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ABSTRACT

Complications of respiratory system in patients suffering from chronic renal failure who are treated with regular haemodialysis are well
known. However, the influence of the duration of haemodialysis on pulmonary function is less understood. The aim of this study was to
determine spirometry changes in patients on chronic haemodialysis over a five-year period.

We tested 21 patients, out of which 11 female and 10 male, mean age of 50 (+11) years. The mean duration of haemodialysis was 52.2
(+44.7) months at the time of the inclusion. We performed spirometry testings in all patients, one hour before start and one hour after
completion of haemodialysis.

All parameters of spirometry recorded one hour after completion of haemodialysis (FVC, FEV,, FEF,;, 4, o5 % of predicted), improved
significantly (p<0,01). After five years, only FVC demonstrated significant decline and none of the recorded spirometry parameters improved
significantly one hour post haemodyalisys compared to pre-haemodialysis period. Analysis of post-dialysis parameters of spirometry at the
study onset and following five years of haemodialysis showed that all parameters, except FEF, (p>0,05), significantly deteriorated (p<0,01).

Patients who are on long term haemodialysis show a significant decline in FVC following five years of treatment. Although the spiro-
metry changes in observed population treated with chronic haemodialysis have reversible character during the first years of renal repla-
cement therapy, five years after these changes become irreversible.
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REZUMAT

Modificiri spirometrice in timp la pacientii uremici tratati cu hemodializi cronici

Complicatiile in sfera respiratorie la pacientii suferind de insuficienta renali cronica sub tratament cu hemodializa sunt bine cunoscute.
Totusi, influenta duratei hemodializei asupra functiei pulmonare este mai putin inteleasa.

Am analizat 21 de pacienti, 11 femei si 10 barbati, cu media de virsta 50 de ani (+11). Durata medie a hemodializei a fost de 52,2
(£44.7) luni Ia momentul includerii in studiu. La toti pacientii s-a ficut spirometrie, o ord inainte de inceputul si o ord dupi incheierea
sedintei de hemodializa.

Toti parametrii spirometrici inregistrati la o ord dupa incheierea hemodializei (CVF, VEMS, FEF75, 50, 25 exprimate % din prezis)
s-au ameliorat semnificativ comparativ cu masuritoarea pre-hemodializi. Analiza parametrilor spirometrici post-dializa Ia incepututl studi-
ului si dupa o urmarire de 5 ani, a ardtat ca toti parametrii, cu exceptia FEF50 (p>0,05), s-au deteriorat semnificativ (p<0,01).

Pacientii aflati pe hemodializi pe termen lung demonstreaza un declin al CVF dupa 5 ani de tratament. Desi modificarile spirometrice
observate la populatia tratati cu hemodializa cronicid au caracter reversibil in primii ani de terapie de substitutie, dupa cinci ani modifi-
cirile devin ireversibile.

Cuvinte cheie: spirometrie, uremie, hemodializi.

Introduction ma), pulmonary hypertension, pleural effusions, disfunction of
End stage of chronic renal disease known as uraemiais cha-  respiratory muscles, respiratory infections, uraemic pleuritis and
racterised with progressive and ireversible changes of kidneys  uraemic calcification?. Post mortem findings in large number of
and their function. Besides kidneys, almost all other organsand  patients indicate that changes also appear at alveolar-capillary
organic systems are affected at this stage of the disease.! Hence, —membrane. Pathophysiologic changes that accompany end-stage
the respiratory system is not spared from the complications of  chronic renal disease, as well as the haemodialysis itself, lead to
end-stage chronic renal disease, although chronic haemodyali-  thickening of this membrane, followed by all the consequences
sis itself may have the negative effect on lung function as well.2  that could affect the respiratory system!-.
Most commonly described complications of uraemic syndrome Effects of chronic and especially long term haemodialysis on
involving respiratory system are: uraemic lung (pulmonary oede-  respiratory function along with its complications are less
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Table I.
% predicted values of spirometry parameters before and
after haemodialysis during the study year zero
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Table II.
% predicted values of spirometry parameters before and
after haemodialysis after five years of study

Before After p - value ** After haemodialysis, | After P
haemodialysis | haemodialysis year zero haemodialysis | - value **
FVC (% predicted 83,99 (17,7) 103,3 (11,29) |p < 0.01 FVC (% predicted 76,7 (17,1) 77,1 (16,5) ns.
mean value + SD) mean value + SD)
FEVI (% predicted, | 88,55 (18,15) |103,8 (10,6) |p < 0.01 FEVI (% predicted | 83,3 (18,1) 849 (147)  |ns.
mean value +SD) mean value + SD)
FEVI/FVC (%mean | 88,3 (9,7) 86,3 (10,1) |ns. FEVI/FVC (%mean |89 (7,2) 90,9 (7,8) ns.
value = SD) value + SD)
FEF 75 (% predicted, 81,3 (25,1) 100,8 (25,9) p < 0.05 FEF 75 (% predicted | 79,3 (20,3) 78,9 (18,5) ns.
mean value + SD) mean value + SD)
FEF 50 (% predicted, 79,9 (25,1) 98,2 (27,2) p < 0.05 FEF 50 (% predicted | 78,6 (26,4) 85,1 (20,4) ns.
mean value + SD) mean value + SD)
FEF 25 (% predicted, | 83,1 (27,3) | 1099(27,6) |p < 0.05 FEF 25 (% predicted | 90,5 (27.6) 1051 314) |ns.
mean value + SD) mean value + SD)

** Student t-test; n.s. = non significant

known. 49 Literature data on this topic are insufficient and con-
tradictory. 1,45 9-15

Technical improvement in haemodialysis process is followed
by prolonged survival of this patients’ population, hence uremic
as well as the treatment complications are more expressed.
Regarding all stated above, this study was designed with the aim
to follow the effects of long term haemodialysis on respiratory func-
tion (spirometry tests).

Methods

Initially 30 patients were included in this study, out of
whom 9 died during the five year time period. Twenty one
patient was analysed, including 11 female and 10 male
patients. All patients were treated at the International dialy-
sis centre Banja Luka and they all signed the informed con-
sent for the participation in this study. All patients were
non-smokers. In this study we included patients without the
presence of any acute or chronic lung disease, cardiac or any
chest disease, connective tissue disease and without any immu-
nosupresive treatment (eg cyclophosphamide).

Patients were treated with haemodialysis three times per week,
but were never treated with peritoneal dialisys or had renal tran-
splantation. Duration of haemodialysis per one visit was indivi-
dually tailored according to patients’ needs and it was between
180 and 240 minutes.

Haemodialysis was performed using Gambro and Fresenius
machines with controlled ultrafiltration. Bicarbonate module was
used as well. Dialisators used were as follows: E,H, F, Fg,, Fe.
4000-5000 IU of heparin were given to each patient continuously
during haemodialysis.

Study design

Medical history of all patients was noted at screening. Basic
spirometry testing was performed to all patients along with
physical examination. We measured following spirometry
parameters: forced vital capacity (FVC), forced expiratory
volume in the first second (FEV,), forced expiratory flow at
75%, 50%, 25% VC (FEFy5, 50, o5)-

Three consecutive spirometry testings were performed one
hour before and three consecutive spirometry testings were per-
formed one hour after hemodialysis, during the year zero (2003)

37

of the study as well as five years later (2008). Out of each three
consecutive testings, the best result was included in analysis. We
used Micro Medical Ltd portable spirometer for lung function
testing in our study. Quality control of used spirometer was assured
by regular testing which was performed according to AT'S/ESR
criteria in order to gain valuable results. 16

Student t-test was used for statistical analysis. Results are pre-
sented using descriptive statistical measures such as mean and stan-
dard deviation; p < 0,05 was taken as statistically significant.

Results

From all data that were collected in this study, only results
obtained from 21 patients who finished the study were analysed.
Mean age of patients included in this study was 51 years (+ 11).
Mean time spent on haemodialysis at beginning of the study (year
zero) was 52,2 (44,7) months. During the year zero, all patients
had spirometry testings performed, one hour prior to and one
hour after haemodialysis. Out of all patients observed in our
study, during the year zero and five years after, only one patient
had values of FEV,/FVC < 70% (in pre-dialysis and post-dialy-
sis period). During the year zero six patients had FVC < 80%
prior to dialysis, which reversed to normal in all patients in our
study. All recorded spirometry tests showed statistically signifi-
cant recovery after haemodialysis (p<0.1) (Table I).

Five years after initial spirometry testing, FVC < 80%
during pre-dialysis period was found in 13 patients while
during the post-dialysis period, FVC < 80% was found in 12
patients. This time, none of measured spirometry parame-
ters (FVC, FEV,, FEF; 5, 5 % of predicted values) showed
statistically significant recovery (Table II).

In order to ilustrate decline in spirometry parameters five years
after initial testings, we made comparison between pre-dialysis
values during the year zero and pre-dialysis values five years after
(Table III). Statistically significant decline in FVC was noted
(p<0.05) while there was no significant difference in other spi-
rometry parameters (Figure 1).

Similarly, we compared post-dialysis spirometry testings in the
same way and found that all of them (FVC, FEV, FEV,/ FVC,
FEF 5, 5, 5, % predicted values) show statistically significant decline
(p<0.01) except for FEF,,(p > 0.05) (Table IV).
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Table III.
Comparison of pre-dialysis spirometry parameters (% predic-
ted mean values of spirometry parameters) during the year
zero and year five of the study

Table IV.
Comparison of post-dialysis spirometry parameters (%
predicted mean values of spirometry parameters) during
the year zero and year five of the study

Before Before p - value ** After After P
haemodialysis, | haemodialysis, heamodialisys, | haemodialisys, |- value **
year zero year five year zero year five
FVC (% predicted | 83.99 (17.7) | 76.7(17.1) p <001 FVC (% predicted 1033 (11.29) | 77.1 (16.5) p < 0.01
mean value+SD) srednja vrednost=SD)
FEVI (% predicted | 88.55 (18.15) | 83.3 (18.1) ns FEVI (% predicted | 1038 (10.6) | 849 (14.7) p <001
mean value+SD) srednja vrednost=SD)
FEVI/FVC (%mean | 88.3 (9.7) 89 (7.2) ns FEVI/FVC (%srednja | 86.3 (10.1) 90.9 (7.8) p <0.01
value+SD) vrednost+SD)
FEF 75 (% predicted | 81.3 (25.1) 79.3 (20.3) n.s FEF 75 (% predicted | 100.8 (25.9) | 78.9 (18.5) p < 0.01
mean value+SD) srednja vrednost+SD)
FEF 50 (% predicted | 79.9 (25.1) 78.6 (26.4) n.s. FEF 50 (% predicted | 98.2 (27.2) 85.1 (20.4) n.s
mean value+SD) srednja vrednost+SD)
FEF 25 (% predicted | 83.1 (27.3) 90.5 (30.7) ns. FEF 25 (% predicted | 101.9 (27.6) 105.1 (31.4) p <0.01
mean value+SD) srednja vrednost+SD)
** Student t-test; n.s. = non significant
Discussion & conclusions Figure 1.

Results of our study show that both prolonged end stage
chronic renal failure, as well as prolonged renal replacement
tratment with haemodialysis have negative effects on spiro-
metry parameters.

During the year zero values of spirometry tests, obtained post-
dialysis, significantly improved compared to the pre-dialysis tests.
Until nowdays, several studies were published which revealed
effects of uraemia and hemodialysis to spirometry parame-
tersl:10.1L13,1415 Most of them show positive effect of haemodial-
ysis on respiratory function which is the result of removal of fluid
excess, better diffuse capacity of lungs and increase in ventilation
of basal lung areal45.17-19, All mentioned things could be the rea-
son for initial improvement of respiratory parameters in our study.

Five years after initial testings none of the observed parameters
measured one hour post-dialysis improved significantly. In accor-
dance to slower improval of spirometry parameters after hae-
modialysis are results of post-dialysis testings obtained during year
zero and year five of the study. These results show significant de-
cline in post-dialysis spirometry parameters after five years, except
for FEF,, Altough significant number of studies which aimed to
perceive the effects of haemodialysis on respiratory function were
published, literature data is deficient in revealing longterm effects
of uraemia and haemodialysis on spirometry parameters, which
makes our study unique. Possible pathophysiology mechanisms
that explain gained results in our study are: progression of lung
oedema known as uraemic lung, changes at alveolocapilar mem-
brane and progression of pulmonary hypertension. First link of
this pathophysiological chain is phenomenon of so called
microinflammatory state which accompanies this population20-28.
Mostly mentioned causes of this state are: postsintetic protein modi-
fication??, oxidative stress, type of dialysis membrane or dialy-
sis technique?!, haemodialysis quality?233 and infection®!. It is well
known that one of the leading mediators of inflammation is tumor
necrosis factor (TNFa). On the other hand, this factor plays sig-
nificant role in lung smoth muscle cells endotelin — 1 release (ET-
1)343536_ This cascade of mediators of inflamation might affect
respiratory function, and consenquently spirometry parameters.
ET -1 has double effect, which is bronchoconstrictive and vaso-
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Dynamics of FVC spirometry parameter changes in time

constrictive on one side and proinflammatory on the other side,
which enables vicious circle of pathophysiological events.
Summary effect of ET — 1 on bronchial tree might manifest as
bronchoconstriction and inflammation accompanied by conse-
quent fibrosis®”. This fact is supported by the studies which claim
that patients in terminal stage of uraemia treated by repeated hae-
modialysis have two to six times higher values ET-1 compared
to healthy population 38-42,

Knowing the effect of ET — 1 on pathogenesis of pulmona-
ry hypertension and all its effects on respiratory function, ilustrative
are results of several studies which show that 40% of patients trea-
ted with repeated haemodialysis are diagnosed with pulmonary
hipertension’-8:20-27.36-42_ Besides all stated it is important to note
that dialysis membrane is defined as cause of decline in respira-
tory function!214-

Our study has few limitations. We included relatively small
number of patients. Reason for that lays in the fact that small num-
ber of patient gave their informed consent. Beside this, further
testing of respiratory function (diffusion capacity for CO) was



impossible. We did not perform chest X-ray in patients inclu-
ded in our study which can be a bias because the decline in lung
function due to inflammation can not be distinguished from those
due to pleural problems.

In our calculations we did not include results obtained from
9 patients who died during the study period, but the mean valu-
es of all spirometry testing results were not significantly different
from results of included patients at year zero.

To conclude, spirometry changes in observed population trea-
ted with chronic haemodialysis have reversible character during
the first years of renal replacement therapy. On the other hand,
along with the progression of the disease, microinflammatory chan-
ges which include activation of whole spectrum of mediators deve-
lop. Consequently, complications of the same process which have
irrevesible character develop, which might explain the irreversibility
of the spirometry changes after the renal replacement therapy.

Reference
1. Prezent DJ. Effect of uremia and its treatment on pulmonary function. Lung
1990; 168: 1 — 14.
2. Siafakas NM, Argyrakopuloulos T, et al. Respiratory muscle strength during
continuous ambulatory peritoneal dialysis (CAPD). Eur Respir J. 1995; 8: 109 -113.
3. Bark H, Heimer D, Chaimovitz C, Mostoslovski M. Effect of chronic renal fail-
ure on respiratory muscle strength. Respiration. 1988; 54:153-61.
4. Bush A, Gabriel. Pulmonary function in chronic renal failure: effects of dialy-
sis and transplantation. Thorax 1991; 46: 424 — 428.
5. Rackow EG, FernElI, Sprung C, Grodman RS. Uremic pulmonary edema. Am
J Med 1978; 64: 1084 - 8.
6.  Wallin CJ, Jacobson SH, Leksell LG. Subclinical pulmonary oedema and inter-
mittent haemodialysis. Nephrology dialysis transplantation 1996: (11): 2269-2275.
7. Yigla M, Keidra Z, Safadi I, Tov N, Reisner AS, Nakhoul F. Pulmonary calci-
fication in hemodilaysis patients: Correlation with pulmonary artery preassure val-
ues. Kidney Int 2004; 66: 806 — 810.
8.  Yigla M, Nakhoul F, Sabag A, et al. Pulmonary Hypertension in Patients With
End-Stage Renal Disease. Chest 2003; 123:1577-1582.
9. Joseph G, MacRae JM, Heidenheim AP, Lindsay RM. Extravascular lung water
and peripheral volume status in hemodialysis patients with and without a history
of heart failure. ASAIO J 2006; 52: 423 — 429.
10. Herrero JA, Alvarez-Sala JL, Coronel F, Moratilla C, Gamez C, Sanchez-Alarcos
JM, Barrientos A. Pulmonary diffusing capacity in chronic dialysis patients. Respir
Med. 2002; 96: 487-92.
11. Kalender B, Erk M, Pekpak MA, Apaydin S, Ataman R, Serdengecti K, Sariyar
M, Erek E. The effect of renal transplantation on pulmonary function. Nephron
2002; 90: 72-7.
12. Karacan O, Tutal E, Uyar M, Eyuboglu FO, Sezer S, Ozdemir FN. Pulmonary
function in uremic patients on long-term hemodialysis. Ren Fail. 2004; 26: 273-8.
13. Taskapan H, Ulu R, Gullu H, Taskapan MC, Yildirim ZKosar F, Sahin I, Kaya
M. Interdialytic weight gain and pulmonary membrane diffusing capacity in patients
on hemodialysis. Int Urol Nephrol. 2004; 36:583-6.
14. Karacan O, Tutal E, Colak T, Sezer S, Eyuboglu FO, Haberal M. Pulmonary
function in renal transplant recipients and end-stage renal disease patients under-
going maintenance dialysis. Transplant Proc. 2006;38:396-400.
15. Lang SM, Becker A, Fischer R, Huber RM, Schiffl H. Acute effects of hemodial-
ysis on lung function in patients with end-stage renal disease. Wien Klin Wochenschr
2006;118:108-13
16 Miller MR, Hankinson J, Brusasco V, et al. ATS/ERS Task Force.
Standardisation of spirometry. Eur Respir J. 2005 Aug;26(2):319-38.
17. Kovacevic P, Matavulj A, Veljkovic S, Rajkovaca Z, Ponorac N, Huskic J.
Ventilator Function Improvement in Patients Undergoing Regular Hemodialysis:
Relation to Sex Differences. Bos J Basic Med Sci 2006; 6: 29 — 32.
18. Kovacevic P, Matavulj A, Veljkovic S, Dekic — Cado M, Rajkovaca Z, Ponorac
N. Hemodialysis efects on respiratory function. Acta Fac Med Naiss 2004; 21:
119 - 126.

39

Pneumologia vol. 60, nr. 1, 2011

19. Abassi Z, Nakhoul F, Khankin E, Reisner AS, Yigla M. Pulmonary hyperten-
sion in chronic dialysed patients with arteriovenus fistula: pathogenesis and ther-
apeutic prospective. Curr Opin Nephrol Hypertens 2006; 15: 353-360.

20. Pastan S, Bailey J. Dialysis therapy. N Engl ] Med 1998; 338:1428-1436.

21. Ifudu O. Care of patients undergoing hemodialysis. N Engl ] Med 1998;
339: 1054-1062.

22. Stewart DJ, Levy RD, Cernacek P, et al. Increased plasma endothelin 1
in pulmonary hypertension: marker or mediator of disease. Ann Intern Med
1991; 144: 464-469.

23. Giaid A, Yanagisawa M, Langleben D, et al. Expression of endothelin-1 in the
lungs of patients with primary pulmonary hypertension. N Engl ] Med 1993;
328:1732-1739.

24. Brooks DP. Role of endothelin in renal function and dysfunction. Clin Exp
Pharmacol Physiol 1996; 23: 345-348.

25. Belvisi MG, Stretton CD, Yacoub M, et al. Nitric oxide is the endogenous
neurotransmitter of bronchodilator nerves in humans. Eur J Pharmacol 1992;
210: 221-2.

26. Fagan KA, McMurtry IF, Rodman DM. Role of endothelin-1 in lung disease.
Respir Res 2001; 2: 90-101.

27. F ] Meyer, R Ewert, M M Hoeper, H Olschewski, ] Behr, ] Winkler, H Wilkens,
C Breuer, W Kiibler and M M Borst. Peripheral airway obstruction in primary pul-
monary hypertension. Thorax 2002; 57: 473-476.

28. Kaysen AG. Microinflamatory state in uremia: causes and potential conse-
quences. ] Am Soc Nephrol 2001; 12: 1549-1557.

29. Dawney A, Millar DJ. The pathogenesis and consequences of AGE formation
in uremia and its treatment. Cell Mol Biol 1998; 44: 1081-1094.

30. Mimic-Oka J, Simic T, Djukanovic L, Reljic Y, Davicevic Z. Alteration in plas-
ma antioxidant capacity in various degree of chronic renal failure. Clin Nephrol
1999; 51: 233-241.

31. Pomianek M], Colton CK, Dinarello CA, Miller LC. Synthesis of tumor necro-
sis factor o and interleukin-1 receptor antagonist, but not interleukin-1, by human
mononuclear cells is enhanced by exposure of whole blood to shear stree. ASAIO
J 1996; 42: 52-59.

32. Tielemans C, Husson C, Schurmans T, Gastaldello K, Madhoun P, Delville
JP, Marchant A, Goldman M, Vanherweghem JL. Effects of ultrapure and non-
sterile dialysate on the inflammatory response during in vitro hemodialysis. Kidney
Int 1996; 49: 236-243.

33. Vanholder R, Ringoir S, Dhond A, Hakim RM. Phagocytosis in uremic
and hemodialysis patients: a prospective and cross sectional study. Kidney Int
1991; 39: 320-327.

34. Xu ], Zhong NS. The interactio of tumour necrosis factor alpha and endothe-
lin-1in pathogenetic models of asthma. Clin Exp Allergy 1997; 27: 568-573.

35. Alastair G, Stewart PR, Wilson J. Airway wall remodeling in asthma: A novel
target for the development of antiasthma drugs. Trends Pharmacol Sci 1993;
14: 275-279.

36. Xu J, Zhong NS. Mechanisms of bonchial hyperresponsiveness: The interac-
tion of endothelin-1 and other cytokines. Respirology 1999; 4: 413-417.

37. Reichenberger F, Schauer , Kellner K, Sack U, Stiehl P, Winkler J. Different
expression of endothelin in the bronchoalveolar lavage in patients with pulmonary
diseases. Lung 2001; 179: 163-174.

38. Ghofrani AH, Voswinckel R, Reichenberger F, Weissmann N, Schemuly R,
Seeger W, Grimminger F. Hypoxia- and non-hypoxia-related pulmonary hyper-
tension-established and new thrapies. Cardiovasc Res 2006; 72: 30-40.

39. Miyauchi T, Sugishita Y, Yamaguchi I, Ajisaka R, Tomizawa T, Onizuka M,
Matsuda M, Kono I, Yanagisawa M, Goto K, Suzuki N, Matsumoto H, Masaki T:
Plasma concentrations of endothelin-1 and endothelin-3 are altered differently in
various pathophysiological conditions in humans. ] Cardiovasc Pharmacol 17[Suppl
7]: $394-S397, 1991.

40. Saito Y, Kazuwa N, Shirakami G, Mukoyama M, Arai H, Hosoda K, Suga S,
Ogawa Y, Imura H: Endothelin in patients with chronic renal failure. J Cardiovasc
Pharmacol 17[Suppl 7]: S437-S439, 1991.

41. Galie N, Manes A, Uguccioni L, et al. Primary pulmonary hypertension insights
into pathogenesis from epidemiology. Chest 1998; 114: 184S - 194S.

42. Warrens N A, Cassidy M J D, Takahashi K, Ghatei M A, Bloom R S. Endothelin
in renal failure. Nephrol Dial Transplant 1990; 5: 418-422.



