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The lungs and platelet production
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Sapienza’, Rome, Italy

Summary

Several studies have suggested that thrombopoiesis may occur in the lungs. To
investigate the role of the lungs in platelet production, we measured automated platelet
parameters in blood from the pulmonary artery and the radial artery (n ¼ 125) or
aorta (n ¼ 26) in patients undergoing aorto-coronary bypass. No significant differences were found between pulmonary and radial arterial blood with regard to platelet
count (192.132 ± 46.250 vs. 192.004 ± 46.294 · 109/l), mean platelet volume
(11.03 ± 1.04 vs. 11.03 ± 1.03 fl), plateletcrit (0.212 ± 0.051 vs. 0.212 ±
0.051 · 10)2), platelet distribution width (14.48 ± 2.16 vs. 14.47 ± 2.08 fl) and
platelet–large cell ratio (0.350 ± 0.076 vs. 0.351 ± 0.078). Similar results were obtained in comparisons between pulmonary arterial and aortic blood. A coefficient of
linear correlation of 0.98 was found between the pulmonary and radial arterial and
aortic platelet counts. These findings suggest that the platelet population entering the
lungs was the same as the platelet population leaving them. Our results do not
therefore support the theory of pulmonary platelet production.
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Introduction
Since Aschoff (1893) described the presence of megakaryocytes in the lungs, the site of platelet production has
been a subject of debate. Howell and Donahue (1937)
reported a higher platelet count in blood leaving the lungs
than in blood entering them and suggested that megakaryocytes concentrated in the lungs contribute actively
to platelet production. This view, supported by Bierman
(1955), Sharnoff and Scardino (1960) and Tinggaard
Pedersen (1974), was challenged by Jordan (1940) and by
Fidlar and Waters (1941).
Numerous authors have confirmed the presence of
megakaryocytes in circulating blood, in the lungs and in
many locations other than the bone marrow, both in
human subjects and in experimental animals (Oelhafen,
1914; Kaufman et al., 1965a; Tinggaard Pedersen, 1974
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and 1978, Hansen & Tinggaarden Pedersen, 1978;
Levine et al., 1993). It is therefore widely accepted that
megakaryocytes migrate through the marrow–blood
barrier to enter the circulation (Tavassoli & Aoki,
1981). The great number found in the lungs has been
ascribed to filtration in the pulmonary capillary bed
(Tinggaard Pedersen, 1974 and 1978, Trowbridge,
Martin & Slater, 1982; Levine et al., 1993). Since the
work of Wright (1906), the megakaryocyte cytoplasm
has been recognized as the source of platelet production.
It has been observed that circulating megakaryocytes are
fewer in number and their cytoplasm poor or absent after
their passage through the lungs (Tinggaard Pedersen,
1974 and 1978; Levine et al., 1993). As bare megakaryocyte nuclei are not commonly noted in normal
marrow, it has been suggested that the pulmonary
capillaries are the sole site (Trowbridge et al., 1982;
Slater, Trowbridge & Martin, 1983) or the primary site
(Levine et al., 1993) of platelet production. Others have
estimated that proportions of the platelet mass ranging
from 7 to 17% to 33% are released in the pulmonary
capillaries (Kaufman et al., 1965b).
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To investigate the role of the lungs in the process of
platelet production, we measured automated platelet
parameters in blood from the pulmonary and radial
arteries and the aorta in humans.

Patients and methods
The study was carried out, after obtaining informed
consent, in patients undergoing aorto-coronary bypass
for atherosclerotic coronary disease. All patients were
operated upon using the same anaesthetic and surgical
techniques. After sternotomy and before heparin anticoagulation, hypothermia and extracorporeal circulation
were performed, arterial blood specimens were drawn
almost simultaneously into sterile syringes. These were
taken from the pulmonary and radial arteries in 125
patients (111 men and 14 women, mean age
61.79 ± 8.67 years) and from the pulmonary artery and
aorta in 26 patients (23 men and 3 women, mean age
61.68 ± 7.74 years). The blood samples were transferred
immediately after collection into K3EDTA anticoagulated
vacutainer tubes (Becton-Dickinson, Plymouth, UK).
Automated platelet parameters were measured within
two hours of collection, using a SysmexTM NE-8000 device
(TOA Medical Electronics CO., Kobe, Japan), employing the
electrical impedence principle. Platelet particle size distribution analysis was performed by a lower discriminator,
set automatically in the size range between 2 and 6 fl, an
upper discriminator, set automatically in the range
between 12 and 30 fl, and a fixed discriminator set at 12 fl.
The parameters measured were: platelet count (PLT),
mean platelet volume (MPV), plateletcrit (Pct), platelet
distribution width (PDW) (measured at the 20% level
taking the histogram peak as 100%) and platelet-large
cell ratio (P-LCR). P-LCR was obtained by dividing the

Pulmonary artery
PLT (109/l) 192.132 ± 46.250
(183.944–200.319)
MPV (fl)
11.03 ± 1.04
(10.84–11.20)
0.212 ± 0.051
Pct (10–2)
(0.202–0.221)
PDW (fl)
14.48 ± 2.16
(14.10–14.87)
P-LCR (1)
0.350 ± 0.076
(0.335–0.364)
Hct (1)
0.366 ± 0.041
(0.357–0.374)

Radial artery

number of cells included in the range between the fixed
and the upper discriminator by the total number of cells
counted between the lower and the upper discriminator
(PLT). The haematocrit (Hct) was measured in all
samples to avoid spurious results due to differences in
composition of blood from the pulmonary and radial
arteries. The intra-assay and interassay coefficients of
variation were 6% in the range of the study and each
value was the mean of duplicate assays. Student’s paired
t-test was used for statistical analysis (Statistica software,
Statsoft, Inc, Tulsa, Oklahoma, USA, 1993).

Results
There were no differences in the platelet parameters
between pulmonary and radial arterial blood (Table 1).
Hct values were significantly higher in pulmonary than in
radial arterial blood (P < 0.0005). Coefficients of inverse
linear correlation between PLT and MPV were )0.25 in
pulmonary arterial blood (P < 0.01) and )0.24 in radial
arterial blood (P < 0.01). A very high positive linear
correlation was found between the pulmonary arterial and
radial arterial PLT (r ¼ 0.98, P < 0.001), MPV (r ¼ 0.97,
P < 0.001), Pct (r ¼ 0.98, P < 0.001), PDW (r ¼ 0.96,
P < 0.001) and P-LCR (r ¼ 0.98, P < 0.001).
Similar results were obtained in comparisons between
pulmonary arterial and aortic blood. No significant
differences were found with respect to PLT
(175.326 ± 51.233 vs. 175.096 ± 50.301 109/l, NS),
MPV (10.90 ± 0.71 vs. 10.88 ± 0.70 fl, NS), PDW
(13.74 ± 1.27 vs. 13.66 ± 1.33 fl, NS) and P-LCR
(0.332 ± 0.054 vs. 0.337 ± 0.056, NS). Coefficients of
linear correlation were 0.99 for PLT (P < 0.001), 0.98 for
MPV (P < 0.001), 0.95 for PDW (P < 0.001) and 0.97 for
P-LCR (P < 0.001).

P levels

MD

192.004 ± 46.294
0.128 ± 8.024
(183.808–200.199)
11.03 ± 1.03
0.008 ± 0.239
(10.85–11.21)
0.212 ± 0.051
0.002 ± 0.091
(0.203–0.221)
14.47 ± 2.08
0.14 ± 0.60
(14.10–14.84)
0.351 ± 0.078
0.0015 ± 0.016
(0.336–0.366)
0.364 ± 0.040
0.0021 ± 0.0050
(0.355–0.372)

0.86

Table 1. Values of the platelet parameters and of the haematocrit ± SD in
blood from the pulmonary and the radial
arteries (n ¼ 125)

0.69
0.81
0.79
0.33
0.00015

MD, mean difference ± SD; 95% confidence intervals in brackets.
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Discussion
Since the report of Howell and Donahue (1937), several
groups have insisted that the lungs are the sole source or
the main source of platelet production. The present study,
carried out in a substantial number of subjects, on blood
drawn directly from the pulmonary and radial arteries and
the aorta showed no differences in platelet parameters
between blood entering the lungs and blood leaving them.
The PLT was in fact slightly lower in arterial blood, due
possibly to the respiratory change in haematocrit. A
similar, insignificant difference has been observed between
peripheral venous and arterial blood in a small number of
subjects (Aliberti et al., 1996).
If substantial thrombopoietic activity occurred in the
lungs, a higher steady state PLT would be expected in
radial arterial than in pulmonary arterial blood, resulting from pooling of pulmonary and systemic platelet
production. This has been reported in cats, rabbits and
rats by a number of authors (Howell & Donahue, 1937;
Sharnoff & Scardino, 1960; Tinggaard Pedersen, 1974).
While similar results have been reported in humans
(Howell & Donahue, 1937; Bierman, 1955), these
studies employed unphysiological experimental models
(Jordan, 1940), imprecise counting methods, and, in
some cases, unreliable statistical analyses. There are
numerous reports of arterio-venous differences in megakaryocyte counts and morphology, presented as further
evidence of pulmonary platelet production. These studies
have demonstrated higher counts of intact, megakaryocytes in central venous blood, with fewer megakaryocytes in aortic, arterial and peripheral venous blood,
many with scanty cytoplasm or naked nuclei (Kaufman
et al., 1965a and 1965b; Tinggaard Pedersen, 1978;
Trowbridge et al., 1982; Slater et al., 1983; Levine et al.,
1993). It has been suggested that these differences were
due to the filtration of megakaryocytes in the lungs and
subsequent fragmentation of their cytoplasm to form
platelets.
Although the presence of megakaryocytes in circulating blood is accepted as a normal finding, our results
do not support this view. Not only was no difference
found between pulmonary arterial, radial arterial and
aortic blood with respect to PLT, but MPV, P-LCR, PDW
(an index of platelet size heterogeneity) and Pct were
also identical. A similar inverse correlation was observed between PLT and MPV in the pulmonary and
systemic circulations. This has been observed in humans and in several mammalian species (Nakeff &
Ingram, 1970; O’Brien & Jamieson, 1974), and has been
interpreted as evidence of a homeostatic mechanism
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regulating platelet production. Moreover, very high
coefficients of positive linear correlation were found
between the pulmonary arterial, radial arterial and
aortic platelet parameters, especially for PLT (r ¼ 0.98).
This suggests that the platelet population entering the
lungs was the same as the population leaving. This
should not occur if there were random fragmentation of
megakaryocyte cytoplasm in the pulmonary capillaries,
with platelet release.
In conclusion, the present study does not support the
theory that significant platelet production occurs in the
lungs, as the platelet population is identical before and
after pulmonary passage.
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