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Abstract: Hyperbaric oxygen therapy (HBOT) is widely used to treat several pathologies.
The hemodynamic changes during HBOT, particularly the magnitude of arterial blood pressure (ABP)
increase, are not completely understood. No clinical predictors for HBOT-induced ABP increase have
been described. The purpose of this study was to quantify ABP changes in patients undergoing HBOT
and to examine their predictors. This retrospective longitudinal cohort study examined 3291 elective
HBOT sessions. Non-invasive ABP was recorded before and after each session. The primary outcome
was to quantify the HBOT-induced ABP rise. The secondary outcome was to determine the ABP-rise
predictors among demographic and clinical variables. Overall, ABP increased significantly after
HBOT; this finding was more evident in the hypertensive subgroup compared to the normotensive
one (+6 vs. +16.2 mmHg). Clinical predictors of significant post-HBOT ABP change were history
of hypertension and pre-session baseline ABP classification. This study demonstrates an absolute
HBOT-induced ABP rise. This change is clinically relevant in patients with history of hypertension.
A higher baseline ABP seems a risk factor for clinically relevant ABP change. Pre-session ABP
should be used clinically as an indicator for strict ABP monitoring during HBOT; future studies are
recommended to explore the ABP optimization before starting an HBO treatment.

Keywords: hyperbaric oxygen therapy; hypertension; blood pressure; hemodynamic change

1. Introduction

Hyperbaric oxygen therapy (HBOT) is an evidence-based elective intervention for a wide range
of clinical indications as well as an emergency treatment for life-threatening conditions such as carbon
monoxide poisoning, decompression sickness and arterial gas embolism [1]. Although, HBOT is generally
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considered extremely safe, there are a number of side effects that may include claustrophobia, middle ear
barotrauma, vision changes, pulmonary oxygen toxicity, seizures, and cardiac dysfunction [2–5].

HBOT is associated with hemodynamic changes particularly pertinent to an increase in arterial
blood pressure (ABP) and a decrease in heart rate [6]. However, the effects of HBOT on cardiovascular
physiology are not completely understood [7]. A marked hyperoxic vasoconstriction is suggested
to be a protective counterbalance response to the extreme hyperoxemia that is observed during
HBOT [6]. The mechanism triggering vasoconstriction is related to the loss of vasorelaxation that is
generated by hyperoxia-induced oxidation of nitric oxide radicals produced by the endothelium [6].
Additional contributors to vasoconstriction include a decrease of vasodilatory prostaglandins,
an increase of vasoconstrictor endothelin-1 [8], and potentially a direct stimulation of the sympathetic
nervous system producing an increase in plasmatic epinephrine and norepinephrine [7], even though
the latter has been recently questioned suggesting a direct inhibition of the sympathetic outflow [9].
Overall, the arteriolar vasoconstriction leads to increased systemic vascular resistance causing
arterial hypertension [6,10–12], which results in stimulation of baroreceptors [9] and cardio-inhibitory
center [13,14] with subsequent increase in parasympathetic activity and decreased heart rate.

Despite these clinical findings, there are conflicting results about the incidence and magnitude of
HBOT induced hemodynamic changes. Several studies have shown only mild fluctuations in ABP
during HBOT [8,15,16], while one study showed a significant increase in ABP, particularly in patients
with chronic hypertension and diabetes [17]. Medical therapy with beta-blockers and calcium-channel
antagonists [8,17], as well as the different levels of barometric pressure utilized during HBOT [8] may
account for the differences in the reported proportional rise of ABP. Moreover, clinical predictors for
HBOT-induced ABP increase have not been previously described. The purpose of this study was to
quantify and examine predictors of ABP changes in patients undergoing HBOT.

2. Materials and Methods

2.1. Design

This was a retrospective longitudinal cohort study examining the relationship between HBOT
and ABP in the elective patients undergoing hyperbaric treatment for the Health Canada approved
indications. This study was guided by three research questions. First, what is the temporal relationship
between HBOT and ABP? Second, do any of the recorded clinical factors affect changes in ABP following
HBOT? Third, are there modifiable clinical predictors that may affect changes in ABP following HBOT?
After obtaining institutional Research Ethics Board approval (CAPCR ID: 19-5081.1), medical chart
reviews were conducted by study team members.

2.2. Subjects

Patients receiving elective HBOT between June 2017 and December 2018 in the Hyperbaric
Medicine Unit at the Toronto General Hospital in Toronto, Ontario, Canada, were included in this
analysis. Participants were eligible for study inclusion if they met the following criteria: (1) age
18-years or older; (2) scheduled for elective HBOT; (3) Health Canada approved indication requiring at
least 20 HBOT sessions.

2.3. Hyperbaric Oxygen Therapy (HBOT) Protocol

Standard HBOT protocols were performed for all patients and included administration of 100%
oxygen at 2.0 or 2.4 atmospheres absolute (ATA) in one of the three mono-place chambers (Sechrist
3600H and Sechrist 4100H, Sechrist Industries Inc., Anaheim, CA, USA; PAH-S1-3200, Pan-America
Hyperbarics Inc., Plano, TX, USA) or through a plastic hood in a multi-place chamber (rectangular
Hyperbaric System, Fink Engineering PTY-LTD, Warana, Australia). Standard monitoring included
measurements of systolic (SAP), diastolic (DAP), and mean (MAP) ABP as well as heart rate within
1–5 min prior to and after each HBOT session. ABP was measured non-invasively using an upper
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arm cuff automated sphygmomanometer (Connex VSM 6000, WelchAllyn—Hill-Rom, New York, NY,
USA) with the patient in a sitting position (when HBOT was performed in the multi-place chamber) or
semi-sitting position on a hyperbaric stretcher (when HBOT was performed in a mono-place chamber).
Baseline ABP was classified into four categories based on the clinical practice guidelines by the
American College of Cardiology and American Heart Association [18]: (i) Normal: SAP < 120 mmHg
and DAP < 80 mmHg, (ii) Elevated: SAP 120–129 mmHg and DAP < 80 mmHg, (iii) Hypertension
Stage 1 (stage 1 HTN): SAP 130–139 mmHg or DAP 80–89 mmHg, and (iv) Hypertension Stage 2
(stage 2 HTN): SAP > 140 mmHg or DAP > 90 mmHg.

2.4. Outcomes and Extracted Data

The primary outcome was to determine a temporal relationship between ABP and HBOT. SAP,
DAP, and MAP were recorded before and after each HBOT session. Demographic variables past
medical history and medications were extracted from medical charts. Additional data extracted
during the treatment period included HBOT pressure, number of HBOT sessions, and adverse effects
associated with HBOT. The secondary outcome was to determine the predictive relationship between
demographic and clinical variables and HBOT-related changes in ABP.

2.5. Statistical Analysis

Baseline demographic and clinical characteristics were summarized using descriptive statistics
examined by Chi-square (or Fisher’s Exact test, where appropriate) and independent sample t-tests.
Linear mixed effect models were used to determine the predictive relationship between demographic
and clinical variables and to estimate mean changes in SAP, DAP, and MAP. The independent variables
in the regression analyses were determined a priori and included: age, sex, body mass index, baseline
ABP classification as an ordered factor (normotensive, elevated, stage 1 HTN, and stage 2 HTN),
use of medication) (i) beta-blocker and/or calcium channel blocker; (ii) angiotensin converting enzyme
(ACE) inhibitor, angiotensin receptors blockers (ARB); or (iii) combination of (i) and (ii)), treatment
pressure (2.0 ATA or 2.4 ATA); and clinical history of hypertension, lung disease, kidney failure,
and diabetes (type I or type II) as fixed effects. Individual subjects were included as random effects.
In the aforementioned model, clinical history of hypertension and baseline ABP classification were
found to be significant predictors, thus we further examined the effect of the baseline ABP classification
on the HBOT-related ABP change by including a time point × baseline ABP classification interaction.
Furthermore, to examine the relationship in the pre- and post-HBOT change across treatment sessions,
absolute changes in ABP with the interaction of the treatment session number were added to the
aforementioned model. Adjusted mean blood pressure for the overall cohort, differences between
pre- and post-HBOT, and between ABP classification differences were provided under the maximum
likelihood estimation. Pairwise comparisons were adjusted with Tukey’s honestly significant difference
(HSD). All analyses were conducted using R version 3.6.1 (R Foundation for Statistical Computing,
Vienna, Austria) and alpha was set to 0.05.

3. Results

3.1. Participant Characteristics

Table 1 summarizes the sample and HBOT characteristics. During the data collection period,
108 patients were included in the study and underwent HBOT, collectively completing 3291 HBOT
sessions. The mean age of the patients was 59.95 ± 14.90 years and 56 (52%) were male. An average of
30 ± 11 sessions were completed by patients and the vast majority (78.9%) were delivered at 2.4 ATA.
At baseline, 41 (38%), 14 (13%), 39 (36%), and 14 (13%) patients had ABP classifications categorized as
normotensive, elevated, hypertension stage 1, and hypertension stage 2, respectively.
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Table 1. Baseline demographics, comorbidities, and medications of the total cohort of 108 patients.

Total (n = 108) Female (n = 52) Male (n = 56)

Age (years) 59.9 ± 15 58.71 (15.94) 61.11 (13.90)

Body Mass Index (kg/m2) 26.9 ± 11 27.32 (14.21) 26.38 (5.67)

Female 52 (48)

Comorbidities

History of hypertension 53 (49) 27 (51.9) 26 (46.4)

Baseline arterial blood pressure classification:

Normotensive 41 (38) 25 (48.1) 15 (27.3)
Elevated 14 (13) 7 (13.5) 7 (12.7)
Hypertension Stage 1 39 (36) 13 (25.0) 26 (47.3)
Hypertension Stage 2 14 (13) 7 (13.5) 7 (12.7)

Coronary artery disease 15 (14) 4 (7.7) 11 (19.6)

Congestive heart failure 11 (10) 5 (9.6) 6 (10.7)

Left ventricular hypertrophy 3 (3) 0 (0.0) 3 (5.4)

Heart valvular disease 11 (10) 4 (7.7) 7 (12.5)

Diastolic dysfunction 1(1) 1 (1.9) 0 (0.0)

Atrial fibrillation 13 (12) 8 (15.4) 5 (8.9)

Peripheral vascular disease 23 (21) 9 (17.3) 14 (25.0)

Diabetes mellitus:

Type 1 5(5) 3 (5.8) 2 (3.6)
Type 2 24 (22) 11 (21.2) 13 (23.2)

Chronic obstructive pulmonary disease 21 (19) 16 (30.8) 5 (8.9)

Restrictive lung disease 2 (2) 1 (1.9) 1 (1.8)

Smoking status:

Never 56 (51) 1 (1.9) 1 (1.8)
Current 23 (21) 29 (55.8) 26 (46.4)
Past 30 (28) 7 (13.5) 16 (28.6)

Renal insufficiency
Dialysis

22 (20)
12 (11)

1 (21.2)
4 (7.7)

11 (19.6)
8 (14.3)

Medications

ACEi/ARBs 26 (24) 13 (25.0) 13 (23.2)

β-blockers 24 (22) 12 (23.1) 12 (21.4)

Calcium channel blockers 28 (26) 15 (28.8) 13 (23.2)

Diuretics 14 (13) 7 (13.5) 7 (12.5)

Vasodilators 9 (8) 5 (9.6) 4 (7.1)

HBOT Pressure (2.4 ATA) 86 (79) 39 (75.0) 46 (82.1)

Data expressed as mean ± standard deviation (SD) or frequency (%). HBOT, hyperbaric oxygen therapy; ATA,
atmosphere absolute; ACEi, Angiotensin-converting-enzyme inhibitors; ARBs, Angiotensin II receptor blockers.

3.2. Acute Effect of HBOT on Arterial Blood Pressure (ABP)

Changes in ABP from pre to post-HBOT are summarized in Table 2. MAP, SAP, and DAP increased
by 6.6 mmHg (95% CI: 6.0, 7.2), 11.3 mmHg (95% CI: 10.3, 12.3), and 4.3 mmHg (95% CI: 3.7, 4.8),
respectively. Among the 3291 HBOT sessions analyzed, an increase in SAP and DAP that reached
the definition of hypertensive crisis (SAP >180 or DAP >120 mmHg) following an HBOT session
that occurred in 151 sessions (4.6%) and 3 sessions (0.09%), respectively. Pre-session ABP for the
vast majority was categorized as stage 1 HTN (28 sessions) or stage 2 HTN (94 sessions). On these
occasions where hypertensive crisis occurred, all patients were asymptomatic and the ABP returned in
the normal range within few minutes without interventions.
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Table 2. Temporal dynamics in arterial blood pressure measurements before and after each HBOT sessions.

ABP Measure Pre-HBOT (mmHg) Post-HBOT (mmHg) ∆ (95% CI)

Mean arterial pressure 91.2 ± 1.9 97.8 ± 1.9 6.6 (6.0, 7.2) *
Systolic arterial pressure 127.0 ± 3.1 138.0 ± 3.1 11.3 (10.3, 12.3) *
Diastolic arterial pressure 73.4 ± 1.7 77.7 ± 1.7 4.3 (3.7, 4.8) *

Data expressed as mean ± standard error (SE); * p < 0.001.ABP, arterial blood pressure; HBOT, hyperbaric
oxygen therapy.

3.3. Cumulative Effect of HBOT on ABP

Differences in ABP changes with each session over the entire course of treatment are summarized
in Figure 1. The SAP slightly increased after each treatment, from 7.1 ± 4.1 mmHg after the first
session to 9.2 ± 4.1 mmHg after the 40th session. Table 3 summarizes the mean change in ABP
measurements after each HBOT session stratified by clinical history of hypertension (derived from
medical records). Figure 2 depicts the change in ABP measures with each session across the entire
treatment. Across treatment sessions, hypertensive patients exhibited greater change in ABP measures
compared to normotensive patients.
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Table 3. Temporal dynamics in arterial blood pressure measurements before and after HBOT sessions
(entire HBOT course) in patients with or without the history of hypertension.

ABP Measure Clinical History of Hypertension Estimated Mean Difference after HBOT

Mean arterial pressure Normotensive 1.0 ± 2.7
Hypertensive 7.7 ± 2.3

Systolic arterial pressure Normotensive 2.5 ± 4.9
Hypertensive 13.6 ± 4.1

Diastolic arterial pressure Normotensive 0.2 ± 1.8
Hypertensive 4.7 ± 1.5

ABP, arterial blood pressure; HBOT, hyperbaric oxygen therapy.
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3.4. Predictors of HBOT-Related Changes in ABP

The model results describing the predictors of HBOT-related changes in ABP are presented in
Table 4. Orthogonal polynomial contrast demonstrated a linear relationship between ABP classification
at baseline with higher post-HBOT ABP (MAP, β = 14.8, p ≤ 0.001; SAP: β = 26.4, p ≤ 0.001; DAP:
β = 9.0, p ≤ 0.001). History of HTN significantly predicted change in MAP (β = 14.8, p ≤ 0.001), but not
SAP or DAP (SAP: β = 6.1, p = 0.063; DAP: β = 3.0, p = 0.095).

MAP, SAP and DAP changes from pre-HBOT to post-HBOT stratified by baseline (pre-session
measurement) ABP classification ranged from 2.1 to 18.9 mmHg (p < 0.01) and are presented in
Table 5. The data trends indicate that there was a decreasing ABP change (from pre- to post-HBOT)
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by classification from normotensive to stage 2 HTN (Figure 3). Interaction analyses evaluating the
contrasts between the ABP changes across different baseline ABP classifications (e.g., difference in ABP
rise between ABP classified as normal before HBOT compared to ABP classified as elevated before HBOT)
is shown in Table 6 and indicated that the greatest change difference occurred between normotensive
and stage 2 patients across all measures (MAP, ∆-9.0 mmHg, 95% CI: –12.2, –5.8; SAP: ∆-16.0 mmHg,
95% CI: –21.2, –10.8; DAP: ∆-5.5 mmHg, 95% CI: –8.4, –2.6).

Table 4. Linear mixed effect model evaluating patients’ demographic and clinical factors pertinent to
arterial blood pressure after HBOT sessions.

Fixed Effect
Mean Arterial Pressure Systolic Arterial Pressure Diastolic Arterial Pressure

β SE p β SE p β SE p

Intercept 88.4 4.4 <0.001 105.7 7.2 <0.001 79.7 4.0 <0.001

Measure time point (post-HBOT) 6.6 0.3 <0.001 11.3 0.5 <0.001 4.3 0.3 <0.001

Blood pressure classification 14.8 0.5 <0.001 26.4 0.8 <0.001 9.0 0.4 <0.001

Age 0.1 0.1 0.284 0.3 0.1 0.004 −0.1 0.1 0.345

Medications

β-blockers −1.4 2.4 0.555 −2.0 3.9 0.603 −1.1 2.2 0.605
ACEi/ARBs 0.8 5.9 0.891 −5.6 9.6 0.558 4.0 5.3 0.446
Combination −3.5 2.5 0.169 −4.1 4.1 0.325 −3.2 2.2 0.158

History of hypertension (yes) 4.0 2.0 0.046 6.1 3.2 0.063 3.0 1.8 0.095

History of lung disease (yes) −1.4 1.9 0.474 −0.9 3.2 0.778 −1.7 1.7 0.345

Body Mass Index −0.1 0.1 0.185 −0.2 0.1 0.228 −0.1 0.1 0.259

ATA >2.0 (2.4) −0.1 1.8 0.972 4.0 3.0 0.180 −2.1 1.6 0.201

Male gender 2.5 1.6 0.130 3.9 2.7 0.153 1.8 1.5 0.212

Diabetes mellitus

Type I −1.4 3.8 0.716 0.3 6.1 0.965 −2.2 3.4 0.515
Type II 1.3 2.1 0.534 6.7 3.4 0.056 −1.4 1.9 0.471

Random effects Variance SD Variance SD Variance SD

Participants 25.9 5.1 68.9 8.3 20.7 4.6

Residual 74.8 8.6 196.8 14.0 61.5 7.8

Marginal/Conditional R2 0.42/0.57 0.47/0.61 0.27/0.46

Data expressed as degree of change in arterial blood pressure (β, mmHg); SE, standard error; p < 0.05 was
considered statistically significant. HBOT, hyperbaric oxygen therapy. ATA, atmosphere absolute; ACEI,
Angiotensin-converting-enzyme inhibitors; ARBs, Angiotensin II receptor blockers.

Table 5. Arterial blood pressure changes before and after HBOT in patients stratified by hypertension
classification based on baseline arterial blood pressure.

ABP Measure Class Pre-HBOT Post-HBOT ∆ (95% CI)

Mean arterial
pressure, mmHg

Normotensive 80.4 ± 1.9 92.0 ± 2.0 11.5 (10.6, 12.4) *
Elevated 88.5 ± 2.0 96.4 ± 2.0 8.0 (6.5, 9.4) *

Stage I HTN 95.9 ± 2.0 100.3 ± 2.0 4.4 (3.3, 5.5) *
Stage 2 HTN 100.0 ± 2.0 102.6 ± 2.0 2.5 (1.1, 3.9) *

Systolic arterial
pressure, mmHg

Normotensive 108.6 ± 3.2 127.5 ± 3.2 18.9 (17.4, 20.3) *
Elevated 121.4 ± 3.2 135.9 ± 3.2 14.5 (12.1, 16.8) *

Stage I HTN 132.9 ± 3.2 142.0 ± 3.2 9.1 (7.3, 10.8) *
Stage 2 HTN 144.1 ± 3.2 147.0 ± 3.3 2.9 (0.6, 5.2) **

Diastolic arterial
pressure, mmHg

Normotensive 66.3 ± 1.7 74.2 ± 1.7 7.9 (7.0, 8.7) *
Elevated 72.0 ± 1.8 76.7 ± 1.8 4.7 (3.4, 6.0) *

Stage I HTN 77.3 ± 1.7 79.4 ± 1.8 2.1 (1.1, 3.1) *
Stage 2 HTN 78.0 ± 1.8 80.4 ± 1.8 2.4 (1.1, 3.6) *

Data expressed as number ± standard error (SE). * p < 0.001, ** p < 0.05. ABP, arterial blood pressure; HBOT,
hyperbaric oxygen therapy; HTN, hypertension.
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Diastolic arterial pressure 

Elevated—normotensive −3.1 (−6.1, −0.2) 0.021 
Stage 1—normotensive −5.7 (−8.2, −3.3) <0.001 
Stage 2—normotensive −5.5 (−8.4, −2.6) <0.001 
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Figure 3. Estimated means ± SE for (a) mean-, (b) systolic- and (c) diastolic arterial pressures before
and after hyperbaric oxygen treatment sessions across four categories of baseline arterial blood pressure
measurements. Baseline arterial blood pressure classification: Normotensive; Elevated; Hypertension
Stage 1; Hypertension Stage 2.

Table 6. Contrasts between changes in arterial blood pressure before and after HBOT, across different
baseline blood pressure categories.

Variable Categories ∆ (95% CI) p-Value

Mean arterial pressure

Elevated—normotensive −3.5 (−6.9, −0.3) 0.015
Stage 1—normotensive −7.1 (−9.8, −4.4) <0.001
Stage 2—normotensive −9.0 (−12.2, −5.8) <0.001

Stage 1—elevated −3.6 (−7.0, −0.1) 0.033
Stage 2—elevated −5.5 (−9.3, −1.6) <0.001
Stage 2—Stage 1 −1.9 (−5.3, 1.5) 0.952

Systolic arterial pressure

Elevated—normotensive −4.4 (−9.6, 0.9) 0.303
Stage 1—normotensive −9.8 (−14.2, −5.4) <0.001
Stage 2—normotensive −16.0 (−21.2, −10.8) <0.001

Stage 1—elevated −5.4 (−11.0, 0.16) 0.071
Stage 2—elevated −11.6 (−17.9, −5.4) <0.001
Stage 2—Stage 1 −6.2 (−11.7, −0.7) 0.008

Diastolic arterial pressure

Elevated—normotensive −3.1 (−6.1, −0.2) 0.021
Stage 1—normotensive −5.7 (−8.2, −3.3) <0.001
Stage 2—normotensive −5.5 (−8.4, −2.6) <0.001

Stage 1—elevated −2.6 (−5.7, 0.5) 0.279
Stage 2—elevated −2.5 (−5.9, 1.1) 0.730
Stage 2—Stage 1 0.2 (−2.8, 3.3) 1.00
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4. Discussion

The current study demonstrated a significant absolute rise in ABP after HBOT as compared to before
HBOT. The change in ABP was shown to be most pronounced for SAP with a 9.8% increase, followed by
MAP with an 8.3% increase, and DAP with a 6.7% increase (Table 2). Several hypotheses exist in recent
literature as to how HBOT may account for the observed elevated ABP after hyperbaric oxygen treatment.
It is suspected that such hemodynamic changes observed during and after HBOT can be ascribed to a
protective vasoconstriction response [6]; however, the magnitude of this response is not well described,
and conflicting scientific evidence is found in the literature. In a recent report, Heyboer et al. (2017) [8]
evaluated 155 elective patients, for a total of 3147 HBOT sessions, and showed an increase in ABP after
treatment in the range of 4–7 mmHg [8]. These findings were in accordance with several additional studies
that found no significant changes in ABP following HBOT [15,19,20]. In contrast, Al-Waili et al. [17]
showed a significant rise in ABP ranging from 11–12% in a cohort of 49 elective patients receiving at
least 15 hyperbaric oxygen treatments. In agreement, our study confirmed that the HBOT-induced rise
in ABP, particularly SAP, was statistically significant. Furthermore, this change in ABP was modest in
patients with no history of hypertension, but became statistically significant and clinically relevant in
patients with a history of hypertension (Table 3) in agreement with Shenouda et al. [21]. In addition to
the relationship between a history of hypertension and an increased risk of ABP rise following HBOT,
a multivariate regression analysis revealed the importance of patients’ baseline ABP that was measured
immediately prior to HBOT. Baseline ABP predicted the extent of ABP increase after HBOT (Tables 4 and 5).
A paradoxical effect of larger median changes in ABP categories was observed at lower ABP baseline
measurements. It should be also noted that while the group with normal ABP experienced the largest
increase in SAP following HBOT, these changes were not clinically relevant. In contrast, the changes
observed in both hypertension groups—while modest in comparison to the normative group—resulted in
clinically relevant increases in SAP after HBOT [18]. Lower baseline ABP presumably predisposed patients
to a greater increase in ABP after HBOT, thus future work is warranted to determine reproducibility of this
effect. Interestingly, in contrast to Heyboer et al. [8], the current study showed an exponential increase in
ABP after each HBOT treatment (Figure 1). This trend was more evident between patients with a history of
hypertension compared to normotensive patients (Figure 2); it is likely that the vasoconstrictive response
becomes more pronounced after treatment, and it may either represent an improved arteriolar smooth
muscle activity or a lack of vasorelaxation. While it has been described that repetitive HBOT improves the
vasorelaxation [22–24], increased vascular stiffness might play a role in impairing this response in patients
with a history of hypertension.

Based on these results, patients may benefit from risk stratification prior to HBOT treatment using
pre-HBOT ABP with SAP >130 mmHg and/or DAP >80 mmHg as risk factors. It should be noted that
none of the patients experienced serious adverse effects during or after HBOT treatment session, and no
patient developed hypertensive crises requiring emergency treatment. The most plausible explanation
is that patients with SAP >180 or DAP >100 mmHg measured before HBOT are not treated in our
institution until their APB is stabilized. All patients who developed transient rise in ABP post-HBOT are
referred to their family doctor for optimization of their chronic hypertension management. Our study
indicates that all patients undergoing HBOT should have routine ABP measurements before and
after the treatments in order to identify new onset and worsening hypertension. The information
that hypertension can worsen during the HBOT course justifies the APB optimization to avoid
end-organ damage.

The current study has several limitations. First, using a retrospective cohort study design may
have increased the risk for selection bias [25]. By design, this study used health records that have
already been collected and thus not all pertinent risk factors were likely identified and recorded.
Unlike a prospective study, this study involved different healthcare professionals delivering patient
care, and thus the measurement of outcomes throughout the database would be less accurate and
consistent. Second, despite the overall adequate sample size, stratification of variables (e.g., ATA,
medications) led to small subgroup populations. Third, the optimal timeframe for measuring BP
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following HBOT is not known, and thus, the measurements taken at 1–5 min following the end of each
session may not provide the most accurate results. Given this limitation, a real-time ‘inside-the-chamber’
BP monitoring approach—nowadays unavailable for elective patients—and measurements taken at
multiple time-points immediately following the end of an HBOT session are recommended for future
studies. Finally, HBOT for elective patients with pre-treatment SAP >180 or DAP >100 mmHg are
usually postponed or cancelled in our institution until APB is stabilized and, therefore, ABP response
of these patients to HBOT was not measured and reported in our study.

5. Conclusions

The current study demonstrates that an absolute rise in ABP, particularly SAP, occurs as a result of
HBOT. This change in ABP following HBOT is modest in patients with no history of hypertension but
becomes clinically relevant in patients with a history of hypertension. Furthermore, the importance
of patients’ baseline pre-HBOT BP emerged, with lower baseline ABP predisposing patients to a
greater increase in ABP post-HBOT, but also higher baseline ABP as a risk for clinically relevant ABP
change after HBOT. Given these findings, pre-session ABP should be used clinically as an indicator for
strict monitoring of BP during HBOT, and future studies are recommended to explore evidence-based
pre-session ABP thresholds in order to optimize the ABP before starting an HBO treatment.
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ABP arterial blood pressure
ACEi Angiotensin-converting-enzyme inhibitors
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ATA atmospheres absolute
DAP diastolic blood pressure
HBOT hyperbaric oxygen therapy
HSD (Tukey’s HSD) Tukey’s honestly significant difference
HTN hypertension
MAP mean arterial pressure
SAP systolic blood pressure
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