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Severe and Significant Variation in Overnight Heart Rate and Blood Oxygen Saturation 

in Patients with Heart Failure LIJr=J ~,, 
JC! 

Cubby L. Gardner, FNP-C, PhD1 Harry B. Burke, MD, PhD2 

159t h Medial Wing Science & Technology Nursing Research Division, Joint Base San Antonio - Lackland, TX 
2F. Edward Hebert School of Medicine, Uniformed Services University of the Health Sciences, Bethesda, MD 

Introduction Results 

Accurate between-visit information is essential to the 
management of patients with chronic disease, such as heart 
failure. Information provided by patients during inteNal history is 
often inaccurate and incomplete; yet, it is this information upon 
which clinician base treatment decisions. Moreover. short 
duration studies, as with polysomnography, are unable to 
capture night-to-night variability that patients experience. 
Patient-facing electronic devices are capable of collecting, 
storing and transmitting data that would be otherwise 
inaccessible. We hypothesize that patients with heart failure 
experience severe and significant night-to-night differences in 
blood oxygen saturation and heart rate. 

Methods 
We recruited 37 patients with heart failure during routine clinic 
visits. Patients were asked to wear a pulse oximeter and 
actigraph overnight for six nights, patients returned the 
equipment 7 days later. In addition to describing nocturnal blood 
oxygen saturation, heart rate and activity, we conducted one-way 
analysis of variance crossing blood oxygen saturation and heart 
rate across nights and constructed 3D plots of abnormal 
measures. 

Results 

The average age of the participants was 67.2 (SD, 12.6), 26 
(70%) were male, 24 (65%) were African-American. In terms of 
NYHC: I, 11 (30%): II, 20 (54%); and Ill, 6 (16%). Two patients 
were prescribed nocturnal oxygen therapy, and eight patients 
were prescribed CPAP at night. 

Across all patients, the mean oxygen saturation across all 
nights for all patients was 92.4% (SD, 3.5). There was low 
variation in oxygen saturation, mean coefficient of variability 
was 0.03 (SD, 0.01 ). The mean minimum oxygen saturation 
was 71 % (SD, 11.5%) and the mean maximum oxygen 
saturation was 99% (SD, 1.4%). Approximately 41 %, (15 of 37) 
patients experienced oxygen saturations below 70%. 
Furthermore, approximately 16% (6 of 37) patients experienced 
oxygen saturations below 60%. 
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F,gure 1. Scatlerplot of abnormal values (Sp02 < 85, HR >95 or< 50, and activity) for 
all nights 

There were differences in the coefficient of variation across all 
nights, high (>= 0.10 to 0.14) for 1 0 patients, moderate (>=0.05 
to < 0.10) for 23 patients. and low (0.01 to < 0.05) for 4 patients. 

For each patient there was significant variation in blood oxygen 
saturation and heart rate across nights. Eighty-two percent (28 
of 37) patients experienced blood oxygen saturation values less 
than 85% with heart rates greater than 95 or less than 50 beats 
per minute. We masked the normal values by plotting only low 
blood oxygen saturation against high and low heart rate values 
and activity, to better demonstrate relationships between 
abnormal values. Figure 1 shows an example of extreme 
variation in blood oxygen saturation and heart rate for one 
representative patient dataset. Activity is plotted on a spectrum 
anchored with lowest activity being brightest and highest activity 
being darkest points. Further. plotting each night individually 
shows marked variation in the pattern of the abnormal values 
from night to night (see Figures 2-6). 
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Figures 2 - 6. Scatterplot of abnormaJ values for each night. There were no abnormal values for nigh1 5 in this datasel 

There were differences in the coefficient of variation across all 
nights, high (>0.03) for 6 patients, moderate (<=0.02 to >=0.03) 
for 26 patients, and low (<0.02) for 5 patients. For all patients, 
the mean heart rate was 72.4 (SD, 12.1) beats per minute. 
There was low variation in heart rate, mean coefficient of 
variability was 0.08 (SD, 0.03). The mean minimum heart rate 
was 37 (SD, 13) and the mean maximum heart rate was 180 
(SD, 68) beats per minute. Almost all of the patients 92% (34 of 
37) experienced heart rates less than 60 beats per minute. 
Almost all patients 89% (33 of 37) experienced heart rates 
greater than 100 beats per minute. Additionally, almost half the 
patients, 49% (18 of 37), experienced maximum heart rates 
greater than 200 bpm. 

Discussion 

Patients are willing able to collect important clinical information 
between clinic visits. These data can be arranged in a way that 
is useful to clinicians. Visually organizing and presenting these 
patient collected data provide information that is not readily 
apparent when viewing all the data together. Patients with heart 
failure display extreme deviation in blood oxygen saturation and 
heart rate overnight. Moreover, there is variation in these 
extreme deviations from night to night. This information may be 
helpful to clinicians in formulating individually tailored clinical 
management plans for patients with heart failure. 
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Abstract 
Background 

Harry B. Burke, MD, PhD 
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Uniformed Services University 
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Bethesda, MD 20814 

Accurate between-visit information is essential to the management of patients with chronic 
d isease, such as heart failure. In formation provided by patients during interval history is often 
inaccurate and incomplete; yet, it is this information upon which c linic ian base treatment 
decisions. Moreover, short duration studies, as w ith polysomnography, are unable to capture 
night-to-night variabi lity that patients experience. Patient-facing electronic devices are capable 
of col lecting, storing and transmitting data that would be otherwise inaccessible. We 
hypothesize that patients w ith heart failure experience severe and significant night-to~night 
d ifferences in blood oxygen saturation and heart rate. 

Methods 
We recruited 37 patients with heart fai lure during routine cl inic visits and asked them to wear a 
pulse oximeter and actigraph overn ight for six nights and return the equipment 7 days later. We 
describe nocturnal blood oxygen saturation, heart rate and activ ity, and we conducted one-way 
analysis of variance crossing blood oxygen saturation and heart rate across nights. 

Results 
The average age of the participants was 67.2 (SD, 12.6), 26 (70%) were male, 24 (65%) were 
African-American. In terms ofNYHC: I, 11 (30%); II, 20 (54%); and III, 6 (16%). Two patients 
were prescribed nocturnal oxygen therapy, and eight patients were prescribed CPAP at night. 

Mean oxygen saturation across a ll patient nights was 92.4% (SD, 3.5), with differences in the 
coefficient of variation across a ll nights, high (>0.03) for 6 patients, moderate ( <=0.02 to 
>=0.03) for 26 patients, and low (<0.02) for 5 patients. The mean coefficient of variability of 
0.03 (SD, 0.0 I). Approximately 41 %, ( 15 of 3 7) patients experienced oxygen saturations below 
70%, with approximately 16% (6 of 37) patients experienced oxygen saturations below 60%. 

Mean heart rate was 72.4 (SD, 12. 1) beats per minute with differences in the coefficient of 
variation across a ll nights, high (>= 0.10 to 0.14) for IO patients, moderate (>=0.05 to < 0.10) for 
23 patients, and low (0.01 to < 0.05) for 4 patients. The mean minimum and maximum heart 
rates were 37 (SD, 13) and 180 (SD, 68) beats per m inute, respectively. Almost a ll of the 
patients 92% (34 of 37) experienced episodes of heart rate less than 60 beats per minute, and 
89% (33 of 3 7) experienced episodes of heart rates greater than I 00 beats per minute. 



There was significant variation in blood oxygen saturation and heart rate across nights; 82% (28 
of 3 7) patients experienced blood oxygen saturation values less than 85% with heart rates greater 
than 95 or less than 50 beats per minute. 

Conclusion 
Patients are willing able to collect important clinical information between clinic visits that can be 
arranged in a way that is useable to clinicians. Patients with heart failure display extreme 
deviation in blood oxygen saturation and heart rate overnight, some with extreme variation from 
night to night. Collecting and processing data in this way provides clinicians with information 
that is otherwise inaccessible; yet, is indispensable for formulate individually ta ilored cl inical 
management plans for patients with heart failure with such extreme and variable states. 

D isclaimer: The views expressed are those of the author and do not reflect the official views or 
policy of the Department of Defense or its Components. 
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SAN ANTONIO M ILITARY MEDICAL CENTER/WILFORD HALL AMBULATORY SURGICAL 
CENTER 

INFORMED CONSENT DOCUMENT 

The Effects of Balloon Sinuplasty on Barometric Pressure/" Sinus" Headaches 
FWH20150103H 

This consent document is written in second person for those indjviduals completing it for their own 
participation in the study. The language should be considered to refer to the research subject or when a 
guardian or legal representative is completing the form on the research subject's behalf. Therefore, this 
informed consent document will serve for adult, or surrogate/substitute consent). 

INFORMATION ABOUT THIS CONSENT FORM: 
You may be eligible to take part in a research study. This form gives you important information about the 
study. You may be asked to sign in more than one place in this document. 

Please take time to review this information carefully. You should talk to the researchers about the study and 
ask them any questions you may have for them. You may also wish to talk to others (for example, your 
friends, family, or a doctor) about your participation in this study. If you decide to take part in the study, you 
will be asked to sign this form. Before you sign this form, be sure you understand the procedures of the study 
and what the study is about, including the risks and possible benefits to you. If you are taking part in another 
research study, please tell the researchers or study staff. 

VOLUNTARY PARTICIPATION: 
You do not have to participate in the study if you don't want to participate. You may also leave the study at 
any time. If signjficant new findings develop during the course of this study that may relate to your decision 
to continue to participate in the study, you will be informed. 

If you choose not to participate in this research study or leave before it is finished, your decision will not 
affect your eligibility for care or any other benefits to which you are entitled. 

PRINCIPAL INVESTIGATOR: 
The Principal Investigator (PI) is the researcher directing this study and is responsible for protecting your 
rights, safety and welfare as a participant in the research. The Pl for this study is Maj Adrienne M. Laury, 
MD, Department ofOtolaryngology, SAMMC. 

PURPOSE OF THIS STUDY (Why is this study being done?): 
Sinus headaches/Barometric pressure headaches are a relatively common phenomenon with no current 
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The Effects of Balloon Sinup/asty on Barometric Pressure/"Sinus" Headaches 

validated treatment options. This is defined as pressure or pain overly ing the sinuses which increases with 
changes in barometric pressure or weather changes, with no evidence of any disease pathology on sinus CT 
scan. No studies, to date, have identified effective treatments for this pathophysiology. The purpose of this 
study is to see if an inflated balloon can be used to open the entryways into your sinuses and see if that 
improves your headache severity or duration. We will also be looking at the effect of this dilation procedure 
of your sinuses on your snoring, sleep apnea, and medication use for headache pain, as applicable. 

You are being asked to consider participation in a research study of balloon sinuplasty ( eg. Dilation of the 
sinuses) on barometric pressure/sinus headaches. Currently, there is no standard of care or validated, 
effective treatment for this pathophysiology. Therefore this study is hoping to find an effective treatment. 
The purpose of this study is to identify if balloon sinuplasty can reduce the severity and frequency of 
headaches or change the use of medication for sinus headache. We are also looking to see if snoring or 
apnea/hypopnea index (AHI) values are altered by this technique. AHI is used to determine the severity of 
sleep apnea. Patient's participation in this ann of the study is optional. 

You have been selected to participate in this study because you meet the initial study criteria for having 
barometric/sinus pressure headaches and do not meet the diagnostic criteria for migraine, cluster (type of 
headache), or medication over-use headache. Since there is no validated, effective treatment for this disease 
process, we are seeking to determine if balloon sinuplasty can improve the symptoms of this disease 
condition. 

This study will enroll approximately _50_ subjects over a period of2 years, with approximately 25 at 
BAMC and 25 at WHASC. 

This study will help find out what effects, good and/or bad, balloon sinuplasty procedure will have on people 
with sinus pressure/barometric pressure headache. The safety of this procedure in humans has been tested in 
prior research studies; however, some side effects may not yet be known. 

PROCEDURES: 
If you decide to take part in this research study, you will be asked to sign this consent form. 

During your participation in this study, you will be asked to make approximately _3_ follow-up visits with 
Dr. Laury, the Principal Investigator (Pl) or study staff. It may be necessary for you to return to the 
Otolaryngology Clinic at WHASC/SAMMC at 2 weeks, 3 months, and 6 months after your initial procedure. 
These visits would be held in conjunction with visits the subject would be making as part of routine care. 

Screening - exams, tests, and/or procedures may be done after you sign this consent to participate. This 
screening is done to find out if you can continue in the study (screening procedures). We may be able to use 
the results of exams, tests, and/or procedures you completed before enrolling in this study. You will be told 
which results we will obtain and which procedures will not have to be repeated. Any procedure described 
below as "standard care" would be done even if you do not take part in this research study. 

You must have completed a sinus CTS scan within the past year, which is clear of sinus infection in 

For Protocol Office Use Only: 
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the area of reported sinus pain, in order to be considered for this study 

Assignment to Study Groups -

With randomization: 

When it is determined that you are eligible for the study, you will be assigned by chance (like flipping a 
coin)to one of 2 study groups. 

Balloon sinuplasty 
- Nasal cavity dilation 

You will not know whether you are undergoing the balloon sinuplasty or nasal cavity dilation. The 
researchers will know which procedure you are receiving. 

Study Procedures - as a research participant, you will undergo the following study-related procedures 
after signing this informed consent document: 

After meeting inclusion criteria which will be determined by the resident or staff in the 
Otolaryngology clinic, you will be asked to fill out four questionnaires . This will take you 
approximately 20-25 minutes of your time. 
You will be offered the opportunity to participate in a pre-treatment and post-treatment sleep study 
(the sleep study will be optional). 
You will be asked to maintain a medication log for recording what medications you use for your 
headaches over at least a 3 week period prior to your sinus procedure. 
You will then come to the clinic for your procedure. Your nose will be numbed and headphones will 
be placed on your ears. You will then undergo either balloon dilation of affected sinuses (based on 
where you pain is located) or nasal cavity dilation. In this procedure, the balloon is placed into the 
sinus ostia and dilated to 6-7mm in diameter using water to fill the balloon. The balloon is then 
deflated and removed from the sinus ostia. For the nasal dilation, the balloon will be placed in the 
middle meatus and inflated to 6-7mm in diameter and then deflated and removed. 
You will be monitored in the clinic for 10 minutes following your procedure to ensure no 
complications result. 
You will return to clinic in 2 weeks following your sinus procedure and repeat the four questionnaires 
again. If you completed a pre-op sleep study, your post-op sleep study will be ordered at this visit. 
You will ideally undergo this sleep study between 4-12 weeks following your initial sinus procedure. 
You will continue maintaining your medication log at home. 
You will return to clinic at 3 months post-procedure and once again complete the four 
questionnaires. You will continue maintaining your medication log at home. 
You will return to clinic at 6 months post-procedure and once again complete the four 

questionnaires. You will turn-in your medication log to the Principal Investigator or to a research 
team member. 

RISKS OR DISCOMFORTS: 
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Likely: Pain/Discomfort 
Unlikely: Bleeding 
Unlikely but serious: Orbital injury/injury to the brain 
Likely: Recurrence of pain 

Everyone talcing part in this study will be watched carefully for any side effects. However, the study doctors 
don't know all the side effects that may happen. Be sure to tell your study doctor immediately, about any 
side effect that you have while talcing part in the study. 

Are there risks if you also participate in other research studies? 
Being in more than one research study at the same time, may increase the risk to you. It may also affect 
the results of the studies. You should not take part in more than one study without approval from the 
researchers. 

There may also be unforeseen risks associated with this or any research study. 

WITHDRAW AL FROM THE STUDY: 
If you first agree to participate and then you change your mind, you are free to withdraw your consent and 
discontinue your participation at any time. Your decision will not affect your ability to receive medical 
care and you will not be penalized or lose any benefits to which you would otherwise be entitled. 

ARE THERE RISKS RELATED TO WITHDRAWING FROM THE STUDY? 

If you decide to withdraw from this study early, please discuss your decision with the principal 
investigator. The researcher may ask you to complete study withdrawal procedures at a final study visit. 
There is no risk to you if you do not complete the final withdrawal procedures and you can choose not to 
participate in them. 

BENEFITS: 
The possible benefit of your participating in this study may include improvement in your headache by a 
decrease in frequency or severity as well as a possible decrease in your medication useage for headache 
pain. Benefits may also include a decrease in your snoring or a decrease in your obstructive sleep apnea, 
if this is a predisposing condition. However, direct benefit cannot be guaranteed from your participation 
in this study. 

COSTS: Will taking part in this study cost anything? 
The investigators have designed this study so there is no cost to you as a study participant other than what 
it will cost you to travel to the research appointments." 

The extent of medical care provided on this research protocol is limited and will be within the scope 
authorized for Department of Defense (DoD) health care beneficiaries. Your entitlement to medical and 
dental care is governed by federal laws and regulations. 
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PAYMENT (COMPENSATION): 
You will not receive any compensation (payment) for participating in this study. 

POTENTIALLY BENEFICIAL ALTERNATIVES TO STUDY PROCEDURES OR 
INTERVENTIONS: 
Alternatives to receiving balloon sinuplasty as part of this research are not available as there are no other 
standard of care treatment options that have been validated by research studies. 

Choosing not to participate in this study is also an alternative. 

CONFIDENTIALITY OF RECORDS OF STUDY PARTICIPATION: 
Records of your participation in this study may only be disclosed in accordance with federal law, including 
the Federal Privacy Act, 5 U.S.C. § 552a, the Health Insurance Portability & Accountability Act of 1996, 
Public Law 104-109 (also known as HIPAA), and their implementing regulations. DD Form 2005, Privacy 
Act Statement- Military Health Records, contains the Privacy Act Statement for the records. 

By signing this consent document, you give your permission for information gained from your participation 
in this study to be published in medical literature, discussed for educational purposes, and used generally to 
further medical science. You will not be personally identified; all information will be presented as 
anonymous data. 

Your records may be reviewed by the U.S. Food & Drug Administration (FDA), the Air Force, the DoD, 
other government agencies that oversee human research, and the 59 MDW Institutional Review Board 

A copy of this consent will be stored by the investigator in a locked cabinet in a locked room, as part of 
your research record. Information collected on this study about you that represents standard care and 
results of tests run by accredited laboratories will be placed in your medical record Your medical record 
will be annotated to reflect you are participating in a research study for each visit because this study 
involves an intervention that is for research purposes only.) All coded identifying information and de­
identified research information about you collected on this study will be kept separately in an electronic 
database, which will be double password-protected, firewall-protected and access-restricted to people 
involved in this study. A lay definitioin of firewall is: a firewall is a protection or varrier within a 
computer to protect the information from being viewed by unauthorized people. As soon as possible, any 
link between your identity and the research information will be destroyed which means research 
information about you will be permanently de-identified. The research information collected about you 
for this study will not be used for any additional research activity beyond what you have approved by 
signing this consent. 

The study staff advises that you protect your copy of the informed consent document. A breach of 
confidentiality could occur if you inadvertently lose this document or allow others to view the document. 
In the unlikely event that you experience a loss of confidentiality, the study staff will take appropriate 
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action to assist you. 

Complete confidentiality cannot be promised, particularly for military personnel, because information 
regarding potential UCMJ violations or concerns regarding fitness for duty may be reported to appropriate 
medical, law enforcement, or command authorities. 

ENTITLEMENT TO CARE: 

The researchers have taken steps to minimize the known or expected risks. However, you may still 
experience problems or side effects, even though the researchers are careful to avoid them. In the event of 
injury resulting from this study, the extent of medical care provided is limited and will be within the scope 
authorized for Department of Defense (DoD) health care beneficiaries. 

Your entitlement to medical and dental care and/or compensation in the event of injury is governed by federal 
laws and regulations. 

If you believe that you have been harmed, notify the researchers as soon as possible. You may also need to 
tell your regular doctors. 

If you have questions about your rights as a research subject or if you believe you have received a research­
related injury, you may also contact the Director, Clinical Research Division, (210) 292-7069. 

CONTACT INFORMATION: 

Principal Investigator (PI): 
The principal investigator and alternate member of research staff will be available to answer any questions 
concerning procedures throughout this study. 

Principal Investigator: Adrienne M Laury MD Phone: (210) 916-2367 
Alternate contact: Associate Investigator: Erik Weitzel MD Phone: (210) 916-4080 

Institutional Review Board ORB): 
The 59 MDW Institutional Review Board (IRB), the hospital committee that reviews research on hwnan 
subjects, will answer any questions about your rights as a research subject, and take any concerns, comments 
or complaints you may wish to offer at (210) 292-4783. You can contact the 1RB by calling the Chairperson 
of the 50 MDW 1RB at (210) 916-8251, or by mail to IRB at 59th MDW/SGVUS, 2200 Bergquist Dr, 
Lackland Air Force Base, Texas 78236. 

All oral and written information and discussions about this study have been in English, a language in which 
you are fluent. 
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If you agree to participate in this research study, please sign this section. You do not waive any of your legal 
rights by signing this form. 

SIGN THIS FORM ONLY IF THE ST A TEMENTS LISTED BELOW ARE TRUE: 
• You have read the above information. 
• Your questions have been answered to your satisfaction. 
• Your consent to participate in this study is given on a voluntary basis. 

A signed copy of this form has been given to you. 

VOLUNTEER'S SIGNATURE 

VOLUNTEER'S PRINTED NAME 

VOLUNTEER'S ADDRESS (street, city, state, zip) 

ADVISING INVESTIGATOR'S SIGNATURE 

PRINTED NAME OF ADVISING INVESTIGATOR 

WITNESS' SIGNATURE 
(Must w itness ALL signatures) 

PRINTED NAME OF WITNESS 
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