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In order to Investigate the Incidence of pulmonary function 
rollowlng bone marrow transphmtatlon (BMT), 17 patients 

· tanllAeml~ and 8 with aplastic anaemia were sequentllally assessed 
year period. Before BMT, all the patients were free of resplra

'IIYDtPI<uns and had both normal chest X-ray and routine lung function 
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llnl,vtv,er, 5 patients disclosed airway hyperreac:tlvlty. Aplastic anae
had significantly lower haemoglobin-adjusted dlrfuslng capac

monoxlde (DLCO) than those with leukaemia, a Ondlng 
related to the lower haemoglobin values shown In the ronner 
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Following BMT there were transient mild to moderate reduc
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DLCO than those with aplastic anaemia. Fourteen or the 25 

ventllalory derects, Including 10 Individuals with bronchial 
tne.sponsl•fen,ess. Post-BMT lung runc:don chan~res were translently 
.. .,,•n•••tt by mild to moderate symptoms or respiratory disease In most 
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~o~~ene,rc bone marrow transplamation (BMT) is being 
y and successfuiJ y used in the 1rca1mcnt or 

re hacmnoological disorders [1, 2J. However, 
of serious and potentiaJiy fal.al complications 

Pm•~r~r1~n following BMT, irrespective of lhc pres
absence of graft-versus-host disease (GVHD) [3, 

prominent among these are pulmonary compli
y restrictive lung disease associated with 

pneumonitis [5]. In addition, there is increas
cmclcnc:c to support the view that obstructive lung 

also be present in BMT recipients, usually 
with GVHD [4, 6-13]. 

ng the observation of a fatal necrotizing oblit
shortly after BMT [10], we had 

noticed various pauems of both subclinical 
lung function abnormalities in BMT patients. 

findings led us to investigate th.e incidence of lung 
impairment in these patients. The present study 

in PM from a comprehensive screening progmmmc 
lhe incidence o( respimtory funct.ion complica

lowing BMT. The preliminary data collccrcd from 
recipients during one year in our institution are 

here. 

Methods 

Over a period of eighteen months, 32 patients received 
allogeneic BMT from first degree relatives (twice in 

a single patient). Three patients were not included be
cause they were too young to co-operate and 4 others 
died shortly after BMT. Of the remaining 25 patients 
reporled on here there were 17 females and 8 males, 
aged 24±2 yrs (SEM) (table 1). Thirteen were nonsmok
ers, 10 mild smokers (6.5±1.7 pack-yrs) and 2 exsmok
ers. Marrow transplantation was undertaken in 16 
patients for acute leukaemia, in 8 for severe aplastic 
anaemia, one of them with an associated nocturnal 
haemoglobinuria, and in one for chronic myelogenous 
leukaemia. All donors were HLA-identical, mixed 
lymphocyte culture negative siblings. Before BMT, all 
leukaemic patients were conditioned with cyclo
phosphamide (120 mg-kg·1 body weight) plus total body 
irradiation (10 Gy) with lung shielding at 8 cGy (dose
rate ranging from 5.85--8 cGy·min·1). Three of the 8 
patients with aplastic anaemia were conditioned wilh 
cyclophosphamide alone (200 mg·kg" 1

), while the 
other 5 received the same dose of the drug plus thoraco
abdominal irradiation (total dose of 6 Gy with the dose
rate ranging from 53-73 cGy·min"1) with lung shielding. 
Prophylaxis against GVHD was made with a standard 
melhotrexate regimen in 23 patients. Two patients, one 
with aplastic anaemia and another with chronic myelo
genous leukaemia, received cyclosporin A. Oral consent 
was obtained from all the participants in accordance 
with the ethical standards of the Clinical Research 
Committee from the Hospil.al Clinic-Universitat de 
Barcelona. 
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Table 1. - Clinical data of bone marrow transplantation recipients (n-25) 

Patient Sex Age Smoking Haematological GVHD Present 
habits disease situation 

yrs pack-yrs Day 

1 M 14 Non ALL (Ll) D 
2 M 22 Yes (14) AA Ac (ll) (24) A 
6 F 8 Non AA Ac (ll) (60) A 

Cr (I) (210) 
1 M lZ Non ANLL ~ Ac (ll) (12) D 

Cr (11) (75) 
9 F 16 Non ANLL (M4) A 

10 M 20 Yes (6) AA Cr (ll) (55) A 
11 M 23 Yes (9) AA Cr (I) (75) A 
12 M 30 Yes (7) AA A 
13 M 35 Non ANLL (M•) Ac (Ill) (14) D 
15 M 37 Ex (9) ANLL (Mz) Ac (IV) (16) D 
16 M 28 Non ANLL (Mt) Ac (IV) (34) D 
17 F 10 Non ANLL (M,) Ac (ll) (30) A 

Cr (I) (45) 
18 F 25 Yes (3) ANLL (M") Ac (IV) (40) D 60 
20 M 24 Non AA Ac (IV) (38) D 60 
21 M 44 Non ANLL (MJ Ac (IV) (27) D 30 
22 F 40 Non AA (PNH) Ac (I) (45) D 90 
23 F 11 Non ANLL (Mz) Ac (I) (20) D 90 
24 F 31 Yes (10) AA Ac (IV) (45) D 90 
26 M 24 Yes (3) ALL (T-cell) Ac (ll) (45) A 390 

Cr (I) (90) 
27 M 24 Yes (7) ANLL (M~ Ac (ll) (45) A 390 

Cr (II) (90) 
28 M 31 Yes (5) ANLL (M•) Ac (IIJ) (20) D 180 

Cr (ll) (lOO) 
29 M 32 Ex (16) ANLL (M") Ac (Ill) (30) A 390 

Cr (II) (60) 
30 M 9 Non ALL (unknown) D 110 
31 F 24 Non ANLL (M,) A 390 
32 M 39 Yes (1) CML Ac (ll) (13) D 45 

ALL: acute lymphoblastic leukaemia; AA: npi11Stic IUlaemia: ANLL: acute non lymphocylio leukaemia; CML: chronic myeloid leu· 
kaemia; PNH: paroxysm~tl noctumlll haemoglobinuria; GVHD: grnfi -v.r-host disct~se; Ae: acute, (I) mild, Cm moderate, (ill) mod• 
crnte-severc, (TV) severe; Cr: chronic, (l) mild, ([J ) moderate, (IU) severe; 0 : dend; A: lllive. 

Procedures 

Pulmonary evaluation was sequentially carried out 
before the conditioning regimen for BMT, and each 30 
days during the first trimester, and then each trimester 
following BMT (the day of bone marrow infusion was 
called "day 0"). In the event of any unexpected clinical 
complication, this evaJuation was supplemented as needed. 
Lung function tests were performed as follows: 
a) single-breath carbon monoxide diffusing capacity 
{DI.co) (Transfer Model A, PK Morgan) with correction 
for anaemia [14]; 
b) thoracic gas volume (Vtg) and airway resistance, 
expressed as specific conductance (sGaw). usrng a con
stant-volume body plet11ysmograph (Body-Pncumotest, 
E Jaeger) [ 15), inspiratory capacity (I C) and vilal 
capacity (VC) (Pulmonary System, HP 47804A. 
Hewlett-Packard) and residua l volume (RV) bcing calcu
lated from Vtg; 

c) forced vital capacity (FVC), forced expiratory vol· 
ume in one second (FE V,), and maximal flow rates at SO 
and 75% of FVC (MEF50lt> and MEF1ss• respectively) 
(HP 47804A); 
d) arterial blood gases were measured using an IL-1302 
and the aJveolar-arteria1 0

2 
difference (P(A-a)o2) was cal•. 

culated according to the simplified form of the alveolar 
gas equation (PAo

2
=Plo2-PAco/R). where PAo2 a~d PACOz 

are the oxygen and carbon dioxide alveolar partial pres
sures, respectively, Plo

2 
is the inspired 0 2 partial pre~

sure, and R corresponds to the exchange respiratory rauo 
(0.8); 
e) an abbreviated methacholine challenge test (one breath 
of 25 mg·ml-1 followed by 4 additional breaths o~ 2S 
mg-ml·') after first inhaling control saline solut.IOn. 
aecording to PARKER et al. (16]. 

Before BMT, all adult lung function tests except sGaw 
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Clllpresscd as a percentage of our own predicted 
[17. 18); for children, we used those of CASAN 

forced spirometry. those of PoLUAR and 
(20J for st.atic lung volumes, and those of the 

1110umam Thoracic Society for DLCO and carbon 
uansfer coefficient (Kco) (2 l j. Methacholine 

responsiveness was considered positive when 
fell from baseline by 16% after 1 breath or 20% 
~>reaths. These percenLagc falls correspond to x±2 

aner a methacholine challenge test, fiOm 115 
selected from 860 healthy nonsmokers l22J. Only 

values measured before transplantation arc 
After BMT, vcntilatory abnormalities were 

as follows: obstructive venlilatory pattern (FEY, 
85% and FEY/FYC mtio below 90% of pre-BMT 

and/or abnormal (positive) MTH hypcrrcspon
restrictive ventilatory pattern {FVC below 85%, 

mtio above 100% and total lung Ctlpacity 
below 90% of pre-BMT values), and, mixed 

-·.n.~•A·~· pattern (similar abnormal percentages, but 
the aforementioned criteria for obstructive or 

pattern). lo our laboratory these percenUJges 
pVC and FEY 1 represent a five-fold increase in their 

intra-individual coefJicients of variation: for 
of TLC lhey are twjce as high. 

Both paired and unpaired Student's L-tests, Mann
test and Fisher's e.xact test were used for 

Ul.iSiical analysis when appropriate. Bonferroni's cor
for the level of significance was used when 
comparisons were carried oul. To investigate 

oou"""""' of the type of hacmatological disease 
\111',....,.,._ anaemia versus leukaemia) on hacmoglobin
-.;usu~ Dt.co values measured before BMT, a stcpwisc 
,IJUJUpJe regression analysis was carried out Height, age, 

sex, haemoglobin (Hb) and type of disease were 
as covariables while actual Ou;o was considered 

the dependent variable, i.e.; 

I>Lco=a·hcight+b·age+c·wcight+d·sex+e·Hb+f·disease+g 

Both the level of significance (p values) and the amount 
of variability (r) explained by each covariable included 
in the regression were taken into account to analyse the 
results. 

Results 

Pulmonary manifestations before BMI 

Before marrow transplantation all the patients were 
fme of respiratory symptoms and had botl1 normal chest 
~hysical examinations and chest X-ray r.Jms. One pa· 
tiel nt (Case 6) had whooping cough when she was 5 yrs 
o d and another (Case 17) had asymptomatic asthma. 
Overall, litatic and dynamic lung volumes were well pre
served and none of the patients showed vcntilatory ab· 

normalities (table 2). Five patients (Cases I, 9. 17. 18, 
and 30) had bronchial hyperreactivity, as defined by an 
abnormal methacholine responsiveness, and three others 
(Cases 15, 28 and 32) an FEV.fFVC mtio lower than 
70% {66% each) the interpretation of which remains un
certain. Although mean DLCO was within nom1al limits, 
fourteen individuals had values below 80% predicted 
(range 65-79%); mean Kco was slightly reduced (79% 
predicted). Mean P(A-a)Q was also within the normal 
range, but eight patients ~!Splayed abnormally high val· 
ucs (>3.3 kPa (25 mmHg); range 3.4-5.4 kPa). 

Except for a significantly lower FEV" presumably 
without physiological significance, patients with leukae
mia had lung funcLion tests within the normal range. In 
contrast. patients with aplastic anaemia had both Dt.co 
and Kco values below 80% predicted. As a result, the 
latter group showed a signiJicantly lower DLCO, di[fer
ences in Kco just fai ling to reach significance (p=0.059). 
Likewise, haemoglobin was significantly lower in the 
aplastic anaemia group. Jn contrast, mean P(A-a)o

1 
val

ues were not significantly different from each other. As 
regards DLCO, the cumulative r shown after introducing 
each covariable in the stepwise multiple regression analy
sis was as foUows: height, 056; sex, 0.66; and Hb, 0.70. 
Accordingly, the amount of variabiliLy explained by each 
of these covariables was 56, 10 and 4%, respectively. 
The type of hacmatological disorder did not provide any 
further reduction in DLCO variance, such that the r fell 
from 0. 7 to 0.69 when this covariable was added to tJte 
regression analysis; instead, haemoglobin concentration 
played a significant role. No differences were shown when 
patients where grouped according to sex, age (younger 
and older than 20), smoking habits, or clinical outcome. 

Pulmonary manifestations following BMT 

Twenty of the 25 patients developed acute and/or 
chronic GVHD (proven by skin biopsy) of different 
degrees of severity: eleven had an acute form. two a 
chronic one, and the remaining seven both forms. All but 
two patients with acute GVHD and all but one wit11 both 
acute and chronic GVHD underwem regular treatment 
with steroids. In addition, six patients received azadti
oprinc and two others anti-thymocytic globulin. At the 
end of the follow-up, eleven patients had survived. Pul
monary causes of death (8 patients) were interstitial 
pneumonitis, either idiopathic (2) or secondary tO cy
tomegalovirus (2), and bacterial (2) or fungal (2) lung 
infections. Extrctj>ulmonary causes {6 patients) included 
a gastrointesrinal disorder related to GVHD (3), gencml
ized sepsis ( I), and recurrence of the hacmatological 
disease (2). 

Table 3 shows t11e mean actual values for aiJ lung 
function tests for those patient.s who were included over 
the follow-up period. Whereas both DLCO and Kco fell 
sjgnificantly early after uansplantation (day 30), st.'ltic 
lung volumes were reduced at day 120 (FVC, TLC 
and VC were diminished by 10% and IC by 20% of 
pre-BMT values). Except for a significant fall in IC (to 
2 .7 /, p<0.006) alone at day 60, by days 60 and 90 all 
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Table 2. - Pre-transplantation lung fu nction tests for all the participants grouped according to their ha 
matological disorder (mean±seM) e-

All Leukaemia Aplastic IUlRemia 
n.:2S n= l7 p n~8 

Age yrs 25±2 24±3 25±3 
(range) (8-44) (9-44) (8-40) 
FVC 9'o 103±2 10t±2 107±4 
FEV1 % 97±2 95±2 <:0.03 103±3 
FEV1/FVC % 80±2 80±2 81±2 
MEF,ca %prcd 88.±4 85±5 95±7 
MEF7SY. %prod 66±4 64±5 72±7 
Vtg %prod t03±4 t02±4 105±9 
IC %prcd IOt±:l t0t±4 103±3 
VC %prod 102±2 101±2 106±4 
RV{fLC % 26±1 26±1 27±3 
sGaw l·s·1·kPa·1 1.5±0.1 1.6±0.1 1.3±0.2 
Dt.eo %prcd 81±3 85±3 <0.02 73±3 
Kco %prcd 7~3 83±3 73±3 
P(A-a)ol kPa 2.~0.3 2.8±0.3 3.1±0.4 
Hb mmol·f 1 7.4±0.3 8.3±0.3 <0.0001 5.7±0.2 

p vnlues refer to differences between each hncmntologicnl disease. FVC: forced vital capacity; PEVd: forced 
expiratory volume in one second; MEP~· MEF1a: m11ximal expiratory flow when 509l. and 75% ofFV remains 
to be e~thaled, respectively: Vtg: thomctc gas volume; lC: inspiratory capacity; VC: vitnl capacity; TLC: total lung 
capacity: sGaw: spcc;i!ic airways conductMCc: Dt.Col diffusing capacity for carbon monoxide; Kco: carbon monoxide 
transfer coefficient; P(A-a)o"l: alveol:IT-orterial oxygen tension difference; Hb: haemoglobin c:onccntr81ion. 

Table 3. - Mean±seM of pre-BMT lung function tests before and after transplantation (n .. t2)• 

Pre-BMT Day 30 Day 120 Day 210 Day 300 Day390 

FVC 4.2±0.4 4.0±0.4 3.6±0.5 3.7±0.5 3.8±0.5 3.7±0.S 
p<0.006 p<O.OOl 

FEV1 3.5±0 .. 3 3.3±0.3 3.0±0.4 3.1±0.4 3.1±0.4 3.1±0:4 
FEV/FVC % 84±2.1 84±1.9 83±4.0 82±4.3 80±4.4 80±4.7 
MEF,Il'lo l·s·• 4.6±0.5 4.6±0.6 4.2±0.6 4.3±0.6 4.2±0.6 4.3±0.7 
MEF751\ l·s·• 2.0±0.3 2.1±0.3 1.8±0.4 1.9±0.3 1.7±0.4 1.8±0.4 
Vtg l 2.5±0.3 2.5±0.3 2.5±0.2 2.7±0.3 2.9±0.3 2.8±0.3 
IC 2.9±0.3 2.6±0.3 2.3±0.4 2.7±0.4 2.7±0.4 2.3±0.4 

p<0.002 p<0.007 
TLC 5.4±0.6 5.2±0.6 4.8±0.6 5.3±0.7 5.6±0.6 4.~.6 

p<O.OOOl 
VC 4.1±0.5 4 .1±0.5 3.7±0.6 3.9±0.5 3.9±0.5 3.6±0.6 

p<:0.004 p <0.002 
RV{TLC % 25±2.0 23±1.8 27±3.5 26±3.0 32±3.6 3()±5.0 

sGaw l·s·1·kPa·1 1.6±0.1 1.6±0.1 1.8±0.3 2.4±0 .6 1.6±0.3 1.7±0.3 ~ 

DLCO mmol·min·1·kPa·1 8.0±0.7 6.9±0.6 7.4±0.8 7.9±0.8 8.7±0.8 8.4±1.0 
p<O.OOI 

Kco mmol·min"1 1.8±0.1 1.6±0.1 1.6±0 .1 1.6±0.1 1.8±0.1 1.8±0.1 
p<0.005 

•: n may differ for some variables; p values refer to differences between pre-BMT measurements and their respective days; BMT: 
bone marrow transplantation. For other abbreviations see legend 10 table 2. 

lung volumes (nol shown in the table) were close to day 
30 values. The reductions in IC, TLC and VC a1 doy 390 
arc probably related to Lhc smaller number of pmicnL'> 
(n=9) performing these lung function tests. By contrast. 
all the variables rcnccting ccnLml and peripheral airnow 
limit:llion and/or air trapping remained essentially un-

changed over the whole period of study. Alternatively, 
significant mild differences were observed in OLeo ~n 
leukaemic patients compared to those with aptasuc 
anaemia at day 90 (86 vs 113% pre-BMT values. p<0.02), 
day 210 (83 vs 108% pre-BMT, p<0.04), c!Jy 300 (92 vs 
118% prc-BMT), and day 390 (86 vs 124% pre- BM·n 
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by days 30, 60, and 120 mean DLCO was also 
Jeukaemic patients (84, 89 and 80% pre
vcly) compared to individuals with aplas

(93, 95 and 102% ofpre-BMT, respectively), 
without reaching statistical significance. There 

differences between patients grouped according 
age (under and over the age of 20), tobacco 
or acute and chronic GVHD. 

these ttansient but mild to moderate lung 
abnormalities, analysis of individual data re

that Case 6 had severe irreversible chronic 
obstruction with air trapping and pulmonary 

from day 75, consistent with oblitetative 
11111~Juu,,, the main characteristics of which have been 

elsewhere [11]. A second patient (Case 1) dis
mild reductions in FEV and in FEV.JFVC ratio 

days 210 and 300, stilt reversible after a stan
Um:mCI1odilatJor Lherapcutic regimen. The third patient 

defects (Case 30) had similar but milder 
transient (only at day 30) functional abnor

than the latter subject Five other individuals 
2, 7, 10, 11 and 15) developed transient airway 

vity mostly during Lhe first trimester follow
While four out of the five patients with signs 

ial hyperrenctivity prior to BMT continued to 
methacholine hyperresponsiveness, either transientJy 

1) or permanently (Cases 17, 18 and 30), the 
patient (Case 9) had normal methacholine re

•""'"'"n~<~ throughout Lhe study. Finally, six patients 
eil.her transient (Case 9) or permanent (Cases 2, 

~. 30 and 31} mild LO moderate restrictive ventila-
changes, associated with airway hyperreactivity in 
(Cases 2, 9 and 30). In brief, there were 14 indi

with ventilatory disturbances: eight with an 
ventilatory pattern alone, three others with 

abnormalities alone, and a mixed ventilatory 
the remaining three. In ten individuals l.here 

either transient or permanent bronchial hyperrcac-

patients (Cases l, 6, 10, 11, 17, 26-29, and 31) 
respiratory clinical complications at different 

of the follow-up. These were of mild to moderate 
transient, lasting for one to three weeks and, 
ly, recurrent (Cases 10, 11 and 26). They were 

llm!!l~lri-..~·,r by productive cough, sometimes with 
phlegm, and mild to moderate shortness of 

, together wil.h wheezing on auscultation. These 
_..,"'""'reversed wil.hin one to two weeks either spon

or after oral antibiotics, bronchodilators and/or 
corticosteroids. In nine out of the fourteen 

111111:Vt<ll~al<~ with lung function abnormalities (Cases I, 6, 
11, 17, 18, 20, 26 and 30) ventilatory capacity dis

'--1oonr•·~ coincided with clinical manifestations of respi
disease. In seven (Cases 2, 6, 7, 10, 11, 15 and 

.ventilmory abnormalities were detected aftet the onset 
tL. euhcr acute or chronic GVHD. However, no correla
uun was found between GVHD and the presence of an 
~c: llve ventilatory pattern. Only one of the patients 
tiilh restrictive ventilatory changes died of interstitial 
Pneumonia (Case 20). 

Discussion 

Before bone marrow transplantation 

Before the transplantation procedure, static and dynamic 
lung volumes, OLCo, and alveolar-arterial oxygen differ
ence were within normal limits but, interestingly, there 
was an increased incidence or subclinical airway respon
siveness to methacholine. The prevalence of airway 
hyperreactivity using a methacholine dose-response curve 
in 115 healthy nonsmoking persons Jiving in our area is 
9% [22]. This contrasts wil.h the observed 5 out or 25 
patients in the present study. Although airway hyper
reactivity has not been studied so far in haematological 
patients who undergo BMr, a 14% incidence of airflow 
obstruction has previously been documented by routine 
forced spirometry in a population of BMT recipients 
(tobacco smoking was not specified) [23]. Presumably, 
the mechanism of bronchial hyperreactivity may be re
lated to repeated subclinical bacterial and/or viral pulmo
nary infections in an otherwise immunocompromised host. 

Our data confirm. as have other studies (24-28], that 
before marrow transplantation mean OLCo may range 
between mild to moderate reductions and normat values. 
even after adjustment for anaemia. Of further importance, 
however, was Lhat the lower OLeo in patients with aplas
tic anaemia compared to those with leukaemia was mainly 
due to the lower haemoglobin concentration in Lhe for
mer individuals. Given that born types of haematological 
disease may be influenced by the same factors that may 
potentially damage the alveolar-capillary interphase, such 
as chemotherapy and pulmonary infections, and l.hat 
P(A-a)o2 was very close in each group, it appears reason
able to relate the lower values of D1.co in aplastic anae
mia to Lhe severity of Lhe anaemia. The correction factor 
described by CoTES et al. [14] of a Dm/Vc ratio of 0.7 
(Dm: diffusing capacity of the alveolar-capillary mem
brane; Vc: volume of blood in the alveolar capillaries) is 
not necessarily valid for the patients in this study, and 
may be di ffcren t for the two groups of patients. Conse
quently, Lhe recommended adjustment or OLCo by one of 
the three accepted standardized formulae [14] may not 
be sufficient to properly correct the actual OLeo value 
when the haemoglobin concentration is extremely low 
and may explain some of the reduced gas transfer values 
found in previous studies [24-28]. This is consistent wil.h 
the notion recently pointed out in a OLCo standardization 
conference [29] that all current methods of adjusting for 
Hb involve unproved assumptions, none having been 
uniformly accepted. An additional point is Lhat Lhere may 
still have been a tendency for DLCo to be lower in the 
smokers due to raised carboxyhaemoglobin, and l.his may 
have contributed to the lower Du:o in the patients wit11 
aplastic anaemia of whom 5 out of 8 were current and 
heavier smokers (8.4±0.8 pack-yrs) compared with only 
5 out of 17 patients with leukaemia (3.8±1.0 pack-yrs). 

Alternatively, the present data are in part at variance 
with those published by LINT< et al. [25] where patients 
wit11 leukaemia had less lung hyperinflation but more 
airflow obstruction man patients with aplastic anaemia. 



362 R. RODRIOUEZ-ROlSIN ET AL. 

Table 2. - Pre-transplantation lung function tests for all the participants grouped according to their hae 
matological disorder (mean±SEM) -

All Leukaemia Aplastic anac~ 
n=25 n=17 p n=8 

Age yrs 25±2 24±3 25±3 
(range) (S--44) (9-44) (&-40) 
FVC % 103±2 101±2 107±4 
FEVI % 97±2 95±2 <0.03 103±3 
PEV/FVC % 80±2 80±2 82±2 
MEF~ %pred 88±4 85±5 95±7 
MEF75" %pred 66±4 64±5 72±7 
Vtg %pred 103±4 102±4 105±9 
IC %pred 101±3 101±4 103±3 
VC %pred 102±2 101±2 106±4 
RVffLC % 26±1 26±1 27±3 
sGaw l·s·1·kPa·1 1.5±0.1 1.6±0.1 1.3±0.2 
DLCO %pred 81±3 85±3 <0.02 73±3 
Kco %pred 79±3 83±3 73±3 
P(A-a)oz kPa 2.9±0.3 2.8±0.3 3.1±0.4 
Hb mmo1-t1 7.4±0.3 8.3±0.3 <0.0001 5.7±0.2 

P. values refer to differences between each hncmalologicnl disease. FVC: forced vital capacity; FEV : fon:cd 
Cll()iratory volume in one se~nd; MEF~, MEF1~: maximal expiratory flow w.hco 509'o and 75% of PVC remains 
to be exha}Jld, respectively; Vtg: thorac1c gas volume; IC: inspiratory capacity; VC: vital capacity; TLC: total lung 
capacity; sGaw: specific airways conductance; OLeo: dilfusing capacity for carbon monoltidc; Kco: carbon monoxide 
transfer coefficient; P(A-a)oz: alveolar-arterial oxygen te~ion difference: Hb: haemoglobin concentration. 

Table 3. - Mean±sEM of pre-BMT lung function tests before and after transplantation (n-12)• 

Pre-BMT Day 30 Day 120 Day 210 Day 300 

PVC 4.2±0.4 4.0±0.4 3.6±0.5 3.7±0.5 3.8±0.5 
p<0.006 p<O.OOl 

FEVI I 3.5±0.3 3 .3±0.3 3.0±0.4 3.1±0.4 3.1±0.4 3.Jt0.4 
FEV/FVC % 1!4±2.1 84±1.9 83±4.0 82±4.3 80±4.4 80t4.7 
MEF~ f.s·l 4.6±0.5 4.6±0.6 4.2±0.6 4.3±0.6 4.2±0.6 4.3!0.7 
MEF7s,. l·s·1 2.0±0.3 2.1±0.3 1.8±0.4 1.9±0.3 1.7±0.4 1.8±0.4 
Vtg l 2.5±0.3 2.5±0.3 2.5±0.2 2.7±0.3 2.9±0.3 2.&W.1 
IC I 2.9±0.3 2.6±0.3 2.3±0.4 2.7±0.4 2.7±0.4 2.3±0.4 

p<0.002 p<O.OO'I 
TLC 5.4±0.6 5.2±0.6 4.8±0.6 5.3±0.7 5.6±0.6 4.9±0.6 

p<O.OOOl 
VC 4.1±0.5 4.1±0.5 3.7±0.6 3.9±0.5 3.9±0.5 3.6:t0.6 

p<0.004 p<0.002 
RV{fLC % 25±2.0 23±1.8 27±3.5 26±3.0 32±3.6 30±5.0 . 
sGaw l·s·1·kPa'1 1.6±0.1 1.6±0.1 1.8±0.3 2.4±0.6 1.6±0.3 1.7±0.3 
Dt.co mmol·min·1·kPa'1 8.0±0.7 6.9±0.6 7.4±0.8 7.9±0.8 8.7±0.8 8.4±1.0 

p<O.OOl 
1.8±0.1 Kco mmol·min'1 1.8±0.1 1.6±0.1 1.6±0.1 1.6±0.1 1.8±0.1 

p<0.005 --- -- - ---------
• : n may differ for some variables; p values refer to differences between pre-BMT measurements and their respective days; BMt: 
bone marrow transplantation. For other abbreviations sec legend to table 2. 

lung volumes (noL shown in the wblc) were c lose to day changed over the whole period of study. Altcmativety. 
30 values. The reduc tions in IC. TLC and VC :u day 390 significant mild differences were observed in DLCO ~n 
are probably related to the smaller number or paricnL;; leukaemic patients compared to those with npl~) 
(n=9) performing these lung funclion tests. By conlrt\St, anaemia at day 90 (86 vs 113% pre-BMT values. p<0.

2 
' 

a ll the variables re flecting central ond peripheral airflow day 210 (83 vs 1o8% pre-BMT, p<0.04). day 300 <9rvrn 
limlull.ion and/or ai r trapping remained essentially un- 118% pre-BM'I), and day 390 (86 vs 124% prc-B 
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by days 30, 60, and 120 mean Du:o was also 
~ong leukaemic patients (84, 89 and 80% pre
respectively) compared to individuals with aplas

ia (93, 95 and 102% ofpre-BMf, respectively), 
without reaching statistical significance. There 

differences between pa~ents grouped according 
age (under and over the age of 20), tobacco 
or acute and chronic GVHD. 

these transient but mild to moderate lung 
abnormalities, analysis of individual data re

that Case 6 had severe irreversible chronic 
obstruction with air trapping and pulmonary 

llfriflaliOn from day 75, consistent with obliterative 
, lhe main characteristics of which have been 

elsewhere [11). A second patient (Case 1) ills-
mild reductions in FEV, and in FEV/FVC ratio 

days 210 and 300, still reversible after a stan
LbR>OCIIlOO~.Iat.or therapeutic regimen. The third patient 

defects (Case 30) had similar but milder 
transient (only at day 30) functional abnor-

than lhe latter subjecL Five other individuals 
2, 7, 10, 11 and 15) developed transient airway 

ty mostly during the flfSt trimester follow-
While four out of the five patients with signs 

hyperreactivity prior to BMf continued to 
mernmmo"unc hyperresponsiveness, either transiently 

or permanently (Cases 17, 18 and 30), the 
patient (Case 9) had normal methacholine re

ltiv•~""'~!l throughout the study. Finally, six patients 
either transient {Case 9) or pennanent (Cases 2, 
30 and 31) mild to moderate restrictive ventila

i e~Ullflgc~. associated wilh airway hyperreacrivity in 
2, 9 and 30). In brief, there were 14 indi-

with ventilatory disturbances: eight with an 
ve ventilatory pattern alone, three others with 

abnormalities alone, and a mixed ventilatory 
in the remaining three. In ten individuals !here 

transient or permanent bronchial hyperreac-

patients (Cases I, 6, 10, 11, 17, 26-29, and 31) 
respiratory clinical complications at different 
lhe follow-up. These were of mild 10 moderate 
transient, lasting for one to three weeks and, 
ly, recurrent (Cases 10, 11 and 26). They were 

ICie.riz(ld by productive cough, sometimes with 
phlegm, and mild lo mod.erate shortness of 

logelher with wheezing on auscultation. These 
.reversed within one to two weeks either spon
or after oral antibiotics, bronchodilators and/or 
corticosteroids. In nine out of the fourteen 
with lung function abnotmalities (Cases 1. 6, 

l, 17, 18, 20, 26 and 30) ventilatory capacity dis-
coincided with clinical manifestations of respi

In seven (Cases 2, 6, 7, 10, 11, 15 and 
abnormalities were dewcted after the onset 

acute or chronic GVHD. However, no corrcla
was found between GVHD and the presence of an 

ve ventilatory pattern. Only one of the patients 
restrictive vemilatory changes died of interstitial 

(Case 20). 

Discussion 

Before bone marrow transplantation 

Before the transplantation procedure, static and dynamic 
lung volumes, Du:o, and alveolar-arterial oxygen differ
ence were within normal limits but. interestingly, there 
was an increased incidence of subclinical airway respon
siveness to methaeholine. The prevalence of airway 
hyperreactivity using a methacholine dose-response curve 
in 115 healthy nonsmoking persons living in our area is 
9% [22]. This contrasts with Lhe observed 5 out of 25 
patients in the present study. Allhough airway hyper
reactivity has nol been srudicd so far in haematologicaJ 
patients who undergo BMT, a 14% incidence of airflow 
obstruction has previously been documented by routine 
forced spirometry in a population of BMT recipients 
(tobacco smoking was not specified) [23]. Presumably, 
the mechanism of bronchial hyperreactivity may be re
lated to repeated subclinical bacterial and/or viral pulmo
nary infections in an otherwise immunocompromised host. 

Our data conflf1Tl, as have other studies [24-28], tllat 
before marrow transplantation mean Du:o may range 
between mild to moderate reductions and norma). values, 
even after adjustment for anaemia. Of further importance, 
however, was that the lower DLco i,n patients with aplas
tic anaemia compared to those with leukaemia was mainly 
due to the lower haemoglobin concentration in the for
mer individuals. Given that both types of haematological 
disease may be innucnced by the same factors that may 
potentially damage the alveolar-capillary interphase, such 
as chemolherapy and pulmonary infections, and lhat 
P(A-a)o

1 
was very close in each group, it appears reason

able to relate Lhe lower values of Du:o in aplastic anae
mia to the severity of the anaen11ia. The correction factor 
described by COTEs et al. [14] of a Dm/Vc ratio of 0.7 
(Dm: diffusing capacity of lhe alveolar-capillary menlt
brane: Vc: volume of blood in the alveolar capillaries) is 
not necessarily valid for the patients in lhis srudy, and 
may be di fferent for the two groups of patients. Conse
quently, the recommended adjustment of Dtco by one of 
the three accepted standardized formulae [14] may not 
be surricient to properly correct the actual D1.co value 
when the haemoglobin concentration is extremely low 
and may explain some of Lhe reduced gas U81flsfer values 
found in previous studies [24-28). This is consistent with 
the notion recently pointed out in a OLCo standardization 
conference [29) that all current mclhods of adjusting for 
Hb involve unproved assumptions, none having been 
uniformly accepted. An additional point is that there may 
still have been a tendency for Dtco to be lower in lhe 
smokers due to raised carboxyhaenltoglobin, and this may 
have contributed to the lower Du:o in the patients wilh 
aplastic anaemia of whom 5 out of 8 were current and 
heavier smokers (8.4±0.8 pack-yrs) compared with only 
5 out of 17 patients with leukaemia (3.8±1.0 pac.k-yrs). 

Alternatively, the present data arc in part at variance 
with those published by LINK er al. [25) where patients 
with leukaemia had less lung hyperinOation but more 
airflow obstruction than patients with aplastic anaen11ia. 
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Although it is difficult to reconcile some of these 
cont.rasting results with our data, differences may be in 
part attributable to two interrelated factors. It is possible 
that their results reflect differences introduced by llle se
lection of llle patients. In our srudy, we included all the 
patients consecutively transplanted in our institution 
during eighteen months: in contrast. LlNX et al. {25] paid 
especial attention to individuals in whom obstructive 
bronchiolitis was present. A second potential factor might 
be related to the use of the prediction equations for 
dynamic and static lung volumes and DLCO. While we 
compared most of our adult and childhOOd lung function 
resUlts to our own predicted values [17-19], which met 
both the ATS {30] and ECCS [31] recommendations, 
Link et al. used reference values developed before these 
standardizations were implemented. 

After marrow transplantation 

Transient reductions in static lung volumes and DLCO 
were found early after performing BMT. These mild to 
moderate functional abnormalities have been previously 
reported {23, 24, 26--28) and related to different factors, 
namely high dose cortiqosteroids, chemotherapy, trans
plantation with T-ceU depleted bone marrow, higher total 
body irradiation dose and the development of OVHD 
[28]. Alternatively, it has been recently documented that 
healthy individuals may show transient respiratory muscle 
weakness during several weeks following upper. respira
tory tract infections· [32}. Most of these factors may not 
only inj~ the lung parenchyma but also lead to a 
debilitating clinical condition, including cachexia and 
malnutrition, with generalized muscle weakness with or 
without steroid myopathy. Also of interest was the find
ing that leukaemia patients had a lower DLCO than aplas
tic anaemia patients from day 90 to day 390, probably 
reflecting the harmful effects of a higher prc--BMT total 
body irradiation. 

Analysis of individual data revealed a predominance 
of restrictive defects in six patients, although three indi
viduals displayed clt~ar-cut obstructive ventilatory abnor
malities. In addition, the overall incidence of bronchial 
hyperreactivity doubled. Furthermore, most of these new 
ventilatory changes were accompanied by transient 
symptoms and/or signs of respiratory disease which 
reversed either spontaneously or after a standard thera
peutic regimen. In the same way as it probably occurs 
before transplantation, the reversible nature of this in
creased airway responsiveness to methacholine after BMT 
may also be caused by repeated bacterial and/or viral in
fections of both the upper and lower respiratory tract 
Interestingly, an overall incidence of 4.9% of adenovirus 
infection in bone marrow transplantation recipients has 
been reported [33). More recently, both chronic GVHD 
and prolonged methotrexate treatment have been identi
fied as important risk factors for development of airflow 
obstruction (as assessed by mild decrements in the FEY/ 
FVC ratio) in 281 adult patients one year after BMT [7]. 
In our study, however, a relationship between airway 
obstruction and GVHD has not been proven. It is also 

of note that a marked bronchial byperrespo0s 
been documented in 9 out of 10 cardio-pulmonary 
plant recipients, whose mechanism remains 
Conceivably, the presence of post-transplan 
chiuJ hyperrcactivlty in both bone marrow and cnn~u...."" 
monary recipients might suggest a similar 
specifically related to the transplantation per 
less of other associated potential pathogenic 

To summarize, patients who consecutively Wl<l~oio 
allogeneic bone marrow transplantation showed 
the procedure normal ventilatory capacity, Dtco in 
lower normal range and an increased incidence of 
clinical airway responsiveness to methacholine. In 
lion, patients with aplastic anaemia had a lower 
than those with leulcaemia, a finding principally 
to the sevecily of the anaemia. After transplan!Oltion, 
were transient slight red_uclions in both static 1 
umes and OLeo and the incidence of bronchial 
reactivity doubled, patients with leukaemia had a 
Dtco than those with aplastic anaemia. Most of 
functional changes were accompanied by mild to m011M1111>11 

ate clinical manifestations of respiratory disease. 
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Fonction pulmiJnaire chez les receveurs de transplanlation de 
nwelle o.rseuse alloghtique. R. Rodriguez-Roisin, J. Roca, A. 
Graiiena. A.GN. Agust(, P . Mar£n. C. Rozman. 
R~SUM~: Pour investiguer !'incidence des complications fonc
tionnelles pulmonaires faisant suite r. une transplantation 
m&iullaire (BMT), nous avons conduit une 6tude prospective 
du suivi de 25 patient& cons&:utifs. Le.s donn6es ont et6 ap
priciks en serie avant e1 tous lcs 30 jows pendant le premier 
trimestre., ensuitc tous les 3 mois jusqu'~ une annee apres la 
transplantation m&iulloire. Seize patients aueints de leuumic 
algul!, huit d'anemie aplastique et un de leucemie chronique 
mycloide, onl ete incorpores dans 1'6tudc. Avant BMT. IOUS lcs 
patients n'ont aucun sympt6me respiratoire et ont des clichu 
thoraciqucs normaux, ai.nsi que des volumes pulmonaircs sta
tiqucs et dynamiques, une DLco et une difference alveolo-art6ri
elle en oxyg~e. dans lcs limites de la normale. Toutefois, 5 
patients Onl une hyperr6ictivit6 des voies amennes lla metachO·· 
llne. Les patients aueints d'anemie aplastique ont unc DLCo 
ajustee au taux d'hemoglobinc signiricativcment plus basse que 
ccUJI auc.ints de leuccmie. Unc analyse de r6gression multiple 
pnr 6tapcs a montre que la di(ference dans la Da.co etait en re
lation principnlement avec la concentration d'Mmoglobine dans 
choque groupe 5.7±0.2 contre 8.3±0.2 mmol·/'1 ou 9.2±0.4 contre 
13.3±0.5 gm·dl '1, p<O.OOOl, respcctivement). Cette concentra
tion rend compte de 4% de la variabilitc interindividuelle de la 
DLCO, le type de maladie hematologique n'entrainant pas de 
reduction accrue de la variance de la DLCO. Apres BMT, I' on 
1t note des r~ductions transitoircs significativcs, leg~res ! 
mod6rws, dans lo Dt.co et lcs volumes pulmonaircs statiqucs. 
De plus, les patients aueints de lcuccmie avaient une DLCO sig
nificalivement plus basse que ceux aueints d'anemie aplaslique, 
du jour 90 au jour 360. L'exarnen des cas individuels montre 
le developpement d'anomalies vcntilatoires obstructives chez 8 
patients (l compatible avec une bronchiolite obliterante), et 
celui d'anomalics restrictives chez 6 autres. Quator.~:e des vingt
cinq patients ont done des uoublcs ventilatoires, doru dix avaient 
unc hypernactivit~ bronchique & la metacholine, transiloire ou 
pcrmanente. Les modifications fonctioru1elles pulmonaires post· 
DMT furcnt accompagnec.s transitoiremcnt de signes lcgcrs A 
mod&~ de maladie respiratoire chez la plupart des patients. 
Eur Respir J., 1989, 2, 359-365. 


