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Abstract: This case report explores a typical instance of poorly controlled secondary hypertension associated with obstructive sleep 
apnea (OSA), specifically exacerbated during bilevel positive airway pressure (PAP) therapy, which was an inappropriate ventilator 
mode. The patient exhibited uncontrolled blood pressure and a high residual apnea-hypopnea index (AHI) while on bilevel therapy. 
Following a guided retitration of PAP therapy, both blood pressure control and residual AHI improved substantially. This report aims 
to provide an in-depth analysis of pathophysiological mechanisms underlying PAP therapy interactions with hypertension in OSA 
patients and to summarize key points for ventilator management in clinical practice. 
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Case Presentation
A 53-year-old man with hypertension (values about 152/104 mmHg) and coronary artery disease, post-percutaneous 
transluminal coronary angioplasty, underwent overnight polysomnography. The study results indicated severe obstructive 
sleep apnea (OSA) with an apnea-hypopnea index (AHI) of 48.7/h and a nadir oxygen saturation of 68% (Figure 1A).

Consequently, the patient was initiated on VAuto therapy by a private service with expiratory positive airway pressure 
(EPAP) at 7 cmH2O, inspiratory positive airway pressure (IPAP) at 14 cmH2O, and a minimum pressure support (PS) at 2 
cmH2O. No titration of pressures was done. This pressure choice was based on comfort while awake. However, this ventilator 
setting resulted in discomfort while using during sleep, and a high residual AHI (7–9/h of use) was noted, mainly machine- 
detected central events. Blood pressure control was also noted to be poor, around 150/90 mmHg. Auto adjusting continuous 
positive airway pressure was recommended but was not accepted by the patient as it required further out-of-pocket costs (over 
and above that already spent on the bilevel ventilator). Therefore, the ventilator was adjusted to EPAP at 7 cmH2O, IPAP at 14 
cmH2O and minimum PS at 0 cmH2O to try and reduce the ventilatory effect and accommodate the patient’s wake pressure 
perception. The AHI quickly decreased to 3.1/h, with good ventilator adherence, and blood pressure normalized to around 
105/82 mmHg.

One year following the treatment, the ventilator was switched without physician authorization to VAuto with EPAP at 5 
cmH2O, IPAP at 11 cmH2O and PS at 2 cmH2O by a salesperson. The patient still had very good ventilator adherence with 
7–8 hours nightly use. Subsequently, the patient presented to the emergency department due to palpitations and was found to 
have a sustained elevation in blood pressure, up to 159/113 mmHg. No underlying cause for the poorly controlled blood 
pressure was identifiable. A clinic visit revealed that the AHI and blood pressure had been uncontrolled since the ventilator 
settings were altered, a correlation supported by the data in Figure 1B. After resuming the parameters as EPAP at 7 cmH2O, 
IPAP at 14 cmH2O and PS at 0 cmH2O, at which point the bilevel ventilator was effectively functioning in a continuous 
positive airway pressure mode, his blood pressure was well-controlled at 106/64 mmHg, and the residual AHI was 1.1/h of use 
within a week. These positive outcomes were sustained throughout a one-month follow-up.
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Figure 1 Polysomnography results and dynamic blood pressure changes. (A) Polysomnography hypnogram showed many obstructive apnea events and band shape of oxygen 
desaturation (blue background), which is a characteristic feature of high loop gain-driven sleep apnea. (B) This figure tracks the patient’s AHI and blood pressure over a two- 
month period, highlighting two specific ventilator mode modifications (indicated by arrows). 
Abbreviations: SpO2, oxygen saturation; HR, heart rate; CA, central apnea; OA, obstructive apnea; MA, mixed apnea; HYPO, hypopnea; Desat, desaturation; Pos, position; 
AHI, apnea-hypopnea index; CAI, central apnea index; PS, pressure support.
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Discussion
OSA is a causative factor for secondary hypertension.1 While PAP serves as the first-line treatment for OSA, its effect on 
blood pressure is characterized by considerable interindividual variability.2–4 This case illustrates that ventilator settings 
can significantly impact blood pressure despite good adherence, especially if endotype information is ignored.

The residual AHI on PAP was accompanied by a significant increase in central sleep apnea (CSA) events following VAuto 
therapy. The underlying pathophysiology of this PAP-emergent CSA is likely related to high loop gain (HLG),5,6 but in this 
case amplified by bilevel ventilation. The band-like oxygen desaturation is considered typical for periodic breathing/HLG, 
while the individual respiratory events during such periods may still have the morphology of obstructive apnea/hypopnea. 
Loop gain is an engineering concept used to describe the stability of a negative feedback control system, whose essence during 
sleep is the physiological sensitivity to changes in CO2.7 As the PS required to induce instability was quite small, the patient 
probably had some elevation in loop gain already (oximetry “banding”), which was then amplified. This may have increased 
carotid body output and caused elevated blood pressure.

OSA patients with hypertension possess a less stable respiratory control system and heightened sensitivity to CO2 

fluctuations, which predisposes them to CSA.8 PS from a bilevel mode can lead to a marked increase in the 
patient’s minute ventilation and fluctuations of CO2. CSA occurs when the level of partial pressure of CO2 in arterial 
blood drops below the “apneic threshold”, thus counteracting therapeutic benefits on obstructive pathology.9 Consistent 
with this mechanism, we recorded that during VAuto therapy, the central AHI reached a maximum of 27.84/h, which also 
corresponded to the period with uncontrolled blood pressure. Furthermore, this observation aligns with the 2025 
American Academy of Sleep Medicine clinical practice guideline for the treatment of central sleep apnea in adults. 
The recommendation states that bilevel without a backup rate should not be used for treating CSA, including PAP- 
emergent CSA, because it can worsen CSA and periodic breathing.10

Mechanisms for the elevated blood pressure in this patient remain speculative, but could be one or more of the following, 
possibly synergistically: 1) sleep fragmentation from CSA could result in night-time blood pressure surges and baroreflex 
resetting;11 2) long central apneas can be associated with substantial hypoxia and cause sympathetic activation through 
activating the carotid body (which is already likely sensitive, given CSA propensity and substantial pre-morbid nocturnal 
hypoxia);12 3) there is a particularly disruptive effect of patient-ventilator desynchrony, which can cause hemodynamic 
instability and amplified blood pressure surges.13 This case suggests that daytime spillover effects are possible.

This case report has several limitations that should be acknowledged. The evidence linking pressure manipulation to blood 
pressure fluctuations remains indirect, as we did not perform any simultaneous blood pressure monitoring and pressure 
titration during sleep examination. Clarifying this association would require synchronized evaluation at multiple time points. 
Additionally, as a single case report with only one sample, the generalizability of our findings is inherently limited, and the 
observations require confirmation in larger cohorts or prospective studies before any clinical recommendations can be derived. 
Last, transcutaneous CO2 or end-tidal CO2 monitoring was not performed. Therefore, the proposed mechanism of CO2- 
mediated ventilatory instability relies on indirect evidence of the band-like oxygen desaturation pattern.

Conclusion
Several critical lessons emerge from this case: 1) pressure manipulation should be performed exclusively under medical 
supervision, and not by the patient or a salesperson; 2) in susceptible patients, even minimal PS during bilevel therapy 
can trigger PAP-emergent CSA, destabilizing respiratory control and amplifying HLG, which may further worsen 
hypertension; 3) a high residual apnea can be addressed through a logical clinical mechanistic approach; 4) bilevel 
ventilation is not appropriate for the typical OSA patient.

Abbreviation
AHI, apnea-hypopnea index; CSA, central sleep apnea; EPAP, expiratory positive airway pressure; HLG, high loop gain; IPAP, 
inspiratory positive airway pressure; OSA, obstructive sleep apnea; PAP, positive airway pressure; PS, pressure support; SpO2, 
oxygen saturation.
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Data Sharing Statement
All data supporting the findings of this case report are included within the article. Due to concerns regarding patient 
privacy and confidentiality, more detailed raw clinical data are not publicly available to protect the patient’s identity.

Ethics Approval and Informed Consent Statements
This study was performed in line with the principles of the Declaration of Helsinki. Publication of this case report was 
approved by the Biomedical Ethics Review Committee of West China Hospital, Sichuan University (Approval No. 2024-233).

Written informed consent was obtained from the patient prior to the commencement of this study for the publication of 
this case report and any accompanying images.

This case report was prepared in accordance with the CARE guidelines. The authors confirm that the manuscript 
adheres to the CARE reporting standards to ensure comprehensive, transparent, and accurate reporting of this case.
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