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Introduction

Acute pulmonary embolism (PE) often decreases pulmonary diffusing capacity for
carbon monoxide (DL,CO), but data on the mechanisms involved are inconsistent.
We wanted to investigate whether reduction in diffusing capacity of alveolo-
capillary membrane (DM) and pulmonary capillary blood volume (Vc) is associated
with the extent of PE or the presence and severity of right ventricular dysfunction
(RVD) induced by PE and how the possible changes are corrected after 7-month
follow-up. Forty-seven patients with acute non-massive PE in spiral computed
tomography (CT) were included. The extent of PE was assessed by scoring mass of
embolism. DL,CO, Ve, DM and alveolar volume (VA) were measured by using a
single breath method with carbon monoxide and oxygen both at the acute phase and
7 months later. RVD was evaluated with transthoracic echocardiography and
electrocardiogram. Fifteen healthy subjects were included as controls. DL,CO, DL,
CO/VA, DM, vital capacity (VC) and VA were significantly lower in the patients with
acute PE than in healthy controls (P<0-001). DM/Vc relation was significantly lower
in patients with RVD than in healthy controls (P = 0:004). DM correlated inversely
with central mass of embolism (r = —0-312; P = 0:047) whereas Vc did not. DM,
DL,CO, VC and VA improved significantly within 7 months. In all patients
(P =0-001,P = 0:001) and persistent RVD (P = 0-020, P = 0:012), DM and DL,CO
remained significantly lower than in healthy controls in the follow-up. DM was
inversely related to central mass of embolism. Reduction in DM mainly explains the
sustained decrease in DL,CO in PE after 7 months despite modern treatment of PE.

have proposed that reduction in DM related to Vc in chronic
thromboembolic pulmonary hypertension (Bernstein et dl.,

Acute pulmonary embolism (PE) is known to be associated with
decreased pulmonary diffusing capacity for carbon monoxide
(DL,CO) (Sharma et al., 1980) reflecting deterioration of gas
exchange capacity of the lungs. However, the mechanisms
behind decreased DL,CO in PE are still in many ways obscure.

The transfer of carbon monoxide (CO) through the alveolo-
capillary membrane depends on the diffusing capacity of the
membrane itself (DM), the pulmonary capillary blood volume
(Vc) and haemoglobin concentration of blood. Some earlier
studies have suggested that the reduction in DL,CO in PE would
be owing to loss of alveolar volume (VA) (Pande et dl., 1975;
Fennerty et ad., 1988; Wimalaratna et al., 1989) rather than
owing to decrease in Vc (Sharma et ., 1980). Other authors

1996) or in chronic thromboembolic disease (Oppenheimer
et al., 2006) would cause the reduced DL,CO. Some have found
in chronic thromboembolic hypertension both Vc and DM to be
reduced (Steenhuis et al., 2000). Thus, the previous studies have
resulted in conflicting results.

PE displays a wide spectrum of clinical severity, depending on
the size and distribution of the embolic mass. In high-risk and
intermediate-risk cases of PE (massive and submassive PE), right
ventricular dysfunction (RVD) is observed.

The aim of the study was to analyse changes in the
components of diffusing capacity in acute PE. We measured
DL,CO, DM, Vc and lung volume and correlated them with the
indices of the extent of PE. The measurements were repeated
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after 7 months. Our aim was also to assess whether reduction in
diffusing capacity and its components were associated with the
extent of PE (measured as either total, central or peripheral mass
of embolism), or with PE-induced RVD. For comparison,
healthy control subjects were also studied. In addition, the
patients were re-evaluated after 7 months to see how the
possible changes would be corrected after evidence-based
therapy.

Methods and materials
Patients and study design

We studied 47 consecutive patients (24 women, 23 men) with
acute non-massive, non-high-risk PE confirmed by computer-
ized tomography (CT) at the Emergency Department of Helsinki
University Central Hospital. Patients were recruited between
January 2003 and August 2004. Exclusion criteria comprised
clinically massive PE (haemodynamically unstable patients),
chronic pulmonary disease requiring regular medication,
previous PE, non-stable angina pectoris, patients on anticoag-
ulation therapy and terminal cancer (with estimated life
expectancy of less than 7 months). In addition, patients arriving
at the hospital between Friday 18:00 and Sunday 12:00 were
excluded because the services of the laboratory of clinical
physiology were unavailable at that time. For those included in
the study, echocardiography (ECHO) and lung function studies
were performed.

Patients were given antithrombotic treatment according
to current guidelines at the time of the study (Torbicki et dl.,
2000). Most of the patients were treated initially with low
molecular weight heparin, followed by warfarin for 26 months.
Seven months later, diffusing capacity measurements were
repeated and flow-volume spirometry was performed. ECHO
was also repeated to identify patients with RVD.

Fifteen healthy, age-matched controls (nine women, six men)
were also studied —in 12 of them (three of the controls did not
cooperate to come to the second measurement), the measure-
ments were repeated later, correspondingly to the patients. The

Table 1 The gender and anthropometric data of the patients with
pulmonary embolism (PE) and the healthy control subjects.

Patients Healthy Significance
with PE controls in t-test
Gender, male/ 23/24 6/9
female (number)
Weight (kg) 889 (18:1) 730 (11-2) 0:002
Height (cm) 172:0 (10-4) 1730 (11°1) 0730
Age (year) 561 (163) 550 (16°5) 0-881
Smoking (pack-years) 3:92 (7-6) 2:67 (6:0) 0-469
Number (percent) of
non-smokers 30 (63-8) 11 (73-3) 0-761%*
smokers 7 (149) 2 (13°3)
exsmokers 10 (21-3) 2 (13-3)

anthropometric data and smoking history of the patients and
healthy controls are presented in Table 1.

The study protocol was approved by the ethics committee of
Helsinki University Hospital, and informed consent was signed
by all participants.

Lung function methods

Measurements of DL,CO with DM and Vc determinations were
performed within 24 h from PE diagnosis. For measurement of
DL,CO, single breath method according to Viljanen (1982) was
used applying the European Respiratory Society recommenda-
tions (Mclntyre et dl., 2005). Slow vital capacity (VC) was
measured first, and the inspiratory volume for 10-s breath
holding was standardized to 90% of measured VC. At least two
successive determinations were performed, and the mean value
was recorded for analysis. In addition, VC, VA and specific
diffusing capacity (DL,CO/VA) were determined (McIntyre
et al., 2005). DM, Vc and rate of uptake of CO by red cells per
mmHg of CO tension (0) were determined according to
Roughton and Forster (1957; Roughton et d., 1957). Two
different gas mixtures were used (i) oxygen 21%, helium 7%,
CO 0-25% and nitrogen the rest and (ii) oxygen 93%, helium
about 7% and CO 0-25%. The measurements were accomplished
with a Jaeger MasterScreen PFT equipment (Wiirzburg,
Germany). Diffusing capacity values were corrected according
to actual haemoglobin concentration in blood (McIntyre et dl.,
2005). Reference values of Viljanen (1982) for Finnish
population were used for DL,CO and DL,CO/VA values and
those of Zanen et al. (2001) for DM and Vc values.

To exclude patients with pulmonary obstruction, flow-
volume spirometry was performed on PE patients 7 months
after the acute phase in the patients and at the first visit from the
control subjects with a pneumotachograph connected with a
microcomputer (Medikro MR-3; Medikro, Kuopio, Finland)
(Table 2). For safety reasons, forced spirometry was not
performed at the acute phase. Reference values of Viljanen
(1982) were used. The flow-volume curve for analysis was
compiled from at least three successive forced expiratory curves

Table 2 Spirometric data of patients and healthy controls. ANCOVA,
used adjustment thoroughly in the methods chapter.

Patients Controls
(N =47) (N = 15)
Significance of
Variable Mean (SD) Mean (SD) the difference
FVC (1) 36 (1-2) 41 (1°1) 0167
FVC (%) 883 (144) 1012 (17:1) 0-039
FEV1 (1) 29 (0-93) 34 (0-88) 0-051
FEV1 (%) 88:0 (150) 979 (28-3) 0-098
FEV1/FVC (%) 80-8 (5-3) 831 (6°3) 0180
MEF 50 (1s™") 32 (1-4) 42 (1-3) 0-050
MEF50 (%) 748 (26'7) 957 (27°9) 0-014

*Chi-square test.

© 2010 The Authors

FVC, forced vital capacity; VC, vital capacity.
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using the envelope method according to the European Respi-
1993) guidelines. The
following variables were measured: forced vital capacity

ratory Society (Quanjer Ph et dl.,

(FVC), forced expiratory volume in one second (FEV1) and
forced expiratory flow at a level where 50% of FVC remains to
be exhaled (MEF50).

Quantifying the extent of pulmonary embolism and right
ventricular dysfunction

Spiral computerized tomography (CT) angiographic studies of
pulmonary arteries were performed with an 8-slice, 4-slice or
single-slice scanner in 27, 18 and 2 patients, respectively. The
volume of contrast material varied between 90 and 120 ml
and was injected with a power injector using bolus tracking.
Slice thickness was 1 or 125 mm in the multi-slice scanners
and 3 mm in the single-slice scanner. Studies were analysed on
a CT workstation by two experienced radiologists, using
different window settings and 2D reformations when needed.
Mass of embolism was scored using the method of Mastora
et al. (2003), in which the percentage of obstructed surface of
each artery is evaluated using a S5-point scale. The score for
mass of embolism is 0-55 for central emboli (thrombus in
mediastinal or lobar arteries) and 0-100 for peripheral
(segmental) arteries. The total score for mass of embolism is
thus 0-155. If the embolism was only in subsegmental
arteries, the count was 0.

Transthoracic ECHO was performed within 24 h of PE
diagnosis. The presence of RVD was assessed using established
echocardiographic criteria: (i) increased right ventricular to left
ventricular (RV/LV) ratio of end-diastolic diameter (>0-9) at
the left parasternal long axis, (ii) wall-motion abnormality of
the interventricular septum and (iii) peak velocity of tricuspid
regurgitation >2-8 m/s (Ribeiro et al., 1997; Torbicki et dl.,
2000; Goldhaber, 2002). At least one of these three criteria
had to be positive. ECHO was performed by one of three
experienced cardiologists blinded to the results of biochemical
assays. A 12-lead ECG at rest was also recorded. Criteria for signs
of right ventricular overload in ECG were T-wave inversion in
leads V1-V3, incomplete or complete right bundle branch block,
S1Q3T3 or signs of right atrial enlargement (Geibel et dl., 2005,
Punukollu et al., 2005).

Statistical methods

The lung function variables were compared between patients
and controls with independent samples t-test. Correlation
methods were used to determine the covariants, and the results
were adjusted for them by using general linear model procedure
analysis of covariance (ANCOVA). For the variables used as per
cent of predicted values, the results were adjusted to pack years
and also to weight if weight was not calculated in the reference
value; for the variables used as absolute values, the results were
adjusted height, weight, age and smoking. In multiple com-
parisons, Bonferroni correction was used. In text, the results are
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reported as absolute values, because for all variables, reference
values were not available. In addition, results are reported as per
cent of reference values in the tables.

Partial correlation was used to adjust the lung function
variables for age, height, weight and smoking. If the variables
were dealt with as per cent of reference values, they were
adjusted for smoking. Also weight and height were adjusted for
if they were not included in the reference values.

The change in the studied variables during follow-up was
analysed with paired t-test or with Wilcoxon’s pairwise test
when the variable was not normally distributed. To evaluate the
influence of lung volume on the observed changes, the
difference in VA between the acute and recovery phases of PE
was compared in regression analysis with the corresponding
difference in DL,CO, DL,CO/VA, DM or Vc between the
examination phases. spss Windows version 15.0 (IBM Corpora-
tion, Somers, NY, USA) was used in all calculations.

Results
Acute phase

The total score for mass of embolism varied between 0 and 110
(mean, SD; 54-1, 32-4), corresponding 0—71% obstruction of
the total pulmonary artery bed. Forty patients had both central
and peripheral emboli. Seven patients had peripheral emboli
only and one of them subsegmental emboli only, resulting in
score 0 in that case. The score for central mass of embolism
varied 0-34 (mean, SD; 175, 1-8), corresponding 0-62%
obstruction of central pulmonary artery bed. The scores for
peripheral mass of embolism ranged from 0 to 82 (37-0, 22°5),
meaning 0-82% obstruction of peripheral pulmonary artery
bed. Signs of RVD in ECHO were present in 24 patients (51%),
in CT 29 (63%) or in ECG 23 (42:6%). The comparisons
between patients with and without RVD are given based on
ECHO examination, because ECHO examination was available
also at the control phase. Associated with PE, two patients
(3:7%) had findings of pulmonary infarction, four patients
(7-4%) atelectasis and four patients (7:4%) pleural fluid; all
these findings were slight.

VC, VA, DL,CO, DL,CO/VA and DM were significantly lower
in patients with acute PE than in the healthy controls (Table 3).
In patients, DLCO (r= 0708; P<0-001), DM (0447,
P =0:003) and Vc (r = 0-502, P = 0-001) correlated signifi-
cantly with VA.

DM did not correlate significantly with total or peripheral
mass of embolism, but scores for central mass of embolism
showed a significant negative correlation with DM (Fig. 1). Vc
did not correlate significantly with scores for mass of embolism.

DL,CO/VA was suggestively lower in those with RVD than in
those without RVD. VC, VA, DL,CO, DL,CO/VA, DM and
DM/Vc relations were significantly lower in patients with RVD
compared with healthy controls. VC, VA, DL,CO and DM were
significantly lower in patients without RVD compared with
healthy controls (Table 4).

© 2010 The Authors
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Table 3 Lung function data of patients and the healthy controls during the acute phase and at the recovery phase (7-month later). Mean and standard

deviations are presented for all variables.

Statistical Statistical Statistical
significance of significance of significance of
comparison comparison comparison
Patients,  Controls, between patients Patients, of patients between Controls, between patients
acute acute and controls, recovery acute and recovery and controls,
Phase phase, acute phase phase recovery phases phase recovery phase
Variable N =47 N =15 (P-value)®® N =47 (P-value)®* N=12 (P-value)®®
vC (1) 35 (1°1) 44 (1°1) 0:022 3-80 (1-19) <0-001 425 (1-17) 0514
VC (%) 83:3 (15°5) 1039 (14) <0-001 90-3 (16:4) <0-001 1041 (15-2) 0-478
VA (1) 43 (1°1) 55 (1:3) 0:002 47 (1:2) <0-001 51 (1-15) 0432
DL,CO (mmol min~'kPa™") 59 (1-8) 83 (2°5) <0-001 66 (2°1) <0-001 82 (2°5) 0001
DL,CO (%) 737 (13:6) 1037 (15-2) <0-001 813 (14+4) <0-001 1011 (15:59) 0-003
DL,CO/VA 1:39 (02)  1-48 (02) 0008 1:30 (0-24) 0-568 147 (027) 0012
(mmol min~'kpPa~" 17")
DL,CO/VA (%) 94:6 (14:5) 1044 (137) 0032 963 (14-4) 0278 1048 (17-2) 0-025
DM (mmol min~' kPa™) 91 (3-0) 139 (47) <0-001 10-3 (3-8) 0001 13:6 (4'9) 0-001
DM (%) 49-3 (15:6) 723 (22:8) <0-001 55:0 (19-3) 0003 717 (287) 0-008
Ve (ml) 536 (16°1) 639 (22°6) 0157 566 (16°5) 0°159 693 (19°5) 0-040
Ve (%) 687 (17:2) 793 (19-4) 0062 72:0 (16'5) 0173 85-8 (18:1) 0-049
DM/Vc relation 0-18 (0:09) 022 (0-06) 0131 019 (0-09) 0770 021 (0-11) 0344

VA, alveolar volume; VC, vital capacity; DM, diffusing capacity of alveolo-capillary membrane; Ve, pulmonary capillary blood volume.

“Level of significance according to Bonferroni correction is 0-004.

Phon-paired ANCOVA, adjustments are thoroughly given in the methods chapter.

“paired t-test.
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Figure 1 Association of the diffusing capacity of the alveolo-capillary
membrane with central embolism mass. The calculation was made with
partial correlation with adjustment with age, smoking at pack years,
height and weight.

Recovery phase (7 months)

In patients, most lung function variables improved during
7-month follow-up (Table 3), the increase in DM was in mean
14:3% (SD 28%), P<0-001, and in Vc 9:96% (SD 35%)
P = 0159 (Table 3). The increase in VA explained the
improvement in DL,CO (P = 0:008) and DM (P = 0:029).
DL,CO, DL,CO/VA, DM and Vc remained significantly lower
in the patients when compared to the controls (Table 3). In all
patients, DL,CO (r = 0782, P<0-001), DM (r = 0-642;
P < 0:001) and Vc (r = 0467; P = 0-:002) correlated signifi-
cantly with VA.
© 2010 The Authors

At 7 months, the size and function of the right ventricle had
normalized in most patients with RVD at the baseline (24/47,
51%), but still 5/47 patients (10:6%) had RVD in ECHO. In
patients with persistent RVD at 7 months, DM was suggestively
lower than in those without RVD or significantly lower than in
healthy controls (Fig. 2). Also DL,CO remained significantly
lower in those with RVD than in healthy controls (Fig. 3). In
patients with permanent RVD, the correlations between VA and
DL,CO, DL,CO/VA, DM or Vc were not signiﬁcant.

Discussion

This study shows that diffusing capacity (DL,CO) and especially
its alveolo-capillary membrane component (DM) are decreased
in acute PE. The extent of PE and the severity of RVD were
inversely associated with DL,CO and DM; the larger the PE, the
lower the DL,CO or DM, findings not reported previously.
Although DL,CO and DM increased during the 7-month
recovery phase, they still remained lower than in healthy
control subjects, especially in patients with persistent RVD. In
persistent RVD, the reduction in DM seemed to be independent
of lung volume.

As far as we know, the present study is the largest follow-up
study in PE in which the components of diffusing capacity have
been evaluated. Earlier, Fennerty et al.(1988) conducted a
smaller study including 14 patients with PE with a 3-month
follow-up and found DL,CO to be the best in differentiating
between patients and controls, and DM to be lower in patients
than in controls, but the difference in the latter — in contrary to

Clinical Physiology and Functional Imaging © 2010 Scandinavian Society of Clinical Physiology and Nuclear Medicine 31, 3, 196-202
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Table 4 The results of patients with and without right ventricular dysfunction (RVD) in echocardiography in the acute phase of pulmonary
embolism. Also the comparisons of them with healthy controls are presented (non-paired ANCOVA).

Statistical

Statistical

Statistical significance significance
significance of of comparison  of comparison
comparison between between
Patients Patients between patients patients
without with Healthy patients with with RVD without RVD
RVD RVD controls and without and controls and controls
Variable (N = 23) (N = 24) (N = 15) RVD (P-value)®P (P-value)®>® (P-value)®>®
ve () 3:5 (1-2) 34 (1-0) 44 (1-1) 0618 0-013 0-064
VC (%) 83:3 (184) 832 (135) 1039 (14) 0988 <0001 0-001
VA (1) 4:37(1-17) 427 (0-98) 55 (1:3) 0-596 0-006 0-012
DL,CO (mmol min~' kPa™") 63 (1-9) 567 (1:7) 83 (2:5) 0-218 <0-001 0-002
DL,CO (%) 768 (142) 71:0 (13:3) 1037 (15-2) 0-139 <0-001 <0-001
DL,CO/VA (mmol min~'kPa™' 17) 146 (0-25) 1:32 (0-23) 148 (0-2) 0-015 0-009 0-062
DL,CO/VA (%) 946 (14'5) 1044 (137) 1044 (13:7) 0-025 0-007 0293
DM (mmol min~' kPa™") 97 (3-0) 85 (3-0) 13:9 (47) 0-185 <0-001 0-001
DM (%) 517 (16'4) 464 (145) 723 (22:8) 0-383 <0-001 0-003
Ve (ml) 55:8 (17°6) 514 (14°6) 639 (22°6) 0446 0333 0211
Ve (%) 706 (18:9) 66:0 (159) 793 (19+4) 0-441 0-043 0-195
DM/ Ve relation 019 (0°12) 017 (006) 022 (0-06) 0-484 0-004 0674
VA, alveolar volume; VC, vital capacity; DM, diffusing capacity of alveolo-capillary membrane; Ve, pulmonary capillary blood volume.
“Level of significance according to Bonferroni correction is 0-004.
Pnon-paired ANCOVA, adjustments are thoroughly explained in the methods chapter.
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=3 P =0-003 5 1m0 T P =0-002 '
Y r )
§ ] _P=0031_ _P=002 9 NS P=0012
£ T 20 N ' °3
a s T 25 100 4
Ex s -|— 83
Sk g5 E
§ E 101 o o\‘; 50
o 2 B =
S g 5 4 J_ = J_ & N = 42 N=5 N =12
27 In=4a N=5 N =12 8 od— . . r
2 0 g g T T Y No RVD RVD Controls
& No RVD RVD Controls Xtitle
o Xtitle

Figure 2 Diffusing capacity of membrane in the recovery phase. A
suggestive difference existed between patients with and without right
ventricular dysfunction (RVD), a significant difference between patients
without RVD and healthy controls, as well as between patients with RVD
and healthy controls (ANCOVA, adjustment according to age, height,
weight and smoking). The level of significance after Bonferroni
correction is 0-02.

the present results — did not reach statistical significance. In the
present study, more exact characterization of the embolism mass
could be obtained than in the previous study (Fennerty
et al.,1988), which used a ventilation-perfusion isotope scan
with only a crude estimation of the size of PE. However, also
with CT methods, high correlations were not found, which may
depend on the heterogeneity of the embolism mass. As far as we
know, the present paper is the first study to use the CT-based
scoring of mass of embolism in relation to the components of
diffusing capacity.

Figure 3 Diffusing capacity (DL,CO) in the recovery phase. A
significant difference existed between patients without right
ventricular dysfunction (RVD) and healthy controls and between
patients with RVD and healthy controls (ANCOVA, adjustment
according to smoking). The level of significance after Bonferroni
correction is 0-02.

The results indicate that also the area of the alveolo-capillary
membrane affected by thrombus, i.e. the extent of PE, is
responsible for reduction in DL,CO at the acute phase of PE, in
addition to the effect of reduction in lung volume. Loss of lung
volume is important in the mechanism of decreased DL,CO
explained by bronchoconstriction in terminal respiratory units
corresponding to the site of PE (Nadel et al., 1964).

VC and VA improved significantly 7 months after the acute
PE. In the recovery phase, the correlation between DM and VA
remained signiﬁcant in all patients, but in patients with
sustained RVD, VA seems to be a less important cause of
reduction in DM and DL,CO. In patients with RVD, eventually a

© 2010 The Authors
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decrease in the area of functional alveolar membrane occurs,
because of organized thrombus, medial hypertrophy or intimal
fibrosis, as described earlier in chronic thromboembolic
pulmonary hypertension, a disease more advanced than the
disease of the present patients with RVD (Moser & Bloor, 1993).
At 7 months, DM probably reflects more the properties of
alveolo-capillary membrane whereas in the acute phase, DM
reduction might reflect more the mass of embolism. However,
the method used in the present study cannot differentiate
between the causes of DM reduction. In addition, the small
number of those with persistent RVD reduces the power of these
findings in the recovery phase.

As a rule, PE causes RVD when at least 25% (Goldhaber,
1998) of the pulmonary arterial bed is occluded by a thrombus.
Increase in pulmonary arterial pressure in PE increases right
ventricular afterload and consequently leads to dilatation and
failure of the right ventricle. The larger the mass of embolism,
the more common and severe the RVD. In general, approxi-
mately half of the patients with acute PE have RVD (Goldhaber,
1998; Miller et al.,1998, Lankeit & Konstantinides, 2010). The
prevalence of RVD of 51% in the acute phase of the present
study is in line with that.

As it concerns V¢, we did not find a significant difference in its
values between healthy controls and patients at the acute phase,
which is in concordance to one older study (Fennerty et al.,1988).
Either did Vc not improve during the follow-up. There are also
earlier studies on PE (Fennerty et al., 1988) and chronic throm-
boembolic disease (Bernsteinet al., 1996) which report that Ve did
not recover after therapeutic procedures, although there are also
suggestions on the role of Vc in the reduction in DL,CO in chronic
thromboembolic disease (Steenhuis et al., 2000).

In the present study, DM/Vc was significantly lower in
patients with RVD compared with those without RVD, suggest-
ing a role of DM/Vc relation in the pathophysiology of RVD.
Reduction in the effective capillary volume in PE has been
suggested to cause vascular dilatation, leading to reduction in
the DM/Vc ratio (Pande et al., 1975; Oppenheimer et al., 2006).
In the present study, there was improvement in both the values
of DM and V¢ why their relation possibly did not significantly
change during the follow-up.

The method used to measure the components of diffusing
capacity is a well-established one (Roughton & Forster, 1957),
although it has less commonly been utilized in recent years. The
reference values of Zanen et al. (2001) were chosen because they
are the most recent ones.

The levels of Vc and DM in the present study were similar to
those in an earlier paper (Fennerty et al., 1988) after the relevant
units had been converted. However, the present study gives new
information on the mechanism and outcome of PE.

In our hospital, PE is routinely diagnosed by CT, as
(Torbicki et dl.,
2008). Thus, we wanted to study PE according to modern

recommended by international guidelines

praxis. It would be ideal to study both CT and perfusion
scintigraphy. However, this was not possible to arrange and
would have been a heavy protocol with a high radiation dose for
the patients. In addition, the patients arrived acutely at the
hospital, why it was not possible to arrange examination time
for both CT and scintigraphy. CT is not as good as scintigraphy
on discriminating embolism in small arteries or to analyse
peripheral distribution of pulmonary flow. However, in
analysing the extent of central, segmental and larger subseg-
mental emboli, CT is superior to scintigraphy (Remy-Jardin
et al., 1996; Mayo et d., 1997).

In our study population, patients with obstructive pulmonary
disease were excluded based on spirometry. The FEV1/FVC ratio
was normal in both patients and controls, indicating that
patients did not have obstruction in medium-sized or large
bronchi. Smoking likely had not induced any significant
impairment during the 7-month follow-up. In addition,
statistical calculations were adjusted for smoking. Some smokers
were also present among control subjects. Because there was a
significant difference in weight between patients and control
subjects, the statistical calculations were adjusted for weight.

In conclusion, a decrease in diffusing properties of the
alveolo-capillary membrane for carbon monoxide is associated
with the extent of central PE and explains the found sustained
reduction in DL,CO in PE. Vc may also be involved in the
sustained reduction in DL,CO in PE. The diffusing capacity
recovered during the 7-month follow-up but did not reach the
level of healthy controls nor the normal reference range. Our
data provide new knowledge of consequences of PE on lung
function and indicate that sustained reduction in diffusing
capacity may still remain despite the treatment of PE according

to current guidelines.

Acknowledgments

Carol Ann Pelli, a native English speaker for language revision.

References

Bernstein RJ, Ford RL, Clausen JL, Moser KM.
Membrane diffusion and capillary blood
volume in chronic thromboembolic pulmo-
nary hypertension. Chest (1996); 110:
1430-1436.

Fennerty AG, Gunawardena KA, Smith AP. The

transfer factor and its subdivisions in patients

© 2010 The Authors

with pulmonary emboli. Eur Respir J (1988);
1: 98-101.

Geibel A, Zehender M, Kasper W, Olschewski
M, Klima C, Konstantinides SV. Prognostic
value of the ECG on aDMission in patients
with acute major pulmonary embolism. Eur
Respir J (2005); 25: 843-848.

Goldhaber S. Pulmonary Embolism. N Engl ] Med
(1998); 339: 93-104.

Goldhaber SZ. Echocardiography in the man-
agement of pulmonary embolism. Ann Intern
Med (2002); 136: 691-700.

Lankeit M, Konstantinides S. Thrombolysis for
pulmonary embolism: past, present and
future.  Thromb  Haemost (2010); 103:
877-883.

Mastora I, Remy-Jardin M, Masson P, Galland

E, Delannoy V, Bauchart JJ, Remy J. Evalua-

Clinical Physiology and Functional Imaging © 2010 Scandinavian Society of Clinical Physiology and Nuclear Medicine 31, 3, 196-202



tion of a new spiral CT angiographic score in
correlation with echocardiographic data. Eur
Radiol (2003); 13: 29-35.

Mayo JR, Remy-Jardin M, Miiller NL, Remy J,
Worsley DF, Hossein-Fourcher C, Kwong JS,
Brown M]J. Pulmonary embolism: prospective
comparison of spiral CT with ventilation-
perfusion scintigraphy. Radiology (1997); 205:
447-452.

McIntyre N, Crapo RO, Viegi G, Jonson DC,
van der Grinten CPM, Bursasco V, Burgos F,
Casaburi R, Coates A, Enright P, Gustafsson P,
Hankinson J, Jensen R, McKay R, Miller MR,
Navajas D, Pedersen OF, Pellegrino R, Wan-
ger J. Standardisation of the single-breath
determination of carbon monoxide uptake in
the lung. Eur Respir ] (2005); 26: 720-735.

Miller RL, Das S, Anandarangam T, Leibowitz
DW, Alderson PO, Thomashow B, Homma S.
Association Between Right Ventricular Func-
tion and Perfusion Abnormalities in Hemo-
dynamically Stable Patients With Acute
Pulmonary Embolism. Chest (1998); 113:
665-670.

Moser KM, Bloor CM. Pulmonary vascular
lesions occurring in patients with chronic
major vessel thromboembolic pulmonary
hypertension. Chest (1993); 103: 685-692.

Nadel JA, Colebatch HJH, Olsen CR. Location
and mechanism of airway constriction after
barium sulphate microembolism. J Appl Physiol
(1964); 19: 387-394.

Oppenheimer BW, Berger KI, Hadjiangelis NP,
Norman RG, Rapoport DM, Goldring RM.
Membrane diffusion in diseases of the pul-
monary vasculature. Respir Med (2006); 100:
1247-1253.

Pande JN, Gupta SP, Guleria JS. Clinical sig-
nificance of membrane diffusing capacity and
pulmonary capillary blood volume. Respiration
(1975); 32: 317-324.

Punukollu G, Gowda RM, Vasavada BC, Khan
IA. Role of electrocardiography in identifying
right ventricular dysfunction in acute pul-
monary embolism. Am J Cardiol (2005); 96:
450-452.

202 Components of diffusing capacity in pulmonary embolism, P. Piirila et al.

Quanjer Ph H, Tammeling GJ, Cotes JE,
Pedersen OF, Peslin R, Yernault J-C. Lung,
volumes and forced ventilatory flows. Eur
Respir J (1993); 6(Suppl. 16): 5-40.

Remy-Jardin M, Remy J, Deschildre R, Artaud
D, Beregi JP, Hossein-Fourcher C, Marchan-
dise X, Duhamel A. Diagnosis of pulmonary
embolism with spiral CT: comparison with
pulmonary angiography and scintigraphy.
Radiology (1996); 200: 699-706.

Ribeiro A, Lindmarker P, Juhlin-Dannfelt A,
Johnsson H, Jorfeldt L. Echocardiography
Doppler in pulmonary embolism: right
heart ventricular dysfunction as a predictor
of mortality rate. Am Heart J (1997); 134:
479-487.

Roughton RJ, Forster RE. Relative importance
of diffusion and chemical reaction rates in
determining rate of exhange of gases in the
human lung, with special reference to true
diffusing capacity of pulmonary membrane
and volume of blood in the lung capillaries.
J Appl Physiol (1957); 11: 290-302.

Roughton R], Forster RE, Cander L. Rate at
which carbon monoxide replaces oxygen
from combination with human haemoglobin
in solution and in the red cell. J Appl Physiol
(1957); 11: 269-276.

Sharma GV, Burleson VA, Sasahara AA. Effect of
thrombolytic therapy on pulmonary-capillary
blood volume in patients with pulmonary
embolism. N Engl ] Med (1980); 303:
842-845.

Steenhuis LH, Groen HJM, Koeter GH, van der
Mark Th W. Diffusion capacity and haemo-
dynamics in primary and chronic throm-
oembolic pulmonary hypertension. Eur Respir J
(2000); 16: 276-281.

Torbicki A, Perrier A, Konstantinides S, Agnelli
G, Galie N, Pruszczyk P, Bengel F, Brady AJ,
Ferreira D, Janssens U, Klepetko W, Mayer E,
Remy-Jardin M, Bassand JP, Vahanian A,
Camm J, De Caterina R, Dean V, Dickstein K,
Filippatos G, Funck-Brentano C, Hellemans I,
Kristensen SD, McGregor K, Sechtem U, Sil-
ber S, Tendera M, Widimsky P, Zamorano JL,

Zamorano JL, Andreotti F, Ascherman M,
Athanassopoulos G, De Sutter J, Fitzmaurice
D, Forster T, Heras M, Jondeau G, Kjeldsen K,
Knuuti J, Lang I, Lenzen M, Lopez-Sendon J,
Nihoyannopoulos P, Perez Isla L, Schwehr U,
Torraca L, Vachiery JL. Task Force on
Pulmonary Embolism, European Society of
Cardiology. Guidelines and management of

acute pulmonary embolism. Eur Heart
J(2000); 21: 1301-1336.
Torbicki A, Perrier A, Konstantinides §,

Agnelli G, Galie N, Pruszczyk P, Bengel F,
Brady AJ, Ferreira D, Janssens U, Klepetko
W, Mayer F, Remy-Jardin M, Bassand JP,
Vahanjan A, Camm J, De Caterina R, Dean
V, Dickstein K, Filippatos G, Funk-Brenatano
C, Hellemans I, Kristensen SD, Mc Gregor
K, Sechtem U, Silber S, Tendera M,
Widimsky P, Zamorano JL, Andreotti F,
Ascherman M, Athanassopoulos G, De Sutter
J, Fitzmaurice D, Forster T, Heras M,
Jondeau G, Kieldsen K, Knuuti J, Lang I,
Lenzen M, Lopez-Sendon ], Nihoyannopo-
ulos P, Perez Isla L, Schwehr U, Torraca L,
Vachiery JL. Guidelines on the diagnosis and
management of acute pulmonary embolism:
the Task Force for the Diagnosis and Man-
agement of Acute Pulmonary Embolism of
the European Society of Cardiology (ESC).
Task Force for the Diagnosis and Manage-
ment of Acute Pulmonary Embolism of the
European Society of Cardiology. Eur Heart J
(2008); 18: 2276-2315.

Viljanen AA (ed.) Reference values for spiro-
metric, pulmonary diffusing capacity and
body plethysmographic studies. Scand ] Clin
Invest (1982); 42(Suppl. 159): 1-50.

Wimalaratna HSK, Farrell J, Lee HY. Measure-

ment of diffusing capacity in pulmonary
embolism. Respir Med (1989); 83: 481—485.

Zanen P, van der Lee I, van der Mark T, van den

Bosch JM. Reference values for alveolar
membrane diffusion capacity and pulmonary
capillary volume. Eur Respir J (2001); 18:
764-769.

© 2010 The Authors

Clinical Physiology and Functional Imaging © 2010 Scandinavian Society of Clinical Physiology and Nuclear Medicine 31, 3, 196-202



