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Abstract

Introduction: Acute Mountain Sickness (AMS) refers to a common set of clinical symptoms occurring above an altitude of
2500 m. The severity and frequency of AMS symptoms depends on the acclimatization and other factors, such as the hydration
status or medication taken (diuretics). Aim: The aim of this study was to assess volume status in participants of high-altitude
mountaineering expeditions by evaluating the Inferior Vena Cava (IVC) and abdominal aorta (Ao). Methods: The study group
comprised 100 individuals who underwent the ultrasound evaluation of the Inferior Vena Cava Collapsibility Index (IVC CI)
and IVC/Ao index as determinants of volume status. Simultaneously, the validity of taking diuretics to prevent ASM was
considered. The end point of the study was to demonstrate differences in ultrasound measurements in subjects with AMS and
those without AMS and to assess the impact of taking diuretics on the prevention of AMS. Results: In the study group, no
statistically significant differences in the ultrasound evaluation of volume status were revealed between subjects meeting AMS
criteria (41% of subjects) and asymptomatic individuals (59% of subjects). In the AMS group, IVC CI amounted to 0.3340.18
vs. 0.32+0.18 in the group without AMS and the IVC/Ao index was 1.35+£0.39 vs. 1.30+0.33, respectively. Diuretics were
statistically significantly more often taken in the AMS group, but did not have a significant impact on the occurrence of B-line
artifacts (indicating HAPE) in the ultrasound assessment. Conclusions: Ultrasonography appears to be a useful tool for the
monitoring of volume status in a high-altitude environment. Presently no reliable data exist that would constitute the normal
range to be referred to in the context of a single assessment of hydration. The IVC/Ao index may serve as an alternative for
IVC CI in the assessment and monitoring of the hydration status.

of chronic mountain sickness characterized by, for instance,
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Introduction

It is estimated that approximately 140 million people all
over the world live at altitudes above 2500 m. Among those, many
populations have developed adaptive mechanisms to function at
high altitudes [1]. Some of them may, however, display features

pulmonary hypertension or right ventricular heart failure [2].

Each year, thousands of people worldwide enjoy various
forms of mountaineering. With large numbers of high-altitude
hikers, trekkers and mountaineers, accurate diagnostics and
management of pathologies associated with exposure to high
altitudes are increasingly significant. It has been revealed that as
many as 77% of deaths caused by High-Altitude Pulmonary Edema
(HAPE) or High- Altitude Cerebral Edema (HACE) paradoxically
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occurred in organized trekking groups. It has also been evidenced
that in 70% of participants in high-altitude mountaineering
expeditions, who developed symptoms of altitude sickness, the
acclimatization process was erroneous [3]. Staying for a longer
period at altitudes above 2500 m without a proper acclimatization
may lead to the development of symptoms of Acute Mountain
Sickness (AMS).

Owing to small and portable devices, field ultrasonography
performed at altitude is useful in the diagnosis of AMS, and HAPE
in particular [4-7]. Chest ultrasound facilitates the differentiation
of the etiology of dyspnea based on artifacts. Ultrasonography may
alsobe applied to the evaluation of volume status and the monitoring
of patients’ response to the management of hypovolemia [8,9].

Aim

The aim of this study was to assess volume status in
participants of high-altitude mountaineering expeditions by
evaluating the Inferior Vena Cava (IVC) and Abdominal aorta
(Ao). The additional aim was to determine whether there are
differences in the intravascular volume between the group with

AMS, the group taking diuretics (as AMS prophylaxis), and the
group without AMS symptoms.

Material and Methods
Characteristics of the place of the study and the study group

The study to determine volume status in individuals at
high altitudes was carried out in Georgia in the Caucasus, at
the base of Mount Kazbek. The study was realized within the
framework of the medical project ‘Safe Kazbek’. This is a
periodical voluntary project of Polish mountain rescuers aimed at
providing indispensable medical assistance for mountaineers in
the Caucasus, in particular in the area of Mount Kazbek. The study
was conducted from 18 July to 21 August 2019.

The study group comprised representatives of both sexes
(113 people), participants of both commercial and privately
organized expeditions to climb Mount Kazbek (5047 m). The
ambulatory (Figures 1 and 2) in which ultrasound examinations
were performed was situated at an altitude of 3650 m.

Figure 1: Ambulatory of the ‘Safe Kazbek’ project.
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Figure 2: Interior of the ambulatory of the ‘Safe Kazbek’ project.

Exclusion criteria from the study included: lack of consent for the ultrasound diagnostic examination (4 cases), individuals who
remained above 2500 m longer than 7 days (7 cases), individuals with the history of Chronic Obstructive Pulmonary Disease (COPD),
pulmonary hypertension (2 cases). In total, 100 subjects qualified for the study.

Ultrasound examination protocol

The ultrasound examination was preceded by a physical examination (HR, BP, SpO2, body mass, height, BMI), subjective
assessment of AMS according to the Lake Louise AMS Questionnaire (Table 1) and anamnesis (comorbidities, taken medication,
acclimatization process) [10]. Data were recorded in a unified form. Ultrasound examinations were performed with a mobile Philips
ultrasound unit (Lumify model), with a S4-1 phased array transducer (1-4 MHz) connected to the tablet (10.1 inch).

Symptoms Severity Score
- none at all 0
- mild headache 1

Headache
- moderate headache 2
- severe headache, incapacitating 3
- good appetite 0
. . - poor appetite or nausea 1
Gastrointestinalsymptoms P PP .
- moderate nausea or vomiting 2
- severe nausea and vomiting, incapacitating 3
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- not tired or weak 0
. - mild fatigue/weakness 1
Fatigue and/orweakness - moderate fatigue/weakness 2
- severe fatigue/weakness, incapacitating 3
- no dizziness/light-headedness 0
Dizziness/light- - mild dizziness/light-headedness 1
headedness - moderate dizziness/light-headedness 2
- severe dizziness/light-headedness, incapacitating 3
- sleep as well as usual 0
. . - sleep not as well as usual 1
Difficulty sleeping - waking many times, poor sleep 2
- insomnia 3
A total score >3 indicates AMS. Notice: AMS diagnosis is primarily based on the clinical picture. Score systems (for instance the Lake Louis score)
serve to assess the severity of AMS symptoms.

Table 1: The Lake Louise AMS Questionnaire.

Ultrasound examinations were performed (depending on the possibilities) with patients in the supine position, with the transducer placed
in the substernal projection, below the xiphoid process. The Inferior Vena Cava (IVC) and abdominal aorta (Ao) were assessed in the

long axis of the anterior midline (Figures 3 and 4).

Figure 3: Ultrasound examination in the ambulatory.
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Figure 4: Placement of the transducer in ultrasound assessments a) IVC, Ao assessment, b) lung assessment.

Volume status was assessed by measuring the end-inspiratory and end-expiratory IVC diameter (below the hepatic venous
confluence), simultaneously calculating the IVC CI value [(IVC on expiration — IVC on inspiration) /IVC on expiration]. The IVC CI
was compared with the IVC assessment and the measurement of Ao taken in the substernal projection, in the long axis about 0.5-1.0
cm from the celiac trunk takeoff (IVC on expiration/Ao) [11-14]. Lungs were evaluated consistent with the BLUE protocol (upper,
lower BLUE point, PLAPS point). During lung ultrasound, the presence of B-line artifacts was assessed that might be associated with
the development of noncardiogenic HAPE. In justified cases (severe HAPE), lung examinations were performed in the sitting position.

In ambiguous cases and/or questionable measurements, the collected material was transferred via data tele-transmission to a
consulting physician in Poland. Images and video material (cineloops) were transferred via the JiveX PACS system (EMD Company).

Statistical analyses

The collected data were analyzed statistically using IBM SPSS Statistics 25.0 software. The software was employed to work out
the study group characteristics and analyze basic descriptive statistics, including the Kolmogorov-Smirnov normality test. To compare
quantitative data in two groups, Student’s t-test was used for independent variables or Mann-Whitney U test. One-way analysis of
variance was performed to compare quantitative data in more than two groups. Pearson’s correlation coefficient was used to establish
correlations between quantitative variables. To compare two groups for nominal data, Pearson’s chi-squared test was used, or Fisher’s
exact test when the expected number was smaller than 5. The level of significance was a=0.05.
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Results
Characteristics of the study group

The study group featured 100 people (40 females and 60 males), ranging in age from 22 to 60 years. They spent in the base camp on
average 2.45 days. Table 2 demonstrates the characteristics of the study group. Ultrasound examination results are presented in Table 3.

Variable Data
Sex, n (%)
Female 40 (40.0)
Male 60 (60.0)
Age, M (SD) 39.35(9.01)
Height, M (SD) 172.94 (14.67)
Body mass, M (SD) 73.05 (17.74)
BMI, M (SD) 23.47 (3.12)
Day of stay in the base camp, n (%)
1 17 (17.0)
2 34 (34.0)
3 36 (36.0)
4 13 (13.0)
Summit attempt, n (%) 32(32.0)
SpO2, M (SD) 83.86 (6.76)
HR, M (SD) 89.86 (15.69)
systolic BP, M (SD) 124.30 (13.67)
diastolic BP, M (SD) 76.90 (8.13)
Diuretics (acetazolamide), n (%) 21(21.0)

Legend: M—-Mean; SD—Standard Deviation; n—Number; %-Percentage of the sample

Table 2: Characteristics of the study group.

N M Me SD Sk. Kurt. Min. Max. D D
IVC - INSPIRATION 100 1.45 1.46 0.52 0.15 -0.30 0.43 3.07 0.07 0.200
IVC - EXPIRATION 100 2.15 2.10 0.53 -0.01 -0.85 1.00 3.22 0.07 0.200
Abdominal aorta diameter 97 1.65 1.65 0.27 0.21 -0.36 0.99 2.36 0.07 0.200
IVC/Ao 97 1.32 1.33 0.36 0.24 -0.17 0.60 2.17 0.06 0.200
IVC CI 100 0.32 0.31 0.18 0.38 -0.42 0.02 0.77 0.08 0.165
M-mean; Me—-median; SD—standard deviation; Sk.—skewness; Kurt.—kurtosis; Min.—minimum value; Max—maximum value; D—the Kolmogorov-
Smirnov normality test statistic; p—probability value

Table 3: Ultrasound measurements: descriptive statistics with the normality test.

The IVC CI value in the study group was 0.31 (SD=0.18) and was lower than the normal value provided in literature —0.4-0.75.
However, the IVC/Ao index was 1.33 = 0.36 and was slightly higher than that described in literature —1.24+2.0 (SD=0.17).
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It was determined whether the number of days spent in the base camp impacted on the results of IVC and Ao measurements
(including IVC CI and IVC/Ao indices). In order to establish the correlation between the number of days spent in the base camp and
IVC and Ao, Pearson’s correlation coefficient was used. The analyses did not reveal significant correlations between the number of days
spent in the base camp and the measured parameters. Additionally, one-way analysis of variance was performed to compare IVC and
Ao and the number of days spent in the base camp (subjects were evaluated on their particular day of stay in the base camp) (Table 4).

1 day (n=17) 2 days (n=34) 3 days (n=36) 4 days (n=13)
M SD M SD M SD M SD F p e
IVC - inspiration 1.58 0.61 1.46 0.48 1.40 0.53 1.39 0.45 0.52 0.666 0.02
IVC - expiration 2.17 0.63 2.10 0.50 2.16 0.54 2.21 0.45 0.16 0.923 0.00
Abdgg;‘::tl;om Lo |03t 1.67 0.30 1.64 0.23 1.60 027 047 | 0703 | 001
IVC/Ao 1.29 0.34 1.31 0.43 1.32 0.30 1.40 0.30 0.26 0.851 0.01
IVC CI 0.27 0.18 0.30 0.16 0.35 0.19 0.36 0.20 1.09 0.357 0.03
M-mean; SD-standard deviation, F~ANOVA; p—probability value; n>—effect size

Table 4: Comparison of IVC and Ao and the number of days in the base camp.

The performed analyses did not reveal significant differences in mean values of parameters between groups that stayed in the base
camp from 1 to 4 days. However, the results indicate a gradual normalization of IVC CI among the subjects within 4 days (0.27-0.36)
in relation to the normal value and the increase of the IVC/Ao index (1.29-1.40) above the normal value, which may be associated with
the acclimatization and/or the necessity of volume supplementation (oral hydration /diuresis/diuretics).

Acute mountain sickness

AMS developed in 41 individuals. The most frequent symptoms included: headache (49%), sleep difficulties (53%) and fatigue
/ dyspnea (47%). The least frequent symptoms were: diarrhea (5%), nausea/vomiting (8%) and dizziness (6%). The study group was
divided into two subgroups: those with AMS symptoms and without AMS symptoms. To compare quantitative data in the AMS group
and the non-AMS group Student’s t-test was used for independent variables, and for nominal data Pearson’s chi-squared test was
employed, or Fisher’s exact test (Table 5).

Non ﬁll\;lsssfroup Al\;[nSj‘li(;up 95% CI

M SD M SD t P LL UL d-Cohen
Age 39.71 10.29 38.85 6.90 0.49 0.623 | -2.58 4.28 0.09
Height 174.36 9.21 170.90 | 20.05 1.16 0.249 | -2.45 9.36 0.24
Body mass 73.02 14.72 73.10 21.56 -0.02 0982 | -7.28 7.11 0.00
BMI 23.81 3.13 22.98 3.07 1.30 0.195 | -0.43 2.08 0.27
Day of stay in the base camp 2.54 0.92 2.32 0.93 1.20 0.233 | -0.15 0.60 0.24
SpO2 84.56 4.53 82.83 9.09 1.12 0.269 | -1.38 4.85 0.26
HR 87.42 14.65 93.37 16.62 -1.89 0.062 | -12.19 | 031 0.38
systolic BP 126.19 13.72 121.59 13.30 1.67 0.098 | -0.87 | 10.07 0.34
diastolic BP 77.20 8.06 76.46 8.31 0.45 0.657 | -2.55 4.03 0.09
IVC - INSPIRATION 1.47 0.51 1.43 0.53 0.36 0.720 | -0.17 0.25 0.07
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IVC - EXPIRATION 2.17 0.53 2.12 0.53 050 | 0.621 | -0.16 | 027 0.10

Abdominal aorta diameter 1.69 0.27 1.60 0.28 158 | 0.117 | -0.02 | 0.20 0.33

Declared volume of liquid intake (average 2.98 0.97 2.83 1.00 0.77 0444 | -024 | 055 0.16
number of liters per day - 1/24 h)

IVC/Ao 1.30 0.33 1.35 0.39 20.68 | 0497 | -020 | 0.10 0.14

IVC CI 0.32 0.18 0.33 0.18 2027 | 0791 | -0.08 | 0.06 0.05

M-mean; SD—standard deviation; t—t-test statistic; p—probability value; LL and UL—lower and upper level of confidence interval; d Cohen—effect size

Table 5: Comparison of the AMS group and non-AMS group as regards anthropometric variablesand ultrasound assessed volume status
parameters.

The groups did not differ as regards anthropometric variables and clinical parameters, period of stay in the base camp and liquid
intake. No statistically significant differences were revealed for IVC, Ao and IVC CI and IVC/Ao indices. This indicates that the
ultrasound evaluation of volume status is not significant in differentiating patients with AMS and without AMS, apart from the subjective
functional assessment with the Lake Louis score.

Next, the impact of the preventive intake of diuretics on the AMS risk (including HAPE) was analyzed. Statistically significant
differences were revealed between the two groups (Table 6). Diuretics were more often taken in the AMS group as compared to the non-
AMS group. No statistically significant differences were found, however, as regards the occurrence of B-lines in both groups.

Non-AMS AMS
n % n | % Ve P 0
Diuretics

No 55 93.2 24 58.5
17.54 <0.001 0.42

Yes 4 6.8 17 41.5

B-lines

No 53 89.9 35 854
0.543 0.07

Yes 6 10.2 6 14.6

Summit attempt

No 37 62.7 31 75.6
1.85 0.174 0.14

Yes 22 37.3 10 24.4

n—number; %-percentage in the column; y’>—chi-square test statistic; p—probability value; ¢—effect size

Table 6: Comparison of the AMS group and non-AMS group as regards diuretics.
High altitude pulmonary edema

Individuals presenting HAPE symptoms were identified in the study group. In the ultrasound evaluation pulmonary edema is
manifested by the presence of B-line artifacts. Subjects with HAPE symptoms were compared with the remaining study participants as
regards IVC, Ao and transcutaneous oxygen saturation (SpO,). To this end, the Mann-Whitney U test was used. The analyses revealed
that individuals with B-lines had a lower SpO, level and a higher IVC CI value as compared to those without the symptoms of HAPE.
Differences for other variables were statistically insignificant. Table 7 demonstrates the results of analyses.

norm (n = 88)

B-lines (n = 12)

Averagerank| M Me | SD| Averagerank| M Me SD VA p r
SpO2 52.16 84.83 | 85.00 | 4.63 34.33 76.83180.00 | 13.37 -2.02 0.043 0.20
IVC - inspiration 52.56 1.49 | 1.54 |0.52 35.38 1.19 | 1.19 0.41 -1.93 0.054 0.19
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IVC - expiration 49.92 2.14 | 2.10 |0.54 54.75 222 | 2.10 0.40 -0.54 0.588 0.05

Abdominal aorta diameter 49.70 1.66 | 1.67 |0.28 43.50 1.60 | 1.58 0.18 -0.69 0.491 0.07

IVC/Ao 47.90 1.31 | 1.30 |0.37 57.64 141 | 143 0.23 -1.08 0.280 0.11

IVC CI 47.32 0.30 | 0.29 |0.17 73.79 0.47 | 0.44 0.17 -2.96 0.003 0.30
M-mean; SD—standard deviation; Me—median; Z—Mann-Whitney U test standardized statistic; p—probability value; r—effect size

Table 7: Comparison of subjects without (norm) and with B-lines in relation to IVC and SpO?2.

Fisher’s exact test was employed to compare the percentage of individuals who took and those who did not take diuretics in
the group with HAPE (B-lines detected in ultrasound images) and without HAPE (absence of B-lines). The analyses did not reveal
significant differences between the groups in this respect. In both groups the percentage of individuals taking acetazolamide was similar

and amounted to 20-25%. The results are presented in Table 8.

without B-lines B-lines
Diuretics n % n % P 7]
No 70 79.5 9 75.0
0.712 0.04
Yes 18 20.5 3 25.0

n—number; %-percentage in the column; p—probability value of Fisher’s exact test; p—effect size

Table 8: Comparison of the HAPE group with non-HAPE group (presence of B-lines) as regards diuretics.

Discussion

Ultrasonography has been employed in high-altitude
environments for many years. The majority of studies concern the
occurrence of HAPE, evaluation of hemodynamic efficiency and
indirect assessment of the optic nerve when HACE was suspected.
Many publications have been also devoted to the hydration status
assessment, involving the measurements of IVC and calculations
based on IVC CIL.

AMS constitutes a common set of clinical symptoms that
occur at altitudes above 2500 m. The severity and frequency of
AMS symptoms depend on the pace of reaching high altitudes,
exposure time to high altitudes, physical strain, health status
(individuals with the respiratory tract diseases, such as bronchitis
and pneumonia, before and during reaching high altitudes are
predisposed), hydration status, taken medication (diuretics) or
genetic predispositions [15].

At high altitudes in the mountains the human organism has a
natural tendency towards a discrete loss of body fluids (decreased
appetite, significant physical strain, diuretics). It has been
evidenced that dehydration is a predictor of high-altitude physical
performance [16,17].

During the ‘Safe Kazbek’ project, it was observed that
a relatively large number of individuals took diuretics (e.g.,
acetazolamide) to prevent AMS. Acetazolamide belongs to the
family of sulfonamide carbonic anhydrase inhibitors. It is also

a mild diuretic that has been used as an AMS prophylaxis for
decades [18]. In our study group, AMS was detected in 41 cases
(41%). In the group with AMS, as many as 17 subjects (41.5%)
preventively took diuretics. The medication was self-managed,
without a prior consultation with and/or suggestion from leaders
of organized groups. No statistically significant differences were
revealed between the group that took diuretics and the group
that did not take such medication who developed HAPE (B-line
artifacts) (20.5% and 25.0%, respectively). This may suggest
that preventive diuretics do not decrease the risk of developing
complications such as AMS, including HAPE.

The International Climbing and Mountaineering Federation
(Union Internationale des Associations d’Alpinisme, UIAA)
recommends reaching high altitudes gradually, appropriately
extending the process in time, adequate hydration and nutrition
as AMS prophylaxis. These recommendations do not include
preventive acetazolamide. Taking medication to prevent the
symptoms of high altitude should be limited to exceptional
situations (e.g., rescue operations, impossibility to reach high
altitude slowly).

The ultrasound evaluation of volume status in the AMS
group as compared to the non-AMS group did not reveal
statistically significant differences, irrespective of the compared
parameter (IVC CI, IVC/Ao). In the case of subjects who
presented B-line artifacts (HAPE), the IVC CI values were more
variable (individuals without B-lines / individuals with B-lines) as
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compared to the IVC/Ao index. The differences in measurements
(although slight) may result from the fact that IVC CI is based
on the measurement of the vessel (IVC) the dimension of which
depends on many factors (e.g., sex, body mass, age) [19] and
also on the quality of ultrasound images obtained and the type of
the transducer used. To be calculated, the IVC/Ao index (despite
similar dependencies) does not require information concerning
body surface. Thus it may serve as an easier and more reliable
tool to assess volume status in various clinical conditions in
high-altitude medicine. We have been unable to find in available
medical literature unequivocally determined normal values for
IVC CI and IVC/Ao indices in adults remaining in high-altitude
mountainous conditions. We do not have, therefore, a reliable
reference point to assess volume status and, for instance, predict
the risk of HAPE. The calculated indices (IVC CI and/or IVC/Ao)
are much more accurate and useful in assessing responsiveness
to the administered fluid therapy than the assessment of volume
expansion itself [20-22].

At this point, the study conducted by Pitman JT, et al. [23],
devoted to the use of ultrasound in high-altitude mountains to
assess intravascular volume and the occurrence of AMS, should
be mentioned. Based on the conducted study, the authors provide
evidence that subjects with AMS have a higher intravascular
volume than asymptomatic individuals. In our study, limited to
the ultrasound assessment of volume status with two indices: IVC
CI and ICV/Ao, we have not observed any statistically significant
differences between individuals with AMS and those without
AMS.

A meta-analysis published by Ritchie ND, et al. [24], which
offers conclusions concerning acetazolamide for the prevention
of AMS, also merits attention. Based on the conducted meta-
analysis, the authors concluded that acetazolamide prophylaxis
was associated with a 48% relative- risk AMS reduction
compared to placebo. This is inconsistent with our results. This
incompatibility may result from the fact that our study was based
on the subjective assessment of AMS with the Lake Louis score,
without considering the impact of side effects of acetazolamide.
Additionally, in our study the obtained data did not include the
dose/day of the taken diuretics.

Limitations of the Study

The first limitation of the study is the lack of the verification
of the Kappa coefficient among researchers who assessed particular
ultrasound parameters, in this case IVC CI and IVC/Ao, for high-
altitude mountainous conditions. It was not possible to obtain good
quality ultrasound images for all subjects (limitations associated
with, e.g., obesity or a forced sitting position).

Our study is very likely the first assessment of volume status
of this type in a high-altitude environment in which the IVC/Ao

index was employed. The IVC/Ao values obtained in our study
are similar to the normal values for adults determined at sea level.
Establishing the normal value of this index for high altitudes
requires further research. The study group was very heterogenous
in terms of the acclimatization process, e.g., the pace of reaching
high altitudes.

Another limitation concerns the reliability of information
given by the participants as regards the declared liquid intake per
day and the preventive diuretics taken.

Conclusions

Ultrasonography appears to be a useful tool for the monitoring
of volume status in a high-altitude environment. Currently, there
is no reliable data regarding the normal value that can be referred
to in the context of a single assessment of the hydration status.
The employment of the IVC/Ao index may serve as an alternative
for IVC CI in the assessment and monitoring of the hydration
status. No statistically significant differences were revealed in the
ultrasound assessment of volume status between subjects meeting
the AMS criteria (subjective functional assessment according to
the Lake Louis score) and those without AMS.

Unjustified preventive self-administration of acetazolamide
was associated with an increased occurrence of AMS symptoms
as compared with the group who did not take diuretics. Taking
diuretics did not have a statistical significance for the occurrence
of B-line artifacts (HAPE) as compared to individuals who did not
take such medication.
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