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The association between liver disease and vasablarmalities in
the lung has been recognized for more than 100syétowever, it has
been only over the last 15 years that specific puabny vascular
alterations associated with the presence of livieease and portal
hypertension have been widely appreciated and gtdamnito
investigation. These alterations include two dgdtisyndromes in the
pulmonary vasculature: (1) the hepatopulmonary ymeé (HPS)
characterized by dilatation in the microvasculatuend (2)
portopulmonary hypertension characterized by vassiciction and
remodeling in the resistance vasculature. Thesd&iesntmay share
pathogenetic mechanisms with systemic vascularagibes in liver
disease and with each other, although each hasi@imlinical features
and consequencéBallon MB, 2005)

Hepatopulmonary syndrome is characterized by tlaal tof (1)
liver disease complicated by (2) arterial hypoxen{@aused by
intrapulmonary vascular dilatation) and (3) the emite of detectable
primary cardiopulmonary disea@¢rowka MJ, 2005)

Liver cirrhosis is sometimes associated with very
severe hypoxemia which is thought to be the resolt
intrapulmonary vascular dilatations. These vasculdatations occur
close to the gas exchange units and thus diffiusd oxygen
molecules to their center is impaired causing arre@se in alveolar-
arterial oxygen tension differen¢€horens JB, 1992)

Nitric oxide (No) is an important mediator of impad oxygenation
in patients with cirrhosis. Nitric oxide (No) isvasodilatary substance

which can abolish the local vasoconstrictive reflealveolar hypoxemia,

increasing the ventilatioiperfusion mismatching which is one of the

mechanisms of oxygenation abnormalities in cirrefBermato S, 2000)
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Hypoxemia is observed in about 30% ofeatwith liver cirrhosis
irrespective of the cause of cirrhosis. Two mairygpbpathological
mechanisms can be described: hypoxemia may be dagonto
intrapulmonary vascular abnormalities or due teganal disequilibrium

of the ventilatioriperfusion ratidCadranel J, 1989)

There is no consensus on the pathogermsil incidence of
diffusion disorder in chronic liver disease. It poped that the
pathogenic mechanisms responsible for the reductbndiffusion
capacity in liver disease are multlfactorial incghgl:ventilation-perfusion
mismatching and reduced transitory time in hypdysed lung area
(Tulafi C, 2002)

Although low arterial oxygen tension (PChas been claimed to
occur in one to two thirds of patients with cirrlp$ypoxemia appear to
be rare in clinical practiceMoller S, 1998)

Aim of the study
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This study aims to assess pulmonary function ireptt with liver

cirrhosis.
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CIRRHOSIS

Definition:

Cirrhosis is a diffuse process characterized byeresive fibrosis and a
conversion of normal architecture into structuradlgnormal nodules (Figures 1
through A-D )( Serpaggi J et al., 2006

B D

Figure I-A: Inferior surface of liver, biliary tree, and gdddder (gross) revealing normal
hepatic tissue and structui. Inferior surface of liver and gallbladder (grossyealing cirrhotic

liver. C: Normal hepatic tissue (microscopic, 10X, trichrostain).D: Cirrhosis (microscopic, 10X,
trichrome stainfMichael B, 2006)

17
@ This PDF was created using the Sonic PDF Creator.

To remove this watermark, please license this product at www.investintech.com



Epidemiology:

Cirrhosis and chronic liver failure together wene tL2th most common
cause of death in the United States in 2002, ad¢owufor 27,257 deaths (9.5
per 100,000 persons), with a slight male predondeanApproximately 40
percent of patients with cirrhosis are asymptomaticd the condition often is
discovered during a routine examination with labmma or radiographic
studies, or at autopsy. In 2000, there were 360J/0(® hospital discharges
related to cirrhosis and liver failu@National Center for Health Statistics,
2006)

According to estimates from the United Network €@ngan Sharing, 75
to 80 percent of cirrhosis cases could be prevebie@liminating alcohol
abuse, and approximately 3.9 million Americans helwenic hepatitis C. In
August 2005, there were 17,935 persons with ciishd$rom various
etiologies) in the United States who were awaiangertransplant. Mortality
rates in patients with alcoholic liver disease aoasiderably higher than in
patients with other forms of cirrhos{®nited Network for Organ Sharing,
2006)

The Centers for Disease Control and Preventiomestis that 75,766
deaths and 2.3 million years of potential life Idating 2001 were attributable
to excessive alcohol use, an average of approxiynafeyears of potentidife
lost for each alcohol-attributable dedhichael B, 2006)

Natural history of cirrhosis:

Cirrhosis is the end-stage of every chronic livésedse, its natural
history is characterized by an asymptomatic phasened ‘compensated’
cirrhosis followed by a rapidly progressive phasarkad by the development
of complications of portal hypertension and/or tivdysfunction termed
decompensated cirrhosis’ (Fig.ll). In the compeedgbhase, portal pressure

may be normal or below the threshdddel identified for the development of
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varices or ascites (clinically significant portaypertension). As the disease
progresses, portal pressure increases and livetibmndecreases, resulting in
the development of ascites, portal hypertensivetrgasestinal bleeding,
encephalopathy and jaundice. The development ofoarlgese complications
marks the transition from a compensated to decosgied phase. Progression
may be accelerated by the development of other boatipns such as
rebleeding, renal impairment, refractory ascitegpadtorenal syndrome,
hepatopulmonary syndrome and sepsis (spontaneaisribh peritonitis). The
development of hepatocellular carcinoma (HCC) megekerate the course of
the disease at any sta@@@Amico G et al., 2006)

Once the diagnosis has been established, up to &Opatients die
within a year from hepatic failure or complicatiook portal hypertension, of
which bleeding esophageal varices is the most dedre newly diagnosed
cirrhotics, the chances of dying within the subssq2—3 years are influenced
by the status of liver function (as reflected bg tBhild-Pugh classification),

the presence of varices, and the portal preguiléam R , 2007)

Natural history

Development of § i Development of
cirrhosis i complications
........... H \1 S
Compensated Decompensated
______ . . —_— . . —
Time? Cirrhosis Cirrhosis > Death

Components of prognosis

| Probability of |

: complications
Survival while H Survival while
Compensated » Decompensated

Figure II: the natural history of cirrhosis and componenpiafgnosis (D’Amico
G etal., 2006)
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Pathogenesis of Cirrhosis:

Three major mechanisms are central to the onsatrbiosis: cell death,
extracellular matrix (ECM) deposition, and vascutaodifications(Wanless
IR, 2004)

The fibrotic process is characterized by both gtetite and qualitative
changes in the composition of the hepatic ECM itsessive deposition of
collagen, in particular, in the portal tracts ahd teplacement of low-density
type IV collagen with high-density types | and dbllagen in the space of
Disse, causing sinusoidal capillarization. The rhogenesis of cirrhosis is
related to the underlying disease and reflectddpegraphic distribution of the
liver damage and the contribution of different setivolved in the fibrogenic
procesgPinzani M, 2004)

Regardless of the cause, sinusoidal capillarizaican early event with
remarkable effects on the metabolic exchanges leetwepatocytes and blood
circulation.Further impairment in liver function stems from tfemation of
novel intrahepatic vessels, via porto-portal andtgoentral collaterals, that
shunt the blood away from the hepatocytes. Fullyettged cirrhosis has
diverse morphological features, with more or lesmerous, slender or broad
septa and parenchymal nodules of varying sizes srapes. It has been
suggested that the severity of cirrhosis be classkifaccording to the

characteristics of the seftéutami R et al., 2000)

Recently, a combination of nodule size and sepii@kbhess has been
proposed for staging the severity of portal hygmston. Basing the severity of
cirrhosis on histological criteria may help us tedict its potential for reversal
(Nagula S et al., 2006)

The anatomic classification distinguishes betweencraonodular
cirrhosis, (typically associated with alcohol abase characterized by small

uniform nodules a few millimeters in size), macrdular cirrhosis (with large
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bulging nodules of varying sizes) and mixed cirifho@ypical of primary
biliary cirrhosis and primary sclerosing cholarg)itiMost cases of advanced
cirrhosis acquire a mixed pattern, however becafisiege ongoing regenerative
and fibrogenic process. Incomplete septal cirrhosmaracterized by slender
fibrous septa that do not connect portal tractpddal tracts and/or central
veins, is regarded as a histological feature ofaggjon of cirrhosigBortolotti

F, 2007)

Fibrogenic cells of the liver :

Accumulating data clearly indicate that matrix @wotlation originates
from different types of smooth muscle alpha-actityofibroblastic cells
deriving from distinct cell populations known adiaating stellate cells and

hepatic myofibroblasté Cassiman D, 2002)

In normal liver, hepatic stellate cells composed 5%% of cells and
are located in the subendothelial space betweeatd®es and sinusoidal
endothelial cells. Following acute or chronic livdisease, they undergo
phenotypic changes, switching from a quiescenamim A rich phenotype to
myofibroblastic phenotype referred as activatedakiepstellate cell (HSCY
Geerts A, 2001)

Activated hepatic stellate cell (HS&how de novo fibrogenic properties
including proliferation and accumulation in aredgarenchymal cell necrosis,
secretion of proinflammatory cytokines and chemekirand synthesis of a
large panel of matrix proteins and of inhibitorsnaditrix degradation leading to

progressive scar formatighotersztajn S, 2005)

Hepatic fibroblast are another source of fibrogemilis that derive from
fibroblast of portal connective tissue, perivasatufibroblast of portal and
central veins, and periductular fibroblast in closentact with bile duct
epithelial cells. Activated HSCs migrate and acclateuat the sites of tissue

repair, secreting large amounts of (extracellulatrm) ECM and regulating
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ECM degradation. Platelet-derived growth factor GH), mainly produced by
Kupffer cells, is the predominant mitogen for aated HSCs. Collagen

synthesis in HSCs is regulated at the transcripti@and posttranscriptional
levels( fig. Ill through IV) (Bataller R, 2005)

Normal Liver — =————— Liver Injury

Loss of

Hepatocyte
Mr'crqvilli

Hepatocytes

Quiescent

Stellate Cell : A
Endgﬂ;le lial ‘Stellate  Deposition  Loss of
Kupffer - Wealo of Scar  Fenestrae
Cell  Hepatic Sinusoid Watrix Kupffer Cell
Activation

Figure Ill: Sinusoidal events during fibrosing liver injurfChanges in the
subendotheliabpace of Disse and sinusoid as fibradgvelops in response to liver injury
include alterations in both cellular responses exttlacellular matrix composition. Stellate
cell activation leads to accumulation of s(féril-forming) matrix. This in turn contributet®
the loss of hepatocyte microvilli ansinusoidal endothelial fenestrae, which redalt

deterioration of hepatic functiolupffer cell (macrophage) activation accompanigsr

injury and contributes to paracriaetivation of stellate celid~riedman SL, 2000)
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Figure IV: Phenotypic features of hepatic stellate cell atidpn during liver injury
and resolutionFollowing liver injury, hepatic stellate cells (HSC) underbactivation,”
which connotes a transitidrom quiescent vitamin A-rich cells into prolifenag, fibrogenic,
and contractile myofibroblastsThe major phenotypic changes aftactivation include
proliferation, contractility fibrogenesis, matrix degradatioohemotaxis, retinoid loss, and
white bloodcell (WBC) chemoattraction. Key mediatousiderlying these effects are shown.
The fateof activated stellate cells during resolution ler injury is uncertain but may

include reversionto a quiescent phenotype and/or selectolearance by apoptosis
(Friedman SL, 2000)

Is liver cirrhosis reversible?

In contrast with the traditional view that cirrhesis an irreversible
disease(Arther MJ, 2002)indicates that even advanced fibrosis is reversible
although(Kumar M, 2007)said that depending on its duration, fibrosis may
be irreversible
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In experimentally induced fibrosis, cessation ekl injury results in

fibrosis regressior(lssa R et al., 2004)

In humans, spontaneous resolution of liver fibrosé occur after
successful treatment of the underlying diseases Tfiservation has been
described in patients with nonalcoholic steatohigpafNASH) after weight
loss(Dixon JB, 2004),iron and copper overload, alcohol-induced livgunp,
chronic hepatitis C, B, and D, hemochromatosispmiseary biliary cirrhosis,

and autoimmune hepatifiKumar M, 2007)

It may take years for significant regression todwmhieved; the time
varies depending on the underlying cause of ther ldisease and its severity.
Chronic HCV infection is the most extensively stdlicondition, and therapy
(IFN-a plus ribavirin) with viral clearance results irbfosis improvement
(Bataller R, 2005)

Importantly, nearly half of patients with cirrhoshibit reversal to a

significant degree but not complet¢yho JJ et al., 2000)

Whether this beneficial effect is associated wittpiovements in long-
term clinical outcome, including decreased portgbentension, is unknown
(Bataller R, 2005))

Recently, regression of fibrosis and cirrhosis (&&p has been
documented in the entire spectrum of chronic ldhseasesgie, in autoimmune
hepatitis and primary biliary cirrhosis after efige immunosuppressive
therapy, in biliary obstruction after surgical degwession, in thalassemia after
iron depletion, in hepatitis B after lamivudine iiyey, and in hepatitis D during
long-term follow-up after IFN treatmen@ansal MB, 2006)and (Bortolotti F,
2007)
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Table I: Cirrhosis reversal in relation to cause and treatma#ata published in

the past decad@ortolotti F, 2007)

Study Cause Treatment Reversal (n)
Dufour et al (12) Autoimmune Steroids+ azathioprin 8
Kaplan et al (14) PBC Methotrexate 3
Cotler et al (16) HDV IFN 1
Muretto et al (17) | Thalassemia Bone marrow transplant 6
Kweon et al (18) HBV IFN 5
Lau et al (19) Autoimmune Steroids 1
Farci et al (20) HDV IFN 4
Poynard et al (122) | HCV IFN+ribavirin 75*
Pol et al (23) HCV IFN+ribavirin 7
Bortolotti et al(50) | HBV" None 2

PBC; primary biliary cirrhosis; HDV, hepatitis D rus; HBV, Hepatitis B virus; HCV,
hepatitis C virus. *Normal liver in 3 cases. “Acaa in childhood

Etiologies:

(Michael B, 2006),

(Strickland GT, 2006 )

Table I

Etiologies of Hepatic Cirrhosis

Most common causes:

In Egypt:

(Ronnie EM et al.

*  Chronic hepatitis C virus (70%-80%)

. Schistosomiasis

*  Chronic hepatitis B virus (2%)

. Others
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In the world:

Alcohol ( 60 to 70 percent)

»  Biliary obstruction (5 to 10 percent)

»  Biliary atresia / neonatal hepatitis

»  Congenital biliary cysts

*  Cystic fibrosis

*  Primary or secondary biliary cirrhosis

*  Chronic hepatitis B or C (10 percent)

Hemochromatosis (5 to 10 percent)

* NAFLD (10 %), most commonly result from obesitys@lcan occur

after jejunoileal bypass.

Less common causes:

Autoimmune chronic hepatitis types 1, 2, and 3

Drugs and toxins

*  Alpha-methyldopa (Aldomet)
*  Amiodarone (Cordarone)

* Isoniazid (INH)

*  Methotrexate

*  Oxyphenisatin (Prulet)

*  Perhexiline

*  Troglitazone (Rezulin)

. Vitamin A

enetic metabolic disease

e alpha 1 -Antitrypsin deficiency
«  Amino acid disorders (e.g., tyrosinemia)

. Bile acid disorders
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e«  Carbohydrate disorders (e.g., fructose intolerangalactosemia,
glycogen storage diseases)

« Lipid disorders (e.qg., abetalipoproteinemia)

e Porphyria

e Urea cycle defects (e.g., ornithine carbamoyltrarasfe deficiency)

. Wilson’s disease

| diopathi c/miscellaneous

e  Granulomatous liver disease (e.g., sarcoidosis)
e Idiopathic portal fibrosis
. Indian childhood cirrhosis

e  Polycystic liver disease
| nfection

. Brucellosis
e  Congenital or tertiary syphilis
. Echinococcosis

. Schistosomiasis

Vascular abnormalities

e  Chronic passive hepatic congestion caused by sigletd heart failure
and pericarditis

e Hereditary hemorrhagic telangiectasia (Osler-Wdbendu disease)

« Veno-occlusive disease

e Budd-chiari syndrome
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Clinical Presentation
HISTORY:

Cirrhosis often is a silent disease, with most gya remaining
asymptomatic until decompensation occurs. Physicetmould inquire about
risk factors that predispose patients to cirrhosiQuantity and duration of
alcohol consumption is an important factor in tlaelyediagnosis of cirrhosis.
Other risk factors include those for hepatitis Bl & transmission (e.g., birth
place in endemic areas, sexual history exposuke iriranasal or intravenous
drug use, body piercing or tattooing, accidentaitamination with blood or
body fluids), as well as transfusion history andspaal or family history of

autoimmune or hepatic diseag&shiano T, 2009.

Early and well-compensated cirrhosis can manifestaaorexia and
weight loss, weakness, fatigue, and even osteojgoagsa result of vitamin D
malabsorption and subsequent calcium deficiencgobBpensated disease can
result in complications such as ascites, spontanmdmacterial peritonitis,
hepatic encephalopathy, and variceal bleeding frpantal hypertension
(Heidelbaugh JJ, 2006)

Clinical symptoms at presentation may include jaced pruritus,
gastrointestinal bleeding, coagulopathy, increasindominal girth, and mental
status changes. Each of these clinical findingghes result of impaired
hepatocellular function with or without physical shtluction secondary to
cirrhosis. Because hepatic enzyme synthesis igreshior drug metabolism,
heightened sensitivity and medication toxicity magcur in patients with
impaired hepatic enzyme synthes¢islichael B, 2006)
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Physical examination:

Physical examination of patients with cirrhosis nmayeal a variety of
findings that should lead to a targeted hepatigastrointestinal-based work-
up (Table Il (Fig. V)(Lidofsky SD, 2002)

Table Il

Common Physical Examination Findings in Patients wth Cirrhosis

*  Abdominal wall vascular collaterals (caput medusa)

 Ascites

»  Asterixis

*  Clubbing and hypertrophic osteoarthropathy

*  Constitutional symptoms, including anorexia, faigweakness, and
weight loss.

*  Cruveilhier-Baumgarten murmur—a venous hum in pagievith portal
hypertension

*  Dupuytren’s contracture

* Fetor hepaticus—a sweet, pungent breath odor

 Gynecomastia

 Hepatomegaly

« Jaundice

« Kayser-Fleischer ring—brown-green ring of coppepaigt around the
cornea, pathognomonic for Wilson’s disease

« Nail changes: Muehrcke’s nails—paired horizontal itevh bands
separated by normal color and Terry’s nails—proxitwa thirds of nail
plate appears white, whereas the distal one ihired

 Palmar erythema

. Scleral icterus
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* Vascular spiders (spider telangiectasias, spidgioarata)
. Splenomegaly

e Testicular atrophy

___.:‘-"'f”;-‘_
" i, % ' Effects of liver cell failure
=ty ;A

Effects of portal hypertension « Coma

» Esophageal varices

f

Hematemesis

» Fetor hepaticus (breath
smells like a freshly
opened corpse)

= Spider nevi

Gastropathy
Y

. I'Iul'ltalena<—J

= Splenomegaly

* Dilated abdominal veins
(caput medusae)

* Gynecomastia

* Jaundice

* Ascites

= | oss of sexual hair

= Testicular atrophy
= Ascites

= Liver "flap" {coarse

» Rectal varices hand tremor)

(hemorrhoids) « Bleeding tendency

(decreased prothrombin)

* Anemia
Macrocytic
Iron deficiency
{blood loss)

* Ankle edema

Source: McPhee 51, Ganong WF: Fathephysiclogy of Diseare: An Introdudtion
ro Clinical Madicine, Sth Edition: http:ffwww, accessmedicine. com

Copywright @ The McGraw-Hill Companies, Inc all rights reserved,

Figure V: physical signs in patient with cirrhosis
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Laboratory Evaluation:
No serologic test can diagnose cirrhosis accuréBadiiano T, 2009.

The term liver function tests is a misnomer becahseassays in most
standard liver panels do not reflect the functioh te liver correctly
(Lidofsky SD, 2002)

Although liver function tests may not correlate ela with hepatic
function, interpreting abnormal biochemical pattein conjunction with the
clinical picture may suggest certain liver disea$®¥ben a liver abnormality is
suspected or identified, a liver panel, a completsod count (CBC) with
platelets, and a prothrombin time test should bépmed (Dufour DR et al.,
2000)

Common tests in standard liver panels include tbmirs enzymes
aspartate transaminase (AST), alanine transamingseT), alkaline
phosphatase, and g-glutamyl-transferase; totakctlirand indirect serum
bilirubin; and serum albumin. The ALT is thoughtlde the most cost-effective
screening test for identifying metabolic or drugiced hepatic injury, but like
other liver function tests, it is of limited use ipredicting degree of
inflammation and of no use in estimating severityfibrosis (Michael B,
2006)

Aminotransferase levels may be normal or only shglelevated in
cirrhosis(Edoardo G, 2005)

It is common in patients with liver cirrhosis todertake the following
additional laboratory investigations: full bloodurd, urea and electrolytes, and
a liver disease screen which may include viral higpascreen, autoimmune
antibody screen, serum ferritin and transferrirusdion (Hemochromatosis)

alpha-fetoprotein (hepatocellular carcinon{®gargent S, 2006

Determining serum albumin levels and assessinchpotbin time are

often considered tests of liver function “This isainly because hepatic
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synthesis of albumin tends to decrease in end dliage disease and an
increase in prothrombin time depends on the deedeaynthesis of liver
derived coagulation factorEdoardo G, 2005)

Radiographic studies:

Although various radiographic studies may suggést presence of

cirrhosis, no test is considered a diagnostic steh@dSchiano T, 2009.

Radiologic imaging can be useful in the manageno¢ématients with
suspected or established cirrhosis and it can stassithe diagnosis and in
some cases when the clinical suspicion is high,atanate the need for liver
biopsy (Norman D, 2002)

The major use of radiographic studies is to detascites,
hepatosplenomegaly, hepatic or portal vein thrombosnd hepatocellular
carcinoma, all of which strongly suggest cirrhgsischael B, 2006)

Ultrasonography:

Ultrasonography should be the first radiographimgtperformed in the
evaluation of cirrhosis because it is the leasteegpve and does not pose a
radiation exposure risk or involve intravenous casit with the potential for
nephrotoxicity as does computed tomography (CAerican College of
Radiology, 2002and(Agostino C et al., 2003)

Nodularity, irregularity, increased echogenicitynda atrophy are
ultrasonographic hallmarks of cirrhosis. In advahcksease, the gross liver
appears small and multinodular, ascites may bectdeteand Doppler flow can

be significantly decreased in the portal circulafiduko Kono, 2005)

The discovery of hepatic nodules via ultrasonogyapharrants further
evaluation because benign and malignant nodules bawe similar
ultrasonographic appearances. A study using hegbhution ultrasonography

in patients with cirrhosis confirmed with biopsy taparoscopy found a
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sensitivity and specificity for cirrhosis of 91.1cdh93.5 percent, respectively,
and positive and negative predictive values of 9arl 91.5 percent,

respectively (Simonovsky V , 1999)

CT and MRI:

CT and magnetic resonance imaging (MRI) generatly poor at
detecting morphologic changes associated with earhposis, but they can
accurately demonstrate nodularity and lobar atiophd hypertrophic changes,

as well as ascites and varices in advanced digédsdhael B, 2006)

The classic CT scan findings of cirrhosis includeaB fibrotic right
lobe with regenerative enlargement of the caudateleft lobe and nodularity.
Evidence of portal hypertension may also be preseith a portal vein
diameter of greater than 1.3cm, splenomegaly, poeseof portosystemic

collaterals, and ascitgsNorman D, 2002)

MR imaging is a sensitive means of assessing a@rshwith the ability
to identify regenerative nodules. MR imaging isenigr to ultrasound and CT
scanning in characterizing cirrhosis. MRI has hsghsitivity and specificity in
the diagnosis of liver cirrhos{&irsti N, 2005)

Liver Biopsy:

Referral for liver biopsy should be considered rafee thorough,
noninvasive serologic and radiographic evaluati@s Mailed to confirm a
diagnosis of cirrhosis, the benefit of biopsy oughks the risk; and it is
postulated that biopsy will have a favorable impatthe treatment of chronic
liver disease. The sensitivity and specificity fan accurate diagnosis of
cirrhosis and its etiology range from 80 to 100cpet, depending on the
number and size of the histologic samples and ensimpling metho@Abdi
W, 1979).
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Liver biopsy is performed via percutaneous, tragsiar, laparoscopic,
open operative, or ultrasonography- or CT-guidete-fieedle approaches.
Before the procedure, a CBC with platelets andhpoohbin time measurement
should be obtained. Patients should be advisedftaim from consumption of
aspirin and nonsteroidal anti-inflammatory drugs $even to 10 days before
the biopsy to minimize the risk of bleedifigichael B, 2006)

Prognosis:

Cirrhosis belongs to a group of severe conditiamswhich survival
remains the principal end-point. Thus the main ctibje of prognostic scores
in cirrhotic patients is to estimate the probapibf death within a given time
interval. However, prognostic scores also repreaaquantitative estimation of
the ‘reserve’ in terms of liver function and thepaaity to stand up surgery or

other aggressive therapeutic interventifdsynard T et al., 1999)

Therefore, prognostic scores are also expecteddtlveas important
iIssues in addition to those related to life expaoyaln particular, prognostic
scores are expected to help determine which thet@peption is the most
appropriate with respect to the patient’s conditiaether a patient has an
acceptable chance of survival after a given treatnfiee., liver resection or
arterial chemo-embolisation), and whether are seapending therapy (such
as transplantation) is justified. Child score fpsbposed in 1964 and modified
as Child—Pugh score there after, has been widedg ts address these basic
issueqTable IV) (Durand F, 2005)

Among a series of new prognostic scores reportethén literature,
MELD ( Model for End Stage Liver Disease) score wasposed as the most
promising alternative to Child—Pugh scdkeamath PS et al., 2001)

Four objective variables had a significant and pedwlent impact on
survival; namely bilirubin, creatinine, INR and tbause of cirrhosis (alcoholic

and cholestatic versus other causes). For a giegierp, the final risk score
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(the ancestor of the current MELD score), derivenf a survival function, is
as follows: R= 0.957 loge (creatinine [mg/dl] ) +308 loge (bilirubin
[mg/dl] ) + 1.120 loge (INR) + 0.643 (cause of bosis). ‘Cause afirrhosis’
is quoted (0) if alcoholic or cholestatic and (&) &ll other causeurand F,
2005)

Whether Child—Pugh score should be definitely abaed for MELD

score remains uncertain

Table IV . Child Pugh scoréDurand F, 2005)and(Pugh et al., 1973)

. Child-Pugh | Numerical
Numerical score
class score
Parameters
1 2 3
A 5-6
Slightto | Moderate
1. Encephalopathy | None |\ ioratel to severe
_ . Moderate
2. Ascites None Mild to severe
3.S Albumi ° "~
. Serum Albumin
@/dL) >35 2.8-3.5 <28
4. Serum Bilirubin
(mg/dL) <2 23 >3
- C 10-15
5. Prothrompln time 1-3 4-6 >6
(seconds increased

Complications:
1. Portal Hypertension and Variceal Bleeding:

Regardless of the etiology of cirrhosis, the depelent of portal
hypertension is nearly universal and results framirecreased resistance to
portal flow secondary to scarring, narrowing, amanpression of the hepatic
sinusoids. When the portal pressure exceeds arcéntashold, it results in the

development of varicegHeidelbaugh JJ, 2006)

Approximately esophageal varices are present int@2%0% of all

patients with cirrhosis. Each episode of bleediag & 10 to 30% mortality rate.
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Left untreated, over 70% of patients experienceaunmrent bleed within one

year. Therefore, prevention of variceal bleedingitally important (Ronnie
EM, 2006)

Variceal bleading
suspected

v

Early vasoactive drug therapy, endoscopic
screening (within 12 h after admission)
and antibiotic prophylaxis

hd

Variceal bleaeding
confirmed

b

Endoscopic therapy:
maintain vasoactive drug therapy
for 2-5 d

v
Bleeding controlled

¥
Bleeding not controlled

v v

»

Secondary prophylaxis Second attempt at
by day 5 endoscopic therapy
|
v
Monselective B-blocker 4
therapy or endoscopic Bleeding not controlled
band ligation, or both®

v

TIPS; if massive bleeding,
conduct halloon
tampanade as "bridge”

Figure VI: algorithm for the treatment of variceal

bleedifflgPS= transjugular
intrahepatic portosystemic shuyiina D, 2006)
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2. Ascites

Ascites is the most common complication of cirrepsieveloping in
nearly 60% of all patients with compensated cirh@athin 10 years. Patients
presenting with new onset ascites should underd@magnostic paracentesis to
establish the cause of ascites and to rule outital infection. The treatment
of ascites depends on the cause. A serum-ascibesnal gradient (serum
albumin concentration minus ascitic fluid albumioncentration) greater then
1.1 g/dL indicates that portal hypertension is th&use of the ascites
(Ronnie EM, 2006.

All patients with ascites should undergo an evabmabf ascetic fluid
content to rule out spontaneous bacterial perignkhe evaluation should
include cell count, bacterial culture in blood cué medium, measurement of
protein concentration and cytologic examination ¢ases of suspected

malignantascites(Moore KP et al., 2003)

The use of leukocyte reagent strips has been fgoeraposed for the
early detection of leukocytes in ascites and spwmtas bacterial peritonitis
(Thevenot T et al., 2004)

For subclinical ascites detectable only by ultragpaphy, no specific
treatment is necessary. However, a reduction ity dadium intake (to 90
mmol/d) is recommended. In cases of moderate ascinal function is
usually preserved and treatment can be administered omutpat@ent of basis
(Cardenas A et al., 2004)

Moderate dietary sodium restriction (90 mmol sodiper day) should
be imposedMoore KP et al., 2003)

Spironolactone, an anti-mineralocorticoid, is thregdof choice at the
onset of treatment because it promotes betterunasis more often than loop
diuretics. It blocks the aldosterone-dependent axgh of sodium in the distal

and collecting renal tubules, thus increasing tteretion of sodium and water.
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The initial dose is about 100-200 mg/d. About 75%opatients respond to
treatment after only a few days. Side effects oirosplactone are
gynecomastia, metabolic acidosis, hyperkalemia randl impairment. In the
presence of edema, treatment with furosemide (20wgd) may be added for a
few days to increase natriuresis. Loop diuretics ac increasing sodium
excretion in the proximal tubules. In cirrhosisg tleffect of loop diuretic
monotherapy is limited and therefore is more comignased as an adjunct to

spironolactone theragiNina D, 2006)

The side effects of furosemide include hypokaliemmaetabolic
hypochloremic alkalosis, hyponatremia, hypovolemaad related renal
dysfunction. Amiloride (5-10 mg/d) may be used whgpronolactone is
contraindicated or if side effects such as gyneabiamaccur. It also acts in the
distal tubule. Diuretic therapy should be monitblyy measuring the patients
weight and levels of serum electrolytes, urea am@tmine daily. Maximum
weight loss should not exceed 500 g/d in patientisout peripheral edema and
1000g/d in those with it. If the therapeutic effectnsufficient, urinary sodium
excretion should be determined to identify nonrespe patients
(characterized by a urinary sodium excretion bed®wnmol/d)(Cardenas A et
al., 2004)

Patients with severe ascites will have marked alnsinadiscomfort. In
such cases, higher diuretic doses are needed (ie.to 400 mg of
spironolactone and 160 mg of furosemide daily). Eeer, in some patients,
free-water excretion is impaired and severe hypendaa may develop
(Moore KP et al., 2003)

Paracentesis should be routinely combined with npéasvolume
expansion. If the volume of ascites removed istleas 5 L, a synthetic plasma
substitute may be used. If more than 5L of asditicl is removed, albumin
should be given at a dose of 8 g per litre of fiachoved(Suzuki H, 2001)
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Refractory ascites develops in about 10% of cdsesuch cases, liver
transplantation should be considefedbrec D, 2005)

In the meantime, therapeutic strategies can invaokgeated large-
volume paracentesis and plasma volume expansiom \@ibumin or
transjugular intrahepatic portosystemic shunt (Ji@8brec D, 2005)

TIPS improves renal function and sodium excretiord ds more

effective than paracentesis in removing ascBesyer TD, 2005)

TIPS has a mortality not significantly differereinbm that associated
with paracentesis. evertheless, a recent metasagdigs reported a tendency
toward improved survival with TIP@®’Amico G et al., 2005)

3. Spontaneous bacterial peritonitis:

Spontaneous bacterial peritonitis, an infectiothefascetic fluid, occurs
in 10% to 30% of patients with ascit@&mola A et al., 2000)

All cases in which the neutrophil count is at 1e280 x 10/L (250 cells
per cubic mm or greater) in ascetic fluid shooédtreated empirically, since
ascites culture yields negative results in abodo 40 patients with symptoms
suggestive of spontaneous bacterial peritonitispiEoal treatment should also
be started if leukocytes are detected in ascitiddfhat a significant level on

reagent stripgvVanbiervliet G et al., 2002)

Because most cases of peritonitis are due to gegative bacteria (e.g.,
Escherichia coli), therapy with a third-generate@phalosporin is the treatment
of choice (cefotaxime 2 to 4 g/d, intravenously,3alays)(Nina D, 2006)

Alternative treatments include combination therapyn amoxicillin and
clavulinic acid (1g and 0.125 g respectively, givatravenously or orally 3
times daily) or norfloxacin (400 mg/d, orally) férdaygLebrec D, 2005)
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Antibiotic therapy should be used in conjunctiorinnalbumin infusion
(1.5 g per kg body weight within six hours of deimec and 1 g per kg on day
3) to prevent renal failure and deafBort P, 1999)

Treatment efficacy should be assessed by meansatiiating clinical
symptoms and determining the neutrophil count wit@sfluid after 48 hours.
If treatment fails, antibiotic therapy should beifted toward a broader-

spectrum drug or to one adapted to the organistits@gram(Nina D, 2006)

Oral ofloxacin (Floxin; 400 mg twice daily) is antenative to
intravenous medications in patients without vongtishock, severe hepatic
encephalopathy, or a creatinine level greater thamg per dL (265 pmol per
L) . Patients with ascitic fluid PMNL counts lesgn 250 cells per mm and
signs and symptoms of infection should receive em@ntibiotic therapy
while awaiting cultureesults. Patients who survive an episode of speaias
bacterial peritonitis should receive long-term grgpxis with norfloxacin
(Noroxin) or trimethoprim /sulfamethoxazole (BawtriSeptrin). Patients with
gastrointestinal hemorrhage and cirrhosis shouldeive norfloxacin or
trimethoprim/sulfamethoxazole twice daily for sevedays (the drug is then
discontinued)Runyon BA, 2004)

4. Hepatic Encephalopathy:

Hepatic (portosystemic) encephalopathy represestenpally reversible
decrease in neuropsychiatric function caused byeamud chronic liver disease,
occurring predominantly in patients with portal byignsion. The onset often is
insidious and is characterized by subtle and sonestiintermittent changes in
memory, personality concentration, and reactiore$inHepatic encephalopathy
is a diagnosis of exclusion, therefore all otheslegies of altered mental status
must be effectively ruled ogHeidelbaugh JJ, 2006)
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Hepatic encephalopathy is a complication of cirth@ggen in 27 to 75%
of all patients with cirrhosis depending on the hatsm of testing and the
diagnostic criterigQuero JC et al., 1996)

We recommend initiating treatment when patientsetigy any of the
early symptoms of encephalopathy. The most commumptaint is sleep
disturbance, but patients may also complain of md&turbance, speech

difficulties, or disorientatiorfRonnie E, 2006)

Treatment goals for hepatic encephalopathy inclymevision of
supportive care, identification and removal of jggating factors, reduction in
the nitrogenous load from the gut, and optimizat@nlong-term therapy.
Therapy should be directed toward improving merdgttus via bowel
cleansing with lactulose orally (10 to 30 mL syrtiprated up to three or four
times per day) or with 300 mL retention enemas! unio to four bowel

movements per day and mental status improver(féie JG, 2002)

5. Hepatorenal Syndrome:

Hepatorenal syndrome is defined as functional réanalre in cirrhotic
patients in the absence of intrinsic renal disedsés characterized by sodium
and water retention in patients with renal vasotai®n, resulting in
decreased renal blood flow, glomerular filtratiomter; and urinary output,

which contribute to azotemi@riedman S, 2000)

The pathogenesis of hepatorenal syndrome is not plebety
understood, but it is likely the result of an erteeunderfilling of the arterial
circulation secondary to arterial vasodilatationtie splanchnic circulation
(Gines P, 2004)

The International Ascites Club consensus conferemtenepatorenal
syndrome defined diagnostic criteria that distispubetween two types of

hepatorenal syndrome.
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Type 1 hepatorenal syndrome is defireed eapid deterioration of renal
function indicated by a two-fold increase of serareatinine to values above
2.5 mg per dL (221 pmol per L), or a decrease edtonine clearance to values
below 20 mL per minute (0.33 mL per second). Ttusrf of hepatorenal
syndrome usually is precipitated by spontaneoutebatperitonitis and occurs
in approximately 25 percent of patients with spaataus bacterial peritonitis,
even with the clearance of infection. The mediarvisal duration of these
patients is less than two weeks without treatmantd almost all patients die
within 10 weeks after the onset of renal failurePatients with type 2
hepatorenal syndrome exhibit moderately increasadns creatinine levels
above 1.5 mg per dL (133 pmol per L) that remaablst over a longer period,
and ascites that generally is resistant to diselible median survival duration
in these patients is three to six montf&rroyo V, 1996)and (Heidelbaugh
JJ, 2006)

The ideal treatment of hepatorenal syndrome isr livensplantation.
Besides transplantation, vasoactive drug therapgombination with albumin
(20-40 g/d for 5-15 days) can be used in hepatbregadrome type 1
(Lebrec D, 2005)

The efficiency of terlipressin (0.5-1mg intraveniyusvery 4-12 hours)

has been reported in several uncontrolled t(faltega R et al, 2002)

One controlled trial demonstrated a substantialrawgment in renal
plasma flow, glomerular filtration rate, and uripaodium excretion in patients
with type 1 hepatorenal syndrome after 20 days reatiment with oral
midodrine and parenteral octreotide compared thighuse of nonpressor dose
dopamingRunyon BA, 2004)

Hemodialysis often is used to control azotemiaapdiorenal syndrome
and to correct electrolyte imbalances. Nonsteromldi-inflammatory drugs
and potentially nephrotoxic medications should beided. These therapies

also appear to improve survival rates and may ses/ea bridge to liver
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transplantation. In the future, endothelins, ademosntagonists, long-acting
vasoconstrictors, and antileukotriene antagonistg play a role in preventing

and treating hepatorenal syndrogller S, 2004)

6. Hepatocellular Carcinoma:

The incidence of hepatocellular carcinoma (HCChm US has doubled
in the last 20 year&l-serag HB et al., 2003)

The annual incidence of developing HCC is 1.4% atigmts with
compensated cirrhosis and 4% in patients with deemsated cirrhosis
(Ronnie E, 2006)

To decrease this incidence, new cases of cirrhosist be prevented.
However, once patients have cirrhosis, there isifa fsom prevention of HCC
to early detection. As with many cancers, earlyed@n when the primary
tumor is small and localized greatly increases isalv (Table V)
(Ueno S et al., 2001)

Survival is improved because patients with limigtalge disease may be
eligible for liver transplant or resection, whichreapotentially curative
treatment options. Resection is the preferred rreat for patients without
cirrhosis and for patients with cirrhosis and wakserved liver function. Liver
transplantation provides excellent outcomes ingpdsi with T or T, lesions (a
single nodule < 5 cm or 2 or 3 nodules, all < 3,cno evidence of vascular
involvement, and no extrahepatic metastasis. Fbenga with more extensive

disease, treatment options are limi(eavet JM, 2005)

Early detection of HCC lies in an aggressive sdregrplan for all
patients with cirrhosis. Screening options consigbllowing alpha-fetoprotein
(AFP) levels and imaging the abdomen with ultrashumelical CT scan, or
spin-echo MRPeterson MS, 2001)
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The sensitivity, specificity, and cost vary dep&gdion the test, with
helical CT scan being the most cost-effective sgatfor imagingChen VK et
al., 2003)

Based on the current limited evidence that is abl, we recommend
screening all patients with cirrhosis with AFP Ilsvand helical CT scans,
MRI, or ultrasound at 6 to 12 month interv@Bebo KA et al., 2002)

Table V. Survival rates in hepatocellular carcinoippBarinati F et al., 2000)

Stage Median survival

T, : 1 lesion <2 cm 48 months

T, : 1lesion <5 cm or 2 or 3 lesions37 months
largest <3 cm

T5: >T2 with no metastasis 23 months

T, : metastasic disease 15 months

7. SYSTEMIC CIRCULATION IN CIRRHOSIS:

Table VI: Circulatory changes in patients with cirrhogldenriksen JH,
2006)

Systemic circulation:

Plasma volume

Total blood volumet

Non-central blood volumé

Central and arterial blood volume | (1)
Cardiac outputt)1

Arterial blood pressure» |

Heart ratef

Systemic vascular resistange
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Heart

Left atrial volume?

Left ventricular volume—(})

Right atrial volume->1|

Right ventricular volume-1]

Right atrial pressure>1

Right ventricular end-diastolic pressure
Pulmonary artery pressure?
Pulmonary capillary wedge pressure

Left ventricular end-diastolic pressure

Pulmonary circulation:

Pulmonary blood flowt

Pulmonary vascular resistanpe)

Renal circulation:

Renal blood flow]

Renal vascular resistante

Cerebral circulation:

Cerebral blood flow, —

Cutaneous and skeletal muscle circulation:

Cutaneous blood flow-»1

Skeletal muscular blood flow 1
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Figure VII: Pathophysiology of the splanchnic and periphettalri@lar vasodilation
and systemic hemodynamic changes in cirrhosis.oggmbus vasodilators may escape
hepatic degradation, owing to portosystemic simgntind/or hepatocellular damage, and
induce vasodilatation preferentially in the splamic vascular area. Reduced systemic and
splanchnic vascular resistance leads to a redeitective arterial blood volume, and hence
to activation of vasoconstrictor systems. The h#ynamic and clinical consequences are
increases in cardiac output, heart rate, and @lasstume and decreased renal blood flow,
low arterial blood pressure, and fluid and watetemtion. The development of the

hyperdynamic circulation may increase portal wfland further aggravate the portal

pressure in a vicious cycle. SNS, sympathetic mesvsystem; RAAS, renin-angiotensin-

aldosterone system; ET-1, endothelitMoller S, 200§.

8. CARDIAC DYSFUNCTION IN CIRRHOSIS:

The hyperdynamic circulation in cirrhosis comprisggreased cardiac
output and work. In other circumstances, this warddse cardiac failure, but
because of the decreased afterload as reflecteéduced systemic vascular
resistance and increased arterial compliance,viefitricular failure may be
latent in cirrhosigMoller S, 2002)
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Cardiac failure may become manifest under strairtreatment with
vasoconstrictors. This type of cardiac dysfunctias been termed as cirrhotic
cardiomyopathy and includes impaired cardiac cahtitg with a systolic
dysfunction, diastolic dysfunction, and electroneatbal abnormalities with a
prolonged Q-T intervalLiu H, 2002).

Various electrophysiological mechanisms for the dumtance
abnormalities and impaired cardiac contractilityvdnabeen put forward,
including reduced beta-adrenoceptor density, pasgptor signal defects,
abnormal excitation-contraction coupling, and molac abnormalities
(Moller S, 2001)

9. PULMONARY COMPLICATIONS OF CIRRHOSIS:

Cirrhotic patients occasionally experience threestinict types of
pulmonary complications: (a) hepatic hydrothorax) (bepatopulmonary

syndrome and (c) portopulmonary hyperteng©laire F, 2007)

Over the last 15 years, two distinct pulmonary uéscdisorders have
emerged as important etiologies of pulmonary dysion in patients with liver
disease or portal hypertension. The hepatopulmosymgrome (HPS) occurs
when intrapulmonary vasodilatation impairs arterigdas exchange
and Portopulmonary hypertension (POPH) results whermpohry arterial
constriction and remodeling lead to increased puobng arterial pressure
(Fallon MB, 2000) HPS appears to be more common than PCBidhiraja
R, 2003)

Patients with cirrhosis often complain of dyspnea platypnea, and
arterial oxygenation is often impaired with orthogia. The etiology of
abnormal lung function and ventilation in cirrhosigly be multifarious and is
often a combination of the presence of cardiac udyfon, heavy smoking,
and chronic obstructive lung disease which is comnmo patients with
alcoholic cirrhosigMoller S, 2006)
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In addition, lung function and oxygenation can lifecied by edema
and tense ascites, which are ameliorated afteretiturtreatment and
paracentesis. But independent of smoking statugrna with cirrhosis have a
compromised lung function with a reduced transfactdr and ventilation/
perfusion abnormalities and arterial hypoxemiaeien in 30%-70% of patients

with chronic liver disease, depending on the sévéfirwaka MJ, 2000)

Various pathophysiological factors may be involvied the reduced
diffusing capacity, including an abnormal ventiatiperfusion ratio (VA/Q),

the presence of arterial venous shunts, and chaingése alveolar-arterial
membrane(Moller S, 1998)

a) Hepatic hydrothorax:

Hepatic hydrothorax results from the accumulatidnascetic fluid
within pleural cavity through microscopic or maaopic diaphragmatic
defects. Large-volume effusions can be respondinledyspnea and severe
hypoxemia. When a salt and diuretics are ineffigiespeated thoracocentesis
is neededClaire F, 2007)

Unfortunately, thoracocentesis is poorly toleratectirrhotic patients,
frequently resulting in pneumothorax, bleeding,imiection (Xiol X et al.,
2001)

Overall, the prognosis of patients with symptomatarge-volume,
hepatic hydrothorax is poor. The efficacy of per@ovenous jugular shunting
aswell as the efficacy of TIPS is limitg@pencer EB, 2002)

Similarly, chemical pleurodesis under thoracoscapgy be poorly
tolerated. Liver transplantation is the only effeetoption(Lazaridis KN et al.,
1999)
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b) Portopulmonary hypertension:

Portopulmonary hypertension is even more uncommdran t
hepatopulmonary syndromdt is seen infrequently in cirrhosis with an awgra
prevalence from 1% to 4¢Moller S, 2006)

It is defined by the following criteria:(1) chronicover disease with
portal hypertension; (2) mean pulmonary artery suss over 25 mmHg (and
elevated pulmonary arterial resistance over 24G/dym); and (3) pulmonary

capillary wedge pressure below 15 mmfHtgerve P et al., 1998)

Symptoms are typically progressive and includegtedi dyspnea, and
edemgFallon MB, 2000)

Hypoxemia is absent or only mild. Portopulmonarpdryension carries
a high mortality risk and most patients die due dardiocirculatory
complications rather than other complications ofrhasis. Treatment is
nonspecific and palliative and includes vasodikt@uch as Continuous
intravenous administration of the prostacyclin agak, epoprostenol, calcium
channel blockers and nitrate decreases pulmongegygrressure in most cases
(Rodriguez-Roisin R et al., 2004)

However, it is a demanding therapy that does ntmwalcomplete
recovery. Indications for transplantation in patserwith portopulmonary
hypertension are not as clear as in patients wéatopulmonary syndrome
(Claire F, 2007)

Indeed, pulmonary hypertension represents a maerative risk when
mean arterial pressure exceeds 35 mmHg. In additmwst-transplant
reversibility is inconstanSome patients recover whereas, in others, pulmonary
hypertension relentlessly progresses after trantgtian. Until now, no
predictive factors for reversibility have been itiged (Plevak DJ e al., 2000)
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¢) Hepatopulmonary Syndrome:
Definition

HPS is defined as a defect in arterial oxygenatinduced by
intrapulmonary vascular dilatations (IPVD) assamiatwith hepatic disease.
The vascular component characteristically includiéfsise or localized dilated
pulmonary capillaries and, less commonly, pleurahd apulmonary
arteriovenous communications. HPS associates @mallitniad characterized by
(1) arterial deoxygenation (2) IPVD and (3) liver saider or portal
hypertensiorfRodriguez-Roisin R et al., 2004)

Epidemiology, occurrence, and disease associations:

The reported frequency of hepatopulmonary syndromgatients with
liver cirrhosis is between 4% and 28%. The diffgrincidence is primarily due
to heterogenecity of the applied diagnostic citeand study population
(Herve P et al., 2007)

Intrapulmonary vasodilatation is common in chrolner disease and
may be detected in over 40% of patients being ewetu for liver
transplantation. As many as 8% to 20% of those wittrapulmonary
vasodilatation have impaired oxygenation resulimghe diagnosis of HPS
(Schenk P et al., 2002)

HPS also has been recognized in patients with Igoyfertension in the
absence of cirrhosis (portal vein thrombosis, nadutgenerative hyperplasia,
congenital hepatic fibrosis, and Budd-Chiari symidegGupta D et al., 2001)

The prevalence of HPS is about 10% in chronic Migpatitis with or
without cirrhosis, and as high as 28% in Budd-Ghiayndrome
(Herve P et al., 2007)

These findings support that advanced liver disesas®t required for
HPS to develop(Regev A et al., 2001)

50
<o This PDF was created using the Sonic PDF Creator.

SONI
=¥ To remove this watermark, please license this product at www.investintech.com


http://www.sciencedirect.com.ezproxy.library.dal.ca/science?_ob=ArticleURL&_udi=B6WBF-4MT5GC5-D&_user=1069263&_coverDate=12%2F31%2F2007&_alid=566385558&_rdoc=1&_fmt=full&_orig=search&_orig_alid=566385558&_cdi=6709&_st=4&_docanchor=&view=c&_subId=446120&_ct=2&_acct=C000051270&_version=1&_urlVersion=0&_userid=1069263&md5=1d8a3e04146cf650e46326972aa93598&artImgPref=F
http://www.sciencedirect.com.ezproxy.library.dal.ca/science?_ob=ArticleURL&_udi=B6WBF-4MT5GC5-D&_user=1069263&_coverDate=12%2F31%2F2007&_alid=566385558&_rdoc=1&_fmt=full&_orig=search&_orig_alid=566385558&_cdi=6709&_st=4&_docanchor=&view=c&_subId=446120&_ct=2&_acct=C000051270&_version=1&_urlVersion=0&_userid=1069263&md5=1d8a3e04146cf650e46326972aa93598&artImgPref=F

Pathophysiology:

Hypoxemia in liver disease:

A decrease in blood oxygen saturation is a symgibmany pathologic
processes, but few diseases require a specificpaacise numerical cutoff

value to establish a diagnos{Susan M, 2006)

Impaired arterial oxygenation is a hallmark of thepatopulmonary
syndrome. Mild hypoxemia is a frequent feature bfoaic liver disease; it
occurs in approximately one third of all patientsdais multifactorial. In
contrast, severe hypoxemia (Ra©60 mm Hg) is less common with cirrhosis

alone and is unusual without associated cardiopodémpo disease. In the
absence of independent lung disease (obstructiverestrictive), severe
hypoxemia in the setting of liver disease suggebkts possibility of the

hepatopulmonary syndronfeange PA, 1995)

Evidence is growing rapidly that abnormal intrapaivary vascular
dilatation is linked to portal hypertension, whichitself leads to altered bowel
perfusion and an increased rate of enteral traastot of gram-negative
bacteria and endotoxin. This process in turn statedl the release of vasoactive
mediators, which include tumor necrosis factQr haem-oxygenase-derived

carbon monoxide, and nitric oxig€arter EP et al., 2002)

Experimental and clinical data suggest that in@daproduction of
nitric oxide in the lung plays a central part inetlpathogenesis of the

hepatopulmonary syndronfkeiu L, 2001).

Increased concentrations of exhaled nitric oxiaepasitively correlated
with the increase of alveolo-arterial oxygen diffiece. The constitutive and the
inducible isoforms of nitric-oxide synthase haveménplicated in this process
(Nunes H et al., 2001)
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In addition, the endothelin system, especially abmab activation and
increased expression of endothelial type B endothedceptors, has been
implicated in the pathogenesis of the hepatopulmonayndrome
(Schroeder RA, 2000)

In patients who have pulmonary hypertension, erelmtipredominantly
exerts vasoconstrictive and mitogenic effects duadtivation of type A and
type B endothelin receptors on pulmonary arterimlogth-muscle cells
(Davie N et al., 2002)

By contrast, in experimental models of the hepdtapoary
syndrome, the expression of endothelial type B #ralm receptors is
strikingly increased and is linked to the increapeatluction of nitric oxide by
endothelial cells (Figure VIIIYLuo B et al., 2003)
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Figure VIII: Schematic illustrating hypothesis underlying puhawy-vessel dilatation in
hepatopulmonary syndrome. NO= nitric oxide. eNOStedimelial nitric oxide synthaseeft
panel: In absence of cirrhosis and portal hypertensiordothelin-1 is secreted, mainly
luminally, where it activates vasoconstrictive etiddin type A receptors on smooth-muscle
cells and contributes to maintenance of adequascwar tone. Under physiological
conditions, luminally secreted endothelin is rapidleared from circulation after binding to
endothelial type B endothelin receptors, which states production of NO, partly
antagonizing vasoconstrictive effects of endotheRight panel: in presence of portal
hypertension, hepatic production of endothelin-tuns and expression of endothelial type B
receptors increase but no increase in type A recgjst pulmonary vasculature. Signaling via
endothelially expressed endothelin B receptor ldadisicreased NO production by eNOS,

with the overall effect of pulmonary vascular dian, which is pathognomonic of

hepatopulmonary syndrom@-uo B et al., 2003)

Histological examination reveals dilated intrapuivaoy arterioles and

capillaries and dilated vascular channels betwedmgnary arteries and veins.
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The latter structures have been described as \asgpider naevi on the pleura
and exhibit features of vasculogengdiarius M, 2004.

A typical, albeit not universal, finding in hepatdmonary syndrome is
orthodeoxia—ie, arterial deoxygenation improving fiecumbency—which
leads to the debilitating clinical symptom of ordeoxia-platypnea
(hypoxaemia and dyspnoea induced or worsened imghght position). This
phenomenon is explained by the worsening of diffiagerfusion matching
and an increase of the shunt fraction in the uprigbsition because of

increased perfusion of the lower lol{daeije R, 2003)

Mechanism of hypoxemia in hepatopulmonary syndrome:

Three physiologic mechanisms commonly used to axpkahy
hypoxemia occurs in patients who have HPS are rfhaeced mismatching
of alveolar ventilation to pulmonary vascular psitin (VA/Q), (2) diffusion
perfusion defect, and (3) the flow of deoxygenabdabd through abnormal
dilated vessels that join pulmonary arteries diyeto the pulmonary veins,
bypassing the pulmonary-capillary alveolar surfaaignificant improvement
in arterial oxygenation is observed in most pasiembo have HPS and who are
given supplemental oxygen supports the hypothebst tA/Q is the
predominant cause of hypoxemia . Some investigaaggest that hypoxemia
is also caused by a “diffusion-perfusion defe¢8usan M, 2006)
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Figure IX. Diffusion-perfusion impairment. The left panehows normal transfer
of oxygen across a normal blood ves3die middle panel: illustrates the mechanism of
diffusion-perfusion impairment across a dilated -pagillary vessel.The right panel:
demonstrates how this impairment can be overcomedrgasing the driving pressure of
oxygen across the alveolar-capillary barrier. Rdpoed from Krowka and Cortese (1987,

Mayo Clinic Proceedings 62: 164+173) with permissioof Mayo Foundation
(Loutfi S, 2000)

Investigators speculate that pulmonary blood flewnicreased to such
an extent in patients who have liver disease thatetis insufficient time for
adequate oxygen exchange at the capillary—alveuienface(Katsuta Y et al.,
2005)

Because there would be no contact between a propoof the red
blood cell mass and the alveolar surface, this itiomd constitutes an

unconventional form of anatomic shu(Busan M, 20086)

Positioning affects arterial oxygen saturation ihpatients , but this
effect is accentuated in certain patients who hE®S (Gomez FP et al.,
2004)

Under normal circumstances arterial oxygenatiors fai the supine
position because gravity pushes the abdominal ntnteto the diaphragm,

reducing functional residual capacity and causiegous admixture as a result
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of impaired VA/Q mismatching . Oxygen desaturatinrthe supine position
often is enhanced in patients who have liver desdascause of the added
effects of ascites and increasedtrathoracic blood volume on functional
residual capacity. In contrast, patients who haveSHoften experience
orthodeoxia and platypnea and deoxygenation andnéygsin the sitting and
standing position compared with the supine positioithese findings are
caused by the gravity-dependent redirection of palany blood flow to dilated
vessels in the base of the lung while in the uprgdsition. Thus pulmonary
blood is delivered preferentially to dilated vesstiat are unable to regulate
their diameter in response to ventilation. Thislui@ of autoregulation
enhances preexistent VA/Q mismatching, creatinghgsiplogic shunt and

venous admixturé€Susan M, 2006).

Some investigators suggest that orthodeoxia is faciemtly unique
observation that it can be used to confirm a diagnof HPS . Investigators use
three common definitions for orthodeoxia associatgith HPS: a decline in
PaQ of 4% or more, of 5% or more, or of 10% or morkhe values of a 4%
and a 5% decline in oxygenation upon assuming freght position were
derived from studies that correlated arterial oxy®n with a measurable
increase in shunt fraction; clinical impressiondipd the choice of the 10%
value. Although these values are of interest, thegit testing in study subjects

tosee if they are of any clinical val¢@omez FP et al., 2004)

Mechanism of intrapulmonary vascular dilatationdan
hyperdynamic circulation:

The hallmark of HPS is microvascular dilatation wemg within the
pulmonary arterial circulation that appears to ftefwm decreased tone in

precapillary arteriole@Miguel R, 2005)

Most hypotheses have considered an imbalance betwaknonary
vasodilators and vasoconstrictors. The imbalancéddoee a result of failure of

clearance by the diseased liver of a vasodilatbstsunce, production by the
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liver of a circulating vasodilator, or inhibition foa vasoconstrictor
(Loutfi S, 2000)

Many candidate humoral mediators have been propasecirculating
vasodilators in the hepatopulmonary syndrome, dioly vasodilating
prostaglandins, vasoactive intestinal peptide, itwadn gene-related peptide,
glucagon, substance P, adrenomedulletrial natriuretic peptide, platelet
activating factor and nitric oxid@iCP et al., 1999)

In HPS, the vasodilatation is assumed to resuthfexcessive vascular
production of vasodilators, particularly nitric dei (NO). This has been based
on the observation that exhaled NO levels, a measiupulmonary production,
are increased in cirrhotic patients with HPS andnadize after OLT, as HPS
resolvegPalma DT, 2006)

In addition, a case report revealed that acutditiin of NO production
or action with N-nitro-L-arginine methyle ester NAME) or cyclic GMP
inhibitor methylene blue, respectively, transientlymproves HPS
(Brussino L et al., 2003)

However, a recent study found that administratibmbaled L NAME
did not acutely improve intrapulmonary vasodilatati raising the possibility
that factors other than NOS-derived NO effects ascular tone contribute to
HPS(Gomez FP et al., 2006)

The exact mechanisms of increased endogenous Nddgiron and its
relationship to the presence of portal hypertensitime hyperdynamic
circulation and the degree of liver injury remaircartain. In addition, whether
other mediators such as hemeoxygenase-derived rcamoanoxide might
contribute to intrapulmonary vasodilatation and laxp the lack of
improvement of HPS with NO inhibition in some pat® has not yet been
establishedArguedas MR, 2005)
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Clinical manifestations:

Patients with hepatopulmonary syndrome complain pobgressive
dyspnoea and can become increasingly cyanotic. Spaigents develop
clubbing, and cutaneous telangiectasias (spideoarag) are typically seen in
high numbergMarius M, 2004)

the dyspnoea is insidious in onset occurring paldity on exertion but
non specific. Platypnea (shortness of breath ekated by sitting up and
improved by lying supine) and orthodeoxia (hypoxa@meixacerbated in the
upright position) are classically described andulte$rom a gravitational
increase in blood flow through dilated vessels ihe tlung bases
(Gomez FP et al., 2004)

While orthodeoxia (decrease in Pagb% or >4 mmHg from the supine
to upright position) has been observed in a var@tyeonditions, including
post-pneumonectomy, recurrent pulmonary thrombodimbad atrial septal
defects (such as patent foramen ovale), it is kigiplecific for HPS in the

setting of liver diseasg@Herve P et al., 2007)

The sensitivity of orthodeoxia for HPS is relatw&w, but increases in

cases of severe HF$/artinez GP et al., 2001)

Cough is not a common finding in HPS. Spider angiamare
commonly reported in HPS but are frequently seetirimotic patients without
HPS. One study observed that patients with theteaus lesions had more
pulmonary vasodilatation and higher alveolar-asleaxygen gradients than
those without vascular spidersA-4P0O,; 20 mmHg versus 8 mmHg
(Palma DT, 2006)

Finally, clubbing and distal cyanosis, when preserthe setting of liver
disease or portal hypertension, should raise swspicfor HPS
(Fallon MB, 2000)
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Diagnosis:

The diagnostic features of HPS include evidencdivalr disease or
portal hypertension, an elevated age-adjusted &vaoterial oxygen gradient
(A-aPQ), and evidence of intrapulmonary vasodilatation.the presence of
coexisting cardiac or pulmonary disease, establgshidiagnosis of HPS can
be difficult. (Fig. X) presents an algorithm forethkliagnosis of HPS. A logical
evaluation of dyspnea in the patient with liveredise or portal hypertension
begins with a careful history and physical examomatSuch an evaluation may
lead the clinician to consider alternate, more comndiagnoses such as
chronic obstructive pulmonary disease (COPD), CHImgocardial ischemia.
However, if the common causes of dyspnea can beded, and particularly if
platypnea or digital clubbing is present, furthealeation for HPS is warranted
(Herve P et al., 2007)
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Liver Disease
Portal Hypertension

Dysprea
Low pulse gximatry

History, Exam, CXR, ABG,
Other lasts as appropriate
{PFT's, Chest CT)

Elevatad A-a gradiant
Hypaxemia Suspect Intrinslc cardiopulmonary disease

Low suspicion of intrinsic cardiopulmaonary diseaze

Treat as appropriate
Contrast echocardiogram
Symptoms persist
Normal Dalayed shurting Early shunting Contrast echocardiogram
(=3 heart beats) {< 3 heart beats)
No HPS HPS it shixi MAA If delayed shunting

Figure X: Diagnosis of HP$Palma DT, 2006)

1. Assessment of arterial oxygenation:

In patients with liver disease found to have dyspoe clubbing, or in
those undergoing transplant evaluation, pulse dxymes a simple, non-
invasive screening test for hypoxemia and a deetk&aQ should lead to
arterial blood gas (ABG) analysis. However, cautioost be exercised in
interpreting a “normal” SaPas pulse oximetry may overestimate $aQ
nearly one-half of patients with cirrhog&brams GA , 2002)

Therefore, to reliably detect hypoxemia, ABG analyshould be
considered when the Sa@alues are 95% or less. In addition, if hypoxemia

or HPS is strongly suspected based on history agsigal exam, arterial blood
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gas analysis should be performed while breathiogirair regardless of pulse
oximetry. In HPS, ABGs reveal an elevated age-aegusA-aPQ with or
without hypoxemia. The expected upper limit of nalfior room-air A-aP@at

a given age (>95% confidence interval) can be ¢tafed using the following
equation: A-aP®= [0.26 age — 0.43] + 1QPalma DT, 2006)

Since orthodeoxia is a typical finding in the hepaimonary
syndrome, blood-gas analyses should be obtainddthgt patient in erect and
supine positions. Blood-gas analysis is also usehile the patient is breathing
100% oxygen to assess the amount of right-to-lefhunsng
( Krowka MJ, 2000)

If gas exchange abnormalities are detected, clabkbgraphy and
pulmonary function tests are performed to evalfiatehe presence of other
pulmonary abnormalities. Since cardiopulmonary iecs unrelated to liver
disease or those related to ascites are more conttmonHPS, treating these

abnormalities prior to further evaluation for HESreéasonable in the absence

of significant hypoxemia (PaGx 70 mmHg)(Palma DT, 2006)

2. Saging of severity:

Staging of the severity of HPS is important becaeseerity influences
survival (Krowka MJ, 2000) and is useful in determining the timing and risks
of OLT (Schenk P et al., 2003)

A classification of the severity of HPS based onyg®nation
abnormalities in four stages is proposed (tablg {Rbdriguez-Roisin R et al.,
2004)
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Table VII. Grading of severity of hepatopulmonary syndrorRedriguez-
Roisin R et al., 2004)

Stage A—aPGQ mmHg Pa@ mmHg
Mild >15 >80
Moderate =15 <80->60
Severe >15 <60->50
Very severe >15 <50

A-aPQ :alveolar —arterial oxygen tension difference; Pafierial oxygen tension

3. Lung function tests:

Both forced spirometric results and static lung unoks are
characteristically within normal limits in HPS ihg absence of pulmonary co-
morbid conditions. A moderately to severely reduckifiusion capacity of
carbon monoxide (DLco), after adequate corrediimranemia, appears to be a

common functional marker of HRElerve P et al, 2007)

4. Contrast echocardiography

Diffusion-perfusion impairment relates to the madban of hypoxemia
associated with intraulmonary vascular dilatations in the settingHéfS
Contrast echocardiography is considered the mostuuscreening test for
detecting intrapulmonary shunt (IRShe contrast agent used is agitated saline
solution injected through a peripheral vein. laisafe method as long as there
is no visible free air in the injection system. &gl solutions whiclgive
brighter contrast have been used as {dillan MJ, 2006)

Unlike blood, microbubbles resonate at a frequesinyilar to clinical
transducer frequencies, which make ultrasoundsteeflected Under normal
circumstances, only right heart chambers are apdcdnd the microbubbles
(mean diameter of up to 10 mm) are trapped in thengnary capillariesmean

diameter 8 mm). The presence of contrast in tftecleamber suggests an
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arteriovenous connection. Three levels of shuntag be identified : atrial
septal defect, ventricular septal defect with Emsenger’s and IP9n patients
with intracardiac shunts, a small amount of contimsisually recorded in the
left chambers within 1 or @ardiac cycles after its appearance in the rigie si
chambers. On the contrary, late arrival of contiashe left atrium after a time
delay of 4-8cardiac cycles is diagnostic of IPS, and is duthéotime required
for passage through the pulmonary circulatigmgure XlI) (Gudavalli A,
2002)
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Figure XI: Contrast echocardiografAanel A: apical four-chamber view before injection of
agitated saline (contras§anel B: apical four-chamber view after contrast injectstrowing
opacification of the RA and R\WRanel C: apical four-chamber view showing microbubbles

within the LA and LV 5 heart beats after its appeae in the right heart. LA: left atrium, LV:
left ventricle, RA: right atrium, and RV: right veitle (Rollan MJ et al., 2006)
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Some studies have also shown better detectiontrafpulmonary shunts
with  transoesophageal echocardiography compared ttansthoracic
echocardiography. In one study, a transoesophagpakroach detected
intrapulmonary shunts in 51% of patients with -stabe liver disease
compared to a 32% detection rate using a traretimwapproach(Aller R,
1999)

Contrast echocardiogram is a sensitive screeningf fer the
hepatopulmonary syndrome and for the detectionntfapulmonary shunts
(Abrams GA, 1998)

However, it lacks specificity and is often positive normoxaemic
patients with cirrhosis, who therefore don't fulfithe criteria for

hepatopulmonary syndronfe_outfi S, 2000)

5. Macro-aggregated albumin scanning:

Perfusion lung scanning with technetium 99m-lalgellenacro-
aggregated albumin is a method that allows detectd intrapulmonary
vascular dilatations and shunt quantification. Tingected aggregates of
albumin have a diameter of 20 to 50 mm, and arenally trapped by the
pulmonary capillary bed, which has a diameter db 85 mm. Detection of
radionuclide uptake in the brain and kidneys, whieheive a high fraction
(about 39%) of the cardiac output, usually indisasbunting of blood across

the pulmonary capillary be@Whyte MK et al., 1998)

Lung perfusion scanning with macro-aggregated albunas reported
to be positive in 21 of 25 patients with moderaieseévere hepatopulmonary
syndrome (sensitivity 84%), and negative in cirithigbatients without the
syndrome and in patients with intrinsic lung digeaspecificity 100%
(Abrams GA, 1998)
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Figure Xll: Technetium-99m-labeled macroaggregated albumin T89MAA)
scanningA: A normal 99mTc MAA scan from a patient without heggulmonary syndrome
(HPS) with regions of interest drawn around thegiuand cerebrum. In the absence of
intrapulmonary vasodilatation, there is minimalgzge of intravenously administered labeled
albumin through the lungs and signal intensityois In the cerebrum. Shunting is quantified
by comparing the relative signal intensity in tbad and the brairB: An 99mTc MAA scan

in HPS demonstrates significant cerebral uptakealmsz of passage of labeled albumin

through the dilated pulmonary microvasculat(#drams GA, 1998)

Other diagnostic techniques:
« Pulmonary angiography
According to Krowka, pulmonary angiography shoukl rfeserved for
patients with a severe hypoxemia and a poor regpimn$00% inspired oxygen

in whom vascular embolotherapy is a therapeutioagkrowka MJ, 2000)

Angiographic patterns in the arterial phase varyseBla on these
angiographic patterns and underlying pathophysiglétPS can be classified
into two types. Type 1 HPS may present as a spacfrom minimal to
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advanced angiographic changd$ie angiogram may appear normal or as
diffuse, small, spider-like, branches. With advahahlatations, the diffuse
pattern may appear spongy or blotchy. Individuaith minimal diffuse
dilatations may experience a near normal respan4€@% inspired oxygen, at
least in a supine position, suggesting diffusiomftmeon impairment. With
advanced diffuse vascular dilatations, however, gagent may have a poor
response to 100% inspired oxyg@&tott VL, 1999)

The Type 2 pattern of HPS, which is less commoresdwt respond to

100% oxygen. These patients behave as if they trageshunts and are unable
to raise the arterial PaOto more than 150-200 mmHg. The pulmonary

angiography of Type 2 HPS demonstrates anatomiceri@gwvenous
communications or malformations similar to spidergiamata (Jung KR,
2003)

Pulmonary angiography is expensive and invasive hadg a low
sensitivity for detecting intrapulmonary vasoditaia. Therefore, it is not
routinely utilized in the diagnosis of HPS. Higlsoéution chest computerized
tomography (CT) and evaluation of pulmonary blohsit time are newer

diagnostic modalities for assessing HP&Ima DT, 2006,

Natural history and prognosis:

The natural history of HPS is incompletely definédi the syndrome
frequently is progressive and associated with 8gamt morbidity and
mortality (Arguedas MR et al., 2003)

(Schenck et al., 2003presented a prospective study on the prognostic
significance of HPS in cirrhotic patients awaitiinger transplantation. Among
a population of cirrhotic patients they showed gn#icant reduction in
survival of patients with HPS, which correlated ooty with the severity of
hypoxemia, but also with the Child-Pugh class wiRS. The results of that

study, in fact, showed that patients with HPS hacheerage survival almost
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four times less than subjects not affected by tasiplication (10.6 vs 40.6

months)

Cirrhotic patients with Child-Pugh class C showeduavival of 2.9
months in contrast to 14.7 months among patienthowt HPS whereas
cirrhotic patients with Child-Pugh class B showesuavival of 35.3 months in
HPS vs. 44.5 months without HRBeter S et al, 2003)

(Krowka MJ, 1993)observed that the mortality in cirrhotic patieats
2.5 years after the diagnosis of HPS was 41%.

(Arguedas MR et al., 2003showed that 1 year after OLT the
postoperative mortality was almost two fold greatepatients with HPS than

those free of this complication (29% vs 7%)

Management
1. Pharmacological treatment:

There are currently no effective medical therapies HPS. Small
uncontrolled studies have reported a lack of efffcasing sympathomimetic
agents, somatostatin, almitrine, indomethacin, pladma exchange . Aspirin
increased arterial oxygenation in two children wtaml HPS and a case report
and subsequent open label trial using garlic sigyested a beneficial effect.
In the latter trial, garlic powder was administefed a minimum of 6 months.
Six of 15 (40%) patients who had HPS had improvements greater 1ifan

mmHg in the Pa@and one subject had resolution of hypoxemia ¢R&6580
mmHg) over a 1.5 year perigdalma DT, 2006)

Acute infusion of methylene blue, a dye that intsibhe effect of NO on
soluble guanylate cyclase, also transiently impdomeygenation in two reports

comprising a total of eight patien(gladl C, 2000)

Acute administration of inhale®l-nitro-L-arginine methyle ester (L-

NAME), to inhibit nitric oxide productiomlso transiently improved
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oxygenation in one patient (Pa@5-70 mmHg) but failed to significantly alter

oxygenation in another group of 10 patief@omez FP et al., 2006)

A single case report suggests that norfloxacin alag have contributed
to improvement in oxygen saturation in HPS whesgas hypothesized that the
patient's pulmonary vascular pathology was duelange part, to chronic
elevated levels of nitric oxide (a potent vasodilahought to be generated by
endotoxin absorbed from the gut). Treatment witlal anorfloxacin was
initiated on the basis of data that this antibiattluces endotoxemia and
concomitant nitric oxide production in patients twitirrhosis. Four months
after initiation of treatment, the patient's hy@okiad resolved. These reports
under score the need to evaluate agents targetelikedy pathogenetic
mechanisms in randomized multicenter trials to metee efficacy(Anel RM,
2001).

Several uncontrolled trials using different agdmse shown no effects
or limited improvement in HPS, such that We themefsuggest that, the
extremely safe and commonly used antidepressanticatesh paroxetine
(Paxil) which is a potent nitric oxide synthase @)Onhibitor be considered
for use in HPEric Lewin A, 2004.

2. Non-pharmacological treatment:

 Long-term oxygen therapy

HPS patients with severe hypoxemia (Pa®0 mmHg) at rest should

receive continuous long-term low-flow oxygen theréigerve p et al., 2007)

Continuous long-term oxygen therapy is the onleetie therapy for

hypoxemia in HPS patien(Rodriguez-Roisin R, 2005)

» Trangugular intrahepatic portosystemic shunt (TIPS

Portal hypertension appears to play a centralirotbe pathogenesis of
HPS. Accordingly, a reduction in portal pressurgtmibe beneficial in HPS.

69
wg,:? This PDF was created using the Sonic PDF Creator.

To remove this watermark, please license this product at www.investintech.com



However, TIPS neither improved nor worsened pulmprgas exchange in
patients with portal hypertension therefore the 0$eTIPS as a specific
treatment for HPS is not supported by several sg{dasch HM et al., 2001)
and(Martinez-Pall et al., 2005)

» Cavoplasty

This effective decompressive treatment in patiemith suprahepatic
inferior vena cava obstruction causing Budd—Chsgndrome showed promise

in reversing coexistent HRSlerve p et al, 2007)

e Embolization

Coil embolization (embolotherapy) in type Il angiaghic pattern
HPS has been reported to improve arterial oxygemafas a temporary

measure) in a single case regbtérve P et al., 2007)

» Orthotopic liver transplantation(OLT)

In the past, HPS was considered a contraindication liver
transplantation when severe hypoxemia was prebecguse of an expected
high post-operative mortality and because of thek laf information about
long-term out come. Several case reports and casesshave subsequently
demonstrated that even severe hypoxemia could geveafter liver
transplantation (LT), although the improvement irygenation may take
several months or even years. The lower the preatipe PaQ, the longer the
time to reverse hypoxaemia. HPS is presently densd as an indication for
LT per se, whatever the severity of the underlyimgr disease may b@olla
G, 2004)

LT is the only possible cure for HPS. The preopeeamortality rate
ranges from 9 to 16%, with 1 year mortality rat6%o(Taillé C et al., 2003)
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Improvement of oxygenation has generally been oeserin the
majority of patients who survived the preoperatpariod, even in the most
severe cases. Severe hypoxemia, poor 100% oxyggonge, high shunt
fraction have been reported to be strong risk factor increased post-liver
transplantation mortality(Arguedas MR et al., 2003lthough(Collisson EA
et al., 2002)stated that none of the above factors were agedciith a

significant excess of mortality.

This supports the newly implemented United Net-wddk Organ
Sharing (UNOS) criteria that LT for HPS may be exied to include patients

with PaQ < 60mmHg (Wiesner R et al., 2003)

Interestingly, liver transplantation reverses pulaiy vasodilatation
and hypoxemia in almost all cases, even in thode profound hypoxemia at
evaluation. Therefore, evidence for hepatopulmorsgrnydrome represents an
accepted indication for transplantation, includingpatients with otherwise

compensated cirrhosfFailleé C et al., 2003)

Only major hypoxemia (Palbhelow 50mmHg on room aigjgnificantly
affects early post-transplantation survival comegawith cirrhotic patients
with out hypoxemia. Post-transplantation, the medarval for a return of
PaG over70 mmHg is 6 months on average; it can be longan th year in

some patient&Claire F, 2007)
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PATIENTS AND METHODS

This study included 50 adult patients with liverrisosis presenting to

National Liver Institute, Menoufiya University

Inclusion criteria were :

Patients with liver cirrhosis have the ability terfporm a full lung

function test.

Exclusion criteria were:
1. Patients with cardiac diseases e.g Ischemic hdigdase,
valvular heart disease and congestive heart failure
2. Patients with chronic intrinsic lung disease e.ghroaic
obstructive air way disease, bronchial asthma, poeia and
lung fibrosis.
3. Patients with pleural effusion.

4. Patients with malignancy any where.

Informed consent was obtained from each patient.

All included Patients were subjected to the followig:
® Thorough history taking and clinical examination

« Laboratory investigations:
Liver profile:
O Bilirubin (total and direct).
O Albumin.
O Prothrombin time, concentration and INR (Interoal
normalized ratio).
O ALT.
O AST.
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O Alkaline phosphatase.

O y-GT (gamma-glutamyl transpeptidase).
Liver function test was done using Cobas Integi@, #bffman La Roche
Company, Switzerland. The only exception was puotibin time,
concentration and INR which were assessed usingnihwrel S, Behring

fibrin timer Il, Behring Inc., Germany.

» X-ray of chest: the chest radiographs were donpdsteroanterior view
and lateral views.

* Abdominal ultrasonography: It was done using realetultrasound
equipment with a 3.5 MHz convex array transduceh &ipulsed Doppler
device operating at a frequency of 3.5 MHz (Alok&aDS680, Tokyo,
Japan).
* Echocardiogram: it was done by using combined Mienand two
dimensional transthoracic echocardiography witrapical four chamber
view (Hewlett Packard Sonos 2000 with a 2.5 m Hndducer ; Hewlett
Packard, Palo Alto, CA, USA).
* Arterial blood gases analysis: arterial blood gas\ples were obtained
by percutaneous radial artery puncture using ariveped syringe with
the subject in supine and erect positions breatroog air (FiO2: 21%),
and were analyzed with a standard blood gas ama({&@Electrolytes
Instrumentation Lab. Inc., USA) to determine thetiph pressure of
oxygen (Pa® , carbon dioxide tension (PGOand arterial oxygen
saturation (Sag), as well as the pH of arterial blood. A-gDoalculated
using the modified alveolar gas equation:

A-aDo, = FiO, (Ps-47) — (PaCQ/R) — PaG
were FiO, is the fraction of inspired O(FIO, = 0.21), Pz is the
barometric pressure ( average, 760 mmHd&PaCO, is alveolar CQ

73
<o This PDF was created using the Sonic PDF Creator.

To remove this watermark, please license this product at www.investintech.com



which was assumed to be equal to arterial (BC@ndR is the mean
respiratory equotient (assumed to be 0.8 whilebgestiis breathing room
air).

The normal range of A-aDowas 4-8 mmHg(Schiffer E et al., 2006)
9-14 mmHg is defined as subclinical rar{§enay K D, 2000)

Normal blood gas values are, pH (7.35-7.45), P&D-100mmgH),
PaCQ (35-45 mmgH) and , Sa@935-100 %)Bisson J, 2006)

According to the Pameasured in supine position, a RBad <80 mm
Hg was defined as hypoxemia, in a scheme in whiith Imypoxemia was
defined as 70-80 mmHg, moderate hypoxemia as 606-mm Hg, and
severe hypoxemia as <60 mm fHdaruyama S et al., 2005)

SaQ < 95% is regarding as hypoxemand PaC@< 35 mmHg is
regarding as hypocapniazzeo AT et al., 2006)

* Lung function test : forced expiratory volume irsf second (FEY)
and forced vital capacity (FVC) were measured usaangomputerized
Spirometer ( Quark PFT class lla; Sensor MedicsSMED Srl, Rome,
ITALY) according to standard measures, recording best of three
attempts.All spirometric indices were expressed as percentafthe
predicted values corrected for age, sex and bodgiarea according to
respective reference equations of American thoraomety (ATS) and

European respiratory society (ERS).

Single-breath carbon monoxide transfer factdrdp) or (Diffusing
capacity, DLco) was calculated by the single breath techniqued an
corrected to a standard hemoglobin concentrationlet g/dl. the
percentage predicted values were derived from Eaogtandards.

the normal values are as follows:

DLco > 75 % of predicted.

74
<o This PDF was created using the Sonic PDF Creator.

To remove this watermark, please license this product at www.investintech.com



FEV,% > 100 % of predicted.

FVC% > 80 % of predicted,

FEV./FVC % > 70 % of predicted.

Normal spirometry indicated by FVC% > 80 % of poted, FEV(% >
100 % of predicted and FEV1/FVC % > 70 % of presthict

The obstructive pattern is indicated as follows:

FEV1% < 100= 70

indicate mild obstructive pattern

FEV,% < 70= 60 indicate moderate obstructive pattern

FEV1% < 60 indicate severe obstructive pattern

The restrictive pattern is indicated as follows:

FVC % < 80> 70 % of predicted indicate mild restrictive patter

FVC % < 70= 60 indicate moderate restrictive pattern

FVC % < 60 indicate severe restrictive pattern.

* The grading of liver insufficiency (A, B, C) is @emined according to

Child Pugh scorgPugh et al., 1973).
Table VIII : Child Pugh score

. Child-Pugh | Numerical
Numerical score
class score
Parameters
1 2 3
A 5-6
Slight to| Moderate
1. Encephalopathy None moderate | to severe
. . Moderate
2. Ascites None | Mild to severe
3. Serum Albumi 5 I
. Serum umin
(g/dL) >35 | 2.8-35 <2.8
4. Serum Bilirubin
(mg/dL) <2 23 >3
— C 10-15
5. Prothrombin time |, 4 4-6 >6
(seconds increased
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Statisticalanalysis

Data were analyzed using the SPSS package for \Wsydeersion 10.0.1,
SPSS Inc., Chicago, lllinois, USA. The followingst® were used to test
for significance:

1. Chi-square test §°): for comparison of two or more sets of nominal

qualitative data.

2. Student t-test: is a test of significant used for comparison |zt

tow groups having quantitative variable.

3. paired t-test is a test of significance used for comparisonveen

two related groups having quantitative variable.

4. Fisher's exact test: for comparison of two or more sets of nominal

gualitative data when the expected value of ondesd than five.

5. Pearson's correlation coefficient (r): was used to test significant
correlation between 2 series of non parametricabées when they

were categorized or they were not following norehatribution.

P =p value

T =tvalue

N = sample size

SD = standard deviation

X2 = chi-square value

> 0.05 = no statistical significant difference

< 0.05 = statistical significant difference at 0.05
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RESULTS

The present study included 50 patients presentimiy Viver
cirrhosis. The overall age was 51.32 + 10.78 yeatbe range of 30-70
years. Females represented 36.0% (18 patientsheoftdtal number
studied subjects and males represented 64.0% (8his. Twenty four
patients had Child Pugh stage C liver disease, d& \stage B, and 10
were stage A.

All included patients were subjected to arteriada gas samples
which were obtained by percutaneous radial arpemycture with the
subject in supine and erect positions breathingnraar, lung function
test, single-breath carbon monoxide transfer fac{dico) and

echocardiogram.

Table (1) Figure (1) shows the personal data and Child Pugh
classification in patients with liver cirrhosis. @highest percent of

cirrhotic patients were males and class C ChildkRelgssification.

Table (2) Figure (2) shows the mean values of spirometric
measurements of cirrhotic patients. The mean vabfeFEV; % of
prediction (110.12 + 19.51), FVC% of prediction {180 = 20.46),
FEV./FVC % of prediction (110.37 + 6.70) and DLco catesl (69.47 *
11.89). The mean values of spirometric measuremehtgirrhotic
patients were within normal range while DLco cotegcwas less than

normal.

Table (3) Figure (8) shows correlation between pulmonary

function tests and age in patients with liver asis. There was negative
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correlation between age and FE%), FVC (%) and DLco corrected in

cirrhotic patients.

Table (4) Figure (4) shows thepulmonary function tests in
patients with liver cirrhosis regarding gendéhere was no statistically
significant relationship between FEY20), FVC (%) and DLco corrected

regarding gender.

Table (5) Figure (5) shows the pulmonary function tests in
patients with liver cirrhosis regarding Child Puglassification. There
were statistically significant differences in FE), FVC (%) and DLco
corrected in cirrhotic patients regarding Child Rudassification. The
FEV: (%) showed statistically higher significant des®an class C than
class A (P< 0.01) and FVC (%) showed statisticaijnificant decrease
in class C than class A (P< 0.05) while DLco caedcshowed

statistically higher significant decrease in cl@sthan class A (P<0.01).

Table (6) Figure (6) shows the correlation between DLco
corrected and spirometric measuremerfibere was no statistically
significant correlation between FEY26), FVC (%) and DLco corrected

in cirrhotic patients.

Table (7) Figure (7) shows the comparison between arterial
blood gases (ABG) parameters in supine and eresitiquas in patients
with liver cirrhosis. There was no statisticallygsificant difference
between arterial blood gases (ABG) parameters pinsuand erect

positions in patients with liver cirrhosis

Table (8) Figure (8) shows the frequency distribution of patients
with liver cirrhosis regarding spirometric measuesits, DLco corrected

state, ABG parameters, orthodeoxia, hypoxemia anrdDf,. The
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highest percentage of cirrhotic patients had normsgirometric
measurements, reduced DLco corrected state, rempiralkalosis,
hypocapnia, abnormal A-aDQvithout orthodeoxia and with negative

hypoxemia

Table (9) Figure (9) shows the pulmonary function tests in
patients with liver cirrhosis regarding orthodeoxiaere was statistically
highly significant lower mean value of DLco corredtin cirrhotic
patients with orthodeoxia than without orthodedq¥&0.01).

Table (10) Figure (10) shows the arterial blood gases (ABG) in
patients with liver cirrhosis regarding positiondaarthodeoxia. There
was statistically highly significant higher meanueof PaQ@in supine
position in cirrhotic patients with orthodeoxia théhose without (P<
0.01) while the reverse occurred regarding Pa®O erect position
(P<0.001).

There were statistically highly significant higheean values of
PaQ, PaCQand Q saturation in supine position than in erect positio

cirrhotic patients with orthodeoxia (P <0.01).

There was statistically highly significant lower ame value of
PaQ in supine position than in erect position in citibgatients without
orthodeoxia (P< 0.001) while the reverse occureggrding PaCg@evels
(P <0.01).

Table (11) Figure (11) shows the relationship between Child
Pugh classification and orthodeoxia in patient$witer cirrhosis.There
was no statistically significant relationship beé&me Child Pugh

classification and orthodeoxia in cirrhotic patient
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Table (12) Figure (12) shows the relationship between Child
Pugh classification and degree of hypoxemia ineodsi with liver
cirrhosis. There was no statistically significagiationship between Child

Pugh classification and degree of hypoxemia irhotic patient.

Table (13) Figure (13) shows the relationship between Child
Pugh classification and hypoxemia in patients Witlr cirrhosis. There
was no statistically significant relationship beéme hypoxemia and

Child Pugh classification in patients with liverrbosis.

Table (14) Figure (14) shows the relationship between
hypoxemia in erect and supine positions with ordwogla in patients with
liver cirrhosis.There was no statistically significant relationshgtween
hypoxemia in supine and erect positions with ordwoogla in cirrhotic

patient.

Table (15) Figure (15) shows the relationship between
restrictive ventilatory disorders and DLco correcgtate in patients with
liver cirrhosis.There was no statistically significant relationshgtween
restrictive ventilatory disorders and DLco correctgtate in cirrhotic

patient.

Table (16) Figure (16) shows the relationship between the
incidence of restrictive ventilatory disorders dbidco corrected state in
patients with liver cirrhosis. There was statidticaighly significant
relationship between the incidence of restrictieatiatory disorders and
DLco corrected state in cirrhotic patierf? €0.0001).

Table (17) Figure (17) shows the relationship between hypocapnia

and Child Pugh classification in patients with hw#rrhosis. There was
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statistically significant relationship between bgppnia and Child Pugh

classification in patients with liver cirrhosiB €0.05).

Table (18) Figure (18) shows the A-aD@ in patients with liver
cirrhosis regarding patients position. There wagigtcally significant
higher percent of abnormal A-aR0On supine position than in erect

position in cirrhotic patient] <0.05).

Table (19) Figure (19) shows the relationship between A-api©
supine and erect positions and Child Pugh clasgifin in patients with
liver cirrhosis. There was no statistically sigo@nt relationship between
A-aD0O, in erect and supine positions and Child Pugh iflaggon in

patients with liver cirrhosis.

Table (20) Figure (20) shows the relationship between A-apO
and hypoxemia in patients with liver cirrhosis.efé was no statistically
significant relationship between A-abOand hypoxemia in erect
position in patient with liver cirrhosis whereds @ses of hypoxemia
had statistically highly significant abnormal A-aRi@® supine position in

patient with livercirrhosis(P < 0.01).

Table (21) Figure (21) shows the relationship between A-aDO
and Pa@in patients with liver cirrhosis. There was higlgignificant
negative correlation between A-ap@nd PaQ in supine position in

patients with liver cirrhosis.

Table (22) Figure (22) showsthe relationship between A-aRO
and DLco corrected state in patients with liverhosis.There was no
statistically significant relationship between B@&, and DLco corrected

state in both supine and erect positions atiepts with liver cirrhosis.
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Table (23) Figure (23) shows the relationship between A-aDO
and orthodeoxia in patients with liver cirrhosissupine position. There
was statistically significant relationship betweethodeoxia and A-aDO

in supine position in patients with liver cirgis (P < 0.0h

Table (24) Figure (24) shows the relationship between A-aDO
and orthodeoxia in patients with liver cirrhosisdrect position. There
was no statistically significant relationship beémeorthodeoxia and A-

aDG; in supine position in patients with liver cirrhssi

Table (25) Figure (25) shows the relationship between A-apO
and arterial blood gases (ABG) in patients witietlicirrhosis. There was
no statistically significant relationship betweetedal blood gases and

A-aDO,in erect and supine positions in cirrhotic patien
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Table (1) Personal data and Child Pugh classificadn in patients with

liver cirrhosis:

Personal data and Child Pugh

classification

Patients with liver cirrhosis

(No= 50)
X+ D
Age (years) 51.32+10.78
No %
Gender:
 Females 18 36.0
32 64.0
» Males
Child Pugh class:
. A 10 20.0
16 32.0
B
24 48.0
e C

Figure (1) Personal data and Child Pugh classifi¢teon in patients

with liver cirrhosis :

35

30-
O Females 254
B Males 20"
O Child class A 15
O Child class B 107
B Child class C g:

Child Pugh Gender
classification
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Table (2) Pulmonary function tests in patients withiver cirrhosis:

Pulmonary function tests

(PFT)

Patients with liver cirrhosis
(No = 50)

X+ D

Spirometric measurements:

FEV, % 110.12 £ 19.51
FVC % 101.80 + 20.46
110.37 +6.70
FEV./ FVC %
Diffusion capacity:
69.47 + 11.89

DLco corrected

Figure (2) Pulmonary function tests in patients wih liver cirrhosis:

@Dlco Corrected
BFEV1%
OFVC%
OFEV1/FVC%

Dlco Corrected

FVC% FEV1/FVC%
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Table (3) Correlation between pulmonary function tets and age in

patients with liver cirrhosis:

Age (years) in patients with liver cirrhosis
Pulmonary function tests (No=50)
(PFT) ") P

Spirometric measurements:

FEV; (%) -0.23 > 0.05
FVC (%) -0.27 > 0.05
FEV,/FVC ( %) 0.02 >0.05
Diffusion capacity:

DLco corrected -0.21 >0.05

Figure (3) Correlation between pulmonary function ests and age in

patients with liver cirrhosis:

0.05+
O,
-0.05+
O Dlco Corrected 01-
BFEV1% '
OFVC% -0.15
OFEV1/FVC% 02"
: 21
-0.25+
27
-0.3~
Spirometric Diffusion capacity
Measurement
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Table (4) Pulmonary function tests in patients wt liver cirrhosis

regarding gender:

Patients with |

iver cirrhosis

Pulmonary function tests | Females (No =18) Males (No = 32)| T- test P
(PFT) X+ D X+ D

Spirometric measurements:

FEV; (%) 124.04 +11.30 | 102.08 + 18.61 0.41 |>0.05
FVC (%) 114.52 + 12.96 104.64 + 20.56 1.84 | >0.05
FEV, / FVC (%) 111.30 +4.19 109.84 + 7.78 0.73 |>0.05
diffusion capacity:

DLco corrected 65.11 £12.11 68.92 +11.21 1.13 |>0.05

Figure (4) Pulmonary function tests in patients wih liver cirrhosis

regarding gender:

Dlco Corr.

FEV1/FVC% EVC%

FEV1%

O Females

B Males
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Table (5) Pulmonary function tests in patients withliver cirrhosis
regarding Child Pugh classification:

Child Pugh classification in patients with

liver cirrhosis

Pulmonary function tests A B C F-test P

(PFT) (No =10) (No =16) (No = 24)

X+ D X+ 9D X+ 9D

Spirometric
measurements:
FEV1 (%) 118.88 + 12.19 113.92+23.7498.94+9.01 |4.71 |<0.01
FVC (%) 110.96 + 19.59 | 105.48 =+ 23.00 90.55 + 10.64 | 4.33 <0.05
FEV1/FVC % 110.40+8.35 |110.78 £8.02|110.08 £5.12 | 0.05 >0.05
Diffusion capacity:
DLco corrected 10.94 £ 3.46 9.70 £ 2.43 9.44 +1.93 12.35 |[<0.01

Figure (5) Pulmonary function tests in patients wih liver cirrhosis
regarding Child Pugh classification:

120+
100+
80+
60-
40+
20

Child class C

Child class B

Child class A

OFEV1%

B FVC%

OFEV1/FVC%

ODlco Corr.
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Table (6) Correlation between DLco corrected and spirometric

measurements:

DLco corrected (No=50)

Spirometric measurements () P
FEV: % 0.04 >0.05
FVC %

0.1 >0.05
FEVY/ FVC %

0.15 >0.05

Figure (6) Correlation between DLco corrected

measurements:

and spirometric

0.16+

0.14+

0.12+

0.1
OFEV1%

BFVC% 0.0
OFEV1/FVC%

0.06+

0.04+

0.02+

Dlco Corrected
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Table (7) Comparison between arterial blood gases ABG)
parameters in supine and erect positions in patiest with liver

cirrhosis:
Patients with liver cirrhosis
ABG (No =50)
Parameters | Supine position Erect position| Mean difference | Paired P
X + D X + SD T-test
PH 7.48 £0.05 7.47 +0.06 0.60 0.05 | >0.05
PaQ (mm Hg) 89.30 £18.01 |85.13+20.76 3.82 1.07 | >0.05
PaCQ(mmHg) |30.56+3.59 |29.45+4.82 2.04 1.31 | >0.05
0, sat. (%) 96.48+1.89 |92.38+17.82 4.10 1.59 | >0.05
A-aDO, (mmHg) 28.33+15.86 |26.23+19.19 2.10 7.9 > 0.05

Figure (7) Comparison between arterial blood gases(ABG)

parameters in supine and erect positions in patiest with liver
cirrhosis:

O Supine Position @ Erect Position ‘
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Table (8) Frequency distribution of patients with Iver cirrhosis
regarding spirometric measurements, DLco state, AB,
orthodeoxia, hypoxemia and A-aDQ:

Patients with liver cirrhosis (No= 50)
No %

Spirometric
measurements
Normal 38 76.0 %
Restrictive 12 24.0 %
DLco-state
Normal 18 36.0 %
Reduced 32 64.0 %
ABG
R. alkalosis 44 88.0 %
M. alkalosis 6 12.0 %
Orthodeoxia
Present 12 24.0 %
Absent 38 76.0 %
Hypoxemia
Mild (<80%) 6 12.0 %
Moderate (<70%) 2 4.0 %
Severe (<60%) 6 12.0 %
Negative 36 72.0%
Hypocapnia
Positive (<35 mmgH) 38 76.0 %
Negative 12 24.0 %
A-a DO,
Normal (<15 mmgH) 11 22.0 %
Abnormal £ 15 mmgH) 39 78.0 %
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Figure (8) Frequency distribution of patients with liver cirrhosis
regarding spirometric measurements, DLco state, ABGorthodeoxia,
hypoxemia and A-aDQ:
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Table (9) Pulmonary function tests in patients withliver cirrhosis
regarding orthodeoxia:

Patients with liver cirrhosis
(No = 50)
With Without
Pulmonary function tests | Orthodeoxia| Orthodeoxia | T-test P
(No = 12) (No= 38)

X+ D X+ 9D
Spirometric measurements
FEV; (%) 103.32+23.22 | 112.62+ 18.00 | 1.04 | >0.05
FVC(%) 96.28+21.44 | 103.54 20.12 | 1.07 >0.05

FEV,/FVC (%) 108.28:5.80 |111.03+6.90 1.24 >0.05

Diffusion capacity
DLco. corrected 62.27+5.84 71.74+12.44 2.54 <0.01

Figure (9) Pulmonary function tests in patients wih liver cirrhosis
regarding orthodeoxia:
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Table (10) Arterial blood gases (ABG) in patients wh liver cirrhosis
regarding position and orthodeoxia.

Patients with liver
cirrhosis
Arterial blood With With out
gases Orthodeoxia| Orthodeoxia| Student P
(ABG) (No =12) (No=38) T-Test
X+ D X+ D
PH
In supine 7.47+0.04 7.48+ 0.06 0.59 >0.05
In erect 7.45+ 0.04 7.49+ 0.06 1.71 >0.05
Paired t test 1.76 1.22
P >0.05 >0.05
PaO,(mmHQ)
In supine 98.85+20.86 | 81.03+14.90 3.27 <0.01
In erect 70.23+21.25 | 95.09+ 16.86 4.18 <0.001
Paired t-test 4.48 5.39
P 0.001 <0.001
PaCO,(mmHg)
In supine 29.68+ 2.63 30.38 3.83 0.97 >0.05
In erect 28.18+ 3.41 28.63+5.23 0.28 >0.05
Paired t-test 3.36 2.94
P <0.01 <0.01
O, sot (%)
In supine 97.38+1.27 96.20+ 1.87 1.95 >0.05
In erect 92.10+ 6.48 92.47+20.20 0.06 >0.05
Paired t-test 2.92 1.11
p <0.01 > 0.05
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Figure (10) Arterial blood gases (ABG) in patientswith liver cirrhosis
regarding position and orthodeoxia:

PH
PH erect
supine Pa02

: PaG2  paco2
supine  grect PaCO2 5302 %

supine erect

2% 5202 %

‘ O Pateints with orthodeoxia W Pateints without orthodeoxia ‘

Figure (10-1) Arterial blood gases (ABG) in patierg with liver
cirrhosis and orthodeoxia:

Patients with orthodeoxia
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Figure (10-2) Arterial blood gases (ABG) in patierg with liver
cirrhosis without orthodeoxia:

Patients without orthdeoxia
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Table (11) The relationship between Child Pugh clasfication and

orthodeoxia:

Child Pugh classification in patients with liver crrhosis

(No=50)
Orthodeoxia A B C
(No =10) (No =16) (No=24) X? p
No. % No. % | No. %
Present 2 20.0 2 12.5 10 417
Absent 8 80.0 14 875 14 5g3t4 |7 005

Figure (11) The relationship between Child Pugh clssification and

orthodeoxia:

14+
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Child class A
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Table (12) The relationship between Child Pugh clasfication and
degree of hypoxemia in patients with liver cirrhoss:

Child Pugh classification in patients with liver crrhosis
(No=50)
Hypoxemia A B C

X? p

(No=10) (No=16) (No=24)

No. % | No. %) No. %

Mild 0 0.0 4 250 2 8.3

Moderate 0 00 2 125 0 0.0
11.18]| >0.05

Severe 2 20.0 0 00 4 16.7

Negative 8 80.0 10 625 18 75.0

Figure (12) The relationship between Child Pugh chsification and
degree of hypoxemia in patients with liver cirrhoss:
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Table (13) The relationship between Child Pugh clasfication and
hypoxemia in patients with liver cirrhosis:

Child Pugh classification in patients with liver arrhosis
Hypoxemia (No=50)
A B C
(No= 10) (No=16) (No=24) NG P
No. % | No. %| No. %
Present 2 20.0 6 375 6 25
Absent 8 80.0, 10 62|58.8 75| 1.14| >0.05

Figure (13) The relationship between Child Pugh clssification and
hypoxemia in patients with liver cirrhosis:
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Table (14) The relationship between hypoxemia inrect and supine
positions with orthodeoxia in patients with liver arrhosis:

Patients with liver cirrhosis

(No=50)
Hypoxemia Patients with Patients without
Orthodeoxia Orthodeoxia
(No=12) (No=38) X2 p
No. % No. %
Hypoxemia in supine
e Present 2 16.712 316 1.01 |>0.05
« Absent 10 83.326 68.4
Hypoxemia in erect 5 s 011 2o
: FXE:QE 9 75.0 27 711 007 |>0.05

Figure (14) The relationship between hypoxemia ierect and supine
positions with orthodeoxia in patients with liver arrhosis:
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supine

Absent

supine
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O Patients with orthodeoxia
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Table (15) The relationship between restrictive verlatory disorders
and DLco state in patients with liver cirrhosis:

Restrictive ventilatory disorders in patients withliver

cirrhosis
DLco (No=50)
Present Absent
(No=12) (No=38) 52 P
No. % | No. %
Reduced 8 66.7 24 632
Normal 4 33.3 14 36.8 0.05 > 0.05

Figure (15) The relationship between restrictive vatilatory disorders
and DLco state in patients with liver cirrhosis:
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Table (16) The relationship between the incidencef arestrictive
ventilatory disorders and DLco corrected state in ptients with liver
cirrhosis:

Patients with liver cirrhosis
(No=50)
DLco corrected | Restrictive disorders x?2 P
No. % | No. %
Present 32 64 | 12 24
Absent 18 36 38 76 16.23 | <0.0001

Figure (16) The relationship between the incidencef restrictive
ventilatory disorders and DLco corrected state in ptients with liver
cirrhosis:
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Table (17) The relationship between hypocapnia an€hild Pugh
classification in patients with liver cirrhosis:

Child Pugh classification in patients with liver crrhosis

(No=50)
Hypocapnia A B C
(No=10) (No=16) (No=24) %2 P
No. % | No. %/ No. %
Positive 4 40.0 14 87.5| 20 834
Negative 6 60.0 2 12.5 4 16.8.97 | <0.05

Table (17) The relationship between hypocapnia andhild Pugh
classification in patients with liver cirrhosis
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Table (18) A-aDQ in patients with liver cirrhosis regarding patients

position:
Patients with liver cirrhosis
(No=50)
A-aDO, Supine Erect
position position 2 P
(No=50) | (No=50) X
No. % | No. %

Normal 11 22.0| 20 40
Abnormal 39 .0 | 30 60.0 3.79 <0.05
Figure (18) A-aDG, in patients with liver cirrhosis regarding

patients position:
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Table (19) The relationship between A-aD® in supine and erect
positions and Child Pugh classification in patientswith liver

cirrhosis:
Child Pugh classification in patients with liver
A-aDO, cirrhosis
(No=50)
A B C
(No= 10) (No=16) (No=24) | 2 |P
No. %| No. %| No. %
In supine position
« Normal 3 30.0 1 6.3 7 29.2
. Abnormal |7 70.0| 15 93.1 17 70.8/ 3.40 | >0.05
In erect position
« Normal 4 40.0 3 18.4 13 54.2| 5.02 | >0.05
. Abnormal | © 6.0 |13 81211 45.8

Figure (19) The relationship between A-aD® in supine and erect
positions and Child Pugh classification in patientswith liver

cirrhosis:

Abnormal A-
aDO?2 erect

Normal A-
aDO?2 erect

Abnormal A-
aDO2 supine aDO2 supine

Normal A-

O Child class C

B Child class B

O Child class A
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Table (20) The relationship between A-aD® and hypoxemia

patients with liver cirrhosis:

in

A-aDO, in erect position in patients with liver cirrhosis

(No=50)
Hypoxemia Normal Abnormal
(No=20) (No=30) ° P
No. %) No. %
Present 4 20.4 10 33.33
2.21  0.05
Absent 16 80.¢ 20 66.67, :
A-aDO5 in supine position in patients with liver cirrhosis
_ (No=50)
Hypoxemia Normal Abnormal
(No=11) (No=39) X2 P
No. %] No. %
Present 0 0.0 14 35.89
6.64 <001
Absent 11 100.9 25 64.11

=,
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Figure (20) The relationship between A-aD® and hypoxemia in
patients with liver cirrhosis:

Supine position

Patients without hypoxemia

Patients with hypoxemia
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Table (21) The relationship between A-aD@ and PaG in patients
with liver cirrhosis:

PaO,(mmHg) in patients with liver cirrhosis

(No=50)
A-aDO, In erect position In supine position
(n) P (n) P
In erect position
-0.05 >0.05
-0.36 <0.01

In supine position

Figure (21):The relationship between A-aD@ and PaQ in patients
with liver cirrhosis:
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Table (22) The relationship between A-aD© and DLco corrected
state in patients with liver cirrhosis:

A-aDO, in erect position in patients with liver cirrhosis

(No=50)
DLco Normal Abnormal
(No=20) (No=30) 2 P
No. %) No. %
Reduced 10 50.0 22 73.0
2.84 > 0.05
Normal 10 50.0 8 26.7
A-aDO, in supine position in patients with liver cirrhosis
(No=50)
DLco Normal Abnormal
(No=11) (No=39) x2 P
No. %] No. %
Reduced 8 72.71 24 61.5
0.47 > 0.05
Normal 3 27.3 | 15 38.5

Figure (22-1) The relationship between A-aD@and DLco corrected
state in patients with liver cirrhosis in erect paition:

25+

20+
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10+

Abnormal A-aDO2 in erect

Erect position

Normal A-aDO?2 in erect
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position

O Reduced Dlco B Normal Dlco
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Figure (22-2) The relationship between A-aD@and DLco corrected
state in patients with liver cirrhosis in supine sition:

Supine position
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Table (23) The relationship between A-aD@and orthodeoxia in
patients with liver cirrhosis in supine position:

A-aDO, in supine position in patients with liver cirrhosis
Orthodeoxia (No=50)
Normal Abnormal
(No=11) (No=39) X2 P
No. %]| No. %
In supine position
2 18.2 10 25.64
Present 3.82 <0.05
Absent 9 81.8 29 74.35

Figure (23) The relationship between A-aD@and orthodeoxia in
patients with liver cirrhosis in supine position:

Supine position

Normal A-aDO2 in supine position Abnormal A-aDO?2 in supine

position

O Patients with orthodeoxia

W Patients without orthodeoxia
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Table (24) The relationship between A-aD@and orthodeoxia in
patients with liver cirrhosis in erect position:

A-aDO; in erect position in patients with liver cirrhosis

Orthodeoxia (No=50)
Normal Abnormal
(No=20) (No=30) x2 =
No. %| No. %
In erect position
Present 5 25.07 23.3
0.02 >0.05
Absent 15 75.0 23 76.7

Figure (24) The relationship between A-aD@and orthodeoxia in
patients with liver cirrhosis in erect position:

Erect position
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Table (25) The relationship between A-aD® and arterial blood
gases(ABG) in patients with liver cirrhosis:

A-aDO,in erect position in patients with liver cirrhosis

ABG (No=50)
Normal Abnormal
(No=20) (No=30) 5 =)
No. % No. % X
Metabolic
alkalosis 4 20.4 2 6.7
Eiz?égtsory 16 80.¢ 28 93.3 341 >0.05
A-aDO, in supine position in patients with liver cirrhosis
ABG (No=50)
Normal Abnormal
(No=11) (No=39) x2 P
No. %| No. %
Metabolic
alkalosis 0 0.06 15.4
Respiratory 1.92 >0.05
Alkalosis 11 100.0 33 84.6

=,
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Figure (25-1) The relationship between A-aD@and arterial blood
gases (ABG) in patients with liver cirrhosis in eret position:

Erect position
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O Metabolic alkalosis B Respiratory Allkalosis

Figure (25-2) The relationship between A-aD@and arterial blood
gases (ABG) in patients with liver cirrhosis in spine position:

Supine position
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DISCUSSION

Over the last 15 years, pulmonary vascular abnatiesl
have been increasingly recognized as importanticelin entities
that influence survival and liver transplant carmdiyg in affected
patients. The most common such abnormality, the
hepatopulmonary syndrome (HPS), occurs when inknaqmary

vasodilatation impairs arterial oxygenati@gtalma DT, 2006).

The presence of HPS increases mortality in theingetof
cirrhosis and may influence the frequency and sigverof
complications of portal hypertensio(Gchenk P et al, 2003)and
(Palma DT, 2006).

Gas exchange abnormalities are frequent in cirshodihe
most frequent alteration is hypocapnia, which isoamted with
pulmonary vasodilatation. The main cause of sevgypoxemia in
these patients is pulmonary function test (PFT) oamality.
Pulmonary vasodilatation is more frequent and macevere in

patients with advanced hepatocellular dysfunc{ifer R, 1999).

The current study was performed to assess the mamo
functions in patients with cirrhosis attending tidational Liver

Institute, Menoufiya University.

It was conducted on 50 patients presenting witlthosis of
different grades. All included Patients were sutgdcto arterial
blood gas samples which were obtained by percataneadial
artery puncture with the subject in supine and terpositions
breathing room air, lung function test, singledihe carbon

monoxide transfer factor (TLco) and Echocardiogram.
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Analysis of the results revealed that the meansuesal of
the spirometric measurements of cirrhotic patiewese within the
normal limits, FEV % of prediction (110.12 + 19.51FVC % of
prediction (101.80 + 20.46), FENFVC % of prediction (110.37 +
6.70) while that of DLco corrected was reduced 489+ 11.89).
This in agreement with(Yigit | et al., 2007) who found normal
mean values of spirometric measurements in the evigibup of
his patients, (Przybylowski T et al., 2006)vho said that the mean
values of lung function parameters for the entireoug were
within normal limits while the mean value of DLcm ipatients
with liver cirrhosis was reducedMartinez GP, 2001)who found
normal spirometry in all patientgMimidis KP et al., 1998)who
said that the means values of lung function testrewavithin
normal range and DLco corrected was on the averaglly
reduced (Hedenstierna G, 1991)who said that spirometry was
essentially normal but the transfer factor of thmg (DLco) was
reduced, and(Furukawa et al, 1984)who said that spirometric
data were normal in all subjects and FEX% was not reduced in

the cirrhotic patients.

Our study revealed that spirometric measurementsre we
within normal range in (76%) of the patients whilentilatory
restriction was noted in (24%) of patients which in agreement
with (Tulafi C, 2002) who noted normal spirometry in 72% of the
patients and ventilatory restriction in 28% of ipats. (Gupta et
al., 2001) who found normal spirometry in 68.5% of patientsdan
ventilatory restriction in 22.2% of patientgMimidis KP et al.,
1998) who noted normal spirometry in (68%) of the pasen

(Hourani JM et al.,, 1991) who noted ventilatory restriction in
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25% of patients,and (Yao EH, 1987)who said that cirrhosis is

associated with prominent ventilatory restriction

This is on the contrary ofNagral A, 1993) who said that
pulmonary functions are impaired in cirrhosis anscii@s causes
further deterioration and(Behera D, 1998)who said that most
pulmonary functions were abnormal (low) in cirrfosand the

most affected parameter was FEV

The ventilatory restriction demonstrated in ourdgtucan be
explained by the presence of tense ascites as st patients
were Child class B (no= 16, 4 of them have reswéctdisorders)
and C (no= 24, 8 of them have restrictive disordergthere the
pattern of restrictive lung disease is expectedthe patient whose
tense ascites mimics abdominal loading in which thpward
displacement of the hemidiaphragms reduces both stiagic lung
volumes and the dynamic airflow indices and this agreement
with (Byrd , 1996)

Diffusing capacity of carbon monoxide (DLco) wwva
reduced in 64% of patients in cirrhotic patientshisT is in
agreement with(Przybylowski T et al., 2006jvho found reduced
diffusing capacity of carbon monoxide in 77.9% ofatipnts,
(Tulafi C, 2002) who noted reduced diffusing capacity of carbon
monoxide in 54% of patientgyMohamed et al., 2002who noted
reduced (DLco) in (51%) of the patient§Gupta et al., 2001)who
noted the presence of reduced diffusing capacity aarbon
monoxide in (66.6%) of the patient§Martinez GP, 2001)who
noted the presence of reduced diffusing capacity aarbon
monoxide in (69%) of the patient&rowka MJ et al., 2000)who
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noted reduced (DLco) in (94%) of the patien{8limidis KP et
al., 1998) who noted reduced diffusing capacity of carbon
monoxide in (56%) of patients an(Hourani JM et al.,, 1991)
who noted reduced diffusing capacity of carbon nxwh® in 48%

of patients.

This may be attributed to the increased diffusioistashce
for carbon monoxide (and oxygen) from the alveob the
erythrocyte in the centre of the capillary bloodeam, resulting in
a decrease in diffusion capacityMimidis KP et al., 1998)hat is
exaggerated by the inordinately high cardiac ouytpasulting in a
shorter transit time of the red blood cell, and tobntes to
diffusion-perfusion impairment(Martinez GP, 2001) or due to
intrapulmonary vascular dilatations {pulmonary \a@itmtations
could account for the decreased DLco because tasodratations
would be lead to decrease perfusion to the uppets paE the lung
thereby reducing the effective surface area availabor gas
exchange (Silvereo M, 1977) or due to diffuse interstitial lung
disease, pulmonary vaso-occlusive disease and/ontilaten-

perfusion imbalancéHourani JM et al., 1991)

There was negative correlation between age and; REY
values (r= - 0.23, > 0.05) and FVC (%) values (r9€.27, > 0.05)
and DLco corrected values (r= - 0.2% 0.05) in cirrhotic
patients. This is in agreement with the well knowelieve that
respiratory functions decline with agingHansen J, 2006)
(Katsuta Y et al., 2005)(Ostowski S et al.,, 2005and (Guenard
H, 2004) where the decrease in the ratio of RBd FVC with age
is 0.2 per yeafCardus J et al., 1997).
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(Amra B et al.,, 2006)said that age presented a moderate

negative correlation with the diffusing capacity.

The effect of aging on the normal lung has received
considerable attention over the years. Elastic ikecas
progressively reducedColebatch HJ, 1979) (Rossi A, 1996)and
(Janssens JP, 1999Vital capacity decreaséRossi A, 1996) and
maximal expiratory flow rates fall(Knudson, 1977) closing
volume is increased and FVC and REMYiminish with advanced
age (Janssens JP, 1999)and Pa® diminishes (Rossi A, 1996)
Since PaC® does not rise, the decrease in RPa@ust indicate an
increase in the alveolar—arterial P@ifference (A-aPg (Cardus
Jetal., 1997)

Therefore the negative correlationf age with FEV(%),
FVC (%) and DLco corrected values in our study doube
anticipated because ageing is related to a dechng¢he total area
of the alveolocapillary membrane and the capillapoperating
volume and to an increase in the closing capaciythe small
airways (i.e. closing volume plus RAmra B et al., 2006)such
that in older subjects some airways are closedndunormal tidal
breathing, reducing local ventilation and hence dpong (V/Q)
mismatching/Cardus J et al., 1997)

The current study has also revealed no significant
relationship between FEV (%), FVC (%) and DLco corrected
regarding gender.

This is in agreement with(Amra B et al., 2006) who

observed that DLco corrected values were not saamfly
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different between the genders but no studies coaapapirometric

measures with gender.

There was statistically significant difference iE\R (%) (P
< 0.01), FVC (%) (P< 0.05) and DLco corrected (R 0.01) in
cirrhotic patients regarding Child Pugh classificai the highest
levels presented in class A and the lowest in cl@ssThis is in
agreement with(Przybylowski T et al.,, 2006yvho foundthat DLco
in stage C patients was lower compared with stagearisl A
patients but he said that no differences were fouviten other
lung function tests were analyzed by Child-Pugh ssifecation
which is on the contrary of our resulighereas(Byrd, 1996)found
that dynamic airflow and the static lung volumes aeduced in
cirrhotic patients with child class B and C(Krowka et al, 1992)
found the lowest values of diffusion capacity intigats with
grade C, (Mimidis KP et al, 1998) who said that reduced
diffusion capacity was more prominent with advagcistage of
liver diseasge (Drenth JP et al., 2002)who found that DLco was
significantly attenuated in patients with liver rbiosis. Compared
to patients with only mild disease, patients wigvere disease had
a more profound impaired diffusing capacity as ehewas a
significant (negative) correlation between Childasdification and
DLco but on the contrary ofTulafi C, 2002) who noted no
statistically significant difference between thesalues regarding
Child Pugh score an@Mohamed et al, 2002who said that DLco
correlated poorly with severity of liver damage essed by the
Child Pugh score

This may be due to that intrapulmonary vasodilatatiand

shunting, occurring in liver cirrhosis and causindiffusion
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impairment, are related to the degree of liver fulystion as
measured by Child Pugh classificatigAlonso Martinez JL et al.,
2004) and patients in Child class C are more likely tavén
intrapulmonary shunting than those with class A d&d(Santo-
Cruz RA et al.,, 2005) In the addition to the presence of tense
ascites in Child class C and B patients than Chlaks A patients
(Nagral A, 1993) and (Byrd, 1996) which compromise lung
functions and gas exchange by the immobilii&tenth JP et al.,
2002)and upward displacement of diaphra@yrd, 1996)

Our study revealed that no correlation between FE%),
FVC (%) and DLco corrected in cirrhotic patients.o Nstudies

compared the spirometric measures with DLco cogdect

Our study revealed that the mean values of ,Pé9.30 +
18.01) and @ % saturation (96.48 + 1.89 ) are within the normal
limits while the mean values of PH (7.48 = 0.05)daA-aDo
(28.33 = 15.86) are elevated and that of Pa@80D.56 + 3.59)is
reduced in supine position without significant dréfnce between
the mean values of arterial blood gases parametersupine and
erect position in patients with liver cirrhosis hatigh there is
some reduction in the erect position but withoutatistic
significance. This is in agreement wiiYigit | et al., 2007) who
found normal mean values of Pa@nd Q % saturation, reduced
PaCQ, elevated PH,(Przybylowski T et al.,, 2006jvho found that
the mean Pap (86.9 £12.9) was within normal limit, the mean
value of PaC® was reduced (34.8 +4.3) and that of PH is in the
upper limit of normal (7.45 +0.03) but he did nodbngpare supine
to upright values,(Katsuta Y et al., 2005)ound normal mean

PaQ normal meanPaCQ, elevated mean value of A-apand the
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PH was in the upper limit of normal in the supine positibaot he
did not compare supine to upright valuéMimidis KP et al.,
1998) who observed that all patients included in his wgtuthd
normal mean value of PaOreduced mean value of Pagc@nd PH
mean value was in the upper normal limit in the ise&pposition
but he did not compare supine to upright values @wdrichal I,
1991) who observed no difference in arterial blood gasas
upright and recumbent positions with low values time upright
position but without statistic significance. This bn the contrary
of (Krowka MJ et al.,, 2000)who found that Standing oxygenation
(PaQ) was significantly worse compared with  supine
oxygenation.

Our study revealed the highest percent of cirrhgistients
were with normal spirometric measure@6%), reduced DLco
corrected State (64%), respiratory alkalosis (88%)pocapnia
(76%), abnormal A-aDo (78%) with mean value (28 mmHg, in
supine position, table (8) without orthodeoxia (34%nd without
hypoxemia (28%) whereas restrictive disorders presa (24%),
diffusion impairment (reduced DLco corrected) wascanpanied
by restrictive disorders in (8/12) (66.7%) table5)1and by an
abnormal widened alveolar oxygen gradient in (61%24/39)
table (22). This is in agreement with most studi@ghich
mentioned that normoxemia  with  hypocapnia, respiyat
alkalosis and reduced DLco corrected Sthtare frequently been
reported in cirrhosis (Aller R, 1999) (Martinez GP, 2001),
(Mohamed et al., 2002and(Katsuta Y et al., 2005).

(Hourani JM et al., 1991) found restrictive disorders in

(25%) and diffusion impairment was accompanied ®strictive
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disorders in 35% and by an abnormal widened alveabaygen
gradient in (60%), and reported a widened alvealtarial
oxygen gradient in (45%) of candidates for liveansplantation (n
=46) with a mean value of 36.7 mmH@rzybylowski T et al.,,
2006) who observed abnormal widened alveolar oxygen ignad
more than 20 mmHg in (41.7%) of the (n=96) patiemigh a
mean value of 34.7 mmHg in hypoxemic patients aBd3 ImmHg
In  normoxemic patients,(Schiffer et al., 2006) who reported
abnormal A-aD@ more than 20 mmHg in (31%) of the patients,
(Loenzo-Zuniga V et al., 2005Wwho said thatthe most prevalent
gas exchange abnormality in cirrhosis was the aiar of
alveolar-arterial oxygen tension gradier(Mohamed et al.,, 2002)
who found abnormal widened alveolar oxygen gradiewdre than
20 mmHg in(35%) of the patients(Colle | et al.,, 2002)who
observed an abnormal Aa-(Yradient > 20 mmHg in 60%mean
32.9+£1.8), (Battaglia et al.,, 1997)who found abnormal A-aDO
more than 15 mmHg in (50%) of the patien{§ahy JV, 1992)
who found that 69% of candidates for liver transpéion (n
=207) had an elevated alveolar-arterial oxygen igrdad (Naeije
R, 1985 found a mean alveolar-arterial oxygen gradient 3.4
mmHg in a group of candidates for portocaval shustd
(Bashour FA, 1966) who found a mean alveolar-arterial oxygen

gradient of 44.8 mmHg in 26 patients with cirrhosis

The higher percentage regarding accompaniment of
diffusion impairment and restrictive disorders arttie higher
incidence of abnormal A-aDQOn our study is may be due to small
sample (50 patients), most patients are child B%@2and C

(48%), both have moderate to tense ascites whiahsesa more
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ventilation-perfusion impairment and increases theidence of
elevated alveolar-arterial oxygen gradief&mir HM et al, 2006)

or due to the different cutoff values of A-abP@sed in different
studies in which we used the threshold value of dnHg
whereas (Przybylowski T et al., 2006)(Mohamed et al., 2002)
(Schiffer et al., 2006)used the threshold value of 20 mmHg and
may be because most of patients included in thdystare elderly
(mean age is 51.32 = 10.78) where age associateth wi
progressive reduction in elastic recoil of the lungtal capacity
and maximal expiratory flow rates and increase iraD¥0, (Rossi
A, 1996) and (Janssens JP, 1999) because pulmonary
ventilation—perfusion inequality, but not intrapwnary shunting,
does indeed increase with age leading to decreasd’aQ and
since PaC® does not rise, the decrease in Pa@ust indicate an
increase in the alveolar—arterial Pdifference (A-aD@ (Cardus
Jetal, 1997)

Therefore cirrhosis and age may interact together t

produce these higher results in our study.

Our study demonstrated that hypoxemia was preseied
(28%) of patients ranging from mild to severe . sThis in
agreement with(Furwaka T, 1984) who observed hypoxemia in
(30%) of the patients(Naeije R, 1985)who found mild to severe
hypoxemia in (28%) of patientyBehera D, 1998)who noted the
presence of hypoxemia in (26.7%) of patien(®dlaruyama S,
1999) who found hypoxemia in (38%) of his patient&Gupta et
al., 2001) who noted the presence of hypoxemia in (24%) of
patients (Mazzeo AT et al., 2006yvho found hypoxemia in (20%)
of patients, (Yigit | et al., 2007)who found hypoxemia in (33.3%)
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of patients, but on the contrary of{Gomez et al., 2004who
noted the presence of moderate to severe hypoxami@0%) of
patients, (Vachiery F et al., 1997)who noted the presence of
hypoxemia in 14% of patientand (Charalabopoulos K et al.,
2007) who found hypoxemia in all patients with cirrhosis

including in his study.

The prevalence of hypoxemia in this study was in

agreement with most studies and with disagreeméhtothers.

Although the reasons for this differen@e unclear but it
may be that the heterogeneity of the patients studin which
smokers and patients from an intensive care unib vilad more
severe cirrhosis and thus hypoxemia were includedina(Gomez
et al., 2004)study or they were grade B or C Child-Pugh sc®se a
in  (Charalabopoulos K et al.,, 2007)or it may be due to the
different threshold values used for establishing tpresence of
hypoxemia or the different characteristics of pa@se populations

in different studies.

Hypoxemia can be explained by the presence of
intrapulmonary vascular abnormalitieghese vessels which are
normally 8-15 um in diameter have been demonstratedlilate to
15-500 pm, (Singh, S, 2007)or due to a regional disequilibrium
of the ventilation/perfusion ratio(Cadranel J, 1989) in which
pulmonary vasodilatation in the dependent partsthef lungs could
increase perfusion relative to ventilation and e¢hgr contribute to
hypoxemia (Silvereo M, 1977). While ascites, increase in airway
closure, or impaired hypoxic pulmonary vasoconstnc have

been suggested as possible mechanisms of veniilagidusion
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and pulmonary arteriovenous fistulas would expldire presence

of intrapulmonary right to-lefshunting(Andrivet P et al., 1993).

Arterial venous anastomoses and communications dagtw
the portal and arterial circulation as well as kewbronchial and
pulmonary veins are more likely to benctional in patients with
cirrhosis and account fohypoxemia, as well as for perfusion
defects seen onlung scan in patients with cirrhosis
(Charalabopoulos K et al., 2007).

Shunts observed in patients with severe liveisease
resulting in blood gas alterations may be contedutto
portopulmonary shunt due to the portaypertension development
as well as to intrapulmonaryarteriovenous shunt and VA/Q

inequality(Charalabopoulos K et al., 2007).

(Charalabopoulos K et al, 2007) hypothesize that
hypocapnia, in association with vasodilating substs such as
nitric oxide (NO) and endothelins, may contribute l@ast in part-

in the induction of hypoxemia.

Ascites by elevating the diaphragm and confounditig
ventilation/perfusion might lead to mild hypoxemian most
patients with chronic hepatic involvement, not megag the
etiology (Amir HM et al., 2005).

Our study revealed that respiratory alkalosis wdsseoved
in (88%) of patients, metabolic alkalosis in (12%0d hypocapnia
was the most frequent observed alteration in gashange (76%)
and all patients have a more alkaline pH. This ns aigreement
with the (Aller R, 1999) who noticed hypocapnia in (73.4%) of

125
=™ This PDF was created using the Sonic PDF Creator.

SONIC 40 . - v » d
——'w To remove this watermark, please license this product at www.investintech.com



patients with a more alkaline blood pHKatsuta Y et al.,, 2005)
who found hypocapnia in 50% of patients, alkalosis43.8% of
patients and respiratory alkalosis in 87.5% of e@d (n=16),
(Gomez et al.,, 2004who noted the presence of hypocapnia in all
patients (100%) (n=20)(Charalabopoulos K et al.,, 2007who
observedrespiratory alkalosis in (44.89 %), metabolic atisid in
(14.28 %), and hypocapnia was most frequently foumd73%) of
cirrhotic patients and all the patients have moi&alame pH,
(Bernardi M, 2005) who found respiratory alkalosis in (38%) and
metabolic alkalosis in (13%) of the patients afdimidis KP et
al, 1998) who found that all his patients had hypocapnia With
normal blood pH,(Furukawa T, 1984) who found hypocapnia in
52.4% of the patients.

The highest percentage of respiratory alkalosisour study
iIs explained by the presence of high proportion pEtients in
Child class B (n=16) and C (n=24) who have more aaded
disease and ascites where both of them play imponrale in the
development of respiratory alkalosis (see below). the study of
(Katsuta Y et al., 2005)he number of patients was 16, Child class
A and B, while in the study ofCharalabopoulos K et al., 2007)
although the number of patients was 104 but mostheim Child
A=40, B=42 whereas child C=23

The incidence of hypocapnia in our study was cltsethat
was seen byAller R, 1999) and (Charalabopoulos K et al., 2007)
but higher than that reported bfKatsuta Y et al.,, 2005)and
(Bernardi M, 2005) and lower than that reported KMimidis KP
et al., 1998and(Gomez et al., 2004).
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This is because the degree of hypocapnia in patienth
cirrhosis was found to be correlated with levels mbgesterone
and oestradiol, suggesting that the respiratoryalafits of liver
dysfunction is due to increased levels of thosemomes from
impaired liver metabolisrfLustik SJ et al., 1997).

The derangement of sex hormone serum levels irhatior
patients is well-delineated, and increased levefs poogesterone
and estradiol have been associated with hyperagiotl in
cirrhotic patientgAller R et al., 2002).

In cirrhosis, increased ammonia and progesteronsp t
respiratory stimulants are believed to contributeo t

hyperventilationJavaheri S et al, 2005).

One suggested mechanism is an increased ventilatpct
(hyperventilation) due to altered blood brain berriin cirrhosis.
However, earlier research suggests a heightenedsitisép of
peripheral chemoreceptor to hypoxia. Metabolic lakia is the
second most frequent acid base disturbance in npstiewith

cirrhosis(Loutfi S, 2000)and this is in agreement with our study.

Hyperventilation can also be the result of hypoxemi
secondary to hepatopulmonary syndrome and portioqouery
hypertension, as well as restrictive lung dysfunctibecause of
massive ascites (Bernardi M, 2005) which cause increased
abdominal pressure leading to cephalad displacemeht the
diaphragmHuffmyer JL, 2007).
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Therefore hypocapnia could be a compensatory meahan
or the result of the activation of central resmrgtcenters by non-

depurated substances by the lijlesrenzo-Zuniga V et al., 2005)

Another metabolic abnormality, which can lead to pH
changes in cirrhosis is represented by the redusgathesis of
proteins and, mainly, albumin. In fact, reduced spia
concentrations of albumin, which is a weak acidas an
alkalinizing effect on plasma and would predispose alkalosis
(hypoalbuminic alkalosis) (Funk et al., 2007), (Bernardi M,
2005) and (Fencl V et al.,, 2000)which can explain the higher

incidence of alkalosis in our study.

The incidence of metabolic alkalosis in our study alose
that seen in other studies. This is can be expdaime the impaired
efficiency of the urea cycle in cirrhosis which wveds bicarbonate
utilization (Haussinger D, 1990)and impaired hepatic bicarbonate
disposal from the lack of functioning hepatocytes cirrhosis
(Funk et al., 2005) leading to metabolic alkalosi¢Bernardi M,

2005) which occur also in cirrhotic patients on loop @ites.

Our study also revealed the presence of orthodearia
(24%) of patients (orthodeoxia is defined as & ifalPaQ = 5 %
at upright position) and 76% was non orthodeoxic.ll A
orthodeoxic patients have significantly higher ,PGn supine
position than those without (both two groups show hypoxemia)
while in erect position all orthodeoxic patients havengigantly
lower PQ (hypoxemia) than those without. This is somewhat i
agreement with(Gomez et al.,, 2004who noticed OD in 25% of

patients but OD patients were hypoxemic at botkitmms on the
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contrary of our results,(Amir HM et al, 200§ who found
orthodeoxia in 31.5% of patientand on the contrary ofL&ange
Ap, 1995 who mentioned that(Robin ED et al., 1975)and
(Krowka MJ, 1985)found orthodeoxia in 5% of cirrhotic patients.

There were significantly higher mean values of PaO
/PaCQ and @ sat. in supine than in erect position in cirrhotic
patients with orthodeoxia while in cirrhotic patien without
orthodeoxia, there were significantly lower Baf@ supine than in
erect position and PaGQevels was higher in supine position than
erect position. Therefore compared to supine, both and non-
OD patients showed at erect a small but signifigadiecrease in
PaCQ. this is in agreement witliGomez et al., 2004yvho noticed
the same results an(Edell ES, 1989)who found improvement in
PaQ in supine position in patients with orthodeoxiad afiKrowka,
1993) who found the mean PaOwas statistically lower in the
standing position than in supine position in paBenwith

orthodeoxia.

The prevalence of orthodeoxia in this study was in

agreement with some studies and with disagreemgmiothers.

Whether the differences between earlier and moreente
work reflect methodological differences or diffeces in subject

selection cannot be answered.

The previously demonstrated findings can be expthirby
the fact that in patients with liver cirrhosis, whehe patient is
standing, blood flow follows gravity to the base$ ihe lungs,
which has true anatomic intrapulmonary vascular atdtlons.

These abnormally dilated capillary blood vesselstha lung bases
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are situated far away from the alveolar epitheliufimis decreases
the oxygenation of blood in these segments, whielcolme more

intensified in an upright positionin other words, in normal seated
subjects, the ventilation to the apical alveolireighly half that of

the dependent alveoli. This distribution pattern determined

almost entirely by the gravity-dependent pleurakssure gradient
down the lungs acting in combination with the noeér volume

elasticity of the lungs. In the patients with livamirrhosis, the

distribution of a breath taken from resting lunglwoe (FRC) was

not preferential to the lower lung zones, but theras a marked

reduction in lower zones ventilation (reduction BaQ). This was

associated in some patients with a somewhat redlomedr zones

perfusion(Ruff f, 1971)

Therefore the further decrease in the arterial, ROcurring
in OD patients in the upright position can be ekmd by further
increase in magnitude of the shuf®ilverio M, 1977) when a
sudden gush of blood into the lower lobes of theghi caused by
gravity when the position is changed from supine dtanding
result in increased intrapulmonary shunt inducinghadeoxia and
tachypnea and hence lead to more ventilation/periusnismatch
(reduction in Pa® and Q saturation) and hyperventilation
(reduction in PaC9® (Gupta et al., 2001l)and on assuming the
supine position, O2 sat. revert to normal or nearmal where the

shunt decrease or reve(gdhash et al., 1998).

The notion that OD in cirrhotic patients is rethtéo an
increased intrapulmonary shunt points to a more eredt
pulmonary  vascular  tone inducing more heterogeneous

gravitational pulmonary blood flow redistributiono t dependent
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lung zones, possibly with more pronounced vasculdatations

and more ventilation/perfusion mismaighomez et al., 2004)

In non-OD patients, MQ imbalance improved at upright in
the face of increased minute ventilation and dewea cardiac
output, both of which tend to reduce intrapulmonatyunt, hence
increasing Pa® (Gomez et al., 2004)On the contrary, compared
to non-OD patients, those with OD deteriorated/Q/ inequality
despite similar changes in minute ventilation ar@rd@c output,
resulting in more intense arterial and mixed ventypoxemia. It
is therefore conceivable that the redistribution mpfimonary blood
flow in OD patients is more heterogeneous throughdbe
pulmonary vasculature and more dependent graui@ity than in
non-OD patients, hence favoring further,/§ imbalance (Gomez
et al., 2004)

Our study revealed the presence of significantbwer
mean values of DLco corrected in cirrhotic patientswith
orthodeoxia than with out orthodeoxia. This is dre tcontrary of
(Gomez et al, 2004)who noticed no significant difference

between the OD and non-OD regarding DLco correstate .

This is can be attributed to that OD is related &o
increased intrapulmonary shurfGomez et al., 2004) leading to
the increased diffusion distance for carbon monexiffom the
alveoli to the erythrocyte in the centre of the idagy blood
stream, resulting in a decrease in diffusion capac(Mimidis KP
et al., 1998)

Our results showed no significant relationship lestw

Child Pugh classification and orthodeoxia in citrbo patients.
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This is in agreement witfMohamed et al., 2002who found no
significant correlation between PaOgradient (orthodeoxia) and
Child Pugh score.

There was no significant relationship between CRildgyh
classification and hypoxemia or degree of hypoxenm cirrhotic
patient. This is in agreement witfiorenzo-Zufiga V et al., 2005)
who said thathypoxemia was observed without differences with
Child-Pugh classification (Mohamed et al.,, 2002)who noticed
the same results(Maruyama S, 1999)who said hypoxemia was
not associated with the Child- Pugh gradeange PA, 1995)who
found no consistent relationship between hypoxerared Child-
Pugh classification and(Krowka MJ, 1993) who found that
hypoxemia was not related to the severity of cisigo, but on the
contrary of (Vachiery F et al.,, 1997)who found among patients
with hypoxemia, the proportion of Grade C patientsas
significantly greater than the proportion of Grade or Grade B
patients and(Charalabopoulos K et al., 2007yvho found a weak

relationship between Pa@nd Child-Pugh score in his patients .

One explanation for these discrepant results ist tbar
study and other studies which show no significanoeere
performed in a small series of selected patientso wiere not

compared to non-hypoxemic patients with cirrhosis.

There was no significant relationship between  kgpaa
in supine and erect position with orthodeoxia imrhmtic patients.
This is in agreement witlfGomez et al., 2004who said that OD

was not related to supine nor to upright RPdével but on the
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contrary of (Culafic Dj, 2000) who said that orthodeoxia was

confirmed in all patients with hypoxemia in suppasition.

So not all hypoxemic cirrhotic patients in supin@sipion
have orthodeoxia on getting upright. This is beeawsthodeoxia
Is due to increased intrapulmonary shunt in theighpr position
worsening  hypoxemia if it has been already presbaot not
induce it whereas hypoxemia per se is multifaatonn origin
including changes in the affinity of hemoglobin fooxygen,
intrapulmonary and portopulmonary shunt, alveolam@apiléary
diffusion limitation, ventilation-perfusion Inequi, and
combinations of these factafisange PA, 1995)

There was no significant relationship between ricste
ventilatory disorders and DLco state in cirrhotiatipnt but the
incidence of reduced DLco was more significant thdhe
incidence of restrictive disorders. This is in a&gnent with

(Tulafi C, 2002)who noted the same results.

So not all cirrhotic patients with restrictive veatory
disorders have reduced DLco. This is because redugeco is
attributed to the increased diffusion distance &arbon monoxide
from the alveoli to the erythrocyte in the centré the capillary
blood stream, resulting in a decrease in diffusicapacity
(Mimidis KP et al.,, 1998)whereas restrictive ventilatory disorders
iIs due to tense ascites which compromise lung tiome and gas
exchange by the immobilized diaphrag{renth JP et al., 2002)
The incidence of reduced DLco was more significdhan the

incidence of restrictive disorders, because rdstac disorders
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affect those with moderate to severe ascites (sclBs and C)

whereas reduced DLco affect all child class classibn.

There was significant relationship between hypoca
and Child Pugh classification in patients with hveirrhosis . This
Is in agreement wit(Mohamed et al., 2002who found a weak
but significant inverse correlation between PaC&hd child Pugh
score and (Lorenzo-Zufiga V et al., 2005)who observedthat
hypocapnia was significantly more evident in Chi@l than in A
and B .

this is can be explained by the fact that hypocapm
patients with cirrhosis was found to be correlatedh levels of
progesterone and oestradiol, which are increased cimhotic
patients due to impaired liver metabolism leadintp
hyperventilation(Lustik SJ et al., 1997and(Loutfi S, 2000).

As liver cirrhosis become more advanced, liver ineliam
become more impaired and the level of these hormdnereased
more leading to more hyperventilation and more lcgpnia.

(Aller R et al.,, 1999)found that gas exchange abnormalities
are frequent in cirrhosis and the most frequenteralton is
hypocapnia which is associated with pulmonary vaatadion
that is more severe and more frequent in patienth wdvanced

hepatocellular dysfunction.

Our studies revealed the presence of significartigher
percent of abnormal A-aDOin supine position than in erect
position in  cirrhotic patient and all cases of btypmia have

significantly abnormal A-aD@ in supine position in patients with
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liver cirrhosis. This is in agreement wiilColle | et al., 2002)who
found 60% of the patients included in his study ihgvabnormal
A-aDO, > 20 mmHg and are hypoxemi¢Katsuta Y et al., 2005)
who found that hypoxemia was significantly observied patients
with an alveolar-arterial oxygen difference of mordan 15
mmHg (A-aDQ) and (Vachiery F et al.,, 1997)who said that
hypoxemic patients have significantly higher ahesarterial

oxygen gradient than normoxemic patients.

Also our study revealed that there is significantiggative
correlation between A-aDO and Pa® in supine position in

patients with liver cirrhosis

The previously observed findings can be explaingd that
abnormal A-aDQ@ is mainly due to a diffusion-perfusion (or
“diffusion-like”) impairment of oxygenation as a swdt of
intrapulmonary vascular dilationgvachiery F et al.,, 1997)which
are so dilated that diffusion of oxygen moleculestheir centre is
impaired, causing an increase in alveolar-artenalygen tension
difference  (A-aD@) (Thorens JB, 1992).In other words in
hepatic cirrhosis there are low V/Q areas in theeddent lung
zones which must contribute substantially to deswda arterial
oxygen tension and increased alveolar-arterial emygtension
differences (Ruff f, 1971) and this explain why all cases of
hypoxemia have significantly abnormal A-apPOin supine

position in patients with liver cirrhosis.

At upright position, X/Q imbalance improved in the face
of increased minute ventilation and decreased aardiutput, both

of which tend to reduce intrapulmonary shunt so roumg A-
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aDO, (Gomez et al.,, 2004)Therefore the incidence of abnormal
A-aDO, are more in supine than erect position which ineagrent

with our study.

Since PaC@ does not rise but on the contrary it is reduced
in cirrhosis, therefore any decrease in Pa@ust be associated
with an increase in the alveolar—arterial ,P@ifference (A-aPg
(Cardus J et al, 1997)

Our study also revealed no significant relationsloptween
A-aDO, in erect and supine position and Child Pugh clesgibn
in patients with liver cirrhosis. This is in agresmh with
(Krowaka MJ et al., 2000)who said that no difference was found
when A-aDQ was analyzed by CP classificatio(Colle | et al.,
2002) who said that there was no correlation between OA-a
gradient changes and Child-Pugh grade chan@estsuta Y et al.,
2005) who said that the Child Pugh score of the patiewith
abnormal A-aD¢ was higher than the score in those with normal
A-aDo, values but no significant difference but on the tcany of
(Lorenzo-Zuhiga V et al., 2005who said that, the most prevalent
gas exchange abnormality in cirrhosis was the aimr of
alveolar-arterial oxygen tension gradient, directtprrelated with
hepatocellur dysfunction andPrzybylowski T et al., 2006Wwho
found significant correlation between A-aRpO and Child Pugh

score.

We have found that, no significant relationshipwestin A-
aDO, and DLco corrected state in both supine and terec
positions in patients with liver cirrhosis. this in agreement with
(Tufali C, 2002) who found no significant difference Mphamed
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et al., 2002 who found no correlation between A-aDand DLco.

This is because the cause of either one is différem another.

Our study revealed significant relationship  between
orthodeoxia and A-aDOin supine but not in erect positions in
patients with liver cirrhosis in which patients whbad an
increased A-aD® in the supine position showed significant
orthodeoxia. This is in agreement witfKatsuta Y et al, 2005)

who found significant relationship.

This can be explained by the presence of impairnaard/or
a defective pressor response of the pulmonary latsca (i.e.,
hypoxic vasoconstriction)(Agusti AG, 1996) and the widespread
pulmonary vasodilatation (particularly in the lundpases) in
patients with advanced cirrhogSchraufnagel DE, 1996)

The pulmonary vascular bed is a low-pressure systath
a mean pressure below 25 mmHg, and it tends to t=atlg
influenced by gravity. In the bases of the uprighings,
physiological alveolar ventilation is minimal (i.ethe smallest
ventilation-perfusion ratio), while blood flow isngreased and the
hydrostatic pressure rises due to the effect olvitraln patients
with chronic liver disease who show orthodeoxiagréfiore, sitting
up should provoke and/or augment vasodilatation andrease
blood flow in these regions because of the pooistasce to a rise
in hydrostatic pressure, leading to a further rédac of the
ventilation-perfusion ratio(Katsuta Y et al, 2005) Thus, it is
possible that the orthodeoxia observed in our ptdieindirectly
indicates deterioration of the pressor responseth& pulmonary

vasculature and/or the existence of IPVD.
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We did not find any significant relationship betweacid base
disturbance in cirrhosis and A-aR@ erect and in supine position in

cirrhotic patient

This is on the contrary dKatsuta Y et al., 2005)ho found that
respiratory alkalosis was significantly observed patients with an

alveolar-arterial oxygen difference of more thamifiHg (A-aDQ).

| will try to find a logical explanation fofKatsuta Y et al., 2005)

finding and try to rule it out.

(Katsuta Y et al., 2005jinding may be due tdwypocapnia in
patients with cirrhosis that was found to be cated with levels of
progesterone and oestradiol, which are increasedrimotic patients due
to impaired liver metabolisnfLustik SJ et al, 1997Wwhere they are
respiratory stimulant causing hyperventilation aadpiratory alkalosis.
These hormones have a well-known role in the réguaf vascular tone
and they are related to pulmonary vasodilatatiorciinhotic patients
(Aller R et al., 2002)causing oxygen molecules diffusion impairment
resulting in an increase in alveolar-arterial oxygension difference (A-
aD0O,) (Thorens JB, 1992)

We disagree with the previous study ard é@xplanation because
hyperventilation causing respiratory alkalosis isltifactorial in origin
other than progesterone and oestradiol includirgyagéd ammonia,
altered blood brain barriers and tense asciteadtiition(Ordiales JJ et
al., 1996) found no relationship between hyperventilation athe

circulating level of progesterone.
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SUMMARY AND CONCLUSIONS

This study was done to asse$® pulmonary function in patients

with liver cirrhosis

The study included 50 patients with liver cirrhosif different
grades presented to National Liver Institute, MdiyauUniversity.

Inclusion criteria:
Patients with liver cirrhosis.
Exclusion criteria:

5. Patients with cardiac diseases e.g ischemic haseask
(IHD), congestive heart failure (CHF) and valvulaeart

disease.

6. Patients with chronic intrinsic lung disease e.droaic
obstructive pulmonary disease (COPD), bronchiahraat

pneumonia and lung fibrosis.
7. Patients with pleural effusion.
8. Patients with malignancy any where.
All included patients were subjected to the followng:
1. Thorough history taking and physical examination.

2. Laboratory investigations: liver function test imding albumin,

prothrombin time and bilirubin.
3. X-ray of chest: posteroanterior view and laterawi
4. Abdominal ultrasound.

5. Echocardiogram to exclude cardiac diseases.
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6. Arterial blood gases in supine and setting posititm

calculate the alveolar-arterial oxygen gradient artdodeoxia.

7. Diffusion capacity for carbon monoxide to measuiffusion

parameters.

8. Spirometry to measure forced expiratory volumerst Second
(FEV1) and forced vital capacity (FVC) to determine

ventilatory disorders.

9. The grading of liver insufficiency (A, B, C) is d@giined
according to Child Pugh score.

It was found that:

« The highest percentage of cirrhotic patients weigh normal
spirometric measures, reduced DLco corrected stedpiratory alkalosis,
hypocapnia, abnormal A-aRQvithout orthodeoxia and with negative

hypoxemia.

* Reduced DLco corrected State is the single nmsthwon affected lung

function test.

» There is negative correlation between age and FE¥1 FVC (%)
and DLco corrected in cirrhotic patients but natistically significant
relationship between FEV1 (%), FVC (%) and DLcoreoted regarding
gender.

* There are statistically significant differencesF&EV1 (%), FVC (%)
and DLco corrected in cirrhotic patients regardi@hild Pugh
classification, the highest levels presented is<lA and the lowest in

class C.

140
<o This PDF was created using the Sonic PDF Creator.

To remove this watermark, please license this product at www.investintech.com



» Respiratory alkalosis was the commonest metabatinormalities

among cirrhotic patients.

« The most prevalent gas exchange abnormality irhasis was the
alteration of alveolar-arterial oxygen tension geatl (A-aDQ) and

hypocapnia.

» The incidence of abnormal A-aD@as significantly higher in supine

position than in erect position in cirrhotic patie.

» All cases of hypoxemia have statistically abnor#&a DO, in supine

position in patient with liver cirrhosis.

* In patients with liver cirrhosis, hyperventilatiasm present that can be

multifocal in origin leading to respiratory alkalssnd hypocapnia.

 Cirrhotic patients with orthodeoxia have signifidgt higher Pa@ in
supine position than those without while the regesscurred regarding
PaO2 in erect position where orthodeoxic patiehtswed hypoxemia

whereas nonorthodeoxic showed improvement in,Ha@el.

» There are significantly higher mean values of R&AaCQ and Q sat.

in supine than in erect position in cirrhotic patgewith orthodeoxia.

* The incidence of reduced DLco corrected is mogaigcant than the

incidence of restrictive disorders.

* There is significant relationship between hygota and Child Pugh
classification in patients with liver cirrhosis wkehe incidence is more

among patients with Child class C than B than A.

» There is significantly negative correlation betweA-aDQ and Pa@

in supine position in patients with liver cirrhesi
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» There is significant relationship between oréhaxda and A-aD@in

supine position in patients with liver cirrhesi
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Patients With liver cirrhosis who shows signs of hypoxenmmathe absence of
cardiopulmonary abnormalities should be subjectedaitterial blood gas
analysis in the supine position looking for abndr&aDO,, if present, arterial
blood gas analysis in the erect position should ob¢éained looking for
orthodeoxia, if present, it is highly specific #dPS, therefore DLco should be
the next investigation, if it is abnormal, the pati may have HPS, and more

specific and diagnostic investigation for HPS sddug done.
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