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Fall in peak expiratory flow during haemodialysis in
patients with chronic renal failure

A DAVENPORT, A J WILLIAMS
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ABSTRACT Peak expiratory flow rate (PEF) was measured during haemodialysis in 30 unselected
patients with chronic renal failure. The patients attended the hospital dialysis unit, where they
received regular dialysis using a cuprophan dialyser with acetate buffered dialysate. Mean PEF had
fallen by 60 1/min (13%) 30 minutes after the start of dialysis. In 10 of the 30 patients the fall in PEF
was over 15%, the maximum fall being 32%. After the initial fall PEF increased throughout the next
2 5 hours ofhaemodialysis, but it fell again at five hours in the 14 patients who had been dialysed for
four hours. During dialysis there was a reduction in blood white cell and platelet counts and in arterial
oxygen tension at 30 and 60 minutes (p < 0 05) and the white cell count and arterial oxygen tension
were still reduced at three hours. The coincidence of the fall in PEF at 30 minutes and the fall in
arterial oxygen tension suggests that bronchoconstriction might contribute to dialysis induced
hypoxaemia by causing ventilation-perfusion disturbances. Appreciable airway dysfunction
occurred in all the patients undergoing regular haemodialysis with new cuprophan dialysers and
acetate buffered dialysate.

Introduction

This study was undertaken after one patient, with a
history of wheeze, developed bronchoconstriction
repeatedly during dialysis with a new cuprophan
(reconstituted cellulose) dialyser. She required treat-
ment with nebulised salbutamol, intravenous
hydrocortisone, and oxygen on each occasion. This
dialysis induced asthma resolved when the cuprophan
dialyser was changed to one made of polycarbonate.

There have been single case reports of patients
who developed bronchoconstriction during haemo-
dialysis," in some cases only when dialysis was carried
out with cuprophan dialysers.2 Airway function
during haemodialysis has received little attention
otherwise. Previous studies of respiratory function
have concentrated on defects in gas exchange at the
alveolar-capillary membrane3 or on changes in minute
ventilation4 or tidal volume,5 in an attempt to explain
the hypoxaemia that develops during dialysis with a
cuprophan dialyser and against a dialysate buffered
with acetate.6
We decided therefore to measure peak flow rates
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throughout the procedure in patients undergoing
regular dialysis and to relate changes in PEF to dialysis
associated hypoxaemia.

Method

All 30 patients who attended the hospital
haemodialysis ward regularly for dialysis with the
GambroAK 10 artificial kidney machine were enrolled
in the study. The machines had a new 1 m2 flat plate
cuprophan dialyser (Gambro AB, Lundia, Sweden)
and used dialysate buffered with acetate.
The 30 patients included 24 men and their mean age

was 46 (range 18-66) years. They had been receiving
dialysis treatment for 6-148 months. The mean dura-
tion of a dialysis session was 4-3 (range 3-6) hours,
mean blood flow through the dialyser was 267 (range
200-300) ml/min, and mean transmembrane pressure
was 77 (range 0-200)mm Hg. Mean weight loss during
dialysis was 14 (range 0-8-1-8) kg. Patients answered a
detailed questionnaire about any past history of
allergic phenomena, smoking habits, respiratory
symptoms, and symptoms during dialysis.
Each patient was instructed in the use of a Wright

mini peak flow meter. Peak flow measurements were
recorded immediately before the patient was connec-
ted to the extracorporeal circuit, at 30, 60 and 180
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minutes after the start of dialysis, and then at hourly
intervals until dialysis was completed. At each time the
mean of three PEF values was recorded, provided that
there was a difference of less than 20 I/min between the
three measurements. Predicted PEF values were cal-
culated for each patient according to their age, sex,
and height.'

Blood samples were withdrawn before dialysis for
measurement of peripheral eosinophil count, serum
IgE concentrations, and ethylene oxide antibodies. In
15 patients arterial blood samples were taken
immediately before dialysis and at 30, 60 and 180
minutes during dialysis for measurement of arterial
blood gas tensions and peripheral blood counts.

Patients were excluded from the analysis if at the
start ofdialysis they were 2 kg or more from their ideal
dry weight, to minimise the effect of salt and water
retention and possibly pulmonary oedema on PEF.
Patients were also excluded if they had renal failure
associated with systemic disease known to be
associated with asthma-for example, polyarteritis
nodosa.

Statistical analysis was by Student's paired t test and
by analysis of variance. The Spearman rank correla-
tion test was used to test for correlations.

Results

Five of the 30 patients were current cigarette smokers
and five were ex-smokers. One smoker and one non-
smoker complained ofa regular cough but this was not
consistent enough to fulfil the Medical Research
Council criteria for chronic bronchitis. No patient had
a history ofasthma or any other atopic disease. Family
histories, when available, were also negative for
allergic disease. No patient was receiving cortico-
steroid or bronchodilator treatment. During the study
no patient complained of shortness of breath during
dialysis.

All 30 patients had normal peripheral blood eosino-
phil counts (< 0-4 x 109/l) and normal total serum
IgE concentrations (< 100 IU/ml). No patient had
serum IgE antibodies to ethylene oxide-albumin detec-
ted by radioallergosorbent testing.

Davenport, Williams
Table 1 Peak expiratoryflow (PEF) values before and 30
minutes after the start of dialysis

Predialysis PEF PEFat 30 min
Patient
No il/min % pred l/min %fall

1 433 70 360 16-9
2 307 69 275 10 3
3 587 100 516 12.1
4 360 63 326 95
5 563 97 479 15.0
6 560 125 476 15 0
7 600 101 543 9 5
8 440 74 310 30 3
9* 247 42 196 20 6
10 420 94 360 14 3
1 1 380 62 280 26-4
12 425 98 366 13-88
13 533 87 487 6-8
14 633 100 523 17-3
15 560 93 480 14-3
16 437 90 327 15 2
17 377 64 282 25 2
18 610 96 550 9-8
19 430 89 390 9 3
20 600 96 550 8-3
21* 220 38 150 31 8
22 607 102 599 1.2
23 500 82 474 52
24 450 73 387 14.0
25 520 83 460 11.5
26 443 76 388 12 5
27 450 74 390 13 4
28 437 70 437 0.0
29 457 82 406 11.1
30 474 80 442 67

*Patients with recurrent cough.

The PEF recordings are shown in tables 1 and 2.
Mean (SEM) PEF before dialysis was significantly less
than the predicted values (469 (19) v 573 (11 5) I/min (p
< 0-001)). During haemodialysis, mean PEF had
fallen by 13%, from 469 (19) to 407 (20) I/min, at 30
minutes (p < 0.01). Ten patients had a fall of 15% or

more (individual data available on request), the
maximum fall being 32%. There was a negative
correlation between the predialysis PEF % predicted
and the fall in PEF at 30 minutes (r = - 0-52, p =

0 004). There was no correlation between the amount
of fluid removed during dialysis and either the
predialysis PEF % predicted (r = - 0 07, p = 0 72) or
the percentage fall in PEF at 30 minutes (r = 0 19, p =

0-31).

Table 2 Change in mean (SEM) peak expiratoryflow (PEF) in all 30 patients during dialysis and arterial oxygen and
carbon dioxide tensions (Pao2, Paco2), serum bicarbonate, and peripheral white cell ( WBC) and platelet counts in 15 patients

Time PEF* PaO2 PaCO2 Bicarbonate WBC Platelets
(min) (Ilmin) (kPa) (kPa) (mmol/l) (10 9/1) (Jo 12//)

Before 469(193) 139(03) 48(07) 210(06) 69(05) 199(17)
30 407 (200)t 10-1 (1-2)t 4-7 (1-8) 21.2 (1-1) 4 4 (0-6)t 165 (1O)t
60 428(21 0) 97(1-4)t 48(1-1) 21 6(1-2) 6 1 (06) 171 (12)t
180 428 (21 0) 1 1 3 (15)t 4.7 (1-2) 23-9 (1 6)t 6-0 (0-6) 187 (12)

*PEF at 240 min: 415 (19) I/min (n = 29); 300 min: 410 (31) I/min (n = 14); 360 min: 429 (44) I/min (n = 11).
tP < 0-05 in the comparison with predialysis values.
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blood cell count (WBC) (baseline 6-9 (0-5) x
platelet count (baseline 199 (17) x 1012/1).

After 30 minutes PEF increased thi
remainder of dialysis. In 14 patients who
for more than four hours, however, there
fall in PEF after five hours from 458 (26)
min (p = < 0 05 in the comparison wil
PEF values).

In the 15 patients whose arterial bloo
were available there was a significant f,
tension (Pao2) from predialysis values at <
of analysis during dialysis, the maximun
60 minutes. There was a positive correla
% fall in Pao2 and % fall in PEF at 30 i

0-65, p < 0005). Arterial carbon dio:
(Paco2) did not change during dialysis; t
bicarbonate increased during dialysis bui
was significant only at three hours.

Both the peripheral white blood cell an
count fell during the early phase of dial)

course of these changes was similar to that for PEF
* p< 0.05 and Pao2 (figure). There was no significant correlation

between fall in PEF during dialysis and fall in either
peripheral white blood cell or platelet count.

Discussion

We have shown a significant fall in peak expiratory
flow during the first half hour of dialysis treatment in
patients undergoing regular hospital dialysis. The
mechanism underlying the reduction in PEF is un-
known but is probably related to the bio-
incompatibility of the dialyser membrane, causing the
release of inflammatory mediators.8 This would result
in the activation of complement,9 neutrophils,'°
macrophages," and platelets,'2 with the potential
for releasing mediators that could cause bronchocon-
striction.'3

-i Various allergic reactions, including anaphylaxis,
bronchoconstriction, flushing, and hypotension, have
been reported in patients during dialysis.'4 Most of
these adverse reactions have occurred during dialysis
with a new cuprophan dialyser,'5 and have been
reported to occur more frequently in patients with
greater activation of complement during dialysis.'6
Recently ethylene oxide, a sterilising agent used in the
manufacture of both the dialyser and the blood lines,
has been reported to cause allergic reactions during
dialysis.'7 In one study two thirds of the patients who

180 had anaphylactic reactions had had wheezing during
mlysis (min) dialysis.'8 In our study no patient had a raised total

serum IgE concentration or a positive result in the
atoryflow radioallergosorbent test for ethylene oxide antibodies,
bon dioxide suggesting that bronchoconstriction can occur in non-
pheral white atopic patients and is unlikely to be related to ethylene
109/l), and oxide sensitivity.

The changes in peak flow rate during dialysis are
likely to reflect a balance between the expected

roughout the improvement due to the removal of fluid during
were dialysed dialysis and bronchoconstriction due to bio-
was a second incompatibility. Respiratory function tests before and
to 410 (30)1/ after dialysis in previous studies have shown an
th predialysis increase in both maximal mid expiratory flow rates

and PEF, the increase being greater in patients who
J gas tensions lost more than 2 kg during dialysis.'9 This suggests that
all in oxygen peribronchial oedema before dialysis could be one
all three times reason for the low PEF % predicted in our population
n fall being at immediately before dialysis. Other causes, such as
ition between uraemic skeletal myopathy,/' could also be important.
minutes (r = The temporal relation between the fall in arterial
xide tensions oxygen tension 30 minutes after the start of dialysis
the calculated and the fall in PEF suggests that the two might be
t this increase linked, possibly as a result of inflammatory mediator

release. The fall in Pao2 is unlikely to have been due
id the platelet entirely to the fall in PEF, but bronchoconstriction
ysis. The time may have aggravated any hypoxaemia by increasing
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lung ventilation-perfusion inequalities. Other workers
have reported an increase in complement activation
associated with both a fall in Pao2 and an increase in
lung closing volumes, suggesting airway narrowing.2'

We would like to thank all the renal physicians at
Sefton General Hospital for permitting us to study
their patients and Mrs Marjorie Smith, secretary ofthe
Yorkshire Kidney Research Fund, for secretarial help.
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