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THE EFFECT OF HOEMODIALYSIS ON PULMONARY
FUNCTION TESTS AND RESPIRATORY SYMPTOMS

IN PATIENTS WITH CHRONIC RENAL FAILURE
Hekmat R1, Boskabady MH2, Khajavi A3, Nazary A4

ABSTRACT
Objective: In the present study the effect of hemodialysis on pulmonary function tests (PFT) and
respiratory symptoms of CRF (Chronic Renal Failure) patients was studied.
Methodology: Respiratory symptoms of 18 CRF patients were recorded using a questionnaire,
before, in the middle and the end of dialysis. PFT values of patients were also measured in three
phases. In addition, baseline PFT values and respiratory symptoms of CRF patients (PFT values
and respiratory symptoms before dialysis) were compared with the data of a matched control
group of normal subjects (n=18).
Results: Most respiratory symptoms in CRF patients (cough, sputum and breathless) were
significantly more prevalent, than control group (p<0.005 to p<0.001). The values of forced vital
capacity (FVC), forced expiratory volume in one second (FEV1), peak expiratory flow (PEF),
maximal mid expiratory flow (MMEF) and  maximal expiratory flow at 75%, 50%, and 25% of the
FVC (MEF75, MEF50, and MEF25   respectively) in CRF patients were also significantly lower than
control group (p<0.001 for all cases). Most respiratory symptoms of CRF patients at the middle
and the end of dialysis were significantly lower than the beginning of dialysis. (p<0.05 to P<0.001).
In addition, some respiratory symptoms were also significantly improved at the end compared to
the middle of dialysis (p<0.05 for all cases). However, the dialysis did no effect PFT values in CRF
patients.
Conclusion: The results of this study showed that dialysis in CRF patients can improve the
respiratory symptoms but has no effect on PFT values.
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INTRODUCTION

Changes in the mechanics of lung can occur
without any respiratory symptoms and signs
in patient with chronic renal failure (CRF). In
CRF patients without primary pulmonary dis-
ease, these changes include: 1) Reduction of
vital capacity which indicates restrictive pul-
monary disease without evidence of airway
obstruction 2) Negative correlation between
lung’s diffusing capacity for carbon monoxide
(DLco) and serum level of urea.1,2 3) Increased
interstitial fluid in the lung causes edema
around the small airways resulting in their
earlier obstruction which can be the cause of
respiratory disorders in these patients.2 The
effect of hemodialysis in CRF patients was
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mainly related to changes in volume of body
fluids. Dialysis leads to decrease in the water
content of the lungs which can lead to reduc-
tion of pulmonary edema and small airway
obstruction.3,4

Cardio- pulmonary disorders are the main
causes of mortality and morbidity in CRF
patients. The goal of dialysis should be
improvement of cardio-pulmonary function in
these patients. The effect of uremia, on pulmo-
nary function tests due to accumulation of in-
terstitial fluid in the lungs and respiratory
muscle weakness was previously demon-
strated.1,2,5,7 It was also shown that hemodialy-
sis can improve PFT values in CRF patients.5

Pleural effusion due to water overload and
decreased diffusion lung capacity, can also
contribute to pulmonary problems in chronic
hemodialized patients.8-10

The effects of hemodialysis in patients with
CRF are mainly related to changes of volume
of body fluid leading to reduction of the
amount of water in lungs following dialysis.1

The respiratory disorders existing in CRF pa-
tients with chronic dialysis could be due to
chronic edema of lungs around small airways
causing obstruction of these airways.10 This
could finally lead to lung fibrosis and decrease
of pulmonary function tests values.3,4 How-
ever, dialysis filter can cause, activation of
complement and release of anaphylatoxines
which can have a deteriorating effect on res-
piratory system. Therefore, in CRF patients
without primary respiratory diseases, under-
going, chronic long term hemodialysis;
theoretically two factors can cause respiratory
abnormalities including: 1) Increased intersti-
tial fluid of the lung and pulmonary edema
leading to obstruction of small airways and fi-
nally lung fibrosis.5 Dialysis of CRF patients
could have a beneficial effect on this factor at
least in the early stages and can lead to im-
provement of respiratory symptoms and even
PFT values. 2) Immune response resulting from
contact of blood, with dialysis bio-incompat-
ible filters, can cause respiratory symptoms.3

In this case dialysis can deteriorate respiratory
status.

Therefore in this study pulmonary function,
tests and respiratory symptoms of CRF patients
at the beginning, in the middle and at the end
of dialysis were assessed to evaluate the effects
of hemodialysis on respiratory status of these
patients.

PATIENTS AND METHODS

Subjects: Eighteen CRF patients as study group
and 18 normal subjects as control group were
selected. CRF patients were recruited from
hemodialysis unit, department of nephrology,
Ghaem hospital Mashhad,Iran and normal
subjects were selected from visitors of the
Ghaem hospital. None of the subjects had pre-
viously diagnosed respiratory or cardiovascu-
lar disease. Only two normal subject of con-
trol group were smoker (Table-I). The duration
of chronic renal failure and hemodialysis in the
patients was between; 1 to 16 and 1-13.5 years
respectively (Table-II).
Methods: Respiratory symptoms of CRF patients
and normal subjects were recorded using a
questionnaire. Respiratory symptoms of CRF
patients were recorded three times (at the be-
ginning, in the middle and at the end of dialy-
sis. The questionnaire included questions re-
garding respiratory symptoms (cough, phlegm,
breathlessness and wheezing) according to pre-
vious studies,11-13 smoking habit, and duration
of CRF disease and dialysis. Pulmonary func-
tion tests of CRF patients and normal subjects
were measured using a spirometer with a
pneumotachograph sensor (Model ST90,
Fukuda, Sangyo Co., Ltd. Japan). Pulmonary
function tests (PFT) measurements of CRF pa-
tients were also recorded three times (at the
beginning, in the middle and the end of dialy-
sis). Prior to pulmonary function testing, the
required manoeuvre was demonstrated by the
operator, and subjects were encouraged and
supervised throughout test performance. Pul-
monary function testing was performed using
the acceptability standards outlined by the
American Thoracic Society (ATS) with subjects
in a standing position and wearing nose clips.14

All tests were carried out between 10.00 and
17.00 hours. Pulmonary function tests were
performed three times in each subject with an
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acceptable technique. The highest level for
forced vital capacity (FVC), forced expiratory
volume in one second (FEV1), peak expiratory
flow (PEF), maximal mid expiratory flow
(MMEF) and  maximal expiratory flow at 75%,
50%, and 25% of the FVC (MEF75, MEF50, and
MEF25   respectively) were taken independently
from the three curves.
Data analysis: The data of PFT values and age
were expressed as mean±SD and data of res-
piratory symptoms, as percentage of each
group having the correspond symptom. Dif-
ferences in the data of symptoms between CRF
patients and normal subjects and between be-
ginnings, middle and the end of dialysis were
tested by Fisher exact analysis on 2X2 contin-
gency tables. The data of PFT values and the
age between CRF patients and normal subjects
were compared using paired t test. Compari-
son of PFT values between beginning, middle
and the end of dialysis was made using, re-
peated measures analysis of variance
(ANOVA) test. P value less than 0.05 was the
criterion for statistical significance.

RESULTS

The age of studied subjects: The age of CRF
patients (mean±SD age 43.33±18.36 years) was
not significantly different with that of normal
subjects (mean±SD age 43.55±19.51 years,
Table-I).

Comparison of respiratory symptoms and PFT
values between patients with chronic renal failure
and normal subjects. Respiratory symptoms in
CRF patients including cough, sputum and
breathlessness, were significantly higher than
normal subjects (p<0.01 to p<0.001, Table-II).

In fact 39% of eighteen  patients with CRF (7
patients) had respiratory symptoms compared
to 6% of control group (1 subject). In addition
all PFT values (FVC, FEV1, PEF, MMEF, MEF75,
MEF50, & MEF25) in CRF patients were signifi-
cantly lower than no- rmal subjects (p<0.001
for all cases,Table-III).
The effect of hemodialysis on respiratory symp-
toms: All respiratory symptoms (cough, spu-
tum, breathlessness and wheezing) of CRF

Table-I: Characteristic of normal subjects and
patients with chronic renal failure (CRF).

Normal subjects CRF Patients

Number 18 (9M, 9F) 18 (9M, 9F)
Age 43.55±19.51 43.33±18.36
PCVD None None
PRD None None
Smoking 2 None
CRF duration - 1- 16 Years
Dialysis duration - 1- 13.5 Years
M: male, F: female PCVD: previous cardio vascular dis-
ease, PRS: previous respiratory disease.

Table-II: Comparison of respiratory symptoms
between normal subjects and patients with

chronic renal failure (CRF)
Respiratory Normal   CRF Stat. Dif.
Symptoms Subject Patients

No. % No. %
Cough
M, N 0 0 2 11 P<0.001
D 0 0 3 16.5 P<0.001
Sputum
M, N 1 5.5 2 11 NS
D 0 0 2 11 P<0.001
Breathless
nessM, N 0 0 0 0 NS
D 1 5.5 3 16.5 P<0.001
Wheezing
M, N 0 0 0 0 NS
D 1 5.5 1 5.5 NS
Values are presented as percentage of subjects of each
group having the corresponding symptoms (for each
group n=18). M, N: morning, night, D: day time,
Stat. Dif.: statistical differences, NS: non significant
differences.

Table-III: Comparison of pulmonary functional tests
(PFT) between normal subjects and patients with

chronic renal failure (CRF).
PFT Normal CRF Patients Statistical
Values subjects      dif.

FVC 97.77  ± 14.19 64.00 ± 26.16 p< 0.001
FEV1 97.74 ± 14.33 57.61 ± 16.35 p< 0.001
MMEF 96.11 ± 13.49 51.61 ± 28.00 p< 0.001
PEF 93.00 ± 7.91 63.00 ± 19.34 p< 0.001
MEF75% 97.22 ± 12.70 49.88 ±  23.32 p< 0.001
MEF50% 99.16 ± 13.04 52.83 ± 29.25 p< 0.001
MEF25% 105.38 ± 24.46 48.55 ± 49.16 p< 0.001
Values were presents as mean ± SD (for each group n=18).
FVC: forced vital capacity, FEV1: forced expiratory vol-
ume in one second, MMEF: maximal mid  expiratory flow,
PEF: peak expiratory flow, MEF75, MEF50, and MEF25:
maximal expiratory flow at 75%, 50%, and 25% of the
FVC, respectively, dif: differences.
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patients in the middle and at the end of dialy-
sis were significantly lower than the beginning
of dialysis (p<0.05 to P<0.001, Table-IV). In ad-
dition, some respiratory symptoms (cough,
sputum and breathlessness) were also
significantly improved at the end compared to
the middle of dialysis (p<0.05 for all cases,
Table-IV).
The effect of hoemodialysis on pulmonary function
tests: The dialysis did not affect PFT values in
CRF patients. There was no significant differ-
ence in PFT values of patients with CRF
between beginning, middle and the end of
dialysis (Table-V).
The effect of hoemodialysis on arterial blood gases
and blood pressure: There was no significant

difference in arterial blood gases in patients
with CRF between beginning, middle and the
end of hemodialysis.

DISCUSSION

The results of the present study shows sig-
nificantly greater respiratory symptoms and
lower PFT values in CRF patient compared to
matched normal subjects indicating the pres-
ence of respiratory disorders in these patients.
Most respiratory symptoms in patients with
chronic renal failure were significantly higher,
than normal subjects. In addition all PFT val-
ues in patients with chronic renal failure were
abnormally low (lower than 80% predicted
values) and were significantly lower than

Table-IV: Comparison of respiratory symptoms between beginning, middle and
the end of dialysis in patients with chronic renal failure (CRF).

Respiratory Beginning Middle Stat. Dif. End Stat. Dif. Stat. Dif..
Symptoms Mid. vs Beg. End vs Mid. End vs Big

No. % No. %

Cough M, N 2 11.0 0 0 P<0.001 0 NS P<0.001
               D 3 16.5 1 5.5 P<0.05 0 P<0.05 P<0.001
Phlegm M, N 2 11.0 0 0 P<0.001 0 NS P<0.001
               D 2 11.0 1 5.5 P<0.05 0 P<0.05 P<0.001
Breathless M, N 0 0 0 0 NS 0 NS NS
               D 3 16.5 1 5.5 P<0.05 0 P<0.05 P<0.001
Wheezing M, N 0 0 0 0 NS 0 NS NS
               D 1 5.5 0 0 P<0.05 0 NS P<0.05
Values are presented as percentage of subjects of each group having the corresponding symptoms (for each group
n=18), MN: morning night, D: day time. Statistical differences in different symptoms between beginning with middle
and the end of dialysis;
Beg: Beginning, Mid.: Middle, No.: Number, Stat. Dif.: statistical differences, NS: non significant differences.

Table-V: Comparison of pulmonary functional tests (PFT) between   beginnings, middle and
the end of dialysis in patients with chronic renal failure (CRF).

PFT Values Beginning Middle End

FVC 64 ± 26.16 57.11 ± 17.87 NS 61.5 ± 49.43 NS ns
FEV1% 57.60 ± 16.35 56.62 ± 19.32 NS 61.83 ± 37.03 NS ns
EFV1 99.72 ±  19.42 106.16 ± 12.36 NS 98.53 ± 26.68 NS ns
MMEF 51.61± 28.00 53.11±  26.71 NS 48.50 ± 23.32 NS ns
PEF 48.55 ± 19.34 45.44 ± 21.21 NS 46.44 ± 22.35 NS ns
MEF75% 49.88 ± 23.32 47.66 ± 25.24 NS 44.44 ± 35.76 NS ns
MEF50% 52.83 ± 29.25 53.27±  28.25 NS 50.94 ± 25.35 NS ns
MEF25% 63.00 ± 49.16 68.72 ± 42.69 NS 61.50 ± 30.34 NS ns
Values were presents as mean ± SD (for each group n=18). FVC: forced vital capacity, FEV1: forced expiratory
volume in one second, MMEF: maximal mid expiratory flow, PEF: peak expiratory flow, MEF75, MEF50, and MEF25:
maximal expiratory flow at 75%, 50%, and 25% of the FVC, respectively. Statistical differences in PFT values
between beginning with middle and end of dialysis; NS: non significant difference.
Statistical differences in PFT values between middle and the end of dialysis; ns: non significant difference.



normal subjects. The results also demonstrate
a significant beneficial effect of hemodialysis
on respiratory symptoms of these patients. Di-
alysis leads to significant improvement of res-
piratory symptoms of CRF patients and pa-
tients become symptom free at the end of di-
alysis. However dialysis did not affect PFT val-
ues of CRF patients.

The results of the present study also, showed
significant improvement of respiratory symp-
toms (breathlessness and wheezing) in CRF
patients after dialysis. These results also sug-
gest that one of the main causes of respiratory
symptoms in these patients is increased inter-
stitial fluid of the lung (pulmonary edema) and
obstruction of small airways. Dialysis can
reduce pulmonary edema around the small air-
ways which could lead to dilation of the small
airways (decrease closing capacity) and in-
crease ventilation especially at the bottom
(basal part) of the lung. The absence of a dif-
ference in cough and sputum between CRF
patients and normal subjects is perhaps due to
the effect of pulmonary edema on small air-
way causing mainly breathlessness and wheez-
ing rather than producing cough and phlegm.
Therefore dialysis did not affect cough and
sputum.

The dialysis did not improve the reduced PFT
values. The absence of the effect of dialysis on
PFT values may indicate lung fibrosis and
permanent reduction in PFT values. Increased
interstitial lung fluid in CRF patients can ob-
struct small airway which would not affect
PFT values. Therefore dialysis can reduce pul-
monary edema, dilate the small airways and
improve respiratory symptoms without affect-
ing PFT values. In fact most of the studied CRF
patients had long duration of both renal dis-
ease and dialysis. Therefore it would be
worthdwhile if CRF patents with shorter
duration of the disease were studied in this
regard in further studies.

Increased serum PTH level in CRF patients
can probably induce hypercalcaemia and lead
to induction of small calcifications in lung tis-
sues4 which are not apparent in chest radiog-
raphy, resulting in decreased lung diffusion
capacity (DLco). Early and more effective

hemodialysis and better control of, calcium,
phosphor and parathormone homeostasis in
uremic patients can probably better preserve
lung diffusion capacity.

In conclusion the results of this study show
that dialysis can improve respiratory symptoms
without affecting PFT values.
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