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Case Report

Single-Institution Experience and Learning Curve

With Upper Airway Stimulation

Erica R. Thaler, MD; Richard J. Schwab, MD

As upper airway stimulation (UAS) surgical implantation is a new procedure, the authors thought it would be instructive to
describe a single-institution’s experience with the inception of a UAS program. The description of our experience at the University of
Pennsylvania may be useful for planning purposes when surgeons and sleep medicine physicians are considering program
development.
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TEAM APPROACH TO PATIENT FLOW
There are many facets to patient identification and

analysis both before and after implantation. This works
well as a collaborative process between the sleep medicine
group and the surgeon, not only to identify candidates, but
to get the timing of studies appropriately scheduled. A
critical pathway was developed that the patients follow to
progress through the implantation and activation process.
The scheduling of patients should be coordinated with the
regional account manager who will be present at the
implantation, as this individual may be able to trouble-
shoot particular problems that arise along the pathway.
The critical pathway steps in our program are as outlined
below:

INSPIRE CRITICAL PATHWAY
1. Baseline sleep study report within the last year to confirm

that the patient will meet the criteria to be a candidate for
the Inspire implant. This may be determined by the
surgeon or sleep medicine physician. If criteria is met, then:

2. Consultation visit with surgeon. If during the consultation
visit the implanting surgeon believes the patient could be a
candidate based on the physical examination, then:

3. Sleep endoscopy (done in the operating room). Based on the
sleep endoscopy results meeting implantation criteria, then:

4. An office visit for a preoperative visit for the Inspire implan-
tation. Preadmission testing potentially includes, blood work,
electrocardiogram, and chest x-ray.

5. Inspire implantation (outpatient surgery).
6. One-week postoperative visit.
7. One-month visit for activation (in office).
8. Two-month follow-up sleep study with the sleep center.
9. Additional titration visits as deemed necessary by sleep

medicine group.
10. Last checkup visit with surgeon.
11. Long-term follow-up by sleep medicine.

PATIENT SELECTION
The criteria for UAS implantation are well described

elsewhere.1 The authors have found that these criteria,
although important as guidelines, may be somewhat diffi-
cult to adhere to for a variety of practical reasons. Clinical
screening (both polysomnography data and sleep endosco-
py results) eliminates some candidates. Insurance cover-
age is still somewhat limited by certain carriers, which
may eliminate others. It is prudent to make patients
aware of this early in the process before they are too heavi-
ly invested in the outcome. Patients’ expectations and con-
ceptions of the device are many and varied, so thorough
education is important early in the process. We have
encountered significant variability between home sleep
studies and studies done in a sleep lab, which may effect
patients’ eligibility. Some latitude in assessing criteria
because of this variability is prudent. A summary of our
first 11 patients is depicted in Table I. It should be noted
that some patients had an apnea-hypopnea index (AHI)
above the criteria used in the original inspire implanta-
tion trial. The decision to proceed with implantation was
made with the patient and after sleep endoscopy revealed
favorable anatomy (anterior-posterior collapse). Some of
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these patients had already gone through multiple prior
unsuccessful ablative surgeries and would not consider
any further attempts. All had no nonsurgical options.
Moreover, the AHI at the baseline portion of the
postimplantation sleep study was sometimes significant-
ly higher than the preoperative sleep study. This, again,
may be due to the difference in home versus in-lab
studies.

COLLABORATIVE SURGICAL EXPERIENCE

Surgical Setup for Early Cases
The prescribed training is excellent, and should be

done carefully. As with any new procedure, there is a
learning curve in the operating room. It is very impor-
tant to have the surgical preceptor involved in each step
of the case for the first handful of cases. A viewing
system of some sort (endoscope, microscope, overhead

camera) is critical to getting the most out of the precep-
tor’s guidance, particularly in the stimulator placement
at the hypoglossal nerve. In this area in particular,
the anatomy is fairly unfamiliar to most head and neck
surgeons, as the anterior branching of the hypoglossal
nerve is rarely otherwise exposed.

Patient positioning should be up to the surgeon and
anesthesiologist. For us, positioning the patient 1808

from the anesthesiologist has worked well, with a shoul-
der roll and roll for the left side of the back. All three
surgical sites should be in the same operative field.

Some Learning Points From Early Cases
Lessons learned from our first cases are as follows:

1. Careful placement of the NIM nerve monitoring system (Med-

tronic, Minneapolis, MN) electrodes intraorally is important.
2. Meticulous dissection of the late retractor branches of the

hypoglossal nerve is very important and worth the time spent.

In order to do this, the Ranine vein must almost always be

ligated (Fig. 1).

TABLE I.
First Eleven Patients: Demographics and Sleep Data.

Patient Age, yr Sex BMI Prior Surgical Treatment AHI O2 Nadir

1 66 F 30.25 T&A 27.1, 74 (supine) 57%

2 37 M 26.17 UPPP, repose (reversed),
MMA, sliding genioplasty

14.2 89%

3 56 M 36.59 None 70.4 53.8

4 61 M 27.12 UPPP, TORS 61.7 89%

5 41 M 31.57 UPPP/TORS 68 62%

6 49 M 29.15 UPPP 96.4 (all supine position) 71%

7 64 M 17.65 T&A 41.8 86%

8 69 M 27.14 UPPP 46, 86 (supine) 83%

9 30 M 32.70 UPPP 56.3 87%

10 57 M 33.49 Tonsillectomy 62.8 91%

11 73 M 31.44 T&A 40.5 85%

AHI 5 apnea-hypopnea index; BMI 5 body mass index; MMA 5 maxillomandibular advancement; T&A 5 tonsillectomy and adenoidectomy; TORS 5

transoral robotic surgery; UPPP 5 uvulopalatopharyngoplasty.

Fig. 1. Surgical view showing hypoglossal nerve and overlying
Ranine vein. Photo courtesy of Clemens Heiser, MD. [Color figure
can be viewed in the online issue, which is available at www.laryn-
goscope.com.]

Fig. 2. AHI pre– and post–device activation. AHI 5 apnea-hypopnea
index. [Color figure can be viewed in the online issue, which is avail-
able at www.laryngoscope.com.]
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3. Correct positioning of the simulator cuff is important; even
flipping the orientation of the cuff can change the simulation
strength.

4. The sensor electrode must be deep enough into the intercostal
muscles and away from the ribs to ensure a good waveform.
The malleable retractor has proved helpful in achieving this
result.

RESULTS FROM EARLY CASES
A snapshot of our early results is shown in

Figure 2. Some of these patients were titrated several
times to achieve the reported AHI reduction. The
pre-AHI was taken at the time of the titration study

with the stimulator turned off. This accounts for the
difference in some of the AHI numbers from those
listed above.

� 8/8 surgical “cure” with postoperative AHI 10 or below: 100%
� Average AHI with implant device turned off: 67.0
� Average AHI with implant device turned on: 4.7
� All patients done as same-day surgery
� No complications to date/routine follow-up
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