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1) Abstract1) Abstract
Aim:Aim:
To determine the within and between day variability of the HVR.To determine the within and between day variability of the HVR.

We used a breathing circuit to keep subjects We used a breathing circuit to keep subjects isocapnicisocapnic at at eucapniceucapnic levels during hypoxic levels during hypoxic 
breathing (Fig. 1, (1)) and to evaluate the within and between dbreathing (Fig. 1, (1)) and to evaluate the within and between day variability of the hypoxic ay variability of the hypoxic 
ventilatoryventilatory response (HVR) during repeated exposures to response (HVR) during repeated exposures to normoxianormoxia (21 % O2, balance N2) and (21 % O2, balance N2) and 
hypoxia (8 % O2, balance N2).hypoxia (8 % O2, balance N2).
Fifteen subjects were exposed to four intervals of hypoxia alterFifteen subjects were exposed to four intervals of hypoxia alternating with nating with normoxicnormoxic intervals intervals 
each of 120 s (Fig. 2).  Subjects were tested on a total of threeach of 120 s (Fig. 2).  Subjects were tested on a total of three days, either once (n = 6) or three e days, either once (n = 6) or three 
times per day (n = 9). times per day (n = 9). IsocapniaIsocapnia was maintained in all subjects. Measured HVR (was maintained in all subjects. Measured HVR (--0.59 0.59 ±± 0.420.42) did ) did 
not differ within or between days, neither did its variability (not differ within or between days, neither did its variability (CV = 27%) within and between days. CV = 27%) within and between days. 

2) Introduction2) Introduction

Breathing hypoxic gas induces immediate hyperventilation, the maBreathing hypoxic gas induces immediate hyperventilation, the magnitude of which is called the gnitude of which is called the 
hypoxic hypoxic ventilatoryventilatory response (HVR). The HVR is most commonly used to measure carotiresponse (HVR). The HVR is most commonly used to measure carotid body d body 
levels of levels of chemosensitivitychemosensitivity to hypoxia.to hypoxia.

Variability of the HVR within the same subjects between or withiVariability of the HVR within the same subjects between or within days is not well understood. n days is not well understood. 
Early studies suggested that the intraEarly studies suggested that the intra--individual variability within days ranged from 7.6 to 64 % individual variability within days ranged from 7.6 to 64 % 
(6), and repeated tests on different days on the same individual(6), and repeated tests on different days on the same individual showed that HVR may differ showed that HVR may differ 
significantly between days (2). Zhang and Robbins (2) estimated significantly between days (2). Zhang and Robbins (2) estimated that betweenthat between--day variability in day variability in 
HVR is approximately 26%.  However, these authors could not estiHVR is approximately 26%.  However, these authors could not estimate the withinmate the within--day variability day variability 
because the tests they performed on the same day used different because the tests they performed on the same day used different protocols (2). protocols (2). 

Still, single measurements of HVR have been used to evaluate phyStill, single measurements of HVR have been used to evaluate physiological differences between siological differences between 
and within populations in which conclusions have been made regarand within populations in which conclusions have been made regarding the genetic differences of ding the genetic differences of 
the populations (3,4).the populations (3,4).

3) Methods3) Methods
15 15 (7 male and 8 female)(7 male and 8 female) healthy volunteers (mean age = ) were randomly divided into 2 grhealthy volunteers (mean age = ) were randomly divided into 2 groups (Gr1 and oups (Gr1 and 
Gr2).Gr2).
HVR test: 4 intervals of 2HVR test: 4 intervals of 2--min exposure to min exposure to eucapniceucapnic hypoxia (8% Ohypoxia (8% O22, PAO, PAO22 ~~ 60 mmHg) alternating with 4 260 mmHg) alternating with 4 2--
min min normoxicnormoxic intervals (intervals (see Fig 1 and 2, see Fig 1 and 2, (1)).(1)).
Data recorded: Data recorded: 

1)1) Minute ventilation volume (VMinute ventilation volume (VEE, L, L••minmin--11), tidal volume (V), tidal volume (VTT, , L) L) breathing frequency (Fbreathing frequency (FRR, breaths, breaths••minmin--11), using a ), using a 
metabolic system (Cortex).metabolic system (Cortex).

2)2) EndEnd--tidal COtidal CO22 (PetCO(PetCO22, mmHg), using a capnograph (Oridion), mmHg), using a capnograph (Oridion)
3)3) Arterial OArterial O22 saturation levels (SaOsaturation levels (SaO22, %), using a pulse oximeter (Nellcor)., %), using a pulse oximeter (Nellcor).

Gr1: 3 HVR tests on a single day, separated by 60 min, and repeaGr1: 3 HVR tests on a single day, separated by 60 min, and repeated on 3 separate days (n = 9, five males ted on 3 separate days (n = 9, five males 
and four females).  and four females).  
Gr2: 3 identical HVR tests on each of 3 different days (n = 6, 2Gr2: 3 identical HVR tests on each of 3 different days (n = 6, 2 malesmales and 4 and 4 femalesfemales). ). 
HVR, calculated as the HVR, calculated as the ∆∆VVEE •• ∆∆SaOSaO22

--11 (L (L •• minmin--11 •• %%--11) using mean values from the last 30 s of each hypoxic ) using mean values from the last 30 s of each hypoxic 
period, and from the last 30 s from the period, and from the last 30 s from the normoxicnormoxic period preceding that.period preceding that.

4) Results4) Results

In a single test, VIn a single test, VEE decreased with repeated hypoxic exposures (P < 0.05, repeated decreased with repeated hypoxic exposures (P < 0.05, repeated 
measures ANOVA) suggesting a mild degree of hypoxic ventilatory measures ANOVA) suggesting a mild degree of hypoxic ventilatory depression (HVD). depression (HVD). 
There were no changes in HVR measured on the same day, or betweeThere were no changes in HVR measured on the same day, or between days (P > 0.3, n days (P > 0.3, 

repeated measures ANOVA).repeated measures ANOVA).
The coefficient of variation (CV, SD divided by the mean) was 22The coefficient of variation (CV, SD divided by the mean) was 22--38% and 2138% and 21--33% within 33% within 

and between days, respectively.and between days, respectively.
The mean CV was 27%.The mean CV was 27%.

5) Discussion & Conclusions5) Discussion & Conclusions
Our main findings were:Our main findings were:

1.1. The VThe VEE changed significantly with repeated shortchanged significantly with repeated short--term exposure to hypoxia over a 30term exposure to hypoxia over a 30--
minute period, suggesting HVD. minute period, suggesting HVD. 

2.2. The within and between day variability did not differ. The within and between day variability did not differ. 
3.3. The variability in the HVR response amounted to approximately 27The variability in the HVR response amounted to approximately 27% between tests. % between tests. 
4.4. The high variability necessitates thatThe high variability necessitates that REPEATED TESTSREPEATED TESTS be performed for estimation of be performed for estimation of 

the HVR, to ensure variability falls within the known range.the HVR, to ensure variability falls within the known range.
5.5. The conclusions of existing population comparisons using single The conclusions of existing population comparisons using single measurements (e.g. 3)measurements (e.g. 3)

may have to be remay have to be re--evaluated.evaluated.
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Figure 2.
A)Minute ventilation (VE) 
B)O2 saturation (%) and 
C)end-tidal CO2 (PETCO2) 

for a complete HVR test 
for a single subject.
This clearly indicates 
hyperpnea (A) during 
eucapnic (B) hypoxia (C).

8%
 O

2

21
%

 O
2

Switch valve

8%
 O

2

21
%

 O
2

Switch valve

Note:
Arrows indicate direction of 
airflow

Flow meter

Demand regulator

Fresh Gas 
reservoir bag

Subject

2L2L

Fresh Gas Flow
(FGF)

Reserve Gas Flow

8%
 O

2
5.

5%
 C

O
2

21
%

 O
2

5.
5%

 C
O

2

Switch valve

8%
 O

2
5.

5%
 C

O
2

8%
 O

2
5.

5%
 C

O
2

21
%

 O
2

5.
5%

 C
O

2

Switch valve

One-way valve Figure 1.
Schematic of the
breathing circuit

Acknowledgements:
We are particularly grateful to Mr. Alan Thomas, Mr. Nick Robinson, Mr. Shaun Thaysen and the staff of National Hyperbarics (Pty Ltd) for 
their help with gas mixing, saving both money and time. Thanks to Peggy Schlie of Dräger (Medizintechnik GmbH, Germany) for providing the 
Oxidem 3000 demand valve.  We are grateful to all our subjects for their cooperation.  This study was funded mainly by NRF grant (GUN 
2047146), but also by the Medical Research Council of South Africa and Stellenbosch University Research Sub-Committee B.

C

B

0 200 400 600 800 1000 1200

V E 
(L

 . 
m

in
-1

)

10
15
20
25
30
35

Time (s)
0 200 400 600 800 1000 1200

P ET
C

O
2 (

m
m

H
g)

30

35

40

45

50

0 200 400 600 800 1000 1200

Sa
O

2 
(%

)

90

95

100

C

B

A


	Inter- and intra-day variability of the hypoxic ventilatory response during isocapnic hypoxia. John Terblanche1, Andreas Fah

