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Impairment of gas exchange in liver cirrhosis

P.D. Wagner

even at rest when TL,CO falls below about 50% of pre-
dicted, and Agustí's patients did not have pulmonary vas-
cular malformations. Perhaps the subject of Crawford's
study has lung disease in addition to vascular malforma-
tions, and both contribute to the hypoxaemia.

Interpretation of radiolabelled particle distribution

The authors used albumin aggregates whose diameters
were stated to range from 15 µm to 50 µm. Assuming
radioactivity relates to particle mass, not diameter, 50 µm
particles would be 37 times hotter than 15 µm particles
((50/15)3 = 37). If the abnormal vascular channels at their
narrowest exceeded 50 µm diameter, this inhomogeneity
of size may have posed no problem. If any were less
than 50 µm but greater than 15 µm, the hottest particles
would have been preferentially caught in the lungs.
Thus, without knowing the anatomy of the abnormal ves-
sels or the distribution of particle sizes between 15 and
50 µm, there is a potential interpretative limitation on
using the radioactive particle data to quantitatively assess
the vascular shunts. Of interest, this would if anything
underestimate the shunt, already computed to be about
40%.

Interpretation of inert gas (MIGET) data

Several issues arise. The authors argue that the room air
data suggest diffusion limitation for O2 because the inert
gases, generally considered to be invulnerable to diffusion
limitation, predict a higher arterial oxygen tension (Pa,O2)
than was measured [13]. This result agrees with EDELL et
al. [8] and CASTAING and MANIER [14] (and many other
MIGET-based studies in other settings). The low TL,CO

is consistent with this. However, whether the dilated
vascular channels are the site of this limitation is uncer-
tain. It is hard to imagine how these channels reduce total
lung TL,CO to 34% of predicted if indeed the alveolar
parenchyma is otherwise normal. Thus, hypothetically
abnormal parenchyma could explain the observations
rather than limited O2 exchange across the abnormal
vessels. There are thus two competing hypotheses and it
would seem that they cannot be distinguished from the
present data.

The 100% O2 breathing data are particularly intriguing
and the higher measured-than-MIGET-predicted Pa,O2

is used by the authors as evidence of diffusion limita-
tion of the inert gases, especially the least soluble gas,
sulphur hexafluoride (SF6). However, while the diffusion
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The paper in this issue by CRAWFORD et al. [1] addresses
a problem that has vexed clinicians and physiologists for
many years: In cirrhosis, the presence and mechanisms of
hypoxaemia, usually more severe in the upright posture,
and without evidence of classical lung disease, such
as obstructive or restrictive syndromes. Ever since abnor-
mally dilated pulmonary blood vessels were first identi-
fied in such patients [2], studies have focused on the
obvious potential connection between such functional
shunts and hypoxaemia [3–10]. CRAWFORD et al. have
used two separate techniques to assess gas exchange in a
single patient: 1) the multiple inert gas elimination tech-
nique (MIGET, [11]) which quantifies ventilation/perfu-
sion (V'A/Q') relationships, right to left pulmonary and
cardiac shunts, and, indirectly, diffusion limitation of O2

exchange and 2) intravenous injection of radio labelled
particles to assess their passage through the lungs as a
means to quantify flow through the abnormal, dilated
vessels.

In summary, Crawford's results in a patient breathing
room air suggest the existence of O2 diffusion limitation
plus V'A/Q' mismatch with shunts. Two additional obser-
vations are especially intriguing: 1) the shunt computed
from labelled particle retention in the lungs was much
greater than the functional shunt for O2 and 2) breathing
100% O2, the functional shunt for O2 was considerably
less than that predicted from the MIGET data at the same
time.

While neither a broad review of the topic nor a full dis-
cussion of this study are possible within the confines of
an editorial, several specific issues in Crawford's paper
deserve discussion.

Causes of hypoxaemia in this patient

The patient is a moderate smoker with mild airway
obstruction (forced expiratory volume in one second to
forced vital capacity ratio) (FEV1/FVC) ~ 90% predicted
and evidence of moderate restrictive lung disease total
lung capacity (TLC), vital capacity (VC) = 78% of pre-
dicted, transfer factor across the lung for carbon monox-
ide TL,CO = 34% of predicted). The TL,CO reduction is
excessive for the volume and flowrate abnormalities, and
compares to a TL,CO of about 60% of predicted for the
cirrhotic patients of EDELL [8] whose TLC values were
100% of predicted.

As shown by AGUSTÍ et al. [12], diffusion limitation
(in another disease, namely, interstitial fibrosis) occurs
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coefficient of a gas in blood indeed depends on the par-
tition coefficient (as they state), the time to reach diffusion
equilibration between blood and alveolar gas additionally
depends on blood capacitance for the gas. This is also
proportional to the partition coefficient. These two depen-
dencies therefore cancel out the effects of partition coef-
ficient on diffusion equilibration, leaving only molecular
weight (MW) as the factor separating the six MIGET
gases [15]. Because SF6 has a high MW (146) while
the next gas in solubility, ethane, has a MW of only 30, a
discrepancy in inert gas elimination patterns will develop
as soon as inert gas diffusion limitation becomes physi-
ologically recognizable. Specifically, the residual sum of
squares (RSS) must begin to rise to abnormal levels as
SF6 (and/or enflurane, the other MIGET gas of high MW)
are preferentially retained in the blood. Such has been
indeed noted in several studies [16–18]. Given the very
low (i.e., normal) RSS values in the present paper, the
mechanism of inert gas diffusion limitation is therefore
unlikely. What other possibilities can be imagined? Two
come to mind. First, systematic errors in the overall col-
lection of measured variables could be at fault (random
errors are not the explanation given the consistent data of
table 1). Coexistence of very low V'A/Q' regions with true
shunts poses a resolution problem for MIGET due to diffi-
culty in their precise separation: systematic overestima-
tion of shunt with corresponding underestimation of low
V'A/Q' areas would reduce predicted arterial Pa,O2 and thus
could explain the data. This could be specific to this indi-
vidual patient for in EDELL'S work [8], measured and
predicted Pa,O2 on 100% O2 agreed closely. A second pos-
sibility is that there may be lung regions sufficiently
poorly ventilated that during 100% O2 breathing, no
expired gas leaves those alveoli despite the continued
existence of some inspired ventilation. These regions
would be at or below the critical inspired ventilation/
perfusion ratio, V'I/Q', of DANTZKER et al. [19] a value
commonly around 0.08. Such would result in continued
oxygenation of the end capillary blood, but inert gases
would not be eliminated, the MIGET data thus indicating
a shunt with an unexpectedly high measured Pa,O2. In both
of these possibilities (discrimination of shunt from low
V'I/Q' areas and regions of lower than critical V'I/Q'), the
RSS would not be abnormally high, unlike the situation of
inert gas diffusion limitation.

Reconciling MIGET and radiolabelled particle data

No method currently used can guarantee that the par-
ticular lung regions responsible for transmission of intra-
venously injected particles, the abnormal vessels, are
those responsible for abnormal gas exchange data. It is
conceivable even if unlikely that the abnormal channels
both oxygenate the blood, and eliminate inert gases
adequately and that the gas exchange problems originate
elsewhere, at least in part. This makes the quantitative dif-
ference between the particle-determined shunt (~40%)
and that based on gas exchange (~20–25%) more difficult
to assess but accordingly less problematic to accept.
What then can be concluded from Crawford's paper?
1. Their patient has hypoxaemia from a combination of

shunt, V'A/Q' mismatch and O2 diffusion limitation. Lung
disease remains a possible contributing factor, even while
vascular malformations are shown to exist.
2. Inert gas diffusion limitation should greatly increase the
MIGET residual sum of squares, which was not seen.
Other explanations might be considered, as discussed.
3. The radioactively labelled particles indicate a larger
shunt than do gas exchange data, but reconciling these dif-
ferences is not currently possible.

For the most part, these conclusions fit with similar,
prior observations, highlight the complexity of hypox-
emia caused by cirrhosis of the liver, and show that we
still do not have the tools to fully understand its basis.
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