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There is an impairment of  all physiologic functions of  liver 
in patients with liver cirrhosis. Cirrhotic patients are at a 
risk for specific abnormalities of  pulmonary mechanics, 
hemodynamics, and ventilation perfusion mismatch.6-8 
Ascites occurring secondary to both cirrhosis and portal 
hypertension can cause restriction to lung expansion with 
characteristic decrease in the mean lung volume including 
total lung capacity (TLC) and residual volume (RV). 
Intrapulmonary shunting through collaterals and opening 
up of  arteriovenous shunts are the main determinants 
of  impaired gas exchange and can even develop without 
ascites. This study attempts to evaluate lung function 
together with respiratory efficiency in patients without 
severe ascites.9-12

Aim
The aim of  the study was to compare the changes in 
pulmonary functions in patients with liver cirrhosis and 
portal hypertension.

INTRODUCTION

Pulmonary function tests are very useful for the evaluation 
of  lung function in respiratory disorders. The liver plays 
a key role in critical metabolic pathways and systemic 
functions. It is strategically suited to perform this diverse 
function by being the first organ to receive the nutrient-
enriched blood from the portal system, the unique vascular 
structure of  the live. Cirrhosis of  the liver is characterized 
by the replacement of  normal liver tissue with collagen 
and fatty tissue as the number of  hepatocytes decreases.1-5 
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Abstract
Background: Decreased number of hepatocytes in cirrhosis may cause synthetic or metabolic dysfunction. Ascites due to 
cirrhosis and portal hypertension can cause restriction to lung expansion. Intrapulmonary shunting through collaterals and 
opening up of arteriovenous shunts are the main determinants of impaired gas exchange and can even develop without ascites. 
Cirrhosis also causes hypoproteinemia and decreased muscular efficiency.

Aim: The aim of this study was to evaluate lung function together with respiratory efficiency in patients without severe ascites.

Materials and Methods: In this case – control study, the following parameters were determined with a computerized spirometer 
“Super Spiro.” Respiratory efficiency tests, expiratory blast test, endurance test, and breath holding time were performed.

Results: There was a statistically significant fall in all the lung parameters studied. There was no change in the forced expiratory 
volume in 1 sec/forced vital capacity ratio. There was a statistically significant decrease in the respiratory efficiency tests in 
patients with cirrhosis and portal hypertension. There was a restrictive pattern of lung disease and also obstructive changes 
in small and mid-airways.

Conclusion: Liver cirrhosis and portal hypertension are associated with pulmonary complication. Early detection of pulmonary 
complication may lead to good prognosis of the disease.
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MATERIALS AND METHODS

A case–control study was done in a tertiary care hospital. 
Ethical clearance and patient’s informed consent were 
obtained. Patients who were in the age range from 20 to 
50 years were included in the study. Healthy volunteers in 
both genders with no history of  smoking and alcohol were 
included in the control group. Patients with cirrhosis, portal 
hypertension, and mild or moderate ascites were included; 
patients with other comorbidities were excluded from the 
case group. The following parameters were determined 
with a computerized spirometer “Super Spiro.” This has 
a volume transducer, which measures expired air directly 
at body temperature and pressure with saturated water 
vapor, forced expiratory volume in 1 sec (FEV1), forced 
vital capacity (FVC), FEV1%, peak expiratory flow (PEF), 
mid expiratory flow (MEF) 75, MEF 50, MEF 25, maximal 
mid expiratory flow (MMEF), and maximum voluntary 
ventilation (MVV). Respiratory efficiency tests, expiratory 
blast test, endurance test, and breath holding time were 
performed. All the values for control and study group were 
analyzed. The mean and standard deviation and appropriate 
Student’s t-test were performed.

RESULTS

There is a highly significant difference between FEV, FVC, 
PEF, MEF 75, MEF 50, MEF 25, MMEF, and MVV, with 
P < 0.0001 (Table 1). There is no significant difference in 
FEV1/FVC with P = 0.632 (Figure 1). Expiratory blast 
test and endurance test showed highly significant difference 
between case and control group (Figures 2 and 3).

DISCUSSION

Pulmonary function tests are very useful for the 
evaluation of  lung function in respiratory disorders. Being 

physiological tests, they can only indicate whether the 
disease process has caused the impairment of  function. 
They may not be detecting the early stage of  the disease. 
They also cannot make a specific clinical diagnosis. 
However, they can give an objective assessment of  the 

Figure 1: Comparison of case and control pulmonary function 
test results

Figure 2: Comparison of case and control expiratory blast test 
results

Figure 3: Comparison of case and control endurance test 
results

Table 1: Demographic and PFT results
Variables Mean±SD P value*

Control Case
Age 38.6±9.23 42.4±9.92 0.131
Male 26 (86.7) 26 (86.7) n/a
Female 4 (13.3) 4 (13.3) n/a
Height 160.8±5.44 162.4±5.48 0.242
Weight 65.83±5.35 62.4±8.64 0.069
PEF 406.6±57.02 235.93±35.27 <0.0001
MEF75 6.64±0.81 3.87±0.62 <0.0001
MEF50 4.86±0.64 2.63±0.50 <0.0001
MEF25 2.77±0.50 1.16±0.30 <0.0001
MMEF 4.50±0.60 2.25±0.35 <0.0001
MVV 114.80±12.97 55.73±7.90 <0.0001
*Student t test, PEF: Peak expiratory flow, MF: Mid expiratory flow, MMEF: Maximal 
mid expiratory flow, MVV: Maximum voluntary ventilation, PFT: Pulmonary function 
tests
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functional status of  the respiratory system and indicate the 
nature and extent of  functional disturbance in disorders 
associated with pulmonary impairment and disability. Serial 
measurements are useful in the following course of  the 
disease, evaluating therapy and determining prognosis. 
Edison13 studied the pulmonary function in patients with 
cirrhotic ascites and compared with normal controls. 
The vital capacity and MVV were significantly affected 
in patients with ascites. The functional residual capacity 
and TLC were low. He noticed that pulmonary function 
changes were restrictive in nature at the early stages; as 
the disease progressed, there was an obstructive type of  
change in the larger airways. He explained that the cause 
of  interstitial edema in cirrhosis included decreased plasma 
colloid osmotic pressure and the portopulmonary shunt 
that developed impairment of  the metabolizing function 
resulting in elevated endotoxins and histamine activity. 
This causes increased pulmonary capillary permeability. It 
further leads the lymph entering extrathoracic lymphatic 
vessels. Caruso et al.8 studied 27 patients with liver cirrhosis 
and 36 control subjects. They showed a decrease in peak 
expiratory flow rate (PEFR) and FEF 25. A  restrictive 
disorder was observed only in patients with child’s C with 
hyperbilirubinemia and lower albumin levels. Patients 
with esophageal varices had a decrease in FEF 25-75. In 
1998, Behra et al.5 also identified low FVC and FEV, with 
normal ratio in patients with portal hypertension, and a low 
PEFR was also reduced in patients. The present study also 
correlated with this observation of  a normal FEV1/FVC 
ratio. Hara et al.14 also reported that a fall in FEF 50 and 
FEF 75 explains similar to our study which may be due 
to mechanical compression on small airways by interstitial 
edema induced by the presence of  vasoactive substance 
and endotoxins in the circulating blood. One of  the studies 
reported the pulmonary functions in portal hypertension 
of  different etiologies with various grades of  ascites. They 
found that in cirrhotic patients without ascites, FVC, RV, 
TLC, and functional residual capacity were lower than 
the predicted values. In patients with ascites, FVC, FEV, 
and FEF (25-75) were lower than the predicted values. 
Patients with non-cirrhotic portal hypertension had normal 
pulmonary function. Another study explained that thoracic 
cavity plays an important role in the mechanical ventilatory 
function, and the alteration of  some of  its structures due 
to decompensate cirrhosis and the presence of  ascites and 
muscle atrophy directly influence its normal function. They 
showed that in cirrhotic patients, a decreased ventilatory 
function of  a restrictive type and decreased respiratory 
muscular tension which improved after the resolution 
of  ascites. The study group had decreased values of  VC, 
TLC, and RV. The diffusion capacity was altered. He also 
compared pulmonary function with albumin levels. They 
found that reduced albumin levels showed a decrease in VC, 

TLC, and diffusing capacity of  lung for carbon monoxide 
levels. In our study, there was a significant decrease in 
almost all the parameters studied, namely, FVC, PEFR, 
MMEF, MEF 25, MEF 50, and MEF 75 except FEV1%. 
This relates well with the study conducted by Abelmann 
et al.1 who studied the lung function in various cases of  
abdominal distension such as ascites, congestive cardiac 
failure, and pregnancy. They demonstrated the restrictive 
pattern in all the groups, especially a significant decrease 
in FVC. The increase in the rigidity of  the abdominal 
wall and subsequent muscle atrophy directly influences 
the respiratory muscle function resulting in restrictive 
ventilatory defect and increases the work of  breathing. In 
our study, this has been very well evidenced. There was a 
significant fall in MVV of  40 mmHg, endurance test, and 
expiratory blast test. Although ascites contributed to a 
major extent, there were other pathophysiological changes 
occurring in the lungs and also in the muscles which 
brought a huge significant fall in all the lung parameters 
studied. Although this fall leads to a restrictive pattern, 
there were also obstructive changes more so in the mid 
and small airways.15

CONCLUSION

There was a significant fall in all the lung parameters except 
FEV1/FVC in the study group compared to the control 
group. There was a significant change in the respiratory 
efficiency also. There was a huge fall in the expiratory flow 
rate. This explains the restrictive pattern of  lung disease and 
also obstructive changes in small and mid-airways. Liver 
cirrhosis and portal hypertension can cause pulmonary 
dysfunction. Early detection of  pulmonary dysfunction 
may improve the respiratory functions in patients with 
cirrhosis and portal hypertension.

REFERENCES

1.	 Abelmann WH, Frank NR, Gaensler EA, Cugell DW. Effects of abdominal 
distention by ascites on lung volumes and ventilation. AMA Arch Intern 
Med 1954;93:528-40.

2.	 Aboussouan LS, Stoller JK. The hepatopulmonary syndrome. Baillieres 
Best Pract Res Clin Gastroenterol 2000;14:1033-48.

3.	 Agusti AG, Rock J, Bosch J, Rodriguez-Roisin R. The lung in patients with 
cirrhosis. J Hepatol 1991;10:262-3.

4.	 Anand AC, Mukherjee D, Rao KS, Seth AK. Hepatopulmonary syndrome 
and clinical profile. Indian J Gastroenterol 2001:3-5.

5.	 Gupta D, Lalrothuama, Agrawal PN, Aggarwal AN, Dhiman RK, Behera D, 
Chawla Y. Pulmonary function changes after large volume paracentesis. Am 
J Gastroentrol 2000;88:6905-7.

6.	 Blendis L, Wong F. The hyperdynamic circulation in cirrhosis: An overview. 
Pharmacol Ther 2001;89:221-31.

7.	 Bosch J, Pizcueta P, Feu F, Fernández M, García-Pagán JC. Pathophysiology 
of portal hypertension. Gastroenterol Clin North Am 1992;21:1-14.

8.	 Caruso G, Catalano D, Corsaro A, Salerno M, Sciuto L, Sciuto V, et al. 
Respiratory function and liver cirrhosis. Riv Eur Sci Med Farmacol 
1990;12:83-9.



Thenmozhi, et al.: PFT in Liver Cirrhosis and Portal Hypertension

117 International Journal of Scientific Study | May 2016 | Vol 4 | Issue 2

9.	 Chao Y, Wang SS, Lee SD, Shiao GM, Chang HI, Chang SC. Effect of 
large-volume paracentesis on pulmonary function in patients with cirrhosis 
and tense ascites. J Hepatol 1994;20:101-5.

10.	 Mélot C, Naeije R, Dechamps P, Hallemans R, Lejeune P. Pulmonary 
and extrapulmonary contributors to hypoxemia in liver cirrhosis. Am Rev 
Respir Dis 1989;139:632-40.

11.	 Walker BR, Colledge NR, Ralston SH, Penman I. Disorders of pulmonary 
gas diffusion in liver cirrhosis. Davidsons Principle and Practice of 
Medicine. 20th  ed. Boulevard, USA: Elsevier’s Health Sciences; 2006. 
p. 954-7.

12.	 Culafic D, Perisic M, Rebic P. Ventilatory perfusion disorders in chronic 
liver diseases. Arch GE Hepatol 2002;21:3-4.

13.	 Edison EY. Pulmonary function changes in cirrhosis of liver. Am J 
Gastroenterol 1987;82:352-4.

14.	 Hara N, Yoshida T, Furukawa T, Inokuchi K. Abnormalities in maximum 
flow volume curve and closing volume in patients with hepatic cirrhosis. 
Jpn J Surg 1980;10:265-9.

15.	 Ruff F, Hughes JM, Stanley N, McCarthy D, Greene R, Aronoff A, et al. 
Regional lung function in patients with hepatic cirrhosis. J  Clin Invest 
1971;50:2403-13.

How to cite this article: Thenmozhi R, Jayaraman RM, Anandan H, Rao VB. Pulmonary Functions and Respiratory Efficiency in Patients 
with Cirrhosis and Portal Hypertension. Int J Sci Stud 2016;4(2):114-117.

Source of Support: Nil, Conflict of Interest: None declared.


