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BACKGROUND: The noble gas helium is devoid of anesthetic effects, and it elicits cardiac
preconditioning. We hypothesized that inhalation of helium provides protection
against postocclusive endothelial dysfunction after ischemia-reperfusion of the fore-
arm in humans.
METHODS: Eight healthy male subjects were enrolled in this study with a crossover
design. Each volunteer was randomly exposed to 15 min of forearm ischemia in the
presence or absence of helium inhalation. Helium was inhaled at an end-tidal
concentration of 50 vol% from 15 min before ischemia until 5 min after the onset of
reperfusion (“helium conditioning”). Hyperemic reaction, a marker of nitric oxide
bioavailability and endothelial function, was determined at 15 and 30 min of reperfu-
sion on the forearm using venous occlusion plethysmography. Expression of the
proinflammatory markers CD11b, ICAM-1, PSGL-1, and L-selectin (CD62L) on leuko-
cytes and P-selectin (CD62P), PSGL-1, and CD42b on platelets were measured by flow
cytometry during reperfusion.
RESULTS: Ischemia-reperfusion consistently reduced the postocclusive endothelium-
dependent hyperemic reaction at 15 and 30 min of reperfusion. Periischemic inhalation
of helium at 50 vol% did not improve postocclusive hyperemic reaction. Helium
decreased expression of the proinflammatory marker CD11b and ICAM-1 on leuko-
cytes and attenuated the expression of the procoagulant markers CD42b and PSGL-1
on platelets.
CONCLUSIONS: Although inhalation of helium diminished the postischemic inflamma-
tory reaction, our data indicate that human endothelium, which is a component of all
vital organs, is not amenable to protection by helium at 50 vol% in vivo. This is in contrast
to sevoflurane, which protects human endothelium at low subanesthetic concentrations.
(Anesth Analg 2009;109:101–8)

Endothelium-mediated vasodilator response is mark-
edly diminished by mental and physical stress, pain,
diabetes, hypercholesterolemia, and hypertension.1–3

The same conditions are also associated with an
increased incidence of perioperative cardiovascular
complications.4,5 This is not surprising as endothelial
dysfunction during ischemia-reperfusion exacerbates
vasospasm and thus is a critical determinant of the
extent of ischemic organ injury.6,7 Because the endo-
thelium is a key component of all vital organs, it can
be speculated that interventions aiming at improving
endothelial function potentially protect the whole
body.

Using a human forearm model of simulated ischemia-
reperfusion injury, we recently demonstrated that the
halogenated ether sevoflurane administered at low
subanesthetic but sedative doses (�1 vol%) abolished
postocclusive endothelial dysfunction and activation
of inflammatory white blood cells.8 Small-dose
sevoflurane inhalation was further capable of inhibit-
ing agonist-induced formation of thrombogenic
granulocyte-platelet aggregates9 and of decreasing the
expression of the proinflammatory L-selectin 24 h
after sevoflurane inhalation in volunteers,10 which is
consistent with the occurrence of a “second window of
protection” in humans. An increasing body of evi-
dence now suggests that the noble gas helium, which
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is devoid of any sedative effects, may provide similar
and efficient protection in the heart by activating
signaling pathways previously described for haloge-
nated ethers.11–13 Experimental data imply that helium
concentrations well below 50 vol% are cardioprotec-
tive. However, it is unclear whether helium specifi-
cally protects the endothelium in humans similar to
halogenated ethers8 or, in other words, whether
endothelial protection is a component of helium-
induced organ protection. Therefore, using our pre-
viously established model,8 we tested in volunteers
whether helium could prevent endothelial dysfunc-
tion in vivo and, if so, whether this protection would
be related to a reduced expression of proinflamma-
tory markers on leukocytes and platelets. Specifi-
cally, we hypothesized that periischemic helium
inhalation, i.e., “helium conditioning,” would im-
prove postocclusive endothelial dysfunction by in-
hibiting the inflammatory response on white blood
cells.

METHODS
Study Subjects

This study was performed in accordance with the
Declaration of Helsinki (2000) and was approved by
the local ethics committee. Eight healthy male volun-
teers (35 � 7 (25–45) yr) with a Body Mass Index of
21 � 2 kg/m2 and normal hematological variables
(hemoglobin 14.5 � 0.5 g/dL, leukocytes 5.54 � 0.82 �
103 per �L, platelets 245 � 34 � 103 per �L) gave
informed signed consent. All subjects were nonsmok-
ers and refrained from caffeine and dark chocolate
24 h before study participation.

Study Protocol
Ischemia-reperfusion of the forearm was used as

a model of endothelial dysfunction.7,8,14 Figure 1
depicts the time course of the experiments. An IV
cubital line was placed on the nondominant arm,
and 100 mL Ringer’s solution was administered.
Studies were performed in a temperature-controlled
and quiet room (24°C) during the early morning
hours. The nondominant forearm was rendered
ischemic for 15 min by inflating a 12-cm-wide blood
pressure cuff placed around the upper arm to 180
mm Hg to induce endothelial dysfunction (index
ischemia). In all protocols, the spontaneously
breathing volunteers used a tightly fitting cush-
ioned face mask connected to the common gas outlet
of an anesthesia machine (Siemens Servo 900D
ventilator; Siemens Life Support Systems, Sona,
Sweden). To overcome the internal resistance of the
ventilator and connected tubing and to obtain the
most convenient conditions for each volunteer, a
pressure support of 2– 4 mbar was used and the
inspiration trigger was set to 0 –3 mbar. At the
beginning and at the end of the protocols, all
subjects inhaled nitrogen in 50 vol% oxygen
(Fig. 1). Helium (Messer Schweiz AG, Lenzburg,
Switzerland) or nitrogen in 50 vol% oxygen was
inhaled from 15 min before forearm ischemia until 5
min after reperfusion. Blood samples were taken
from the cubital vein of the nondominant arm
before test ischemia (baseline) and after 5, 10, and 30
min of reperfusion. Monitoring consisted of inter-
mittent noninvasive arterial blood pressure mea-
surements, 5-lead electrocardiogram, end-tidal CO2,

Figure 1. Study protocols. The forearm was rendered hypoxic for 15 min. Hyperemic blood flow response was measured using
venous occlusion plethysmography after 15 and 30 min of reperfusion to assess endothelial function. Blood samples for flow
cytometry were collected after 5, 10, and 30 min of reperfusion. CTL � control protocol.
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O2, and N2 concentrations (Infinity Delta XL, Drae-
ger Medical Systems, Danvers, MA).

Assessment of Resistance Vessel Endothelial
Function Using Hyperemic Blood Flow Response
in the Forearm
We have previously described this procedure in de-

tail.8 Mercury-in-silastic strain-gauge venous occlusion
plethysmography (Vasoquant 4000; ELCAT GmbH,
Wolfratshausen, Germany), which is considered to be
the “gold standard” for the early detection of endo-
thelial dysfunction, was used to measure the hyper-
emic blood flow response in the forearm.15–18 Briefly,
volunteers were placed in a supine position with both
arms extended and elevated. Venous congestion was
achieved by inflating a cuff around the upper arm to
40 mm Hg. The recorded period of blood flow con-
sisted of four cycles of venous occlusion followed by
deflation (each 5 s) while the hands were excluded
from the circulation. Reactive hyperemia was induced
by 4 min of blood flow arrest using a blood pressure
cuff inflated 20 mm Hg above the systolic blood
pressure. Early hyperemic reaction (EHR, peak flow at
the onset of reperfusion representing the first mea-
surement after deflation of the cuff) and late hyper-
emic reaction (LHR, maintenance of hyperemia
representing the mean of the three subsequent mea-
surements) were recorded. Reactive hyperemia was
determined at baseline before index ischemia on the
dominant nonexperimental forearm to avoid isch-
emic preconditioning before the experiment, 15 and
30 min after test ischemia on both forearms. In the
helium protocol, reactive hyperemia was also deter-
mined 5 min after initiation of helium inhalation to
test whether helium itself without prior index isch-
emia would change the hyperemic blood flow re-
sponse.

Determination of Proinflammatory (CD11b, ICAM-1,
CD62L, and PSGL-1) and Procoagulant (CD42b and
CD62P) Markers Using Flow Cytometry
Heparinized blood samples were immediately pro-

cessed for flow cytometry. The expression of the
proinflammatory molecules was determined at base-
line, 5, 10, and 30 min during reperfusion in all eight
volunteers.8,9 Three microliters of the primary
fluorochrome-labeled antibody was added to 50 �L of
blood in endotoxin-free tubes and incubated in the
dark for 10 min at room temperature. Lysis buffer (450
�L) (Becton Dickinson, Basel Switzerland) was added
and incubated for an additional 20 min at room
temperature. The lysates were fixed for 30 min in 0.5
mL 0.2% paraformaldehyde solution at room tempera-
ture. The samples were centrifuged, and the cell
pellets were suspended in 0.5 mL of TLR buffer and
stored at 4°C in the dark. The FACSCalibur (Becton
Dickinson, Basel Switzerland) flow cytometer was
used to measure R-phycoerythrin (PE)-fluorescence
at 580 nm and FITC-fluorescence at 515 nm. White

blood cells and platelets were distinguished from each
other by typical physical characteristics, resulting in
well-delineated cellular subpopulations that are easily
identified on forward and side-scatter plots. Monoclo-
nal antibodies for polymorphnuclear granulocytes
(CD15, PE-labeled, clone 80H5, Immunotech, Mar-
seille France), monocytes (CD14, FITC-labeled,
clone 61D3, eBioscience, Wembley, UK), and platelets
(CD62P, PE-labeled, clone AK-4, Santa Cruz Biotechnol-
ogy, CA) further served for identification of cellular
subgroups. The following additional surface markers
were used: CD62L (FITC-labeled, clone AN51, DAKO,
Glostrup Denmark), CD11b (PE-labeled, clone
2LPM19C, DAKO, Glostrup Denmark), ICAM-1
(FITC-labeled, clone sc-107, Santa Cruz Biotechnology,
CA), PSGL-1 (FITC-labeled, clone sc-32302, Santa Cruz
Biotechnology, CA), and CD42b (GPIIb, clone AN51,
FITC-labeled, DAKO, Glostrup Denmark). Results
were compared with isotype-matched antibodies
staining as controls (PE-labeled IgG, eBioscience,
Wembley, UK and FITC-labeled IgG, Becton Dickin-
son, Basel, Switzerland). A minimum of 20,000 events
was counted on each sample. Data are shown as
fold-change of mean fluorescence intensities (MFIs)
from the respective baseline values.

Statistical Analysis
Forearm blood flow was measured in milliliters per

100 g tissue per minute and expressed as percent
change compared with baseline flow measurements.
The sample size was calculated based on published
data of endothelial protection by sevoflurane in hu-
mans, as measured by venous occlusion plethysmog-
raphy.8 With an expected difference of 50% between
group means (percent change from baseline), i.e.,
between the control protocol without helium inhala-
tion and the protocol with helium inhalation (Heliox),
and a standard deviation of 30% in each group, an � �
0.05, and a � � 0.80, a sample size of eight volunteers
(control and treatment arm) was necessary in this
study with a crossover design. For each participat-
ing subject, activation of leukocytes, and platelets
on the ischemic limb was expressed as the ratio of
MFIs between time-matched control and helium
blood samples of the investigated surface markers,
as follows:

ratio(subject Si; timepoint tj) �
MFISi HELIOX(tj)

MFISi CTL(tj)
,

where i � 1, 2, . . . 8 and j � baseline, 5 min, 10 min,
30 min

Data were subsequently normalized to baseline.8

Paired t-test and repeated-measures analysis of vari-
ance were used for comparison. P � 0.05 was consid-
ered significant. Data are given as mean � sd after
testing for normality. Analyses were performed using
SigmaStat Version 2 (SPSS Science, Chicago, IL).
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RESULTS
All study subjects tolerated the procedures well

without complications. The 35 min period of helium
inhalation at 50 vol% had no effect on arterial blood
pressure, heart rate, and end-tidal CO2 concentrations
(Table 1). There was no sedation in any of the partici-
pants, nor was there any analgesic effect on the
discomfort associated with the 15 min of ischemia-
reperfusion of the forearm when helium was inhaled
compared with nitrogen in the control protocol. De-
spite equal ventilation settings in the control and
helium protocols for each of the eight participants,
seven of them reported a subjective reduction in the
resistive work of breathing during helium inhalation.

Ischemia-Reperfusion in the Forearm Markedly Reduces
Endothelium-Dependent Hyperemic Blood Flow Response
in Humans

Fifteen minutes of ischemia followed by reperfu-
sion was used to induce endothelial dysfunction.
Hyperemic blood flow response was measured by
venous occlusion plethysmography after 15 and 30
min of reperfusion on both the ischemic and the
nonischemic side. Although peak flow at reopening of
the forearm vessels (EHR) was unaffected by test
ischemia when compared with baseline (at 15 min of
reperfusion: �6% � 23%, at 30 min of reperfusion:
�12% � 15%), maintenance of hyperemic reaction

(LHR) was markedly (P � 0.05) reduced versus base-
line (at 15 min of reperfusion: �27% � 15%, at 30 min
of reperfusion: �29% � 12%) (Fig. 2). Hyperemic
blood flow response was unaffected by index ischemia
on the nonischemic control arm, i.e., there was no
induction of “remote” effects on the neighboring en-
dothelium after ischemia-reperfusion injury (data not
shown). Original tissue flow measurements are avail-
able in Supplementary Table S1, available at www.
anesthesia-analgesia.org.

Periischemic Breathing of Helium does not Restore
Postocclusive Endothelial Dysfunction of the Forearm
in Humans

Each volunteer underwent the same procedure
with and without helium inhalation in a random
fashion. Helium was inhaled from 15 min before
ischemia until 5 min after reperfusion, mimicking a
combination of pre- and postconditioning (“condition-
ing”). There was no postocclusive improvement of
LHR (Fig. 2). Interestingly, helium itself did not affect
EHR versus baseline (3% � 6%) or LHR versus
baseline (�1% � 11%), nor did it affect EHR on the
nonischemic limb versus control after index ischemia
(at 15 min of reperfusion with helium 1% � 8% vs 5%
� 11% in control, at 30 min of reperfusion with helium
�4% � 12% vs 5% � 3% in control) or LHR on the
nonischemic arm after index ischemia (at 15 min of
reperfusion with helium 4% � 15% vs 2% � 17% in

Figure 2. Late hyperemic blood flow response (LHR) in the ischemic arm. The percent change in blood flow is shown for each
subject at 15 and 30 min after test ischemia. Mean values and sds are depicted next to the individual measurements. There
was a significant reduction in LHR after ischemia-reperfusion injury versus baseline (*P � 0.05). However, helium breathing
did not improve postocclusive hyperemic reaction. CTL � control protocol; V1–8 � individual volunteers.

Table 1. Recorded Variables During Inhalation of Gas Mixtures

Subjects V_1 V_2 V_3 V_4 V_5 V_6 V_7 V_8
Before Helium
SBP (mm Hg) 133 110 114 112 126 128 116 120
HR (bpm) 73 60 56 60 56 58 70 73
Spo2 (%) 100 99 100 99 100 100 100 100
During Helium
SBP (mm Hg) 130 111 110 105 130 132 117 104
HR (bpm) 66 65 56 52 55 58 60 70
Spo2 (%) 100 100 99 100 100 100 99 100
ETo2 (vol%) 42 44 45 47 43 45 46 45
ETco2 (vol%) 5 4.8 4.4 4.5 4.2 5.2 3.8 3.7
SBP � systolic blood pressure at baseline and 10 min after initiation of helium (50 vol%) inhalation; HR � mean heart rate; ETO2� mean end-tidal O2 concentration; ETCO2 � mean end-tidal
CO2; SpO2 � mean oxygen saturation (finger tip); bpm � beats per minute; V1–8 � individual volunteers.
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control, at 30 min of reperfusion with helium 0% �
23% vs �1% � 21% in control). These data further
exemplify the inability of helium to directly affect
endothelial function in humans.

Helium Breathing only Modestly Reduces the
Proinflammatory and Procoagulant Cell Surface Markers
After Ischemia-Reperfusion Injury

To test whether helium affects the expression of the
proinflammatory markers on leukocytes and the pro-
coagulant markers on platelets, blood was collected
during reperfusion from the injured side and com-
pared with baseline conditions. Baseline flow cytom-
etry data are available in Supplementary Table S2,
available at www.anesthesia-analgesia.org. The mark-
ers were expressed as the ratio of MFI between
time-matched control and helium blood samples. He-
lium reduced the ratio of CD11b expression on mono-
cytes and ICAM-1 on granulocytes and monocytes
during reperfusion (Fig. 3). Although no changes in

CD62P (P-selectin) expression were observed, reduc-
tions in PSGL-1 and CD42b expressions on platelets
were detected during reperfusion (Fig. 4). Because this
study used the identical experimental protocols to
assess endothelial function, as previously reported for
sevoflurane by our group,8 we directly compared the
endothelial protection by helium (50 vol%) with
sevoflurane (�1 vol%). The comparison shows that
helium can only provide modest antiinflammatory
actions against ischemia-reperfusion injury. However,
it is incapable of improving postocclusive endothelial
dysfunction in humans (Fig. 5).

DISCUSSION
The present study shows the following salient

findings. First, in contrast to our hypothesis, helium
inhalation in humans elicited no postocclusive im-
provement of endothelial dysfunction after ischemia-
reperfusion injury on the forearm. Moreover, and
unlike previous observations with sevoflurane,8

helium did not affect vasomotion on the nonischemic
limb, indicating no remote systemic “preconditioning-
like” effects on the vasculature. Second, although
helium modestly attenuated the postischemic expres-
sion of inflammatory cell surface markers on leuko-
cytes and platelets, it was unable to restore endothelial
function at the used concentration (50 vol%). None-
theless, the observed antiinflammatory and anticoagu-
lant actions elicited by helium may be, at least in part,
responsible for its previously reported organ protec-
tive effects.12,13,19

Venous occlusion plethysmography is a reliable
noninvasive tool to investigate vascular function and
is regarded to be the gold standard for evaluating
endothelial function.16,17 In the present study, we
determined reactive hyperemia, which is mediated by
the endothelial release of nitric oxide,20 using venous
occlusion plethysmography after prolonged test isch-
emia of the forearm. With the aid of this well-established
model,1,7,8 we previously showed that hyperemic blood
flow remains unchanged after nitroglycerin application
consistent with an endothelium-dependent, but smooth
muscle-independent, vasomotion effect.8 These studies
further demonstrated that late, as opposed to early
hyperemic blood flow response, more reliably reflects
endothelial function and vascular integrity. The findings
of the present study show that helium, as opposed to
sevoflurane, is unable to prevent postocclusive endothe-
lial dysfunction.

Helium is a biologically inert noble gas without
anesthetic properties.21,22 Its application as an oxygen
carrier in the clinical setting is largely based on its low
density (�250% if nitrogen in air is replaced by
helium) and rapid diffusion due to its low atomic
weight, as compared with nitrogen, which markedly
reduces the resistive work of breathing.23 Improved
CO2 elimination and reduced oxygen requirements
combined with antiinflammatory actions lead to an

Figure 3. Proinflammatory markers on leukocytes. CD11b,
CD62L (L-selectin), ICAM-1, and PSGL-1 expressions were
used to assess leukocyte activation after ischemia-
reperfusion injury in the ischemic arm. There was only a
modest decrease in CD11b and ICAM-1 expression with
helium inhalation. Data are mean � sd. CTL � control
protocol; PMNs � polymorphnuclear granulocytes; MFI �
mean fluorescence intensity; HELIOX � 50 vol% helium/50
vol% oxygen. *P � 0.05 versus baseline.
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increased efficiency of ventilation and suggest a
potential lung-protective strategy.19 Recently, the
nonsedative helium also emerged as an attractive
preconditioning-mimicking agent in other vital or-
gans. Using helium inhalation in an in vivo rat
model of focal brain ischemia, Pan et al.12 reported
a reduction in infarct size, as assessed by triphenyl-
tetrazolium staining, from 36% to 4% after a middle
cerebral artery occlusion for 2 h and a reperfusion
period of 1 h. Similarly, using an in vivo rabbit model
of coronary artery ligation, Pagel et al.13 reported an
infarct size reduction by 50% (from 45% to 23%) if
three cycles of helium breathing were administered

before a lethal ischemia of 3 h. Blocker experiments
from these studies suggest that helium activates
prosurvival kinases and mitochondrial KATP chan-
nels, ultimately inhibiting mitochondrial permeabil-
ity transition pore opening,24 as previously reported
for halogenated ethers.25,26 In other experimen-
tal studies comparing helium versus carbon di-
oxide pneumoperitoneum, helium ameliorated
pneumoperitoneum-associated renal dysfunction27

and reduced tumor recurrence and spreading.28,29

Interestingly, in our study helium breathing pre-
dominantly decreased ICAM-1 expression on leuko-
cytes, a cellular surface marker that plays a pivotal

Figure 4. Procoagulant markers on
platelets. CD42b, CD62P (P-selectin),
and PSGL-1 expressions were used
to assess platelet activation after
ischemia-reperfusion injury in the
ischemic arm. There was a significant
decrease in CD42b and PSGL-1 expres-
sion with helium inhalation. Data are
mean � sd. CTL � control protocol;
MFI � mean fluorescence intensity; HE-
LIOX � 50 vol% helium/50 vol% oxy-
gen. *P � 0.05 versus baseline.

Figure 5. Effects of helium and sevoflu-
rane inhalation on endothelial protec-
tion. Using the identical model of
ischemia-reperfusion injury on the
forearm of volunteers in a crossover
study, sevoflurane (�1 vol%) but not
helium (50 vol%) prevented postocclu-
sive endothelial dysfunction. Panel A:
Late hyperemic reaction (LHR). Mean
values and standard deviations are de-
picted next to the individual measure-
ments. n � 5 for sevoflurane (SEVO),
n � 8 for HELIOX (50 vol% helium/50
vol% oxygen). Sevoflurane data are re-
produced from Ref. 8 Figure 2B. Panel
B: CD11b expression on polymor-
phnuclear granulocytes (PMNs) and
monocytes. *P � 0.05 versus baseline.
#P � 0.05 versus time-matched HELIOX
sample. Sevoflurane data are reproduced
from Lucchinetti et al.8 with permission
from Wolters Kluwer Health, Figure 5A
and 5B. Data are mean � sd.
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role in leukocyte-endothelium interaction.30 Also,
the adhesion promoting PSGL-1, mainly expressed
on leukocytes but also on activated platelets,31 and
to a lesser degree the platelet receptor for the von
Willebrand factor (CD42b), were diminished by
periischemic helium inhalation. In contrast to these
promising reports and despite the fact that
vascular endothelium and leukocyte- and platelet-
endothelial interactions are critically involved in
many steps of tissue damage originating from
ischemia-reperfusion injury, our human in vivo
study could only show modest helium-induced antiin-
flammatory effects, which were not capable of prevent-
ing ischemia-induced endothelial dysfunction. With
respect to our previous study on endothelial protection
by sevoflurane,8 it could be speculated that either
sevoflurane-induced endothelial preconditioning and
antiinflammatory actions are mediated by separate
pathways (of which helium also uses the latter), or the
mild antiinflammatory actions of helium are mediated
by pathways distinct from those of sevoflurane and
apparently are unrelated to endothelial protection by
preconditioning. Nevertheless, these beneficial ac-
tions of helium could still contribute to the previ-
ously reported organ protection12,13,19,27 elicited by
helium and potentially provide synergism in pro-
tection if helium was combined with halogenated
ethers. In fact, helium as a carrier gas for halogenated
ethers32,33 and oxygen may bring along several sub-
stantial advantages. First, the endothelial protective
but yet sedative dose of approximately 1/2 minimum
alveolar concentration8 required for sevoflurane-
induced (endothelial) protection could be markedly
reduced, although still maintaining the same degree of
protection. Second, because of the optimized respira-
tory mechanics and the specific gas properties of
helium, airway patency could be guaranteed more
safely. Third, denitrogenation by itself might protect
mitochondria from ischemia-reperfusion injury, be-
cause swelling of these organelles from nitrogen is
thought to be a possible cause of reperfusion dam-
age.34 Hence, these obvious advantages make the
implementation of helium into a protective inhalation
treatment strategy highly attractive in nonsedated at-risk
patients undergoing coronary or vascular interventions.
However, helium bears a certain risk of hypothermia
(fivefold higher conductivity than air), diffusion hypoxia
(33-fold lower solubility than nitrous oxide), tension
pneumothorax and bubble formation, as observed in
decompression sickness.

Specific Remarks and Study Limitations:
To overcome interindividual variability, we have

chosen a crossover study design, and confounding
variables were carefully excluded. As observed in our
own data, some long-term (days to weeks) reproducibil-
ity studies evaluating venous occlusion plethysmogra-
phy over time showed relatively high coefficients of
variation (20%–40%), mainly because of the different
placement of the strain-gauge and venous occlusion

cuff on the forearm.17 However, short-term (hours)
reproducibility of venous occlusion plethysmography,
particularly without manipulating the strain-gauge
and blood pressure cuff, is excellent (5%–10%).17 Also,
marked changes in absolute values of basal forearm
blood flow in an individual may occur as a result
of changes in sympathetic tone.15 Although these
changes may affect absolute responses to interven-
tions, they do not alter the percent response to inter-
ventions calculated from the ratio of blood flow. Thus,
the same intervention in a single subject recorded on
different days gives similar results. Conversely, ob-
served differences in the ratio of blood flow of the
same individual in response to a specific intervention
during two protocols recorded on different days are
likely to be true treatment effects. In our study, the
postischemic tissue perfusion measurements used for
comparison with baseline perfusion were recorded
within 1 h, and the percent changes were subse-
quently compared between the control and the helium
protocol. Hence, it is unlikely that long-term varia-
tions in tissue perfusion may have biased our results.
There was a small improvement in LHR on an average
at 15 min of reperfusion after helium inhalation, and
four of eight volunteers showed an increase in LHR
after helium inhalation. If these small changes were
consistently detectable and clinically relevant, our
study would be under-powered. However, despite
helium inhalation, tissue perfusion remained below
baseline conditions after ischemia-reperfusion injury
in three of four volunteers, who showed small im-
provements, indicating the failure of this therapy to
restore endothelial function and to normalize post-
ischemic tissue perfusion. In the present study, we
used helium breathing at 50 vol%. Therefore, we
cannot completely exclude that helium inhalation at
70 vol% or higher concentrations might provide endo-
thelial protection. However, gas mixtures with low
oxygen content are unlikely to be acceptable by clini-
cians, particularly in at-risk patients suffering from
ischemia-reperfusion injury. Because our ischemia
forearm model does not induce necrosis of endothelial
cells, but rather a state of “endothelial stunning,”
which resolves spontaneously within 60 min,15,18 it is
unlikely that more substantial endothelial injury,
which usually occurs in clinical situations, might be
protected by helium.

In conclusion, helium inhalation at 50 vol% is
unable to specifically provide protection to the endo-
thelium in humans. However, future studies inpa-
tients should evaluate the potential synergism in vital
organ protection between helium and the highly pro-
tective halogenated ethers.
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