01

Spleen diameter (mm.) 127.8 (73.7-193.0) 103.4 (63.0-193.4) <0.01

Spleen height (mm.) 55.6 (34.2-103.1) 43.1 (24.5-102.6) <0.01

Spleen area (mm2) 7,261.4 (3,225.-17,351.7) 4,643.3 (1,614.5-19,842.8) <0.01

P/D ratio 723.4 (154.5-1,495.2) 1,426.7 (267.9-4,184.8) <0.01

P/A ratio 13.1 (1.5-21.1) 36.4 (3.3-129.4) <0.01

P/D ratio: platelet count / spleen diameter ratio

P/A ratio: platelet count / spleen area ratio

mm. respectively.  We compared the spleen height in

normal volunteers, cirrhotic patients without esoph-

ageal varices and cirrhotic patients with esophageal

varices.  The results were 33.0, 3.1, 5.6 mm. respec-

tively.  We compared the platelet count / spleen diam-

eter ratio in normal volunteers, cirrhotic patients with-

out esophageal varices and cirrhotic patients with

esophageal varices, the results were 3458, 1426, 723

respectively.  We compared the platelet count / spleen

area ratio in normal volunteers, cirrhotic patients with-

out esophageal varices and cirrhotic patients with

esophageal varices, the results were 109.6, 6.4, 3.1 re-

spectively, as shown in Table 2.

We used the receiver operator characteristics

(ROC) curve to evaluated platelet count / spleen diam-

eter ratio to select the best cut off value for sensitivity

and specificity to predict the esophageal varices for-

mation in cirrhotic patients.  By ROC curve, the plate-

let count / spleen diameter ratio at 1,496 is the best

value to predict the presence of esophageal varices in

cirrhotic patients and the area under the curve (AUC)

was 0.7857, as shown in Figure 5.  From this value we

found, the sensitivity was 100%, the specificity was

36%, the negative predictive value (NPV) was 100%,

the positive predictive value (PPV) was 54% and the

accuracy of test was 67%. We used the receiver opera-

tor characteristics (ROC) curve to evaluated the plate-

let count / spleen area ratio for the best cut off value

Table 2 The mean of spleen measurement and both ratio in normal volunteers and cirrhotic patients with or without EV

Normal Cirrhotic patients
Characteristics P value

Volunteers (n = 40) No-EV (n = 84) EV (n = 80)

Spleen diameter (mm) 85.6 103.4 127.8 <0.01

Spleen height (mm) 33.0 43.1 55.6 <0.01

P/D ratio 3,458 1,426 723 <0.01

P/A ratio 109.6 36.4 13.1 <0.01

P/D ratio: platelet count / spleen diameter ratio

P/A ratio: platelet count / spleen area ratio
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Table 3 The best value of 2 ratios to predict EV

Percent (%) Sensitivity Specificity NPV PPV Accuracy of test

P/D ratio <1,496 100 36 100 60 67

P/A ratio <21.5 100 68 100 75 84

P/D ratio: platelet count / spleen diameter ratio

P/A ratio: platelet count / spleen area ratio

Figure 5 ROC curve of the platelet count / spleen diameter

ratio in all patients (n = 164)

Figure 6 ROC curve of the platelet count / spleen area ra-

tio in all patients (n = 164)

for sensitivity and specificity to predict the EV forma-

tion in cirrhotic patients. The platelet count / spleen

area ratio at 21.5 was the best value for predicted the

EV formation in cirrhotic patients and area under the

curve (AUC) was 0.8492, as shown in Figure 6.  The

sensitivity was 100%, the specificiity was 68%, the

negative predictive value (NPV) was 100%, the posi-

tive predictive value (PPV) was 75% and the accuracy

of test was 84%, as shown in Table 3.  Subgroup analy-

sis in Child’s A and B (n = 151) found that at the plate-

let count / spleen diameter ratio of 1,496 and the plate-

let count / spleen area ratio at 21.5 were also the best

value to predict the EV formation in cirrhotic patients,

as shown in Figure 7 and 8.  Subgroup analysis in al-

coholic group only (n = 103), the platelet count / spleen

diameter ratio at 1,496 was the best value to predict

the EV formation in cirrhotic patients and area under

the curve (AUC) was 0.7983.  The platelet count /

spleen area ratio at 21.5 was the best value for pre-

dicted the EV formation in cirrhotic patients and area

under the curve (AUC) was 0.8567.  And subgroup

analysis in non-alcoholic group [HBV, HCV and other]

(n = 61) found that atthe platelet count / spleen diam-

eter ratio of 1,034 was the best value for predicted the

EV formation in cirrhotic patients and area under the

curve (AUC) was 0.7985.  The platelet count / spleen

area ratio at 20.5 was the best value for predicted the

esophageal varices formation in cirrhotic patients and

area under the curve (AUC) was 0.8524.

The ROC curve was performed to evaluate the

platelet count level for the best cut off in sensitivity

and specificity to predict the esophageal varices for-

mation in cirrhotic patients.  The best platelet count

level in all cirrhotic patients (n = 164), Child’s A and

B patients (n = 151), alcoholic group (n = 103) and

non- alcoholic [HBV, HCV and others] group (n = 61)

was 110, 000 / 102, 000 / 104, 000 / 106, 000 respec-

tively.  All of these platelet counts level had compa-

rable sensitivity and specificity (about 75%, 67% re-

spectively).

DISCUSSION

From previous studies regarding non-invasive
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markers to predicted EV including platelet count, spleen

diameter, spleen index and platelet count/spleen diam-

eter ratio(3,4,31).  All of these markers may be related to

hypersplenism.  It seems that platelet count/spleen di-

ameter ratio had very high sensitivity and specificity

that may predict EV in cirrhotic patients.  We inter-

ested in platelet count/spleen area ratio and postulated

that whether platelet count/spleen area ratio should be

better than platelet count/spleen diameter ratio to pre-

dict EV.

From the result of our study, both ratio can pre-

dict the presence of EV in cirrhotic patients.  We found

that the sensitivity of both parameter were excellent

(100%) and suitable for screening EV in cirrhotic

patients. However, we found that platelet count/spleen

diameter ratio has a lower specificity.  We believed

that the difference in shape of spleen in difference cir-

rhotic patients might affect the specificity in platelet

count/spleen diameter ratio.  In addition, when sple-

nomegaly occurred, its could be enlarged in all direc-

tions.

In the past, there was insufficient data for normal

value of spleen diameter, spleen height, platelet count/

spleen diameter ratio and platelet count/spleen area

ratio in healthy Thai population.  All of these data were

additionally presented in this study.  The result from

the additional data; spleen diameter, spleen height,

spleen area, platelet count/spleen diameter ratio and

platelet count/spleen area ratio in healthy volunteers

were significantly different from those in the cirrhotic

patients.  We found that the spleen area in alcoholic

group was significantly lower (P <0.01) and platelet

count in alcoholic group was significantly higher (P

<0.01) than the normed.  From this finding, we need

larger population to confirm the result of this ratio.

Peck-Radosavljevic M et al.,(30) found that thrombocy-

topenia in cirrhotic patients was caused by the reduc-

tion of hepatic production of thrombopoietin due to

severe liver impairment.

Splenomegaly is a well recognized physical find-

ing in cirrhotic patients There are three factors that con-

tributed to the pathogenesis of hypersplenism: spleen

size, reticuloendothelial activity and portal pressure.

Westaby et al.,(31) found that the relationship between

spleen size and portal pressure, measured both directly

by splenic pulp pressure or indirectly by radiology can

assess the size of EV.  From the study of Markel

et al.,(32) found that the splenomegaly in cirrhotic

patients is mainly due to reticuloendothelial hyperpla-

sia.  From the same study, hemodynamic studies have

shown that the consequent increase in the splenic por-

tal blood flow does not contribute to increase portal

pressure.  Khishen et al.,(33) who assessed spleen vol-

ume by computer tomography scanning, found signifi-

cant negative correlations to platelet count.  The de-

gree of hypersplenism of cirrhotic patients may related

to a significantly increase splenic pooling of platelet.

It may be cost effective to screen for EV only in

high risk patients.  High grade EV was suitable for pri-

mary prophylaxis treatment and from our study the high

grade EV was found in only10%.  In addition, the best

non-invasive marker for predict the EV should had very

Figure 7 ROC curve of the platelet count / spleen diameter

ratio in Child’s A and B patients (n = 151)

Figure 8 ROC curve of the platelet count / spleen area ra-

tio in Child’s A and B patients (n = 151)
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high sensitivity and specificity.  In conclusion, the plate-

let count/spleen diameter ratio <1,495 and of the plate-

let count/spleen area ratio <21.5 are a good screening

test to detect EV in cirrhotic patients.  Moreover, the

platelet count/spleen area ratio has a higher specificity

than platelet count/spleen diameter ratio to predict the

presence of EV.
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